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(57) ABSTRACT

There is disclosed an electrochemical deblocking solution
for use on an electrode microarray. There is further disclosed
a method for electrochemical synthesis on an electrode array
using the electrochemical deblocking solution. The solution
and method are for removing acid-labile protecting groups
for synthesis of oligonucleotides, peptides, small molecules,
or polymers on a microarray of electrodes while substan-
tially improving isolation of deblocking to active electrodes.
The method comprises applying a voltage or a current to at
least one electrode of an array of electrodes. The array of
electrodes is covered by the electrochemical deblocking
solution.
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ELECTROCHEMICAL DEBLOCKING SOLUTION
FOR ELECTROCHEMICAL OLIGOMER
SYNTHESIS ON AN ELECTRODE ARRAY

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to an electrochemical
deblocking solution and method on an electrode microarray
for removing acid-labile protecting groups. The present
invention is particularly useful for synthesis of oligonucle-
otides, peptides, small molecules, branched polymers, or
other polymers on an electrode array device having short
distances between neighboring electrodes.

BACKGROUND OF THE INVENTION

[0002] Rapid developments in the field of DNA microar-
rays have lead to a number of methods for synthetic prepa-
ration of DNA. Such methods include spotting pre-synthe-
sized oligonucleotides, photolithography using mask or
maskless techniques, in situ synthesis by printing reagents,
and in situ parallel synthesis on a microarray of electrodes
using electrochemical deblocking of protective groups. A
review of oligonucleotide microarray synthesis is provided
by: Gao et al., Biopolymers 2004, 73:579. The synthetic
preparation of a peptide array was originally reported in year
1991 using photo-masking techniques. This method was
extended in year 2000 to include an addressable masking
technique using photogenerated acids and/or in combination
with photosensitizers for deblocking. Reviews of peptide
microarray synthesis using photolabile deblocking are pro-
vided by: Pellois et al., J. Comb. Chem. 2000, 2:355 and
Fodor et al., Science, 1991, 251:767. Spotting pre-synthe-
sized peptides or isolated proteins has made peptide arrays.
A review of protein or peptide arrays is provided by: Cahill
and Nordhoft Adv. Biochem. Engin/Biotechnol. 2003,
83:177.

[0003] During the synthesis of DNA or peptides on a
microarray or other substrate, each successive addition of a
respective monomer (i.e., nucleotide or amino acid, respec-
tively) involves the removal of a protecting group to allow
addition of the next monomer unit. This process step is often
called “deblocking.” In such a removal or deblocking step,
a specific type of solution can be used that is commonly
referred to as a deblocking solution, i.e., the solution
deblocks the end of the chain of a DNA, peptide, or other
species by removing a protective group to allow the addition
of a next monomer unit. In general, protective groups can be
acid-lable or base-labile, i.e., acidic conditions remove the
acid-labile group and basic conditions remove the base-
labile group. Additionally, some protecting groups are labile
to only specific types of solvents. Alternatively, deblocking
can be accomplished using photolabile-protecting groups,
which can be removed by light of a certain wavelength. A
review of photoremoveable protecting chemistry is provided
by: Photoremovable Protecting Groups in Organic Chem-
istry, Pillai, Synthesis 39:1-26 (1980). Use of protective
groups is a common technique in organic synthesis. Reviews
of protective group chemistry are provided by: Protective
Groups in Organic Synthesis, Greene, T. W. and Wuts, P. G.
M., Wiley-Interscience, 1999 and Protecting Group Chem-
istry, Robertson, J., Oxford University Press, 2001.

[0004] Protecting groups can be removed by electro-
chemical methods on an electrode array device as a step in
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the synthesis of polymers on the microarray (Montgomery,
U.S. Pat. Nos. 6,093,302, 6,280,595, and 6,444,111, referred
to as the “Montgomery patents” the disclosures of which are
incorporated by reference herein). In the Montgomery pat-
ents method, protecting groups are removed only at selected
electrodes by applying a potential only at the selected
electrodes. In order to prevent deprotection at neighboring
electrodes, the method and the solution need to confine the
electrochemical effects to the region immediately adjacent to
the electrode undergoing deblocking. Where an aqueous-
based deblock solution having a buffer is used (e.g., the
Montgomery patents), the solution likely buffers the gen-
eration of acidic or basic species to the region near the
electrode and prevents diffusion of such species to adjacent
electrodes. However, in organic-based (i.e., non-aqueous)
deblock solutions, the mechanism of isolating deblocking is
not necessarily well understood but may involve molecular
interactions that remove or pacify acidic reagent by some
other species.

[0005] The Montgomery patents disclose an aqueous-
based deblock solution, specifically a 0.10 M solution and a
0.05 M solution of aqueous sodium phosphate buffer. The
0.10 M buffer solution had a pH of 7.2. In addition to the
examples using sodium phosphate buffer, the Montgomery
patents list various aqueous buffers including acetate buff-
ers, borate buffers, carbonate buffers, citrate buffers, HEPES
buffers, MOPS buffers, phosphate buffers, TRIS buffers, and
KI solutions.

[0006] Southern, U.S. Pat. No. 5,667,667 disclosed an
organic deblocking solution consisting of triethylammonium
sulfate in acetonitrile (1% v/v sulphuric acid and 3% v/v
triethylamine or 0.01% v/v sulphuric acid and 0.03% v/v
triethylamine). Stoicheometrically, this organic solution
appeared to have excess protons. As shown in the Mont-
gomery patents, the Southern organic solution did not isolate
deblocking on the microarray and showed considerable
random deblocking around the area away from the active
electrodes.

[0007] Southern WO/020415 discloses a different method
of confinement of an active redox product. Specifically, the
active redox product is generated at an active electrode by at
least one quenching redox product that is generated at
adjacent electrodes. The electrodes are parallel lines of
alternating cathodes and anodes. The only deblocking solu-
tion disclosed is 25 mM of benzoquinone, 25 mM of
hydroquinone, and 25 mM of tetrabutylammonium
hexafluorophosphate in acetonitrile. Southern W0O/020415
emphasizes that electrolyte is chosen such that the active
redox product is quenchable by at least one other redox
product. However, Southern W0O/020415 fails to address the
problem of confinement electrochemically-generated acids
in the absence of a quenching redox product.

[0008] Hammerich and Svensmark (Anodic Oxidation of
Oxygen-Containing Compounds, Hammerich, O., and
Svensmark, B. in Organic Electrochemistry, an introduction
and guide, edited by Lund, H and Baizer, M. M., Third
Edition, Marcel Dekker, Inc., New York, 1991, pp. 615-657)
disclose anodic oxidation of a hydroquinone bearing elec-
tron-withdrawing substituent under aqueous conditions, in
aprotic solvents containing water, or in MeCN in the pres-
ence of pyridine. Hammerich and Svensmark further dis-
closed that dienones undergo acid-catalyzed rearrangement
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under strongly acidic conditions to reestablish hydroquinone
derivatives or quinone if the reagent is water. Thus, Ham-
merich and Svensmark hydroquinone-benzoquinone redox
deblocking system is the same as Southern W0O/020415.

[0009] Accordingly, there is a need in the art to be able to
confine electrochemically-generated reagents for deblock-
ing in an organic deblocking solution. The present invention
addresses this issue.

SUMMARY OF THE INVENTION

[0010] The present invention provides an electrochemical
deblocking solution for use on an electrode microarray. The
electrochemical deblocking solution comprises an organic
solvent-based solution for the deblocking step in the syn-
thesis of any of a variety of oligomers, including, but not
limited to an oligonucleotide, a peptide, oligomer, small
molecule, branched polymer, or other polymer, or a combi-
nation microarray of small molecules (i.e., combinatorial
library). In each case, there is an acid-based chemical
“deblocking” step that involves the removal of a blocking
moiety on a molecule to allow for covalent binding of a next
“mer” in the synthesis of an oligomer. Such a solution will
be referred to as a deblocking solution. Electrochemical
deblocking is an electrochemical step in a synthesis process,
wherein a voltage or a current is applied to any one or more
of a number of electrodes on an electrode microarray to
locally generate an acid or a base (depending upon whether
the electrode is an anode or a cathode) that affects removal
of acid- or base-labile protecting groups (moieties) bound to
a chemical species.

[0011] Preferably, such chemical species is attached to a
reaction layer that is, in turn, attached to the electrodes. Such
electrodes having applied voltage or current are referred to
as active electrodes and are either an anode or a cathode.
After deblocking, the chemical species having the protective
group removed is exposed to another chemical moiety or
monomer (or even a polymer) allowing continued synthesis
to enlarge the polymer (oligonucleotide, polypeptide, small
molecule, or other polymeric species) at the electrodes
where deblocking has occurred.

[0012] In one embodiment of the present invention, the
electrochemical deblock solution comprises an acid-source
reducible solvent, an organic salt, and an organic base. In
another embodiment of the present invention, the acid-
source reduceable solvent comprises an acid source and a
reduceable solvent. In another embodiment of the present
invention, the reduceable solvent comprises an organic
solvent and a reduceable chemical. In another embodiment
of the present invention, the reduceable solvent comprises
an organic solvent, an alcohol, and a reduceable chemical.

[0013] In one embodiment of the present invention, the
electrochemical deblock solution comprises an organic sol-
vent, an alcohol, a benzoquinone derivative, a hydroquinone
derivative, an organic salt soluble in the organic solvent, and
a organic base. The organic solvent provides a deblocking
solution where an aqueous deblock solution cannot be used
or is less desirable owing to better performance using an
organic based deblocking solution. The organic solvent is
any suitable solvent capable of dissolving the components to
form the deblocking solution for electrochemical deblocking
of acid-labile protecting groups.
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[0014] Reagents are generated electrochemically and are
capable of selectively removing protecting groups from
chemical functional groups on an attached molecule. Such
reagents are generated at active electrodes by applying a
sufficient electrical potential (voltage or current) to the
selected electrodes in the presence of the inventive deblock-
ing solution. The deblocking process occurs at the “active”
electrodes when an acidic reagent generated by the active
electrodes (electrochemically) removes the acid-labile pro-
tecting group from the attached molecules.

[0015] Sufficient acid production at the active electrode
can be generated electrochemically by either setting a volt-
age potential with reference to ground or by setting the
desired amount of current in amperage. Setting the voltage
potential ensures that the voltage that is applied is held
constant but allows the current to change due to differences
in different electrodes at different times. Setting the amper-
age keeps the current at a constant level by constantly
changing the potential in order to meet the amperage goal.
Preferably, one sources the current, or keeps the current
constant at a desired level by modulating the voltage.
Preferably, the current in the deblocking step is from about
1 nA per electrode to about 5 mA per electrode. More
preferably, the current is from about 50 nA per electrode to
about 2 uA per electrode. Most preferably, the current is
about 0.26 uA per electrode (i.e., 260 nA) for electrochemi-
cal deblocking.

[0016] When voltage control is used, the voltage in the
deblocking step is from about 0.1 volts to about 10 volts per
active electrode. Preferably, voltage is from about 0.4 volt to
about 5 volts per active electrode. More preferably, voltage
is from about 0.8 volts to about 2.6 volts per electrode. Most
preferably, voltage is approximately 1.3 volts per electrode.

[0017] The present invention is exemplified herein by the
electrochemical synthesis of molecules containing
sequences of amino acids (e.g., peptides or polypeptides or
proteins) or nucleic acids but could be readily applied to the
synthesis of other oligomers or polymers. Such oligomers or
polymers include, but are not limited to, both linear and
cyclic polymers of nucleic acids, polysaccharides, and pep-
tides having either alpha-, beta-, or omega-amino acids,
polyurethanes, polyesters, polycarbonates, polyureas, polya-
mides, polyethyleneimines, polyarylene sulfides, polysilox-
anes, polyimides, polyacetates, or other polymers. In a
preferred embodiment, polypeptides are synthesized on
electrode arrays. In another preferred embodiment, oligo-
nucleotides, including DNA, are synthesized on electrode
arrays. In another preferred embodiment, the present inven-
tion is used for the deblocking step for the synthesis of a
microarray of small molecules, including oligonucleotides,
polypeptides, branched polymers, and other polymers,
wherein the polymer molecules can be different (from each
other) at each electrode.

[0018] Inapreferred embodiment of the present invention,
the organic solvent is acetonitrile. In another preferred
embodiment of the present invention, the organic solvent is
methylene chloride.

[0019] Other organic solvents would be acceptable alter-
natives without departing from the scope of the invention. In
general, such other solvents include, but are not limited to,
aliphatic hydrocarbons, aromatic hydrocarbons, chlorinated
hydrocarbons, alcohols, glycols, glycol ethers, ethers, esters,
ketones, aldehydes, amides, and amines.
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[0020] In a preferred embodiment, the alcohol is metha-
nol, ethanol, propanol, isopropanol, or isobutanol. In the
most preferred embodiment, the alcohol is methanol or
isopropanol. Other alcohols and glycols are suitable.

[0021] In preferred embodiments of the present invention,
the electrochemical deblocking solution comprises a con-
centration of approximately 1 mM to 2 M hydroquinone;
approximately 0 mM to 10 mM benzoquinone; approxi-
mately 0.1 mM to 200 mM lutidine; and approximately 0.1
to 2 M of organic salt; and the solvent comprises approxi-
mately 0% to 60% methanol with the balance acetonitrile.

[0022] 1In one embodiment of the present invention, hyd-
roquinone is replaced by one of the following: thiophenol,
1,4-butanedithiol, 1,3-propanedithiol, or methylthiophene or
another suitable thiol. This deblocking solution is used for
removal of acid-labile protective groups. The electrochemi-
cal deblocking solution comprises approximately 0.1 mM to
20 M of thiophenol, 1,4-butanedithiol or 1,3-pro-
panedithiol, methylthiophene, or other thiol, or a combina-
tion thereof; approximately 0.1 mM to 1 M of organic salt;
approximately 0.1 mM to 200 mM lutidine; and a reducible
solvent.

[0023] In another embodiment of the present invention, a
method of electrochemical deblocking of an acid-labile
protecting group is provided and comprises applying a
voltage or a current to at least one electrode of an array of
electrodes. The array of electrodes is covered by any one of
the electrochemical deblocking solutions of the present
invention.

[0024] In other preferred embodiments of the present
invention, the electrochemical deblocking solution com-
prises concentration of approximately 1 mM to 50 mM 2,5
di(tertbutyl) hydroquinone; approximately 0 mM to 50 mM
2,5 di(tertbutyl) benzoquinone; approximately 0.1 mM to 50
mM diisopropylethylamine; and approximately 0.1 to 2 M
of organic salt, wherein the solvent comprises approxi-
mately 0% to 50% isopropanol with the balance methylene
chloride.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a magnified epifluorescence image of a
top view of a section of an electrode microarray showing the
effect on confinement of acid by 2,6-lutidine in an electro-
chemical deblocking solution. Lutidine concentration was O,
1, or 5 mM. Electrochemical deblocking was done at 2 volts
for 240 seconds. Cy3 labeled phosphoramidite was coupled
to the array to fluorescently image deblocked areas.

[0026] FIG. 2 is a magnified epifluorescence image of a
top view of a section of an electrode microarray showing the
effect on confinement of acid by 2,6-lutidine in an electro-
chemical deblocking solution. Lutidine concentration was O,
5, or 25 mM. Electrochemical deblocking was done at 2
volts for 60 seconds. Cy3 labeled phosphoramidite was
coupled to the array to fluorescently image deblocked areas.

[0027] FIG. 3 is a magnified epifluorescence image of a
top view of a section of an electrode microarray showing the
effect of not having an organic base in the deblock solution
as evidenced by the white haze surrounding some of the
anodes. Cy3 labeled phosphoramidite was coupled to the
array to fluorescently image deblocked areas.
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[0028] FIG. 4 is a magnified epifluorescence image of a
top view of a section of an electrode microarray showing the
effect of having an organic base in the deblock solution as
evidenced by the lack of a white haze. Cy3 labeled phos-
phoramidite was coupled to the array to fluorescently image
deblocked areas.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] As used herein, the term “oligomer” means a
molecule of intermediate relative molecular mass, the struc-
ture of which essentially comprises a small plurality of units
derived, actually or conceptually, from molecules of lower
relative molecular mass. A molecule is regarded as having an
intermediate relative molecular mass if it has properties
which do vary significantly with the removal of one or a few
of the units. If a part or the whole of the molecule has an
intermediate relative molecular mass and essentially com-
prises a small plurality of units derived, actually or concep-
tually, from molecules of lower relative molecular mass, it
may be described as oligomeric, or by oligomer used adjec-
tivally. Oligomers are typically comprised of a monomer.

[0030] The term “co-oligomer” means an oligomer
derived from more than one species of monomer. The term
oligomer includes co-oligomers. As examples of oligomers,
a single stranded DNA molecule consisting of deoxyadeny-
late (A), deoxyguanylate (G), deoxycytidylate (C), and
deoxythymidylate (T) units in the following sequence,
AGCTGCTAT is a co-oligomer, and a single stranded DNA
molecule consisting of 10-T units is an oligomer; however,
both are referred to as oligomers.

[0031] The term “monomer” means a molecule that can
undergo polymerization thereby contributing constitutional
units to the essential structure of a macromolecule such as an
oligomer, co-oligomer, polymer, or co-polymer. Examples
of monomers include A, C, G, T, adenylate, guanylate,
cytidylate, uridylate, amino acids, vinyl chloride, and other
vinyls.

[0032] The term “polymer” means a substance composed
of macromolecules, which is a molecule of high relative
molecular mass, the structure of which essentially comprises
the multiple repetition of units derived, actually or concep-
tually, from molecules of low relative molecular mass. In
many cases, especially for synthetic polymers, a molecule
can be regarded as having a high relative molecular mass if
the addition or removal of one or a few of the units has a
negligible effect on the molecular or physical properties.
This statement fails in the case of certain macromolecules
for which the properties may be critically dependent on fine
details of the molecular structure. If a part or the whole of
the molecule has a high relative molecular mass and essen-
tially comprises the multiple repetition of units derived,
actually or conceptually, from molecules of low relative
molecular mass, it may be described as either macromo-
lecular or polymeric, or by polymer used adjectivally.

[0033] The term “copolymer” means a polymer derived
from more than one species of monomer. Copolymers that
are obtained by copolymerization of two monomer species
are sometimes termed bipolymers, those obtained from three
monomers terpolymers, those obtained from four monomers
quaterpolymers, etc. The term polymer includes co-poly-
mers.
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[0034] Nomenclature for chemical groups mostly follows
the recommendations of “The International Union for Pure
and Applied Chemistry”, Principles of Chemical Nomen-
clature: a Guide to [IUPAC Recommendations, Leigh et al.,
Science, 1998.

[0035] The term “alkyl” means a straight or branched
chain alkyl group having a single radical and containing up
to approximately 100 but preferably up to 20 carbon atoms.
Examples of alkyl groups include but are not limited to the
following: methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu-
tyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, tert-
pentyl, isohexyl, n-hexyl, n-heptyl, and n-octyl. A substi-
tuted alkyl has one or more hydrogen atoms substituted by
other groups or one or more carbons replaced by a divalent
or trivalent group or atom.

[0036] The term “alkenyl” means a straight or branched
chain alkyl group having a single radical, having at least one
carbon-carbon double bond, and containing up to approxi-
mately 100 but preferably up to 20 carbon atoms. Examples
of alkenyl groups include but are not limited to the follow-
ing: vinyl, 1-propenyl, 2-butenyl, 1,3-butadienyl, 2-pente-
nyl, 2,4-hexadienyl, 4-(ethyl)-1,3-hexadienyl, and 2-(me-
thyl)-3-(propyl)-1,3-butadienyl. A substituted alkenyl has
one or more hydrogen atoms substituted by other groups or
one or more carbons replaced by a divalent, trivalent, or
tetravalent group or atom.

[0037] The term “alkynyl” means a straight or branched
chain alkyl group having a single radical, having at least one
carbon-carbon triple bond, and containing up to approxi-
mately 100 but preferably up to 20 carbon atoms. Examples
of alkynyl groups include but are not limited to the follow-
ing: ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl,
3-butynyl, 4-pentynyl, S5-hexynyl, 6-heptynyl, 7-octynyl,
1-methyl-2-butynyl, 2-methyl-3-pentynyl, 4-ethyl-2-penty-
nyl, and 5,5-methyl-1,3-hexynyl. A substituted alkynyl has
one or more hydrogen atoms substituted by other groups or
one or more carbons replaced by a divalent, trivalent, or
tetravalent group or atom.

[0038] The term “cycloalkyl” means an alkyl group form-
ing at least one ring, wherein the ring has approximately 3
to 14 carbon atoms. Examples of cycloalkyl groups include
but are not limited to the following: cyclopropyl, cyclobutyl,
cyclopentyl, and cyclohexyl. A substituted cycloalkyl has
one or more hydrogen atoms substituted by other groups or
one or more carbons replaced by a divalent, trivalent, or
tetravalent group or atom.

[0039] The term “cycloalkenyl” means an alkenyl group
forming at least one ring and having at least one carbon-
carbon double bond within the ring, wherein the ring has
approximately 3 to 14 carbon atoms. Examples of cycloalk-
enyl groups include but are not limited to the following:
cyclopropenyl, cyclobutenyl, cyclopentenyl, 1,3-cyclopen-
tadienyl, and cyclohexenyl. A substituted cycloalkenyl has
one or more hydrogen atoms substituted by other groups or
one or more carbons replaced by a divalent, trivalent, or
tetravalent group or atom.

[0040] The term “cycloalkynyl” means an alkynyl group
forming at least one ring and having at least one carbon-
carbon triple bond, wherein the ring contains up to approxi-
mately 14 carbon atoms. A group forming a ring having at
least one triple bond and having at least one double bond is
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a cycloalkynyl group. An example of a cycloalkynyl group
includes but is not limited to cyclooctyne. A substituted
cycloalkynyl has one or more hydrogens substituted by other
groups or one or more carbons replaced by a divalent,
trivalent, or tetravalent group or atom.

[0041] The term “aryl” means an aromatic ring group
having mostly carbon atoms and a single radical and having
approximately 4 to 50 carbon atoms. An aryl ring structure
can include a ring with one or two heteroatoms. Examples
of aryl groups include but are not limited to the following:
phenyl, naphthyl, and anthryl. A substituted aryl has one or
more hydrogens substituted by other groups or one or more
carbons replaced by a divalent or trivalent group or atom.

[0042] The term “hetero,” when used in the context of
chemical groups, or “heteroatom” means an atom other than
carbon or hydrogen. Examples of heteroatoms include but
are not limited to the following: oxygen, nitrogen, phospho-
rous, sulfur, boron, silicon, and selenium.

[0043] The term “heterocyclic ring” means a ring structure
having at least one ring having at least one heteroatom
forming a part of the ring and having approximately 3 to 50
atoms connected to form the ring structure. An example of
a heterocyclic ring having 6 atoms is pyridine. Additional
examples of heterocyclic ring structures include but are not
limited to the following aromatic structures: acridine, car-
bazole, chromene, imidazole, furan, indole, quinoline, and
phosphinoline. Examples of heterocyclic ring structures
include but are not limited to the following non-aromatic
structures: aziridine, 1,3-dithiolane, 1,3-diazetidine, and 1,4,
2-oxazaphospholidine. Examples of heterocyclic ring struc-
tures include but are not limited to the following fused
aromatic and non-aromatic structures: 2H-furo[3,2-b]pyran,
SH-pyrido[2,3-d]-0-oxazine, = 1H-pyrazolo[4,3-d]oxazole,
4H-imidazo[4,5-d]thiazole, selenazolo[ 5,4-f]benzothiazole,
and cyclopenta[b]pyran.

[0044] The term “polycyclic” or “polycyclic group”
means a carbon ring structure having more than one ring and
having approximately 4 to 50 carbons forming the ring
structure. Examples of polycyclic groups include but are not
limited to the following: bicyclo[1.1.0]butane, bicyclo
[5.2.0]nonane, and tricycle[5.3.1.1]dodecane.

[0045] The term “halo” or “halogen” means inclusively,
fluorine, chlorine, bromine, or iodine.

[0046] The term “heteroatom group” means one heteroa-
tom or more than one heteroatoms bound together and
having two free valences for forming a covalent bridge
between two atoms. For example, the oxy radical, —O—
can form a bridge between two methyls to form CH,—O—
CH; (dimethyl ether) or can form a bridge between two
carbons to form an epoxy such as cis or trans 2,3-epoxybu-
tane,

o)
CH;—CH——CH—CH;.

As used herein and in contrast to the normal usage, the term
heteroatom group will be used to mean the replacement of
groups in an alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, and cycloalkynyl and not the formation of cyclic
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bridges, such as an epoxy, unless the term cyclic bridge is
used with the term heteroatom group to denote the normal
usage.

[0047] Examples of heteroatom groups, using the nomen-
clature for hetero bridges (such as an epoxy bridge), include
but are not limited to the following: azimino (—N=N—
HN—), azo (—N=N—), biimino (—NH—NH—), epid-
ioxy (—O—O0—), epidithio (—S—S—), epithio (—S—),
epithioximino (—S—O—NH—), epoxy (—O—), epoxy-
imino (—O—NH—), epoxynitrilo (—O—N=), epoxythio
(—0—S—), epoxythioxy (—O—S—0—), furano
(—C,H,0—), imino (—NH-—), and nitrilo (—N=).
Examples of heteroatom groups using the nomenclature for
forming acyclic bridges include but are not limited to the
following: epoxy (—O—), epithio (—S—), episeleno
(—Se—), epidioxy (—O—0—), epidithio (—S—S—),
lambda®*-sulfano (—SH,—), epoxythio (—O—S—),
epoxythioxy (—O—S—0—), epoxyimino (—O—NH—),
epimino (—NH—), diazano (—NH—NH—), diazeno
(—N=N—), triaz[1]eno (—N=N-—NH—), phosphano
(—PH—), stannano (—SnH,—), epoxymethano (—O—
CH,—), epoxyethano —O—CH =CH—CHz—(—0O—
CH,—CH,—), epoxyprop[1]eno

—O0—CH=CH—CH,— .
1 2 3

[0048] The term “bridge” means a connection between
one part of a ring structure to another part of the ring
structure by a hydrocarbon bridge. Examples of bridges
include but are not limited to the following: methano,
ethano, etheno, propano, butano, 2-buteno, and benzeno.

[0049] The term “hetero bridge” means a connection
between one part of a ring structure to another part of the
ring structure by one or more heteroatom groups, or a ring
formed by a heterobridge connecting one part of a linear
structure to another part of the linear structure, thus forming
a ring.

[0050] The term “oxy” means the divalent radical —O—.
[0051] The term “oxo” means the divalent radical =0.

[0052] The term “carbonyl” means the group

wherein the carbon has two radicals for bonding.

[0053] The term “amide” or “acylamino” means the group

H O
||

—N—C—R,

wherein the nitrogen has one single radical for bonding and
R is hydrogen or an unsubstituted or substituted alkyl,
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alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl,
aryl, heterocyclic ring, or polycyclic group.

[0054] The term “alkoxy” means the group —O—R—,
wherein the oxygen has a single radical and R is hydrogen
or an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group. Examples of alkoxy groups where
the R is an alkyl include but are not limited to the following:
methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy, hep-
toxy, octoxy, 1,1-dimethylethoxy, 1,1-dimethylpropoxy, 1,1-
dimethylbutoxy, 1,1-dimethylpentoxy, 1-ethyl-1-methylbu-
toxy, 2,2-dimethylpropoxy, 2,2-dimethylbutoxy, 1-methyl-
1-ethylpropoxy, 1,1-diethylpropoxy, 1,1,2-
trimethylpropoxy, 1,1,2-trimethylbutoxy, 1,1,2,2-
tetramethylpropoxy. Examples of alkoxy groups where the
R is an alkenyl group include but are not limited to the
following: ethenyloxy, 1-propenyloxy, 2-propenyloxy,
1-butenyloxy, 2-butenyloxy, 3-butenyloxy, 1-methyl-prop-
2-enyloxy, 1,1-dimethyl-prop-2-enyloxy, 1,1,2-trimethyl-
prop-2-enyloxy, and 1,1-dimethyl-but-2-enyloxy, 2-ethyl-1,
3-dimethyl-but-1-enyloxy. Examples of alkyloxy groups
where the R is an alkynyl include but are not limited to the
following: ethynyloxy, 1-propynyloxy, 2-propynyloxy,
1-butynyloxy, 2-butynyloxy, 3-butynyloxy, 1-methyl-prop-
2-ynyloxy, 1,1-dimethyl-prop-2-ynyloxy, and 1,1-dimethyl-
but-2-ynyloxy, 3-ethyl-3-methyl-but-1-ynyloxy. Examples
of alkoxy groups where the R is an aryl group include but are
not limited to the following: phenoxy, 2-naphthyloxy, and
1-anthyloxy.

[0055] The term “acyl” means the group

—C—R,

wherein the carbon has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group. Examples of acyl groups include
but are not limited to the following: acetyl, propionyl,
butyryl, isobutyryl, valeryl, isovaleryl, acryloyl, propioloyl,
mathacryloyl, crotonoyl, isocrotonoyl, benzoyl, and naph-
thoyl.

[0056] The term “acyloxy” means the group

—O0—C—R,

wherein the oxygen has a single radical and R is hydrogen
or an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group. Examples of acyloxy groups
include but are not limited to the following: acetoxy, ethyl-
carbonyloxy, 2-propenylcarbonyloxy, pentylcarbonyloxy,
1-hexynylcarbonyloxy, benzoyloxy, cyclohexylcarbony-
loxy, 2-naphthoyloxy, 3-cyclodecenylcarbonyloxy.
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[0057] The term “oxycarbonyl” means the group

e}

—C—O0—R,

wherein the carbon has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group. Examples of oxycarbonyl groups
include but are not limited methoxycarbonyl, ethoxycarbo-
nyl, isopropyloxycarbonyl, phenoxycarbonyl, and cyclo-
hexyloxycarbonyl.

[0058] The term “alkoxycarbonyloxy” means the group

e}

—O0—C—O0—R,

wherein the oxygen has a single radical and R is hydrogen
or an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

[0059] The term “carboxy” means the group —C(O)OH,
wherein the carbon has a single radical.

[0060] The term “amino” means the group —NH,, where
the nitrogen has a single radical.

[0061] The term “secondary amino” means the group
—NH-—R, wherein the nitrogen has a single radical and R
is hydrogen or an unsubstituted or substituted alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, het-
erocyclic ring, or polycyclic group.

[0062] The term “tertiary amino” means the group

Rr2

_N_Rl,

wherein the nitrogen atom has a single radical and R; and R,
are independently selected from the group consisting of
unsubstituted and substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, and polycyclic group.

[0063] The term “hydrazi” means the group —NH-—
NH—, wherein the nitrogens have single radicals bound to
the same atom. The term “hydrazo” means the group
—NH-—NH—, wherein the nitrogen atoms have single
radicals bound to the different atoms.

[0064] The term ‘“hydrazino” means the group NH,—
N*H—, wherein the nitrogen (N*) has a single radical.

[0065] The term “hydrazono” means the group NH,—
N#*=, wherein the nitrogen (N*) has two radicals.

[0066] The term ‘“hydroxyimino” means the group
HO—N*=, wherein the nitrogen (N*) has two radicals.
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[0067] The term “alkoxyimino” means the group R—O—
N*=, wherein the nitrogen (N*) has two radicals and R is
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

[0068] The term “azido” means the group N,—, wherein
the nitrogen (N*) has one radical.

[0069] The term  “azoxy” means the group
—N*(O)=N*—, wherein the nitrogens each have one radi-
cal.

[0070] The term “alkazoxy” means the group
R—N(O)=N*—, wherein the nitrogen (N*) has one radical
and R is hydrogen or an unsubstituted or substituted alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl,
aryl, heterocyclic ring, or polycyclic group. Azoxybenzene
is an example compound.

[0071] The term “cyano” means the group —CN. The
term “isocyano” means the group —NC. The term “cyanato”
means the group —OCN. The term “isocyanato” means the
group —NCO. The term “fulminato” means the group
—ONC. The term “thiocyanato” means the group —SCN.
The term “isothiocyanato” means the group —NCS. The
term “selenocyanato” means the group —SeCN. The term
“isoselenocyanato” means the group —NCSe.

[0072] The term “carboxyamido” or “acylamino” means
the group

H O

—N—C—R,

wherein the nitrogen has a single radical and R is hydrogen
or an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

[0073] The term “acylimino” means the group

H O

—N—C—R,

wherein the nitrogen has two radicals and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

[0074] The term “nitroso” means the group O=N—,
wherein the nitrogen has a single radical.

[0075] The term ‘“aminooxy” means the
—O—NH,, wherein the oxygen has a single radical.

group

[0076] The term “carxoimidioy” means the group

NH

—C—R,
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wherein the carbon has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

[0077] The term “hydrazonoyl” means the group

NH— NH,,

—C—R

wherein the carbon has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

e term roX1mo, or “oxime” means the
0078] Th “hydroximoyl” or “oxime” h
group

NH—OH,

—C—R

wherein the carbon has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

[0079] The term “hydrazino” means the group

e}

R—C—NH—NH—,

wherein each nitrogen has a single radical and R is hydrogen
or an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

[0080] The term “amidino” means the group

NH

—C—NH,,

wherein the carbon has a single radical.

[0081] The term “sulfide” means the group —S—R—,
wherein the sulfur has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.

[0082] The term “thiol” means the group —S—, wherein
the sulfur has two radicals. Hydrothiol means —SH.

[0083] The term “thioacyl” means the group —C(S)—R,
wherein the carbon has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group.
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[0084] The term “sulfoxide” means the group

e}

—S—R,

wherein the sulfur has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group. The term “thiosulfoxide” means
the substitution of sulfur for oxygen in sulfoxide; the term
includes substitution for an oxygen bound between the
sulfur and the R group when the first carbon of the R group
has been substituted by an oxy group and when the sulfoxide
is bound to a sulfur atom on another group.

[0085] The term “sulfone” means the group

wherein the sulfur has a single radical and R is hydrogen or
an unsubstituted or substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, or polycyclic group. The term “thiosulfone” means
substitution of sulfur for oxygen in one or two locations in
sulfone; the term includes substitution for an oxygen bound
between the sulfur and the R group when the first carbon of
the R group has been substituted by an oxy group and when
the sulfone is bound to a sulfur atom on another group.

[0086] The term “phosphoric acid ester” means the group
R,R,PO,—, wherein the oxygen has a single radical and R,
is selected from the group consisting of hydrogen and
unsubstituted and substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, and polycyclic group, and R, is selected from the group
consisting of unsubstituted and substituted alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, het-
erocyclic ring, and polycyclic group.

[0087] The term “substituted” or “substitution,” in the
context of a chemical species, means independently selected
from the group consisting of the replacement of a hydrogen
on at least one carbon by a monovalent radical, the replace-
ment of two hydrogens on at least one carbon by a divalent
radical, the replacement of three hydrogens on at least one
terminal carbon (methyl group) by a trivalent radical, the
replacement of at least one carbon and the associated
hydrogens (e.g., methylene group) by a divalent, trivalent, or
tetravalent radical, and combinations thereof. Meeting
valence requirements restricts substitution. Substitution
occurs on alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, heterocyclic ring, and polycyclic groups,
providing substituted alkyl, substituted alkenyl, substituted
alkynyl, substituted cycloalkyl, substituted cycloalkenyl,
substituted cycloalkynyl, substituted aryl group, substituted
heterocyclic ring, and substituted polycyclic groups.

[0088] The groups that are substituted on an alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, het-
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erocyclic ring, and polycyclic groups are independently
selected from the group consisting of alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, polycyclic group, halo, heteroatom group, oxy, oxo,
carbonyl, amide, alkoxy, acyl, acyloxy, oxycarbonyl,
alkoxycarbonyloxy, carboxy, imino, amino, secondary
amino, tertiary amino, hydrazi, hydrazino, hydrazono,
hydroxyimino, azido, azoxy, alkazoxy, cyano, isocyano,
cyanato, isocyanato, thiocyanato, fulminato, isothiocyanato,
isoselenocyanato, selenocyanato, carboxyamido, acylimino,
nitroso, aminooxy, carboximidoyl, hydrazonoyl, oxime,
acylhydrazino, amidino, sulfide, thiol, sulfoxide, thiosulfox-
ide, sulfone, thiosulfone, thiosulfate, hydroxyl, formyl,
hydroxyperoxy, hydroperoxy, peroxy acid, carbamoyl, tri-
methyl silyl, nitrilo, nitro, aci-nitro, nitroso, semicarbazono,
oxamoyl, pentazolyl, seleno, thiooxi, sulfamoyl, sulfen-
amoyl, sulfeno, sulfinamoyl, sulfino, sulfinyl, sulfo, sul-
foamino, sulfonato, sulfonyl, sulfonyldioxy, hydrothiol, tet-
razolyl, thiocarbamoyl, thiocarbazono, thiocarbodiazono,
thiocarbonohydrazido, thiocarbonyl, thiocarboxy, thiocy-
anato, thioformyl, thioacyl, thiosemicarbazido, thiosulfino,
thiosulfo, thioureido, thioxo, triazano, triazeno, triazinyl,
trithio, trithiosulfo, sulfinimidic acid, sulfonimidic acid,
sulfinohydrazonic acid, sulfonohydrazonic acid, sulfinohy-
droximic acid, sulfonohydroximic acid, and phosphoric acid
ester, and combinations thereof.

[0089] As an example of a substitution, replacement of
one hydrogen atom on ethane by a hydroxyl provides
ethanol, and replacement of two hydogens by an oxo on the
middle carbon of propane provides acetone (dimethyl
ketone.) As a further example, replacement the middle
carbon (the methenyl group) of propane by the oxy radical
(—O—) provides dimethyl ether (CH;—O—CH;.) As a
further example, replacement of one hydrogen atom on
benzene by a phenyl group provides biphenyl.

[0090] As provided above, heteroatom groups can be
substituted inside an alkyl, alkenyl, or alkylnyl group for a
methylene group (:CH,) thus forming a linear or branched
substituted structure rather than a ring or can be substituted
for a methylene inside of a cycloalkyl, cycloalkenyl, or
cycloalkynyl ring thus forming a heterocyclic ring. As a
further example, nitrilo (—N=) can be substituted on
benzene for one of the carbons and associated hydrogen to
provide pyridine, or oxy can be substituted to provide pyran.

[0091] The term “unsubstituted” means that no hydrogen
or carbon has been replaced on an alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, or aryl group.

[0092] The term “lutidine” means isomers of dimethyl
pyridine. The isomers include 2,6-,2,5-, 2,4-, 2.3-,3,4-,3,5-,
3,6-, 4,5-, 4,6-, and 5,6-dimethylpyridine.

[0093] The term “organic bases” includes organic com-
pounds having nitrogen where the nitrogen provides basic-
ity. Organic bases include nitrogens in substituted and
non-substituted ring structures such as pyridine, diethylpy-
ridine, and pyrazole; nitrogens in substituted and non-
substituted non-ring structures such as diisopropylethyl
amine, triethyl amine, and tributyl amine; and nitrogens in
hetero-ring structures or combination ring and non-ring
structures with and without substitution. Generally, any
amine is included.

[0094] The term “acid-source reducible solvent” means a
solvent capable of undergoing redox reaction (oxidation) at
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an anode to provide acidic media adjacent to an activated
anode and capable of undergoing redox reaction (reduction)
at a cathode to provide current flow in the electrochemical
deblocking solution (given sufficient voltage.)

[0095] The term “acid source” means a chemical capable
of undergoing a redox reaction (oxidation) at an anode to
provide an acidic media adjacent to an activated anode.

[0096] The term “reducible solvent” means a solvent
capable of undergoing redox reaction (reduction) at a cath-
ode to provide current flow in the electrochemical deblock-
ing solution.

[0097] The term “reducible chemical” means a chemical
in the deblocking solution capable of undergoing redox
reaction (reduction) to provide current flow in the electro-
chemical deblocking solution.

Electrochemical Deblocking Solution

[0098] The present invention provides an electrochemical
deblocking solution for use on an electrode microarray. The
solution is an organic solvent-based solution for the
deblocking step in the synthesis of an oligonucleotide, a
peptide, oligomer, or other polymer, or a combination
microarray of small molecules (i.e., combinatorial library),
where removing acid-labile protective groups by electro-
chemically generated acidic reagent is a step within the
synthesis process. Such a solution will be referred to as a
deblocking solution. Electrochemical deblocking is an elec-
trochemical step in a synthesis process, wherein a controlled
voltage or a controlled current is applied to any one or more
of a number of electrodes on an electrode microarray to
locally generate an acid or a base (depending upon whether
the electrode is an anode or a cathode) that affects removal
of acid-labile protecting groups (moieties) bound to a chemi-
cal species. Preferably, such chemical species is attached to
a reaction layer attached to the electrodes. Such electrodes
having applied voltage or current are referred to as active
electrodes and are either an anode or a cathode. After
deblocking, the chemical species having the protective
group removed is exposed to another chemical moiety or
monomer (or even a polymer) allowing continued synthesis
to enlarge the polymer (oligonucleotide, polypeptide, small
molecule, branched polymer, or other polymeric species) at
the electrodes where deblocking has occurred.

[0099] In one embodiment of the present invention, the
electrochemical deblock solution comprises an acid-source
reducible solvent, an organic salt, and an organic base.
Representative examples of the acid-source reducible sol-
vent include methylene chloride, 1,1,1-trichloroethane, 1,1,
2-trichloro-1,2-diifluoroethane, 1,1,2-trichloroethane, 1,4-
dichlorobenzene, 1-butanol, 1-hexene, 1-propanol, 2-(2-
butoxyethoxy) ethyl acetate, 2-butoxyethanol acetate,
2-butoxyethyl acetate, 2-ethoxyethanol acetate, 2-ethoxy-
ethanol, 2-methoxyethanol acetate, 2-methoxyethanol,
2-methylhexane, 2-nitropropane, acetone alcohol, acetone,
acetonitrile, allyl alcohol, benzene, benzotrifluoride, benzyl
chloride, biphenyl, carbon disulfide, chlorobenzene, chloro-
bromomethane, cyclodecane, cycloheptane, cyclohexane,
cyclohexanol, cyclohexanone, cyclononane, cyclooctane,
cyclopentane, diacetone alcohol, dibromomethane, dichlo-
rodiphenyltrichloroethane, dichloroethene, dimethyl sulfox-
ide, diethyl ether, diethylene glycol, dimethyl formamide,
dipropylene glycol, ethanol, ethyl acetate, ethyl benzene,
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ethyl ether, ethyl glycol acetate, ethyl glycol, ethylbenzene,
ethylene glycol, formamide, furfural, furfuryl alcohol, hep-
tafluorocyclopentane, heptatfluoropropyl methyl ether, hep-
tane, hexachlorocyclohexane, hexane, isoamyl alcohol,
isobutyl acetate, isobutyl alcohol, isobutyl isobutyrate,
isomethoxynonafluorobutane,  iso-methoxynonafluorobu-
tane, isophorone, isopropyl acetate, iso-propyl alcohol,
methanol, methoxy propyl acetate, methyl amyl ketone,
methyl chloride, methyl chloroform, methyl ethyl ketone,
methyl glycol acetate methyl isobutyl ketone, methyl propyl
ketone, monochlorotoluene, n-amyl alcohol, n-butyl acetate,
n-butyl alcohol, n-decane, nitrobenzene, nitromethane,
n-methoxynonafluorobutane, n-methylpyrrolidone,
n-nonane, n-octane, n-octyl alcohol, n-butyl acetate, n-pen-
tane, n-propyl acetate, n-propyl alcohol, ortho-dichloroben-
zene, perchloroethene, propylene glycol diacetate, propy-
lene glycol, t-amy] alcohol, t-butyl alcohol, tetrahydrotfuran,
toluene, trans-1,2-dichloroethylene, trichloroethene, trichlo-
roethylene, trichloromethane, triethylene gycol, vinyl
choloride, and xylene, and combinations thereof.

[0100] The organic salt has a concentration from about 0.1
mM to about 5 M. Representative examples of organic salts
include,

Rl3 fo) Rl3

RIZ—N+—R14'O_S_R16,

| |
(6]

tetrabutylammonium hexafluorophosphate, tetracthylammo-
nium p-toluenesulfonate, 1,1-dibutyl-pyrrolidinium bis(trif-
luoromethylsulfonyl)imide, 1,1-dimethyl-pyrrolidinium
tris(pentafluoroethyl)trifluorophosphate, 1,1-dipropyl-pyr-
rolidinium bis(trifluoromethylsulfonyl)imide, 1,2-dimethyl-
3-propylimidazolium  bis(trifluoromethylsulfonyl)imide,
1,2-dimethyl-3-propylimidazolium tris(trifluoromethylsul-
fonyl)methide, 1,3-dimethyl-imidazolium bis(pentafluoroet-
hyl)phosphinate, 1,3-dimethyl-imidazolium methyl sulfate,
1,3-dimethyl-imidazolium trifluoromethanesulfonate,
1-benzyl-3-methyl-imidazolium hexafluoroantimonate,
1-benzyl-3-methyl-imidazolium hexafluorophosphate,
1-benzyl-3-methyl-imidazolium methylsulfate, 1-benzyl-3-
methyl-imidazolium tetrafluoroborate, 1-benzyl-3-methyl-
imidazolium trifluoromethanesulfonate, -butyl-1-methyl-
pyrrolidinium bis(trifluoromethylsulfonyl)imide, 1-butyl-1-
methyl-pyrrolidinium  dicyanamide, 1-butyl-1-methyl-

pyrrolidinium  hexafluoroantimonate, 1-butyl-1-methyl-
pyrrolidinium  hexafluorophosphate,  1-butyl-1-methyl-
pyrrolidinium methylsulfate, 1-butyl-1-methyl-
pyrrolidinium tetracyanoborate, 1-butyl-1-methyl-
pyrrolidinium tetrafluoroborate, 1-butyl-1-methyl-

pyrrolidinium trifluoromethanesulfonate, 1-butyl-1-methyl-
pyrrolidinium tris(pentafluoroethyl)trifluorophosphate,
1-butyl-2,3-dimethyl-imidazolium  hexafluoroantimonate,
1-butyl-2,3-dimethyl-imidazolium  hexafluorophosphate,
1-butyl-2,3-dimethyl-imidazolium methylsulfate, 1-butyl-2,

Feb. 15, 2007

3-dimethyl-imidazolium tetrafluoroborate, 1-butyl-2,3-dim-
ethyl-imidazolium tosylate, 1-butyl-2,3-dimethyl-imidazo-
lium trifluoromethanesulfonate, 1-butyl-3-ethyl-
imidazolium trifluoromethanesulfonate, 1-butyl-3-methyl-
imidazolium 2-(2-methoxyethoxy)ethyl sulfate, 1-butyl-3-
methyl-imidazolium bis(trifluoromethyl)imide, 1-butyl-3-
methyl-imidazolium cobalt tetracarbonyl, 1-butyl-3-methyl-
imidazolium dicyanamide, 1-butyl-3-methyl-imidazolium
hexafluorophosphate, 1-butyl-3-methyl-imidazolium methyl
sulfate, 1-butyl-3-methyl-imidazolium octylsulfate, 1-butyl-
3-methyl-imidazolium tetrafluoroborate, 1-butyl-3-methyl-
imidazolium tosylate, 1-butyl-3-methyl-imidazolium trif-
luoroacetate, 1-butyl-3-methyl-imidazolium
trifluoromethane sulfonate, 1-butyl-3-methyl-pyridinium
bis(trifluormethylsulfonyl)imide, 1-butyl-4-methyl-pyri-
dinium hexafluorophosphate, 1-butyl-4-methyl-pyridinium
tetrafluoroborate, 1-butyl-imidazolium hexafluorophos-
phate, 1-butyl-imidazolium tetrafluoroborate, 1-butyl-imi-
dazolium tosylate, 1-butyl-imidazolium trifluoromethane-

sulfonate, 1-ethyl-1-methyl-pyrrolidinium
bis(trifluoromethyl)imide, 1-ethyl-1-methyl-pyrrolidinium
hexafluoroantimonate, 1-ethyl-1-methyl-pyrrolidinium

hexafluorophosphate, 1-ethyl-1-methyl-pyrrolidinium meth-
ylsulfate, 1-ethyl-1-methyl-pyrrolidinium tetrafluoroborate,
1-ethyl-1-methyl-pyrrolidinium trifluoromethanesulfonate,
1-ethyl-2,3-dimethyl-imidazolium hexaflluoroantimonate,
1-ethyl-2,3-dimethyl-imidazolium  hexaflluorophosphate,
1-ethyl-2,3-dimethyl-imidazolium methylsulfate, 1-ethyl-2,
3-dimethyl-imidazolium tetrafluoroborate, 1-ethyl-2,3-dim-
ethyl-imidazolium tosylate, 1-ethyl-2,3-dimethyl-imidazo-
lium triffuoromethanesulfonate, 1-ethyl-3-methyl-
imidazolium bis(pentafiuoroethyl)phosphinate, 1-ethyl-3-
methyl-imidazolium  bis(pentafluoroethylsulfonyl)imide,
1-ethyl-3-methyl-imidazolium  bis(trifluoromethyl)imide,
1-ethyl-3-methyl-imidazolium bis(trifluoromethylsulfo-
nyl)imide, 1-ethyl-3-methyl-imidazolium bis[1,2-benzene-
diolato(2-)-0,0']-borate, 1-ethyl-3-methyl-imidazolium bis
[oxalato(2-)]-borate, 1-ethyl-3-methyl-imidazolium cobalt
tetracarbonyl, 1-ethyl-3-methyl-imidazolium dicyanamide,
1-ethyl-3-methyl-imidazolium hexafluoroantimonate,
1-ethyl-3-methyl-imidazolium hexafluorophosphate,
1-ethyl-3-methyl-imidazolium nitrate, 1-ethyl-3-methyl-
imidazolium tetrafluoroborate, 1-ethyl-3-methyl-imidazo-
lium tosylate, 1-ethyl-3-methyl-imidazolium trifluoroac-
etate, 1-ethyl-3-methyl-imidazolium
trifluoromethanesulfonate,  1-ethyl-3-methyl-imidazolium
trifluoromethyltrifluoroborate, ~ 1-hexyl-1-methyl-pyrroli-
dinium bis(trifluoromethylsulfonyl)imide, 1-hexyl-1-me-
thyl-pyrrolidinium dicyanamide, 1-hexyl-2,3-dimethyl-imi-
dazolium tetrafluoroborate, 1-hexyl-2,3-dimethyl-
imidazolium trifluoromethanesulfonate, 1-hexyl-3-methyl-
imidazolium bis(trifluoromethylsulfonyl)imide, 1-hexyl-3-
methyl-imidazolium  bis(trifluoromethylsulfonyl)methane,
1-hexyl-3-methyl-imidazolium dicyanamide, 1-hexyl-3-me-
thyl-imidazolium hexafluoroantimonate, 1-hexyl-3-methyl-
imidazolium hexafluorophosphate, 1-hexyl-3-methyl-imida-
zolium  methylsulfate,  1-hexyl-3-methyl-imidazolium
tetracyanoborate, 1-hexyl-3-methyl-imidazolium tetrafluo-
roborate, 1-hexyl-3-methyl-imidazolium trifluoromethane-
sulfonate, 1-hexyl-3-methyl-imidazolium tris(heptafiuoro-
propyDtriftuorophosphate,  1-hexyl-3-methyl-imidazolium
tris(pentafluoroethyl)trifluorophosphate, 1-hexyl-3-methyl-
imidazolium tris(pentafluoroethyl)trifluorophosphate, 1-me-
thyl-3-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoroctyl)-imidazo-
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lium-hexafluorophosphate, 1-methyl-3-octyl-imidazolium
tetrafluoroborate, 1-methyl-imidazolium hexafluorophos-
phate, 1-methyl-imidazolium tetrafluoroborate, 1-methyl-
imidazolium tosylate, 1-methyl-imidazolium trifluo-
romethanesulfonate, 1-octadecyl-3-methyl-imidazolium
bis(trifluoromethylsulfonyl)imide,  1-octadecyl-3-methyl-
imidazolium hexafluorophosphate, 1-octyl-1-methyl-pyrro-
lidinium bis(triftuoromethylsulfonyl)imide, 1-octyl-3-me-
thyl-imidazolium bis(trifluoromethylsulfonyl)imide,
1-octyl-3-methyl-imidazolium bis(trifluoromethylsulfonyl-
)methane, 1-octyl-3-methyl-imidazolium hexafluoroanti-
monate, 1-octyl-3-methyl-imidazolium hexafluorophos-
phate, 1-octyl-3-methyl-imidazolium methylsulfate,
1-octyl-3-methyl-imidazolium tetraffuoroborate, 1-octyl-3-
methyl-imidazolium trifluoromethanesulfonate, 1-pentyl-3-
methyl-imidazolium trifluoromethanesulfonate, 1-pentyl-3-
methyl-imidazolium
tris(nonafluorobutyDtrifluorophosphate, 1-pentyl-3-methyl-
imidazolium tris(pentafluoroethyl)trifluorophosphate,
1-phenylpropyl-3-methyl-imidazolium hexafluoroanti-
monate, 1-phenylpropyl-3-methyl-imidazolium hexatluoro-
phosphate, 1-phenylpropyl-3-methyl-imidazolium tetrafluo-
roborate, 1-phenylpropyl-3-methyl-imidazolium
trifluoromethanesulfonate, 1-tetradecyl-3-methyl-imidazo-
lium tetrafluoroborate, 3-ethyl-N-butyl-pyridinium
hexafluoroantimonate, 3-ethyl-N-butyl-pyridinium
hexafluorophosphate, 3-ethyl-N-butyl-pyridinium tetrafluo-
roborate, 3-ethyl-N-butyl-pyridinium trifluoromethane-
sulfonate, 3-methyl-1-propyl-pyridinium bis(trifluormethyl-
sulfonyl)imide, 3-methyl-N-butyl-pyridinium
hexafluoroantimonate, 3-methyl-N-butyl-pyridinium
hexafluorophosphate, 3-methyl-N-butyl-pyridinium methyl-
sulfate, 3-methyl-N-butyl-pyridinium tetrafluoroborate,
3-methyl-N-butyl-pyridinium  trifluoromethanesulfonate,
4-methyl-N-butyl-pyridinium hexafluorophosphate, 4-me-
thyl-N-butyl-pyridinium tetrafluoroborate, benzyl triphenyl-
phosphonium bis(trifluoromethyl)imide, bis(trifluorometh-
ylsulfonyl)imide, bis-tetramethyl ammonium oxalate, butyl
dimethyl imidazolium hexafluorophosphate, butyl methyl
imidazolium hexafluorophosphate, dimethyl distearyl
ammonium bisulfate, dimethyl distearyl ammonium metho-
sulfate, ethyl triphenyl phosphonium acetate, guanidinium
trifluoromethanesulfonate, guanidinium tris(pentafiuoroet-
hyl) Trifluorophosphate, hexamethyl-guanidinium trifluo-
romethanesulfonate, hexamethyl-guanidinium tris(pen-
tafluoroethyl)  trifluorophosphate, methyl  trioctyl
ammonium bis(trifluoromethylsulfonyl)imide, N,N,N',N',
N"-pentamethyl-N"-isopropyl-guanidinium trifluo-
romethanesulfonate, N,N,N',N'.N"-pentamethyl-N"-isopro-
pyl-guanidinium tris(pentafluoroethyl) trifluorophosphate,
NLN,N', N',N"-pentamethyl-N"-propyl-guanidinium trifluo-
romethanesulfonate, N,N,N',N'.N"-pentamethyl-N"-propyl-
guanidinium tris(pentafluoroethyl) triftuorophosphate, N,N,
N',N'-tetramethyl-N"-ethyl-guanidinium
trifluoromethanesulfonate, N,N,N',N'-tetramethyl-N"-ethyl-

guanidinium  tris(pentafluoroethyl)  trifluorophosphate,
N-butyl-pyridinium bis(trifluoromethyl)imide, N-butyl-py-
ridinium hexafluoroantimonate, N-butyl-pyridinium

hexafluorophosphate, N-butyl-pyridinium methylsulfate,
N-butyl-pyridinium tetrafluoroborate, N-butyl-pyridinium
trifluoromethanesulfonate, N-hexyl-pyridinium bis(trifluo-
romethylsulfonyl)imide, N-hexyl-pyridinium bis(trifluo-
romethylsulfonyl)methane, N-hexyl-pyridinium hexafluoro-
phosphate, N-hexyl-pyridinium tetrafluoroborate, N-hexyl-
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pyridinium trifluoromethanesulfonate, N-octyl-pyridinium
bis(trifluoromethylsulfonyl)imide, N-octyl-pyridinium tris-
(trifluoromethylsulfonyl)methane, O-ethyl-N,N,N'.N'-tet-
ramethyl-isouronium trifluoromethanesulfonate, O-ethyl-N,
N,N',N'-tetramethyl-isouronium tris(pentafluoroethyl)
trifluorophosphate, O-methyl-N,N,N',N'-tetramethyl-isouro-
nium trifftuoromethanesulfonate, O -methyl-N,N,N'.N'-tet-
ramethyl-isouronium tris(pentafluoroethyl) trifluorophos-
phate, S-ethyl-N,N,N',N'-tetramethyl isothiouronium
trifluoromethanesulfonate, S-ethyl-N,N,N',N'-tetramethyl-
isothiouronium tris(pentafluoroethyl) trifluorophosphate,
S-ethyl-N,N,N'N'-tetramethylthiouronium  tetrafluorobo-
rate, tetrabutyl ammonium bis(trifluoromethyl)imide, tet-
rabutyl ammonium bis(triffuoromethylsulfonyl)imide, tet-
rabutyl ammonium hydrogen sulfate, tetrabutyl ammonium
hexafluorophosphate, tetrabutyl ammonium nitrate, tetrabu-
tyl ammonium perchlorate, tetrabutyl ammonium sulfate,
tetrabutyl ammonium tetracyanoborate, tetrabutyl ammo-
nium tetrafluoroborate, tetrabutyl ammonium tris(pentafluo-
roethyDtrifluorophosphate, tetrabutyl phosphonium acetate,
tetrabutyl phosphonium bis(trifluoromethyl)imide, tetrabu-
tyl phosphonium bis[ 1,2-benzenediolato(2-)-0,0"]-borate,
tetrabutyl phosphonium bis[oxalato(2-)]-borate, tetrabutyl
phosphonium tetracyanoborate, tetrabutyl phosphonium
tris(pentafluoroethyl)trifluorophosphate, tetracthyl ammo-
nium bis(trifluoromethyl)imide, tetraecthyl ammonium bis-
(trifluoromethylsulfonyl)imide, tetraethyl ammonium bis[1,
2-benzenediolato(2-)-0,0']-borate, tetraecthyl ammonium
bis[2,2"-biphenyldiolato(2-)-0,0']-borate, tetraethyl ammo-
nium bis[malonato(2-)]-borate, tetraethyl ammonium bis
[salicylato(2-)]-borate, tetraethyl ammonium hexafluoro-
phosphate, tetracthyl ammonium hydrogen maleate,
tetraethyl ammonium tetrafluoroborate, tetracthyl ammo-
nium tosylate, tetracthyl ammonium tris(pentafluoroethyl-
Jriffuorophosphate, tetramethyl ammonium bis(trifluorom-
ethyl)imide, tetramethyl ammonium
bis(trifluoromethylsulfonyl)imide, tetramethyl ammonium
bis[oxalato(2-)]-borate, tetramethyl ammonium bis[salicy-
lato(2-)]borate, tetramethyl ammonium hexafluorophos-
phate, tetramethyl ammonium tetrafluoroborate, tetramethyl
ammonium tris(pentafiuoroethyl)triftuorophosphate, tribu-
tylethyl ammonium ethylsulfate, trihexyl(tetradecyl)-phos-

phonium  bis(2,4,4-trimethylpentyl)phosphinate, trihexy-
I(tetradecyl)-phosphonium
bis(trifluoromethylsulfonyl)imide, trihexyl(tetradecyl)-

phosphonium bis(triftuoromethylsulfonyl)methane, trihexy-
I(tetradecyl)-phosphonium  bis[ 1,2-benzenediolato(2-)-O,
O']-borate, trihexyl(tetradecyl)-phosphonium decanoate,
trihexyl(tetradecyl)-phosphonium dicyanamide, trihexy-
I(tetradecyl)-phosphonium hexafluorophosphate, trihexy-
I(tetradecyl)-phosphonium tetracyanoborate, trihexyl(tet-
radecyl)-phosphonium tetrafluoroborate,
trihexyl(tetradecyl)-phosphonium, tris(pentafluoroethyl)tri-
fluorophosphate, and tri-iso-butyl(methyl)-phosphonium
tosylate, and combinations thereof. R'?, R**, R*, R**, and
R'® are independently selected from the group consisting of
substituted and unsubstituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, and polycyclic group.

[0101] The organic base has a concentration of approxi-
mately 0.0001 mM to approximately 200 mM. Representa-
tive examples of organic bases include N,N-diisopropyl-
ethylamine, lutidine(dimethyl pyridine isomers),
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R, R?, and R are independently selected from the group
consisting of hydrogen, and substituted and unsubstituted
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalky-
nyl, aryl, heterocyclic ring, and polycyclic group, and halo,
amide, carboxy, amino, secondary amino, tertiary amino,
hydrazino, azido, alkazoxy, cyano, isocyano, cyanato, thio-
cyanato, fulminato, selenocyanato, carboxyamido,
acylimino, nitroso, aminooxy, hydrazonoyl, oxime, acylhy-
drazino, amidino, sulfide, thiosulfoxide, sulfone, thiosul-
fone, thiosulfate, hydroxyl, formyl, hydroperoxy, carbam-
oyl, trimethyl silyl, nitro, nitroso, oxamoyl, pentazolyl,
sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino, sulfo,
sulfoamino, hydrothiol, tetrazolyl, thiocarbamoyl, thiocar-
bazono, thiocarbodiazono, thiocarbonohydrazido, thiocar-
boxy, thioformyl, thioacyl, thiocyanato, thiosemicarbazido,
thiosulfino, thiosulfo, thioureido, triazano, triazeno, triazi-
nyl, trithiosulfo, and phosphoric acid ester.

[0102] R* R® RS, R7, R® R®, and R'° are independently
selected from the group consisting of hydrogen, and substi-
tuted and unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, aryl, heterocyclic ring, and
polycyclic group, and halo, amide, alkoxy, acyl, acyloxy,
oxycarbonyl, alkoxycarbonyloxy, carboxy, amino, second-
ary amino, tertiary amino, hydrazino, azido, alkazoxy,
cyano, isocyano, cyanato, thiocyanato, fulminato, selenocy-
anato, carboxyamido, acylimino, nitroso, aminooxy, carbox-
imidoyl, hydrazonoyl, oxime, acylhydrazino, amidino, sul-
fide, sulfoxide, thiosulfoxide, sulfone, thiosulfone,
thiosulfate, hydroxyl, formyl, hydroxyperoxy, hydroperoxy,
peroxy acid, carbamoyl, trimethyl silyl, nitro, nitroso, oxam-
oyl, pentazolyl, sulfamoyl, sulfenamoyl, sulfeno, sulfi-
namoyl, sulfino, sulfo, sulfoamino, hydrothiol, tetrazolyl,
thiocarbamoyl, thiocarbazono, thiocarbodiazono, thiocar-
bonohydrazido, thiocarboxy, thioformyl, thioacyl, thiocy-
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anato, thiosemicarbazido, thiosulfino, thiosulfo, thioureido,
triazano, triazeno, triazinyl, trithiosulfo, and phosphoric acid
ester.

[0103] In another embodiment of the present invention,
the acid-source reducible solvent comprises an acid source
and a reducible solvent. The acid source has a concentration
of approximately 0.1 mM to approximately 2 M. Represen-
tative examples of acid sources include benzophenone,
thiophenol, 1,4-butanedithiol, 1,3-propanedithiol, and meth-
ylthiophene,

OH

R’ R4,

R® R’

OH

and R'7—SH, and combinations thereof.

[0104] R* R RS, and R” are independently selected from
the group consisting of hydrogen, and substituted and
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, aryl, heterocyclic ring, and polycyclic
group, and halo, amide, alkoxy, acyl, acyloxy, oxycarbonyl,
alkoxycarbonyloxy, carboxy, amino, secondary amino, ter-
tiary amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
mido, acylimino, nitroso, aminooxy, carboximidoyl, hydra-
zonoyl, oxime, acylhydrazino, amidino, sulfide, sulfoxide,
thiosulfoxide, sulfone, thiosulfone, thiosulfate, hydroxyl,
formyl, hydroxyperoxy, hydroperoxy, carbamoyl, trimethyl
silyl, nitro, nitroso, oxamoyl, pentazolyl, sulfamoyl, sulfe-
namoyl, sulfeno, sulfinamoyl, sulfino, sulfo, sulfoamino,
hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono, thio-
carbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester.

[0105] R!7 is selected from the group consisting of sub-
stituted and unsubstituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, and polycyclic group, and halo, amide, alkoxy, acyl,
acyloxy, oxycarbonyl, alkoxycarbonyloxy, carboxy, amino,
secondary amino, tertiary amino, hydrazino, azido, alka-
7ZOXy, cyano, isocyano, cyanato, thiocyanato, fulminato,
selenocyanato, carboxyamido, acylimino, nitroso, ami-
nooxy, carboximidoyl, hydrazonoyl, oxime, acylhydrazino,
amidino, sulfide, sulfoxide, thiosulfoxide, sulfone, thiosul-
fone, thiosulfate, hydroxyl, formyl, hydroxyperoxy, hydro-
peroxy, carbamoyl, trimethyl silyl, nitro, nitroso, oxamoyl,
pentazolyl, sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl,
sulfino, sulfo, sulfoamino, hydrothiol, tetrazolyl, thiocar-
bamoyl, thiocarbazono, thiocarbodiazono, thiocarbonohy-
drazido, thiocarboxy, thioformyl, thioacyl, thiocyanato, thi-
osemicarbazido, thiosulfino, thiosulfo, thioureido, triazano,
triazeno, triazinyl, trithiosulfo, and phosphoric acid ester.

[0106] Representative examples of reducible solvents
include methylene chloride, 1,1,1-trichloroethane, 1,1,2-
trichloro-1,2-diifluoroethane, 1,1,2-trichloroethane, 1,4-
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dichlorobenzene, 1-butanol, 1-hexene, 1-propanol, 2-(2-bu-
toxyethoxy) ethyl acetate, 2-butoxyethanol acetate,
2-butoxyethyl acetate, 2-ethoxyethanol acetate, 2-ethoxy-
ethanol, 2-methoxyethanol acetate, 2-methoxyethanol,
2-methylhexane, 2-nitropropane, acetone alcohol, acetone,
acetonitrile, allyl alcohol, benzene, benzotrifluoride, benzyl
chloride, biphenyl, carbon disulfide, chlorobenzene, chloro-
bromomethane, cyclodecane, cycloheptane, cyclohexane,
cyclohexanol, cyclohexanone, cyclononane, cyclooctane,
cyclopentane, diacetone alcohol, dibromomethane, dichlo-
rodiphenyltrichloroethane, dichloroethene, dimethyl sulfox-
ide, diethyl ether, diethylene glycol, dimethyl formamide,
dipropylene glycol, ethanol, ethyl acetate, ethyl benzene,
ethyl ether, ethyl glycol acetate, ethyl glycol, ethylbenzene,
ethylene glycol, formamide, furfural, furfuryl alcohol, hep-
tafluorocyclopentane, heptatfluoropropyl methyl ether, hep-
tane, hexachlorocyclohexane, hexane, isoamyl alcohol,
isobutyl acetate, isobutyl alcohol, isobutyl isobutyrate,
isomethoxynonafluorobutane,  iso-methoxynonafluorobu-
tane, isophorone, isopropyl acetate, iso-propyl alcohol,
methanol, methoxy propyl acetate, methyl amyl ketone,
methyl chloride, methyl chloroform, methyl ethyl ketone,
methyl glycol acetate methyl isobutyl ketone, methyl propyl
ketone, monochlorotoluene, n-amyl alcohol, n-butyl acetate,
n-butyl alcohol, n-decane, nitrobenzene, nitromethane,
n-methoxynonafluorobutane, n-methylpyrrolidone,
n-nonane, n-octane, n-octyl alcohol, n-butyl acetate, n-pen-
tane, n-propyl acetate, n-propyl alcohol, ortho-dichloroben-
zene, perchloroethene, propylene glycol diacetate, propy-
lene glycol, t-amy] alcohol, t-butyl alcohol, tetrahydrotfuran,
toluene, trans-1,2-dichloroethylene, trichloroethene, trichlo-
roethylene, trichloromethane, triethylene gycol, vinyl
choloride, and xylene, and combinations thereof.

[0107] In another embodiment of the present invention,
the reducible solvent comprises an organic solvent and a
reducible chemical. Representative examples of organic
solvents include methylene chloride, 1,1,1-trichloroethane,
1,1,2-trichloro-1,2,2-trifluoroethane, 1,1,2-trichloroethane,
1,4-dichlorobenzene, 1-butanol, 1-hexene, 1-propanol, 2-(2-
butoxyethoxy) ethyl acetate, 2-butoxyethanol acetate, 2-bu-
toxyethyl acetate, 2-ethoxyethanol acetate, 2-ethoxyethanol,
2-methoxyethanol acetate, 2-methoxyethanol, 2-methylhex-
ane, 2-nitropropane, acetone alcohol, acetone, acetonitrile,
allyl alcohol, benzene, benzotrifluoride, benzyl chloride,
biphenyl, carbon disulfide, carbon tetrachloride, chloroben-
zene, chlorobromomethane, cyclodecane, cycloheptane,
cyclohexane, cyclohexanol, cyclohexanone, cyclononane,
cyclooctane, cyclopentane, diacetone alcohol, dibro-
momethane, dichlorodiphenyltrichloroethane, dichloroet-
hene, diemthyl sulfoxide, diethyl ether, diethylene glycol,
dimethyl formamide, dipropylene glycol, ethanol, ethyl
acetate, ethyl benzene, ethyl ether, ethyl glycol acetate, ethyl
glycol, ethylbenzene, ethylene glycol, formamide, furfural,
furfuryl alcohol, heptafluorocyclopentane, heptafluoropro-
pyl methyl ether, heptane, hexachlorocyclohexane, hexane,
isoamy! alcohol, isobutyl acetate, isobutyl alcohol, isobutyl
isobutyrate, isomethoxynonafluorobutane, iso-methoxynon-
afluorobutane, isophorone, isopropyl acetate, iso-propyl
alcohol, methanol, methoxy propyl acetate, methyl amyl
ketone, methyl chloride, methyl chloroform, methyl ethyl
ketone, methyl glycol acetate methyl isobutyl ketone,
methyl propyl ketone, monochlorotoluene, n-amyl alcohol,
n-butyl acetate, n-butyl alcohol, n-decane, nitrobenzene,
nitromethane, n-methoxynonafluorobutane, n-methylpyr-
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rolidone, n-nonane, n-octane, n-octyl alcohol, n-butyl
acetate, n-methoxynonafluorobutane, n-pentane, n-propyl
acetate, n-propyl alcohol, ortho-dichlorobenzene, perchlo-
roethene, perchloroethylene, propylene glycol diacetate,
propylene glycol, t-amyl alcohol, t-butyl alcohol, tetrachlo-
roethylene, tetrahydrofuran, toluene, trans-1,2-dichloroeth-
ylene, trichloroethene, trichloroethylene, trichlorofluo-
romethane, triethylene gycol, vinyl choloride, and xylene,
and combinations thereof.

[0108] The reducible chemical has a concentration of
approximately 0.001 mM to approximately 200 mM. Rep-
resentative examples of the reducible chemical include,

0 Ry
Ro Rs
Rg Rg, and
o R,
Ry o] Ry ]
Ry Rs Ry Ry
Ro Rs R Rs
Re o R, o

[0109] R* R®, RS R’ R% R® R'°, and R', are indepen-
dently selected from the group consisting of hydrogen, and
substituted and unsubstituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocyclic
ring, and polycyclic group, and halo, amide, alkoxy, acyl,
acyloxy, oxycarbonyl, alkoxycarbonyloxy, carboxy, amino,
secondary amino, tertiary amino, hydrazino, azido, alka-
7ZOXy, cyano, isocyano, cyanato, thiocyanato, fulminato,
selenocyanato, carboxyamido, acylimino, nitroso, carbox-
imidoyl, hydrazonoyl, oxime, acylhydrazino, amidino, sul-
fide, sulfoxide, thiosulfoxide, sulfone, thiosulfone, thiosul-
fate, hydroxyl, formyl, hydroxyperoxy, hydroperoxy,
carbamoyl, trimethyl silyl, nitro, nitroso, oxamoyl, penta-
zolyl, sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino,
sulfo, hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono,
thiocarbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester.

[0110] In another embodiment of the present invention,
the reducible solvent comprises an organic solvent, an
alcohol, and a reducible chemical. Representative examples
of organic solvents include methylene chloride, 1,1,1-
trichloroethane, 1,1,2-trichloro-1,2,2-trifluoroethane, 1,1,2-
trichloroethane, 1,4-dichlorobenzene, 1-hexene, 2-(2-bu-
toxyethoxy) ethyl acetate, 2-butoxyethanol acetate,
2-butoxyethyl acetate, 2-methoxyethanol acetate, 2-methyl-
hexane, 2-nitropropane, acetone, acetonitrile, benzene, ben-
zotrifluoride, benzyl chloride, biphenyl, carbon disulfide,
carbon tetrachloride, chlorobenzene, chlorobromomethane,
cyclodecane, cycloheptane, cyclohexane, cyclohexanone,
cyclononane, cyclooctane, cyclopentane, dibromomethane,
dichlorodiphenyltrichloroethane, dichloroethene, diemthyl
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sulfoxide, diethyl ether, diethylene glycol, dimethyl forma-
mide, dipropylene glycol, ethyl acetate, ethyl benzene, ethyl
ether, ethyl glycol acetate, ethyl glycol, ethylbenzene, eth-
ylene glycol, formamide, furfural, heptafluorocyclopentane,
heptafluoropropyl methyl ether, heptane, hexachlorocyclo-
hexane, hexane, isobutyl acetate, isobutyl isobutyrate,
isomethoxynonafluorobutane,  iso-methoxynonafluorobu-
tane, isophorone, isopropyl acetate, methoxy propyl acetate,
methyl amyl ketone, methyl chloride, methyl chloroform,
methyl ethyl ketone, methyl glycol acetate methyl isobutyl
ketone, methyl propyl ketone, monochlorotoluene, mono-
thiophosphate, n-butyl acetate, n-decane, nitrobenzene,
nitromethane, n-methoxynonafluorobutane, n-methylpyr-
rolidone, n-nonane, n-octane, n-butyl acetate, n-methox-
ynonafluorobutane, n-pentane, n-propyl acetate, ortho-
dichlorobenzene,  perchloroethene, perchloroethylene,
propylene glycol diacetate, propylene glycol, tetrachloroet-
hylene, tetrahydrofuran, toluene, trans-1,2-dichloroethyl-
ene, trichloroethene, trichloroethylene, trichlorofluo-
romethane, triethylene gycol, vinyl choloride, and xylene,
and combinations thereof.

[0111] The alcohol is approximately 0% to approximately
90% of the reducible solvent. Representative examples of
alcohols include methanol, ethanol, propanol, isobutanol,
1-butanol, 2-ethoxyethanol, 2-methoxyethanol, acetone
alcohol, allyl alcohol, cyclohexanol, diacetone alcohol,
diethylene glycol, dipropylene glycol, ethyl glycol, ethylene
glycol, furfuryl alcohol, isoamyl alcohol, isopropyl alcohol,
n-amyl alcohol, n-butyl alcohol, n-octyl alcohol, n-propyl
alcohol, propylene glycol, t-amyl alcohol, t-butyl alcohol,
and triethylene gycol, and combinations thereof. Represen-
tative examples of the reducible chemical are as provided
previously.

[0112] In one embodiment of the present invention, the
electrochemical deblock solution comprises an organic sol-
vent, an alcohol, a benzoquinone derivative, a hydroquinone
derivative, an organic salt soluble in the organic solvent, and
a reactive organic base. The organic solvent provides a
deblocking solution where an aqueous deblock solution
cannot be used or is less desirable owing to better perfor-
mance using an organic based deblocking solution. The
organic solvent is any suitable solvent capable of dissolving
the components to form the deblocking solution for electro-
chemical deblocking of acid-labile protecting groups. With-
out being bound by theory, the amount of alcohol appears to
govern the amount of hydroquinone derivative that can be
added to the deblock solution; the more alcohol, the more
hydroquinone derivative that can be added to the deblock
solution. The alcohol may also provide a source of protons
at an active electrode. Without being bound by theory, the
benzoquinone derivative probably reacts at the cathode to
form a hydroquinone derivative or an intermediate. Without
being bound by theory, the hydroquinone derivative prob-
ably reacts at the anode to form a benzoquinone derivative
or an intermediate. Without being bound by theory, the salt
provides conductivity to the deblocking solution to allow
electrochemical generation of acidic reagent at active elec-
trodes thus causing the deblocking reaction. Without being
bound by theory, the reactive organic base confines the
electrochemically generated acidic reagent to the active
electrode area by reacting with the acidic reagent as it
diffuses away from the space immediately above the active
electrode.
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[0113] In the present invention, during a synthesis process
on an electrode microarray, a reactive monomer species
having an acid-labile protecting group is covalently attached
to a reactive layer bound to the electrodes. The protective
group prevents a reactive part of the monomer from reacting
during synthesis to allow for different structures of polymers
(i.e., compilation of monomers) to be synthesized at each
electrode, even adjacent electrodes. Alternatively, the mono-
mer species is covalently attached to a preattached chemical
species on the prepared surface, such as a linker, which is a
short presynthesized (in situ or otherwise) chain of oligo-
nucleotides, peptides, or other polymer species. In either
case, subsequent attachment of a monomer species, whether
the same species or not, cannot occur without first removing
the protecting group from the reactive part of the previously
attached monomer by deblocking.

[0114] Deblocking is performed by (1) removing any
synthesis solution (containing monomers) and introducing
the deblock solution into the electrode microarray system to
cover the microarray with the deblock solution, (2) address-
ing the electrodes of the microarray through a computer
interface, (3) applying a set voltage or set current to the
addressed electrodes to make such electrodes active elec-
trodes thus causing electrochemical reagents to be generated
at the electrode surface of only activated electrodes, and (4)
removing the deblock solution. By “addressing” selected
electrodes it means to apply set voltage or set current to
those specific electrodes at a specific site chosen for
deblocking to allow the next monomer to be bound. The
counter electrode, usually the cathode, to the microarray can
be on the microarray itself or can be a separate electrode.

[0115] Reagents are generated electrochemically and are
capable of selectively removing protecting groups from
chemical functional groups on an attached molecule. Such
reagents are generated at active electrodes by applying a
sufficient electrical potential (voltage or current) to the
selected electrodes in the presence of the inventive deblock-
ing solution. The deblocking process occurs at the “active”
electrodes when an acidic reagent generated by the active
electrodes (electrochemically) removes the acid-labile pro-
tecting group from the attached molecules.

[0116] Sufficient acid production at the active electrode
can be generated electrochemically by either setting a volt-
age potential with reference to ground or by setting the
desired amount of current in amperage. Setting the voltage
potential ensures that the voltage that is applied is held
constant, but allows the current to change due to differences
in different electrodes at different times. Setting the amper-
age keeps the current at a constant level by constantly
changing the potential in order to meet the amperage goal.
A most preferred method for most electrochemical deblock-
ing is to source the current, i.e. keep the current constant at
a desired level by modulating the voltage. The current in the
deblocking step is approximately 1 nA per electrode to
approximately 5 mA per electrode. The preferred current is
approximately 50 nA per electrode to 2 uA per electrode. A
current of 0.26 uA per electrode is currently the preferred
current for most electrochemical deblocking in accordance
with the present invention. When voltage control is used, the
voltage in the deblocking step is approximately 0.1 volts to
approximately 10 volts. The preferred voltage is approxi-
mately 0.4 volt to approximately 5 volts. A most preferred
voltage is approximately 0.8 volts to approximately 2.6
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volts. A voltage of approximately 1.3 volts is currently the
preferred voltage for most electrochemical deblocking in
accordance with the present invention.

[0117] The present invention is exemplified with regard to
the electrochemical deblocking step in the synthesis on an
electrode microarray of molecules containing sequences of
amino acids or nucleic acids but could be readily applied to
the synthesis of other oligomers or polymers or small
molecules. Such oligomers or polymers include, for
example, both linear and cyclic polymers of nucleic acids,
polysaccharides, and peptides having alpha-, beta-, or
omega-amino acids, polyurethanes, polyesters, polycarbon-
ates, polyureas, polyamides, polyethyleneimines, pol-
yarylene sulfides, polysiloxanes, polyimides, polyacetates,
branched polymers, or other polymers. In a preferred
embodiment, the present invention is used for the deblock-
ing step in the synthesis of polypeptides. In another pre-
ferred embodiment, the present invention is used for the
deblocking step for the synthesis of oligonucleotides,
including DNA. In another preferred embodiment, the
present invention is used for the deblocking step for the
synthesis of a microarray of small molecules, including
oligonucleotides, polypeptides, and other polymers, wherein
the polymer molecules can be different (from each other) at
each electrode.

[0118] The term “protective groups” means materials that
bind to a monomer, a linker molecule, or a pre-formed
molecule to protect a reactive functionality on the monomer,
linker molecule, or pre-formed molecule. Electrochemically
generated reagents can remove protective groups. Protective
groups that may be used in accordance with the present
invention preferably include all acid-labile protecting
groups. In another preferred embodiment, hydroxy groups
on phosphoramidites are protected by dimethoxytrityl
(DMT), which is acid-labile.

[0119] Alternatively, other protecting groups can be used
and fall within the scope of the present invention. For
example, amino groups can be protected by acid-labile
protecting groups, such as tert-butyloxycarbonyl, tert-amy-
loxycarbonyl, adamantyloxycarbonyl, 1-methylcyclobuty-
loxycarbonyl, 2-(p-biphenyl)propyl(2)oxycarbonyl, 2-(p-
phenylazophenylyl)propyl(2)oxycarbonyl, alpha,alpha-
dimethyl-3,5-dimethyloxybenzyloxy-carbonyl,
2-phenylpropyl(2)oxycarbonyl, 4-methyloxybenzyloxycar-
bonyl, benzyloxycarbonyl, furfuryloxycarbonyl, triphenyl-
methyl(trityl), p-toluenesulfenylaminocarbonyl, dimeth-
ylphosphinothioyl, diphenylphosphinothioyl, 2-benzoyl-1-
methylvinyl, o-nitrophenylsulfenyl,
hexadienyloxycarbonyl, chlorobenzoyloxy, p-methoxy ben-
zyl, methoxy methyl ether, ethoxy methyl ether, tetrahy-
dopyranyl ether, 1-naphthylidene, trimethylsilyl, triethylsi-
lyl, t-butyldimethylsilyl, methoxytrityl, phthaloyl, tert-butyl
ester, and dimethyltrityl. As another example, acid-labile
groups such as tert-butyl ester can protect carboxylic acid
groups.

[0120] Inapreferred embodiment of the present invention,
the organic solvent is acetonitrile. In another preferred
embodiment of the present invention, the organic solvent is
methylene chloride. Other organic solvents would be accept-
able alternatives without departing from the scope of the
invention. In general and without being bound by theory,
such other solvents may be classified as aliphatic hydrocar-
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bons, aromatic hydrocarbons, chlorinated hydrocarbons,
alcohols, glycols, glycol ethers, ethers, esters, ketones, alde-
hydes, amides, and amines. Solvents of other classes may be
suitable and fall within the scope of the present invention.

[0121] The following are examples of solvents suitable to
practice the present invention: 1,1,1-trichloroethane, 1,1,2-
trichloro-1,2,2-trifluoroethane, 1,1,2-trichloroethane, 1,4-
dichlorobenzene, 1-butanol, 1-hexene, 1-propanol, 2-(2-bu-
toxyethoxy)ethyl  acetate,  2-butoxyethanol acetate,
2-butoxyethyl acetate, 2-ethoxyethanol acetate, 2-ethoxy-
ethanol, 2-methoxyethanol acetate, 2-methoxyethanol,
2-methylhexane, 2-nitropropane, acetic acid, acetone alco-
hol, acetone, acetonitrile, allyl alcohol, benzene, benzotrif-
luoride, benzyl chloride, biphenyl, carbon disulfide, carbon
tetrachloride, chlorobenzene, chlorobromomethane, cyclo-
decane, cycloheptane, cyclohexane, cyclohexanol, cyclo-
hexanone, cyclononane, cyclooctane, cyclopentane, diac-
etone alcohol, dibromomethane,
dichlorodiphenyltrichloroethane, dichloroethene, diemthyl
sulfoxide, diethanolamine, diethyl ether, diethylene glycol,
dimethyl ethanolamine, dimethyl formamide, dipropylene
glycol, ethanol, ethyl acetate, ethyl benzene, ethyl ether,
ethyl glycol acetate, ethyl glycol, ethylbenzene, ethylene
glycol, formamide, formic acid, furfural, furfuryl alcohol,
heptafluorocyclopentane, heptafluoropropyl methyl ether,
heptane, hexachlorocyclohexane, hexane, isoamyl alcohol,
isobutyl acetate, isobutyl alcohol, isobutyl isobutyrate,
isomethoxynonafluorobutane,  iso-methoxynonafluorobu-
tane, isophorone, isopropyl acetate, iso-propyl alcohol, iso-
propylamine-striazine, methanol, methoxy propyl acetate,
methyl amyl ketone, methyl chloride, methyl chloroform,
methyl ethyl ketone, methyl glycol acetate methyl isobutyl
ketone, methyl propyl ketone, methylene chloride,
monochlorotoluene, monothiophosphate, n-amyl alcohol,
n-butyl acetate, n-butyl alcohol, n-decane, nitrobenzene,
nitromethane, n-methoxynonafluorobutane, n-methylpyr-
rolidone, n-nonane, n-octane, n-octyl alcohol, n-butyl
acetate, n-methoxynonafluorobutane, n-pentane, n-propyl
acetate, n-propyl alcohol, ortho-dichlorobenzene, perchlo-
roethene, perchloroethylene, propylene glycol diacetate,
propylene glycol, pyridine, t-amyl alcohol, t-butyl alcohol,
tetrachloroethylene, tetrahydrofuran, toluene, trans-1,2-
dichloroethylene, trichloroethene, trichloroethylene, trichlo-
rofluoromethane, triethanolamine, tricthylene gycol, vinyl
choloride, and xylene.

[0122] Inapreferred embodiment of the present invention,
the alcohol is methanol, ethanol, propanol, or isobutanol. In
the most preferred embodiment, the alcohol is methanol or
isopropanol. Other alcohols and glycols are suitable and fall
within the scope of the present invention and include:
1-butanol, 2-butoxyethanol acetate, 2-ethoxyethanol acetate,
2-ethoxyethanol, 2-methoxyethanol acetate, 2-methoxyetha-
nol, acetone alcohol, allyl alcohol, cyclohexanol, diacetone
alcohol, diethanol amine, diethylene glycol, dimethyl etha-
nol amine, dipropylene glycol, ethanol, ethyl glycol acetate,
ethyl glycol, ethylene glycol, furfuryl alcohol, isoamyl alco-
hol, isopropyl alcohol, n-amyl alcohol, n-butyl alcohol,
n-octyl alcohol, n-propyl alcohol, propylene glycol diac-
etate, propylene glycol, t-amyl alcohol, t-butyl alcohol,
triethanolamine, and triethylene gycol. The foregoing
examples of alcohols and glycols include mixtures of two or
more alcohols or glycols provided that the alcohol or glycol
is soluble in the solvent to form the deblocking solution of
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the present invention, wherein removal of acid-labile pro-
tecting groups is accomplished in an electrochemical
deblocking step.

[0123] In preferred embodiments of the present invention,
the electrochemical deblocking solution has a concentration
of approximately 1 mM to 2 M hydroquinone; approxi-
mately 0 mM to 20 mM benzoquinone; approximately
0.0001 mM to 200 mM lutidine; and approximately 0.1 to 5
M of organic salt; and the solvent comprises approximately
0% to 80% methanol with the balance acetonitrile.

[0124] 1In one embodiment of the present invention, hyd-
roquinone and benzoquinone are replaced by thiophenol,
1,4-butanedithiol, 1,3-propanedithiol, methylthiophene or
another thiol. This deblocking solution is used for removal
of acid-labile protective groups. The electrochemical
deblocking solution comprises approximately 0.1 mM to 2.0
M of thiophenol, 1,4-butanedithiol, 1,3-propanedithiol,
methylthiophene, or other thiol, or a combination thereof;
approximately 0.1 mM to 5 M of organic salt; approximately
0.0001 mM to 200 mM lutidine; and a reducible solvent.

[0125] In another embodiment of the present invention,
hydroquinone and benzoquinone are replaced by thiophenol,
1,4-butanedithiol, 1,3-propanedithiol, methylthiophene, or
another thiol. This deblocking solution is used for removal
of acid-labile protective groups. The electrochemical
deblocking solution comprises approximately 0.1 mM to 2.0
M of thiophenol, 1,4-butanedithiol or 1,3-propanedithiol, or
methylthiophene, or a combination thereof; approximately
0.0001 mM to 200 mM lutidine; and approximately 0.1 to 5
M of organic salt; and the solvent comprises approximately
0% to 60% methanol with the balance acetonitrile.

[0126] In another embodiment of the present invention, a
method of electrochemical deblocking of an acid-labile
protecting group is provided and comprises applying a set
voltage or a set current to at least one electrode of an array
electrodes. The array of electrodes is covered by any one of
the electrochemical deblocking solutions of the present
invention.

[0127] The following examples are provided merely to
explain, illustrate, and clarify the present invention and not
to limit the scope of the present invention.

EXAMPLE 1

[0128] One preferred deblocking solution comprises 1 M
hyrdroquinone, 10 mM benzoquinone, 50 mM tetraethyl
ammonium p-toluene sulfonate, 5 mM 2,6-lutidine, 20%
methanol, 80% acetonitrile. The solution is made by first
mixing the methanol and acetonitrile. After adding all com-
ponents, approximately one liter of solution was obtained
because there was a significant increase in volume owing to
the amount of hydroquinone in solution. Benzoquinone was
added first, then hydroquinone, then the salt, and then
Iutidine. The benzoquinone was added first because it will
not dissolve adequately if not added first. The solution was
mixed using a stir bar on a stir plate. Mixing was performed
until all components were dissolved. Mixing continued until
the solution was required to be used.

EXAMPLE 2

[0129] Electrochemical deblocking solutions were made
in accordance with the present invention to test the effec-

Feb. 15, 2007

tiveness of organic base for confinement of deblocking to the
anodes. The procedure comprised using the coupling of Cy3
(fluorescent) phosphoramidite to detect the efficiency and
quality of dimethoxytrityl (DMT) removal by acid generated
electrochemically in the presence of an electrochemical
deblocking solution containing selected amounts of lutidine.
Specifically, electrode microarray chips were initialized with
a 5-mer oligonucleotide containing a DMT blocked 5
hydroxyl group. Acid was generated electrochemically over
specific electrodes to remove the DMT blocking group in the
presence of varying amounts of lutidine. A Cy3 phosphora-
midite was coupled to any non-DMT-blocked 5' hydroxyls
allowing one to visualize electrochemical deblocking using
a fluorescent microscope.

[0130] The same oligonucleotide was synthesized at each
electrode (ACTGT, 5'—3"). The DMT was left on the final
“A” nucleotide base for testing the effect of organic base on
electrochemical deblocking. Electrochemical deblocking
solutions were made comprising 50 nM hydroquinone, 2.5
mM anthraquinone, 50 mM tetraethyl ammonium p-toluene
sulfonate, and varying amounts of 2,6-lutidine as the organic
base in a solvent comprising 10% methanol and 90%
acetonitrile by volume. Lutidine concentrations were 0, 1, or
5 mM. Electrochemical deblocking was done using a con-
stant voltage of 2.0 volts for 240 seconds. After deblocking
Cy3 phosphoramidite coupling was performed to view the
deblocked areas.

[0131] Referring to FIG. 1, the top view of an electrode
array is shown magnified. The pattern shows alternating
anodes and cathodes in a two-column format 114 for each
concentration of lutidine 0 mM (110, 112), 1 mM (106, 108),
and 5 mM (102, 104). When lutidine was present in the
deblocking solution at 5 mM 102, 104 or 1 mM 106, 108,
deblocking was more confined to the region near the anodes
as seen by a decrease the light area outside the immediate
region of the anodes 118. The anodes had poor confinement
without lutidine 122 as seen by the spread of the light area
owing to Cy3 fluorescence.

EXAMPLE 3

[0132] Electrochemical deblocking solutions were made
in accordance with the present invention to test the effec-
tiveness of organic base for confinement of deblocking to the
anodes. The procedure comprised using the coupling of Cy3
phosphoramidite to detect the efficiency and quality of
dimethoxytrityl (DMT) removal by acid generated electro-
chemically with electrochemical deblocking solution con-
taining selected amounts of lutidine. Specifically, electrode
microarray chips were initialized with a 5-mer oligomer
containing a DMT blocked 5' hydroxyl. Acid was generated
electrochemically over specific electrodes to remove the
DMT in the presence of varying amounts of lutidine. A Cy3
phosphoramidite was coupled to any non-DMT-blocked &'
hydroxyls allowing one to visualize -electrochemical
deblocking using a fluorescent microscope.

[0133] The same oligonucleotide was synthesized at each
electrode (ACTGT, 5'—=3"). The DMT blocking group was
left on the final “A” nucleotide base for testing the effect of
organic base on electrochemical deblocking. Electrochemi-
cal deblocking solutions were made comprising 50 nM
hydroquinone, 2.5 mM anthraquinone, 50 mM tetraethyl
ammonium p-toluene sulfonate, and varying amounts of
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2,6-lutidine as the organic base in a solvent comprising 10%
methanol and 90% acetonitrile by volume. Lutidine concen-
trations were 0, 5, or 25 mM. Electrochemical deblocking
was done using a constant voltage of 2.0 volts for 60
seconds. After deblocking Cy3 phosphoramidite coupling
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TABLE 1-continued

Formulations of electrochemical deblocking solutions.

N Formulation # Item Amount
was performed to view the deblocked areas.
2 Methylene chloride 180 ml
[0134] Referring to FIG. 2, the top view of an electrode Isopropyl alcohol 20 ml
array is shown magnified. The pattern shows alternating tzegra;“tygminﬁném hexafluorophosphate 038-§ g
. -dit- .
anodes and cathodes in a two-column format 218, 206, 216 3. di-t-bﬁgl bZn;(;gEEZEZ 0.8 :
for each concentration of lutidine 0 mM (212, 214), 5 mM Tetraethylammonium acetate 10 mM
(202, 204), and 25 mM (208, 210). When lutidine was 3 Methylene chloride 180 ml
present in the solution at 25 mM 208, 210 or 5 mM 202, 204, Isopropyl alcohol 20 ml
d . . tetrabutylammonium hexafluorophosphate 38 g
eblocking was more confined to the region near the anodes, 2.5-di-t-butyl hydroquinone 082 &
as seen by a decrease the light area outside the immediate 2.5-di-t-butyl benzoquinone 082 g
region of the anodes 224, 226. The anodes had poor con- Tetrabutylammonium hydroxide 10 mM
finement without lutidine 222 as seen by the spread of the 4 Methylene chloride 180 ml
light area owing to Cy3 fluorescence. Isopropyl aleohol 20 ml
& & Y tetrabutylammonium hexafluorophosphate 38 g
2,5-di-t-butyl hydroquinone 0.82 g
EXAMPLE 4 2,5-di-t-butyl benzoquinone 0.82 g
Tetrabutylammonium trichloroacetate 10 mM
[0135] In this assay, a 35-mer DNA oligonucleotide was 5 Methylene chloride 180 ml
synthesized on an electrode microarray, wherein each elec- Isopropyl alcohol 20 ml
trode had a different sequence. After synthesis, the oligo- tetrabutylammonium hexafluorophosphate 38 g
nucleotides were chemically deprotected. The area of syn- 2,3-di-t-butyl hydroquinone 0.82 ¢
. . . 4 2,5-di-t-butyl benzoquinone 082 g
thesis (and hence electrochemical deblocking during Tetrabutylammonium acetate 10 mM
synthesis) was determined by hybridizing a random 9-mer 6 Methylene chloride 180 ml
DNA oligomer having a Cy5 label on the 5' end at a Isopropyl alcohol 20 ml
concentration of 1 nM in 6xSSPE+0.1% Tween for 1 hour tetrabutylammonium hexafluorophosphate 3.8 g
at four degrees Celsius. The microarray was washed three 2’5'3}*'?@} Eydroq“{none 0.82 g
times using 6xSSPE and then imaged in 6xSSPE on an Axon 2:5-di-tbutyl benzoquinone 082 ¢
. f f1 Tetrabutylammonium dichloroacetate 10 mM
GenePix® scanner for CyS5 fluorescence. 7 Methylene chloride 180 ml
. . . Isopropyl alcohol 20 ml
[0136]. .Electrochemlcal .deblocklng solutions were made tetrabutylammonium hexaffuorophosphate 38 o
comprising 1 M hydroquinone, 10 mM benzoquinone, 50 2,5-di-t-buty! hydroquinone 0.82 g
mM tetracthyl ammonium p-toluene sulfonate, and varying 2,5-di-t-butyl benzoquinone 0.82 g
amounts of 2,6-lutidine as the organic base in a solvent N,N-diisopropyl ethylamine 2.5 mM
comprising 20% methanol and 80% acetonitrile by volume. 8 ?/Iethylelie lcminlde 1§8 mi
Lutidine concentration was 0 or 5 mM. In FIG. 3, electro- SOPTOPY! 21C010! m
. . | L tetrabutylammonium hexafluorophosphate 38 g
chemlcal deblocking was done using no lutidine and 0.125 2,5-di-t-butyl hydroquinone 0.82 g
microamperes per electrode for 60 seconds. In FIG. 4, 2,5-di-t-butyl benzoquinone 0.82 g
electrochemical deblocking was done using 5 mM lutidine N,N-diisopropyl ethylamine 5 mM
and 0.26 microamperes per electrode for 60 seconds. In FIG. 9 Methylene chloride 180 ml
3, the halo of white in surrounding some of the electrodes Isopropyl aleohol 20 ml
L. . . tetrabutylammonium hexafluorophosphate 38 g
indicates deblocking in those areas away from the elec- 2.5-di-t-butyl hydroquinone 082 g
trodes. In FIG. 4 where lutidine in present in solution, the 2,5—di-t—butyl benzoquinone 0.82 g
halo of white is missing, which indicates lack of deblocking N,N-diisopropyl ethylamine 10 mM
away from the electrodes. 10 Methylene chloride 180 ml
Isopropy! alcohol 20 ml
EXAMPIE 5 tetrabutylammonium hexafluorophosphate 38 g
2,5-di-t-butyl hydroquinone 0.82 g
[0137] Electrochemical deblocking solutions have been 2,5-di-t-butyl benzoquinone 0.82 g
made using the following formulations shown in Table 1. N,N-diisopropyl ethylamine 20 mM
11 Methylene chloride 180 ml
Isopropy! alcohol 20 ml
TABLE 1 tetrabutylammonium hexafluorophosphate 38 g
Formulations of electrochemical deblocking solutions. 2,5—d%—t—butyl hydroqullnone 0.82 ¢
2,5-di-t-butyl benzoquinone 0.82 g
Formulation # Item Amount tertbutylammonium dihydrogen phosphate 10 mM
1 Methylene chloride 180 ml
Isopropyl alcohol 20 ml
tetrabutylammonium hexafluorophosphate 38 g
2,5-di-t-butyl hydroquinone 082 g EXAMPLE 6
2,5-di-t-butyl benzoquinone 082 g . . .
2,6-lutidine 233 ul [0138] Electrochemical deblocking solutions are made

using the following formulations shown in Table 2.
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TABLE 2
Formulations of electrochemical deblocking solutions.
Reducible
Solvent Alcohol Acid Source Chemical Organic Salt  Organic Base
Tetraethyl
ammonium
p-toluene
Acetonitrile  Methanol  Hydroquinone Benzoquinone sulfonate Lutidine

(%) (%) (mM) (mM) (mM) (mM)
100 0 750 10 50 5
80 20 1000 10 50 5
60 40 1000 10 50 5
40 60 1000 10 50 5
20 80 1000 10 50 5
0 100 1000 10 50 5
80 20 0.1 10 50 5
80 20 50 10 50 5
80 20 200 10 50 5
80 20 1000 10 50 5
80 20 2,000 10 50 5
60 40 2,000 10 50 5
80 20 1000 0.1 50 5
80 20 1000 1 50 5
80 20 1000 7 50 5
80 20 1000 15 50 5
80 20 1000 30 50 5
60 40 1000 50 50 5
80 20 1000 10 0.1 5
80 20 1000 10 50 5
80 20 1000 10 200 5
80 20 1000 10 750 5
80 20 1000 10 1,500 5
80 20 1000 10 5,000 5

80 20 1000 10 100 0.01
80 20 1000 10 100 2
80 20 1000 10 100 7
80 20 1000 10 100 20
80 20 1000 10 100 75
80 20 1000 10 100 200
100 0 750 10 50 10
80 20 1000 10 50 10
60 40 1000 10 50 10
40 60 1000 10 50 10
20 80 1000 10 50 10
0 100 1000 10 50 10
80 20 0.1 10 50 10
80 20 50 10 50 10
80 20 200 10 50 10
80 20 1000 10 50 10
80 20 2000 10 50 10
60 40 2000 10 50 10
80 20 1000 0.1 50 10
80 20 1000 1 50 10
80 20 1000 7 50 10
80 20 1000 15 50 10
80 20 1000 30 50 10
60 40 1000 50 50 10
80 20 1000 10 0.1 10
80 20 1000 10 50 10
80 20 1000 10 200 10
80 20 1000 10 750 10
80 20 1000 10 1,500 10
80 20 1000 10 5,000 10

80 20 2000 10 100 0.01
80 20 2000 10 100 2
80 20 2000 10 100 7
80 20 2000 10 100 20
80 20 2000 10 100 75
80 20 2000 10 100 200
100 0 750 10 50 5
80 20 1000 10 50 5
60 40 1000 10 50 5
40 60 1000 10 50 5
20 80 1000 10 50 5
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TABLE 2-continued
Formulations of electrochemical deblocking solutions.
Reducible
Solvent Alcohol Acid Source Chemical Organic Salt  Organic Base

0 100 1000 10 50 5
90 10 0.1 10 50 5
90 10 50 10 50 5
90 10 200 10 50 5
90 10 1000 10 50 5
90 10 2000 10 50 5
60 40 2000 10 50 5
90 10 1000 0.1 50 5
90 10 1000 1 50 5
90 10 1000 7 50 5
90 10 1000 15 50 5
90 10 1000 30 50 5
90 10 1000 50 50 5
90 10 1000 10 0.1 5
90 10 1000 10 50 5
90 10 1000 10 200 5
90 10 1000 10 750 5
90 10 1000 10 1,500 5
90 10 1000 10 5,000 5

90 10 1000 10 100 0.01
90 10 1000 10 100 2
90 10 1000 10 100 7
90 10 1000 10 100 20
90 10 1000 10 100 75
90 10 1000 10 100 200

Tetraethyl
ammonium
p-toluene
Acetonitrile  Methanol  Hydroquinone Anthraquinone sulfonate Lutidine

(%) (%) (mM) (mM) (mM) (mM)
100 0 50 2.5 50 5
80 20 50 2.5 50 5
60 40 50 2.5 50 5
40 60 50 2.5 50 5
20 80 50 2.5 50 5
0 100 50 2.5 50 5
90 10 0.1 2.5 50 5
90 10 1 2.5 50 5
90 10 5 2.5 50 5
90 10 10 2.5 50 5
90 10 30 2.5 50 5
60 40 40 2.5 50 5
90 10 50 0.01 50 5
90 10 50 1 50 5
90 10 50 5 50 5
90 10 50 1 50 5
90 10 50 1.5 50 5
90 10 50 2 50 5
90 10 50 2.5 0.1 5
90 10 50 2.5 50 5
90 10 50 2.5 200 5
90 10 50 2.5 750 5
90 10 50 2.5 1,500 5
90 10 50 2.5 5,000 5

90 10 50 2.5 100 0.01
90 10 50 2.5 100 2
90 10 50 2.5 100 7
90 10 50 2.5 100 20
90 10 50 2.5 100 75
90 10 50 2.5 100 200

Tetraethyl
ammonium
p-toluene
Acetonitrile  Methanol  Hydroquinone Benzoquinone sulfonate Lutidine

(%) (%) (mM) (mM) (mM) (mM)

100 0 500 10 50 5

80 20 500 10 50 5
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TABLE 2-continued
Formulations of electrochemical deblocking solutions.
Reducible
Solvent Alcohol Acid Source Chemical Organic Salt  Organic Base

60 40 500 10 50 5

40 60 500 10 50 5

20 80 500 10 50 5

0 100 500 10 50 5
100 0 0.1 10 50 5
100 0 1 10 50 5
100 0 10 10 50 5
100 0 100 10 50 5
100 0 400 10 50 5
100 0 750 10 50 5
100 0 500 0.1 50 5
100 0 500 1 50 5
100 0 500 7 50 5
100 0 500 15 50 5
100 0 500 30 50 5
100 0 500 50 50 5
100 0 500 10 0.1 5
100 0 500 10 50 5
100 0 500 10 200 5
100 0 500 10 750 5
100 0 500 10 1,500 5
100 0 500 10 5,000 5
100 0 500 10 100 0.0001
100 0 500 10 100 .001
100 0 500 10 100 .01
100 0 500 10 100 1
100 0 500 10 100 10
100 0 500 10 100 200
Tetraethyl
ammonium
Methylene p-toluene
Chloride Methanol  Hydroquinone Benzoquinone sulfonate Lutidine

(%) (%) (mM) (mM) (mM) (mM)
100 0 750 10 50 5

80 20 1000 10 50 5

60 40 1000 10 50 5

40 60 1000 10 50 5

20 80 1000 10 50 5

0 100 1000 10 50 5

80 20 0.1 10 50 5

80 20 50 10 50 5

80 20 200 10 50 5

80 20 1000 10 50 5

80 20 2,000 10 50 5

60 40 2,000 10 50 5

80 20 1000 0.1 50 5

80 20 1000 1 50 5

80 20 1000 7 50 5

80 20 1000 15 50 5

80 20 1000 30 50 5

60 40 1000 50 50 5

80 20 1000 10 0.1 5

80 20 1000 10 50 5

80 20 1000 10 200 5

80 20 1000 10 750 5

80 20 1000 10 1,500 5

80 20 1000 10 5,000 5

80 20 1000 10 100 0.01

80 20 1000 10 100 2

80 20 1000 10 100 7

80 20 1000 10 100 20

80 20 1000 10 100 75

80 20 1000 10 100 200
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TABLE 2-continued
Formulations of electrochemical deblocking solutions.
Reducible
Solvent Alcohol Acid Source Chemical Organic Salt  Organic Base
Tetrabutyl
ammonium N,N-
Dichloro- 2,5-di tert-butyl 2,5-di tert-butyl  hexafluoro diisopropyl
methane Isopropanol  hydroquinone  benzoquinone phosphate ethyl amine
(%) (%) (mM) (mM) (mM) (mM)
100 0 10 10 50 10
80 20 10 10 50 10
60 40 10 10 50 10
40 60 10 10 50 10
20 80 10 10 50 10
0 100 10 10 50 10
90 10 0.1 10 50 10
90 10 1 10 50 10
90 10 25 10 50 10
90 10 50 10 50 10
90 10 75 10 50 10
90 10 100 10 50 10
90 10 10 0.1 50 10
90 10 10 50 50 10
90 10 10 75 50 10
90 10 10 125 50 10
90 10 10 175 50 10
90 10 10 200 50 10
90 10 10 10 0.1 10
90 10 10 10 50 10
90 10 10 10 200 10
90 10 10 10 300 10
90 10 10 10 500 10
90 10 10 10 750 10
90 10 10 10 100 0.01
90 10 10 10 100 2
90 10 10 10 100 7
90 10 10 10 100 20
90 10 38 10 100 75
90 10 100 10 100 200
Tetraethyl
ammonium N,N-
Dichloro- 2,5-di tert-butyl p-toluene diisopropyl
methane Isopropanol  hydroquinone Anthraquinone sulfonate ethyl amine
(%) (%) (mM) (mM) (mM) (mM)
100 0 10 1 50 10
80 20 10 1 50 10
60 40 10 1 50 10
40 60 10 1 50 10
20 80 10 1 50 10
0 100 10 1 50 10
80 20 0.1 0.001 50 10
80 20 1 .05 50 10
80 20 25 .5 50 10
80 20 50 1.2 50 10
80 20 75 3 50 10
80 20 100 5 50 10
80 20 10 1 50 10
80 20 10 1 50 10
80 20 10 1 50 10
80 20 10 1 50 10
80 20 10 1 50 10
80 20 10 1 50 10
80 20 10 1 0.1 10
80 20 10 1 50 10
80 20 10 1 200 10
80 20 10 1 300 10
80 20 10 1 500 10
80 20 10 1 750 10
80 20 10 1 100 0.01
80 20 10 1 100 2
80 20 10 1 100 7
80 20 10 1 100 20
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TABLE 2-continued

Formulations of electrochemical deblocking solutions.

Reducible
Solvent Alcohol Acid Source Chemical Organic Salt  Organic Base
80 20 38 1 100 75
80 20 100 1 100 200
Tetraethyl
ammonium N,N-
Dichloro- 2,5-di tert-butyl 2,6-Dimethoxy p-toluene diisopropyl
methane Isopropanol  hydroquinone  benzoquinone sulfonate ethyl amine
(%) (%) (mM) (mM) (M) (mM)
100 0 10 10 50 10
80 20 10 10 50 10
60 40 10 10 50 10
40 60 10 10 50 10
20 80 10 10 50 10
0 100 10 10 50 10
80 20 0.1 10 50 10
80 20 1 10 50 10
80 20 25 10 50 10
80 20 50 10 50 10
80 20 75 10 50 10
80 20 100 10 50 10
80 20 10 0.1 50 10
80 20 10 50 50 10
80 20 10 75 50 10
80 20 10 125 50 10
80 20 10 175 50 10
80 20 10 200 50 10
80 20 10 10 0.1 10
80 20 10 10 50 10
80 20 10 10 200 10
80 20 10 10 750 10
80 20 10 10 1,500 10
80 20 10 10 5,000 10
80 20 10 10 100 0.01
80 20 10 10 100 2
80 20 10 10 100 7
80 20 10 10 100 20
80 20 38 10 100 75
80 20 100 10 100 200
2,3-Dimethyl  bis(pentafluoro
Diemthyl Isoamyl naphtha ethyl)
sulfoxide alcohol Thiophenol quinone phosphinate Pyrazole
(%) (%) (mM) (mM) (M) (mM)
100 0 10 10 50 10
80 20 10 10 50 10
60 40 10 10 50 10
40 60 10 10 50 10
20 80 10 10 50 10
0 100 10 10 50 10
80 20 0.1 10 50 10
80 20 1 10 50 10
80 20 25 10 50 10
80 20 50 10 50 10
80 20 75 10 50 10
80 20 100 10 50 10
80 20 10 0.1 50 10
80 20 10 50 50 10
80 20 10 75 50 10
80 20 10 125 50 10
80 20 10 175 50 10
80 20 10 200 50 10
80 20 10 10 0.1 10
80 20 10 10 50 10
80 20 10 10 75 10
80 20 10 10 125 10
80 20 10 10 175 10
80 20 10 10 200 10
80 20 10 10 100 0.01



US 2007/0034513 Al

TABLE 2-continued
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Formulations of electrochemical deblocking solutions.

Reducible
Solvent Alcohol Acid Source Chemical Organic Salt  Organic Base
80 20 10 10 100 7
80 20 10 10 100 20
80 20 38 10 100 75
80 20 100 10 100 200
[0139]

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1

<210> SEQ ID NO 1

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: microarray probe

<400> SEQUENCE: 1

agctgctat

We claim:

1. An electrochemical deblocking solution for use on an
electrode microarray comprising an acid-source reducible
solvent, an organic salt, and an organic base.

2. The electrochemical deblocking solution of claim 1,
wherein the acid-source reducible solvent is selected from
the group consisting of methylene chloride, 1,1,1-trichloro-
ethane, 1,1,2-trichloro-1,2-diifluoroethane, 1,1,2-trichloro-
ethane, 1,4-dichlorobenzene, 1-butanol, 1-hexene, 1-pro-
panol, 2-(2-butoxyethoxy) ethyl acetate, 2-butoxyethanol
acetate, 2-butoxyethyl acetate, 2-ethoxyethanol acetate,
2-ethoxyethanol, 2-methoxyethanol acetate, 2-methoxyetha-
nol, 2-methylhexane, 2-nitropropane, acetone alcohol,
acetone, acetonitrile, allyl alcohol, benzene, benzotrifluo-
ride, benzyl chloride, biphenyl, carbon disulfide, chloroben-
zene, chlorobromomethane, cyclodecane, cycloheptane,
cyclohexane, cyclohexanol, cyclohexanone, cyclononane,
cyclooctane, cyclopentane, diacetone alcohol, dibro-
momethane, dichlorodiphenyltrichloroethane, dichloroet-
hene, dimethyl sulfoxide, diethyl ether, diethylene glycol,
dimethyl formamide, dipropylene glycol, ethanol, ethyl
acetate, ethyl benzene, ethyl ether, ethyl glycol acetate, ethyl
glycol, ethylbenzene, ethylene glycol, formamide, furfural,
furfuryl alcohol, heptafluorocyclopentane, heptafluoropro-
pyl methyl ether, heptane, hexachlorocyclohexane, hexane,
isoamy! alcohol, isobutyl acetate, isobutyl alcohol, isobutyl
isobutyrate, isomethoxynonafluorobutane, iso-methoxynon-
afluorobutane, isophorone, isopropyl acetate, iso-propyl
alcohol, methanol, methoxy propyl acetate, methyl amyl
ketone, methyl chloride, methyl chloroform, methyl ethyl

ketone, methyl glycol acetate methyl isobutyl ketone,
methyl propyl ketone, monochlorotoluene, n-amyl alcohol,
n-butyl acetate, n-butyl alcohol, n-decane, nitrobenzene,
nitromethane, n-methoxynonafluorobutane, n-methylpyr-
rolidone, n-nonane, n-octane, n-octyl alcohol, n-butyl
acetate, n-pentane, n-propyl acetate, n-propyl alcohol, ortho-
dichlorobenzene, perchloroethene, propylene glycol diac-
etate, propylene glycol, t-amyl alcohol, t-butyl alcohol,
tetrahydrofuran, toluene, trans-1,2-dichloroethylene,
trichloroethene, trichloroethylene, trichloromethane, trieth-
ylene gycol, vinyl choloride, and xylene, and combinations
thereof.

3. The electrochemical deblocking solution of claim 1,
wherein the acid-source reducible solvent comprises an acid
source and a reducible solvent.

4. The electrochemical deblocking solution of claim 3,
wherein the acid source has a concentration of approxi-
mately 0.1 mM to approximately 2 M, wherein the acid
source is selected from the group consisting of

Ry OH

Rs,
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thiophenol, 1,4-butanedithiol, 1,3-propanedithiol, and meth-
ylthiophene,

OH

R’ R*

RS RS,

OH

and R'"—SH, and combinations thereof, wherein R*, R>,
R R7,R% R'° R, R'? and R'? are independently selected
from the group consisting of hydrogen, and substituted and
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, aryl, heterocyclic ring, and polycyclic
group, and halo, amide, alkoxy, acyl, acyloxy, oxycarbonyl,
alkoxycarbonyloxy, carboxy, amino, secondary amino, ter-
tiary amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
mido, acylimino, nitroso, aminooxy, carboximidoyl, hydra-
zonoyl, oxime, acylhydrazino, amidino, sulfide, sulfoxide,
thiosulfoxide, sulfone, thiosulfone, thiosulfate, hydroxyl,
formyl, hydroxyperoxy, hydroperoxy, carbamoyl, trimethyl
silyl, nitro, nitroso, oxamoyl, pentazolyl, sulfamoyl, sulfe-
namoyl, sulfeno, sulfinamoyl, sulfino, sulfo, sulfoamino,
hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono, thio-
carbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester;

Ry
. -~
Rg= is H,C—Ry, HC\ , and C—Ry; and
Ry

R'7 is selected from the group consisting of substituted and
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, aryl, heterocyclic ring, and polycyclic
group, and halo, amide, alkoxy, acyl, acyloxy, oxycarbonyl,
alkoxycarbonyloxy, carboxy, amino, secondary amino, ter-
tiary amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
mido, acylimino, nitroso, aminooxy, carboximidoyl, hydra-
zonoyl, oxime, acylhydrazino, amidino, sulfide, sulfoxide,
thiosulfoxide, sulfone, thiosulfone, thiosulfate, hydroxyl,
formyl, hydroxyperoxy, hydroperoxy, carbamoyl, trimethyl
silyl, nitro, nitroso, oxamoyl, pentazolyl, sulfamoyl, sulfe-
namoyl, sulfeno, sulfinamoyl, sulfino, sulfo, sulfoamino,
hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono, thio-
carbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester.

5. The electrochemical deblocking solution of claim 3,
wherein the reducible solvent is selected from the group
consisting of methylene chloride, 1,1,1-trichloroethane, 1,1,
2-trichloro-1,2,2-trifluoroethane, 1,1,2-trichloroethane, 1,4-
dichlorobenzene, 1-butanol, 1-hexene, 1-propanol, 2-(2-bu-
toxyethoxy) ethyl acetate, 2-butoxyethanol acetate,
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2-butoxyethyl acetate, 2-ethoxyethanol acetate, 2-ethoxy-
ethanol, 2-methoxyethanol acetate, 2-methoxyethanol,
2-methylhexane, 2-nitropropane, acetone alcohol, acetone,
acetonitrile, allyl alcohol, benzene, benzotrifluoride, benzyl
chloride, biphenyl, carbon disulfide, carbon tetrachloride,
chlorobenzene, chlorobromomethane, cyclodecane, cyclo-
heptane, cyclohexane, cyclohexanol, cyclohexanone,
cyclononane, cyclooctane, cyclopentane, diacetone alcohol,
dibromomethane, dichlorodiphenyltrichloroethane, dichlo-
roethene, diemthyl sulfoxide, diethyl ether, diethylene gly-
col, dimethyl formamide, dipropylene glycol, ethanol, ethyl
acetate, ethyl benzene, ethyl ether, ethyl glycol acetate, ethyl
glycol, ethylbenzene, ethylene glycol, formamide, furfural,
furfuryl alcohol, heptafluorocyclopentane, heptafluoropro-
pyl methyl ether, heptane, hexachlorocyclohexane, hexane,
isoamy! alcohol, isobutyl acetate, isobutyl alcohol, isobutyl
isobutyrate, isomethoxynonatluorobutane, iso-methoxynon-
afluorobutane, isophorone, isopropyl acetate, iso-propyl
alcohol, methanol, methoxy propyl acetate, methyl amyl
ketone, methyl chloride, methyl chloroform, methyl ethyl
ketone, methyl glycol acetate methyl isobutyl ketone,
methyl propyl ketone, monochlorotoluene, monothiophos-
phate, n-amyl alcohol, n-butyl acetate, n-butyl alcohol,
n-decane, nitrobenzene, nitromethane, n-methoxynonafluo-
robutane, n-methylpyrrolidone, n-nonane, n-octane, n-octyl
alcohol, n-butyl acetate, n-methoxynonafluorobutane,
n-pentane, n-propyl acetate, n-propyl alcohol, ortho-dichlo-
robenzene, perchloroethene, perchloroethylene, propylene
glycol diacetate, propylene glycol, t-amyl alcohol, t-butyl
alcohol, tetrachloroethylene, tetrahydrofuran, toluene, trans-
1,2-dichloroethylene, trichloroethene, trichloroethylene,
trichlorofluoromethane, triethylene gycol, vinyl choloride,
and xylene, and combinations thereof.

6. The electrochemical deblocking solution of claim 3,
wherein the reducible solvent comprises an organic solvent
and a reducible chemical.

7. The electrochemical deblocking solution of claim 6,
wherein the organic solvent is selected from the group
consisting of methylene chloride, 1,1,1-trichloroethane, 1,1,
2-trichloro-1,2,2-trifluoroethane, 1,1,2-trichloroethane, 1,4-
dichlorobenzene, 1-butanol, 1-hexene, 1-propanol, 2-(2-bu-
toxyethoxy) ethyl acetate, 2-butoxyethanol acetate,
2-butoxyethyl acetate, 2-ethoxyethanol acetate, 2-ethoxy-
ethanol, 2-methoxyethanol acetate, 2-methoxyethanol,
2-methylhexane, 2-nitropropane, acetone alcohol, acetone,
acetonitrile, allyl alcohol, benzene, benzotrifluoride, benzyl
chloride, biphenyl, carbon disulfide, carbon tetrachloride,
chlorobenzene, chlorobromomethane, cyclodecane, cyclo-
heptane, cyclohexane, cyclohexanol, cyclohexanone,
cyclononane, cyclooctane, cyclopentane, diacetone alcohol,
dibromomethane, dichlorodiphenyltrichloroethane, dichlo-
roethene, diemthyl sulfoxide, diethyl ether, diethylene gly-
col, dimethyl formamide, dipropylene glycol, ethanol, ethyl
acetate, ethyl benzene, ethyl ether, ethyl glycol acetate, ethyl
glycol, ethylbenzene, ethylene glycol, formamide, furfural,
furfuryl alcohol, heptafluorocyclopentane, heptafluoropro-
pyl methyl ether, heptane, hexachlorocyclohexane, hexane,
isoamy! alcohol, isobutyl acetate, isobutyl alcohol, isobutyl
isobutyrate, isomethoxynonatluorobutane, iso-methoxynon-
afluorobutane, isophorone, isopropyl acetate, iso-propyl
alcohol, methanol, methoxy propyl acetate, methyl amyl
ketone, methyl chloride, methyl chloroform, methyl ethyl
ketone, methyl glycol acetate methyl isobutyl ketone,
methyl propyl ketone, monochlorotoluene, n-amyl alcohol,
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n-butyl acetate, n-butyl alcohol, n-decane, nitrobenzene,
nitromethane, n-methoxynonafluorobutane, n-methylpyr-
rolidone, n-nonane, n-octane, n-octyl alcohol, n-butyl
acetate, n-methoxynonafluorobutane, n-pentane, n-propyl
acetate, n-propyl alcohol, ortho-dichlorobenzene, perchlo-
roethene, perchloroethylene, propylene glycol diacetate,
propylene glycol, t-amyl alcohol, t-butyl alcohol, tetrachlo-
roethylene, tetrahydrofuran, toluene, trans-1,2-dichloroeth-
ylene, trichloroethene, trichloroethylene, trichlorofluo-
romethane, triethylene gycol, vinyl choloride, and xylene,
and combinations thereof.

8. The electrochemical deblocking solution of claim 6,
wherein the reducible chemical has a concentration of
approximately 0.001 mM to approximately 200 mM,
wherein the reducible chemical is selected from the group
consisting of

R’ R* R I l R®
RG RS, RS RG,

o
o
=

and
0 0 R’
Rl 1 fo) R4
RY R
R® RS, and
RS 0 R’
Ro 0
Rio,
Rs,
R Rz
R

wherein R*, R®, RS, R7, R®, R®, R'°, R'', R'? and R'3, are
independently selected from the group consisting of hydro-
gen, and substituted and unsubstituted alkyl, alkenyl, alky-
nyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocy-
clic ring, and polycyclic group, and halo, amide, alkoxy,
acyl, acyloxy, oxycarbonyl, alkoxycarbonyloxy, carboxy,
amino, secondary amino, tertiary amino, hydrazino, azido,
alkazoxy, cyano, isocyano, cyanato, thiocyanato, fulminato,
selenocyanato, carboxyamido, acylimino, nitroso, carbox-
imidoyl, hydrazonoyl, oxime, acylhydrazino, amidino, sul-
fide, sulfoxide, thiosulfoxide, sulfone, thiosulfone, thiosul-
fate, hydroxyl, formyl, hydroxyperoxy, hydroperoxy,
carbamoyl, trimethyl silyl, nitro, nitroso, oxamoyl, penta-
zolyl, sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino,
sulfo, hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono,
thiocarbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester.
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9. The electrochemical deblocking solution of claim 3,
wherein the reducible solvent comprises an organic solvent,
an alcohol, and a reducible chemical.

10. The electrochemical deblocking solution of claim 9,
wherein the organic solvent is selected from the group
consisting of methylene chloride, 1,1,1-trichloroethane, 1,1,
2-trichloro-1,2,2-trifluoroethane, 1,1,2-trichloroethane, 1,4-
dichlorobenzene, 1-hexene, 2-(2-butoxyethoxy) ethyl
acetate, 2-butoxyethanol acetate, 2-butoxyethyl acetate,
2-methoxyethanol acetate, 2-methylhexane, 2-nitropropane,
acetone, acetonitrile, benzene, benzotrifluoride, benzyl chlo-
ride, biphenyl, carbon disulfide, carbon tetrachloride, chlo-
robenzene, chlorobromomethane, cyclodecane, cyclohep-
tane, cyclohexane, cyclohexanone, cyclononane,
cyclooctane, cyclopentane, dibromomethane, dichlo-
rodiphenyltrichloroethane, dichloroethene, diemthyl sulfox-
ide, diethyl ether, diethylene glycol, dimethyl formamide,
dipropylene glycol, ethyl acetate, ethyl benzene, ethyl ether,
ethyl glycol acetate, ethyl glycol, ethylbenzene, ethylene
glycol, formamide, furfural, heptafiuorocyclopentane, hep-
tafluoropropyl methyl ether, heptane, hexachlorocyclohex-
ane, hexane, isobutyl acetate, isobutyl isobutyrate,
isomethoxynonafluorobutane,  iso-methoxynonafluorobu-
tane, isophorone, isopropyl acetate, methoxy propyl acetate,
methyl amyl ketone, methyl chloride, methyl chloroform,
methyl ethyl ketone, methyl glycol acetate methyl isobutyl
ketone, methyl propyl ketone, monochlorotoluene, mono-
thiophosphate, n-butyl acetate, n-decane, nitrobenzene,
nitromethane, n-methoxynonafluorobutane, n-methylpyr-
rolidone, n-nonane, n-octane, n-butyl acetate, n-methox-
ynonafluorobutane, n-pentane, n-propyl acetate, ortho-
dichlorobenzene, perchloroethene,  perchloroethylene,
propylene glycol diacetate, propylene glycol, tetrachloroet-
hylene, tetrahydrofuran, toluene, trans-1,2-dichloroethyl-
ene, trichloroethene, trichloroethylene, trichlorofluo-
romethane, triethylene gycol, vinyl choloride, and xylene,
and combinations thereof.

11. The electrochemical deblocking solution of claim 9,
wherein the reducible chemical has a concentration of
approximately 0.001 mM to approximately 200 mM,
wherein the reducible chemical is selected from the group
consisting of

0 0 R*
R’ R* R’ R’
R® R, R® R®, and
0 0 R’
Rl 1 fo) R4
Rl 0 RS
R® RS, and
RS 0 R’



US 2007/0034513 Al

-continued
Ro 0
Rig
Rs,
Ry Rz
Rp

wherein R*, R®, R%, R7, R®, R®, R'°, R!!, R!? and R'3, are
independently selected from the group consisting of hydro-
gen, and substituted and unsubstituted alkyl, alkenyl, alky-
nyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocy-
clic ring, and polycyclic group, and halo, amide, alkoxy,
acyl, acyloxy, oxycarbonyl, alkoxycarbonyloxy, carboxy,
amino, secondary amino, tertiary amino, hydrazino, azido,
alkazoxy, cyano, isocyano, cyanato, thiocyanato, fulminato,
selenocyanato, carboxyamido, acylimino, nitroso, carbox-
imidoyl, hydrazonoyl, oxime, acylhydrazino, amidino, sul-
fide, sulfoxide, thiosulfoxide, sulfone, thiosulfone, thiosul-
fate, hydroxyl, formyl, hydroxyperoxy, hydroperoxy,
carbamoyl, trimethyl silyl, nitro, nitroso, oxamoyl, penta-
zolyl, sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino,
sulfo, hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono,
thiocarbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester.

12. The electrochemical deblocking solution of claim 9,
wherein the alcohol is approximately 0.1% to approximately
99% of the reducible solvent, wherein the alcohol is selected
from the group consisting of methanol, ethanol, propanol,
isobutanol, 1-butanol, 2-ethoxyethanol, 2-methoxyethanol,
acetone alcohol, allyl alcohol, cyclohexanol, diacetone alco-
hol, diethylene glycol, dipropylene glycol, ethyl glycol,
ethylene glycol, furfuryl alcohol, isoamyl alcohol, isopropyl
alcohol, n-amyl alcohol, n-butyl alcohol, n-octyl alcohol,
n-propyl alcohol, propylene glycol, t-amyl alcohol, t-butyl
alcohol, and triethylene gycol, and combinations thereof.

13. The electrochemical deblocking solution of claim 1,
wherein the organic salt has a concentration from about 0.1
mM to about 5 M, wherein the organic salt is selected from
the group consisting of

R13 fo) R13
R12—1|\1+—R14-o—g RIS, RIZ—N*—R!MCIOy,
Il{ls g RIS

R13 R13 R13
RP—N*—RM™NO;, RP—N'—RMBF,, RP—N"—RMPF,

RIS RIS RIS

tetrabutylammonium hexafluorophosphate, tetracthylammo-
nium p-toluenesulfonate, 1,1-dibutyl-pyrrolidinium bis(trif-
luoromethylsulfonyl)imide, 1,1-dimethyl-pyrrolidinium
tris(pentafluoroethyl)trifluorophosphate, 1,1-dipropyl-pyr-
rolidinium bis(trifluoromethylsulfonyl)imide, 1,2-dimethyl-
3-propylimidazolium  bis(trifluoromethylsulfonyl)imide,
1,2-dimethyl-3-propylimidazolium tris(trifluoromethylsul-
fonyl)methide, 1,3-dimethyl-imidazolium bis(pentafluoroet-
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hyl)phosphinate, 1,3-dimethyl-imidazolium methyl sulfate,
1,3-dimethyl-imidazolium trifluoromethanesulfonate,
1-benzyl-3-methyl-imidazolium hexafluoroantimonate,
1-benzyl-3-methyl-imidazolium hexafluorophosphate,
1-benzyl-3-methyl-imidazolium methylsulfate, 1-benzyl-3-
methyl-imidazolium tetrafluoroborate, 1-benzyl-3-methyl-
imidazolium trifluoromethanesulfonate, 1-butyl-1-methyl-
pyrrolidinium bis(trifluoromethylsulfonyl)imide, 1-butyl-1-
methyl-pyrrolidinium  dicyanamide, 1-butyl-1-methyl-

pyrrolidinium  hexafluoroantimonate, 1-butyl-1-methyl-
pyrrolidinium  hexafluorophosphate,  1-butyl-1-methyl-
pyrrolidinium methylsulfate, 1-butyl-1-methyl-
pyrrolidinium tetracyanoborate, 1-butyl-1-methyl-
pyrrolidinium tetrafluoroborate, 1-butyl-1-methyl-

pyrrolidinium trifluoromethanesulfonate, 1-butyl-1-methyl-
pyrrolidinium tris(pentafluoroethyl)trifluorophosphate,
1-butyl-2,3-dimethyl-imidazolium  hexafluoroantimonate,
1-butyl-2,3-dimethyl-imidazolium  hexafluorophosphate,
1-butyl-2,3-dimethyl-imidazolium methylsulfate, 1-butyl-2,
3-dimethyl-imidazolium tetrafluoroborate, 1-butyl-2,3-dim-
ethyl-imidazolium tosylate, 1-butyl-2,3-dimethyl-imidazo-
lium trifluoromethanesulfonate, 1-butyl-3-ethyl-
imidazolium trifluoromethanesulfonate, 1-butyl-3-methyl-
imidazolium 2-(2-methoxyethoxy)ethyl sulfate, 1-butyl-3-
methyl-imidazolium bis(trifluoromethyl)imide, 1-butyl-3-
methyl-imidazolium cobalt tetracarbonyl, 1-butyl-3-methyl-
imidazolium dicyanamide, 1-butyl-3-methyl-imidazolium
hexafluorophosphate, 1-butyl-3-methyl-imidazolium methyl
sulfate, 1-butyl-3-methyl-imidazolium octylsulfate, 1-butyl-
3-methyl-imidazolium tetrafluoroborate, 1-butyl-3-methyl-
imidazolium tosylate, 1-butyl-3-methyl-imidazolium trif-
luoroacetate, 1-butyl-3-methyl-imidazolium
trifluoromethane sulfonate, 1-butyl-3-methyl-pyridinium
bis(trifluormethylsulfonyl)imide, 1-butyl-4-methyl-pyri-
dinium hexafluorophosphate, 1-butyl-4-methyl-pyridinium
tetrafluoroborate, 1-butyl-imidazolium hexafluorophos-
phate, 1-butyl-imidazolium tetrafluoroborate, 1-butyl-imi-
dazolium tosylate, 1-butyl-imidazolium trifluoromethane-

sulfonate, 1-ethyl-1-methyl-pyrrolidinium
bis(trifluoromethyl)imide, 1-ethyl-1-methyl-pyrrolidinium
hexafluoroantimonate, 1-ethyl-1-methyl-pyrrolidinium

hexafluorophosphate, 1-ethyl-1-methyl-pyrrolidinium meth-
ylsulfate, 1-ethyl-1-methyl-pyrrolidinium tetrafluoroborate,
1-ethyl-1-methyl-pyrrolidinium trifluoromethanesulfonate,
1-ethyl-2,3-dimethyl-imidazolium hexaflluoroantimonate,
1-ethyl-2,3-dimethyl-imidazolium  hexaflluorophosphate,
1-ethyl-2,3-dimethyl-imidazolium methylsulfate, 1-ethyl-2,
3-dimethyl-imidazolium tetrafluoroborate, 1-ethyl-2,3-dim-
ethyl-imidazolium tosylate, 1-ethyl-2,3-dimethyl-imidazo-
lium triffuoromethanesulfonate, 1-ethyl-3-methyl-
imidazolium bis(pentafiuoroethyl)phosphinate, 1-ethyl-3-
methyl-imidazolium  bis(pentafluoroethylsulfonyl)imide,
1-ethyl-3-methyl-imidazolium  bis(trifluoromethyl)imide,
1-ethyl-3-methyl-imidazolium bis(trifluoromethylsulfo-
nyl)imide, 1-ethyl-3-methyl-imidazolium bis[1,2-benzene-
diolato(2-)-0,0']-borate, 1-ethyl-3-methyl-imidazolium bis
[oxalato(2-)]-borate, 1-ethyl-3-methyl-imidazolium cobalt
tetracarbonyl, 1-ethyl-3-methyl-imidazolium dicyanamide,
1-ethyl-3-methyl-imidazolium hexafluoroantimonate,
1-ethyl-3-methyl-imidazolium hexafluorophosphate,
1-ethyl-3-methyl-imidazolium nitrate, 1-ethyl-3-methyl-
imidazolium tetrafluoroborate, 1-ethyl-3-methyl-imidazo-
lium tosylate, 1-ethyl-3-methyl-imidazolium trifluoroac-
etate, 1-ethyl-3-methyl-imidazolium
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trifluoromethanesulfonate,  1-ethyl-3-methyl-imidazolium
trifluoromethyltrifluoroborate, ~ 1-hexyl-1-methyl-pyrroli-
dinium bis(trifluoromethylsulfonyl)imide, 1-hexyl-1-me-
thyl-pyrrolidiniumdicyanamide, 1-hexyl-2,3-dimethyl-imi-
dazolium tetrafluoroborate, 1-hexyl-2,3-dimethyl-
imidazolium trifluoromethanesulfonate, 1-hexyl-3-methyl-
imidazolium bis(trifftuoromethylsulfonyl)imide, 1-hexyl-3-
methyl-imidazolium  bis(trifluoromethylsulfonyl)methane,
1-hexyl-3-methyl-imidazolium dicyanamide, 1-hexyl-3-me-
thyl-imidazolium hexafluoroantimonate, 1-hexyl-3-methyl-
imidazolium hexafluorophosphate, 1-hexyl-3-methyl-imida-
zolium  methylsulfate,  1-hexyl-3-methyl-imidazolium
tetracyanoborate, 1-hexyl-3-methyl-imidazolium tetrafluo-
roborate, 1-hexyl-3-methyl-imidazolium trifluoromethane-
sulfonate, 1-hexyl-3-methyl-imidazolium tris(heptafiuoro-
propyDtrifluorophosphate,  1-hexyl-3-methyl-imidazolium
tris(pentafluoroethyl)trifluorophosphate, 1-hexyl-3-methyl-
imidazolium tris(pentafiuoroethyl)triftuorophosphate, 1-me-
thyl-3-(3,3,4.4,5,5,6,6,7,7,8,8,8-tridecafluoroctyl)-imidazo-
lium -hexafluorophosphate, 1-methyl-3-octyl-imidazolium
tetrafluoroborate, 1-methyl-imidazolium hexafluorophos-
phate, 1-methyl-imidazolium tetrafluoroborate, 1-methyl-
imidazolium tosylate, 1-methyl-imidazolium trifluo-
romethanesulfonate, 1-octadecyl-3-methyl-imidazolium
bis(trifluoromethylsulfonyl)imide,  1-octadecyl-3-methyl-
imidazolium hexafluorophosphate, 1-octyl-1-methyl-pyrro-
lidinium bis(triftuoromethylsulfonyl)imide, 1-octyl-3-me-
thyl-imidazolium bis(trifluoromethylsulfonyl)imide,
1-octyl-3-methyl-imidazolium bis(trifluoromethylsulfonyl-
)methane, 1-octyl-3-methyl-imidazolium hexafluoroanti-
monate, 1-octyl-3-methyl-imidazolium hexafluorophos-
phate, 1-octyl-3-methyl-imidazolium methylsulfate,
1-octyl-3-methyl-imidazolium tetraffuoroborate, 1-octyl-3-
methyl-imidazolium trifluoromethanesulfonate, 1-pentyl-3-
methyl-imidazolium trifluoromethanesulfonate, 1-pentyl-3-
methyl-imidazolium

tris(nonafluorobutyDtrifluorophosphate, 1-pentyl-3-methyl-
imidazolium tris(pentafluoroethyl)trifluorophosphate,
1-phenylpropyl-3-methyl-imidazolium hexafluoroanti-
monate, 1-phenylpropyl-3-methyl-imidazolium hexatluoro-
phosphate, 1-phenylpropyl-3-methyl-imidazolium tetrafluo-
roborate, 1-phenylpropyl-3-methyl-imidazolium
trifluoromethanesulfonate, 1-tetradecyl-3-methyl-imidazo-
lium tetrafluoroborate, 3-ethyl-N-butyl-pyridinium
hexafluoroantimonate, 3-ethyl-N-butyl-pyridinium
hexafluorophosphate, 3-ethyl-N-butyl-pyridinium tetrafluo-
roborate, 3-ethyl-N-butyl-pyridinium trifluoromethane-
sulfonate, 3-methyl-1-propyl-pyridinium bis(trifluormethyl-
sulfonyl)imide, 3-methyl-N-butyl-pyridinium
hexafluoroantimonate, 3-methyl-N-butyl-pyridinium
hexafluorophosphate, 3-methyl-N-butyl-pyridinium methyl-
sulfate, 3-methyl-N-butyl-pyridinium tetrafluoroborate,
3-methyl-N-butyl-pyridinium  trifluoromethanesulfonate,
4-methyl-N-butyl-pyridinium hexafluorophosphate, 4-me-
thyl-N-butyl-pyridinium tetrafluoroborate, benzyl triphenyl-
phosphonium bis(trifluoromethyl)imide, bis(trifluorometh-
ylsulfonyl)imide, bis-tetramethyl ammonium oxalate, butyl
dimethyl imidazolium hexafluorophosphate, butyl methyl
imidazolium hexafluorophosphate, dimethyl distearyl
ammonium bisulfate, dimethyl distearyl ammonium metho-
sulfate, ethyl triphenyl phosphonium acetate, guanidinium
trifluoromethanesulfonate, guanidinium tris(pentafiuoroet-
hyl) Trifluorophosphate, hexamethyl-guanidinium trifluo-
romethanesulfonate, hexamethyl-guanidinium tris(pen-
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tafluoroethyl)  trifluorophosphate, methyl  trioctyl
ammonium bis(trifluoromethylsulfonyl)imide, N,N,N',N',
N"-pentamethyl-N"-isopropyl-guanidinium trifluo-
romethanesulfonate, N,N,N',N'.N"-pentamethyl-N"-isopro-
pyl-guanidinium tris(pentafluoroethyl) trifluorophosphate,
NLN,N',N',N"-pentamethyl-N"-propyl-guanidinium trifluo-
romethanesulfonate, N,N,N',N'.N"-pentamethyl-N"-propyl-
guanidinium tris(pentafluoroethyl) trifluorophosphate, N,N,
N',N'-tetramethyl-N"-ethyl-guanidinium

trifluoromethanesulfonate, N,N,N',N'-tetramethyl-N"-ethyl-

guanidinium  tris(pentafluoroethyl)  trifluorophosphate,
N-butyl-pyridinium bis(trifluoromethyl)imide, N-butyl-py-
ridinium hexafluoroantimonate, N-butyl-pyridinium

hexafluorophosphate, N-butyl-pyridinium methylsulfate,
N-butyl-pyridinium tetrafluoroborate, N-butyl-pyridinium
trifluoromethanesulfonate, N-hexyl-pyridinium bis(trifluo-
romethylsulfonyl)imide, N-hexyl-pyridinium bis(trifluo-
romethylsulfonyl)methane, N-hexyl-pyridinium hexatluoro-
phosphate, N-hexyl-pyridinium tetrafluoroborate, N-hexyl-
pyridinium trifluoromethanesulfonate, N-octyl-pyridinium
bis(trifluoromethylsulfonyl)imide, N-octyl-pyridinium tris-
(trifluoromethylsulfonyl)methane, O-ethyl-N,N,N'.N'-tet-
ramethyl-isouronium trifluoromethanesulfonate, O-ethyl-N,
N,N',N'-tetramethyl-isouronium tris(pentafluoroethyl)
trifluorophosphate, O-methyl-N,N,N',N'-tetramethyl-isouro-
nium trifftuoromethanesulfonate, O -methyl-N,N,N'.N'-tet-
ramethyl-isouronium tris(pentafluoroethyl) trifluorophos-
phate, S-ethyl-N,N,N',N'-tetramethyl isothiouronium
trifluoromethanesulfonate, S-ethyl-N,N,N',N'-tetramethyl-
isothiouronium tris(pentafluoroethyl) trifluorophosphate,
S-ethyl-N,N,N'N'-tetramethylthiouronium  tetrafluorobo-
rate, tetrabutyl ammonium bis(trifluoromethyl)imide, tet-
rabutyl ammonium bis(triffuoromethylsulfonyl)imide, tet-
rabutyl ammonium hydrogen sulfate, tetrabutyl ammonium
hexafluorophosphate, tetrabutyl ammonium nitrate, tetrabu-
tyl ammonium perchlorate, tetrabutyl ammonium sulfate,
tetrabutyl ammonium tetracyanoborate, tetrabutyl ammo-
nium tetrafluoroborate, tetrabutyl ammonium tris(pentafluo-
roethyDtrifluorophosphate, tetrabutyl phosphonium acetate,
tetrabutyl phosphonium bis(trifluoromethyl)imide, tetrabu-
tyl phosphonium bis[ 1,2-benzenediolato(2-)-0,0"]-borate,
tetrabutyl phosphonium bis[oxalato(2-)]-borate, tetrabutyl
phosphonium tetracyanoborate, tetrabutyl phosphonium
tris(pentafluoroethyl)trifluorophosphate, tetracthyl ammo-
nium bis(trifluoromethyl)imide, tetraecthyl ammonium bis-
(trifluoromethylsulfonyl)imide, tetraethyl ammonium bis[1,
2-benzenediolato(2-)-0,0']-borate, tetraecthyl ammonium
bis[2,2"-biphenyldiolato(2-)-0,0']-borate, tetraethyl ammo-
nium bis[malonato(2-)]-borate, tetraethyl ammonium bis
[salicylato(2-)]-borate, tetraethyl ammonium hexafluoro-
phosphate, tetracthyl ammonium hydrogen maleate,
tetraethyl ammonium tetrafluoroborate, tetracthyl ammo-
nium tosylate, tetracthyl ammonium tris(pentafluoroethyl-
Jriffuorophosphate, tetramethyl ammonium bis(trifluorom-
ethyl)imide, tetramethyl ammonium
bis(trifluoromethylsulfonyl)imide, tetramethyl ammonium
bis[oxalato(2-)]-borate, tetramethyl ammonium bis[salicy-
lato(2-)]borate, tetramethyl ammonium hexafluorophos-
phate, tetramethyl ammonium tetrafluoroborate, tetramethyl
ammonium tris(pentafiuoroethyl)triftuorophosphate, tribu-
tylethyl ammonium ethylsulfate, trihexyl(tetradecyl)-phos-

phonium  bis(2,4,4-trimethylpentyl)phosphinate, trihexy-
I(tetradecyl)-phosphonium
bis(trifluoromethylsulfonyl)imide, trihexyl(tetradecyl)-



US 2007/0034513 Al

phosphonium bis(triftuoromethylsulfonyl)methane, trihexy-
I(tetradecyl)-phosphonium  bis[ 1,2-benzenediolato(2-)-O,
O']-borate, trihexyl(tetradecyl)-phosphonium decanoate,
trihexyl(tetradecyl)-phosphonium dicyanamide, trihexy-
I(tetradecyl)-phosphonium hexafluorophosphate, trihexy-
I(tetradecyl)-phosphonium tetracyanoborate, trihexyl(tet-
radecyl)-phosphonium tetrafluoroborate,
trihexyl(tetradecyl)-phosphonium, tris(pentafluoroethyl)tri-
fluorophosphate, and tri-iso-butyl(methyl)-phosphonium
tosylate, and combinations thereof, wherein R'? R*'3, R,
R', and R'® are independently selected from the group
consisting of substituted and unsubstituted alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, het-
erocyclic ring, and polycyclic group.

14. The electrochemical deblocking solution of claim 1,
wherein the organic base has a concentration of approxi-
mately 0.01 mM to approximately 200 mM, wherein the
organic base is selected from the group consisting of N,N-
diisopropylethylamine, lutidine(dimethyl pyridine isomers),

R! R?
\N/
R’ RS R*
R? T2H4
RI—N—R?, R4—C2H4 N—C,Hy— R5 R’ RS,
R4

XL T

SeRes

R® R®
R4
Rl 0 N RS
/
R® AN RS
RS R’

wherein R', R?, and R? are independently selected from the
group consisting of hydrogen, and substituted and unsub-
stituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, heterocyclic ring, and polycyclic group,
and halo, amide, carboxy, amino, secondary amino, tertiary
amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
mido, acylimino, nitroso, aminooxy, hydrazonoyl, oxime,
acylhydrazino, amidino, sulfide, thiosulfoxide, sulfone, thio-
sulfone, thiosulfate, hydroxyl, formyl, hydroperoxy, car-
bamoyl, trimethyl silyl, nitro, nitroso, oxamoyl, pentazolyl,
sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino, sulfo,
sulfoamino, hydrothiol, tetrazolyl, thiocarbamoyl, thiocar-
bazono, thiocarbodiazono, thiocarbonohydrazido, thiocar-
boxy, thioformyl, thioacyl, thiocyanato, thiosemicarbazido,
thiosulfino, thiosulfo, thioureido, triazano, triazeno, triazi-
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nyl, trithiosulfo, and phosphoric acid ester; and R*, R®, R®,
R7, R® R®, and R' are independently selected from the
group consisting of hydrogen, and substituted and unsub-
stituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, heterocyclic ring, and polycyclic group,
and halo, amide, alkoxy, acyl, acyloxy, oxycarbonyl, alkoxy-
carbonyloxy, carboxy, amino, secondary amino, tertiary
amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
mido, acylimino, nitroso, aminooxy, carboximidoyl, hydra-
zonoyl, oxime, acylhydrazino, amidino, sulfide, sulfoxide,
thiosulfoxide, sulfone, thiosulfone, thiosulfate, hydroxyl,
formyl, hydroxyperoxy, hydroperoxy, peroxy acid, carbam-
oyl, trimethyl silyl, nitro, nitroso, oxamoyl, pentazolyl,
sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino, sulfo,
sulfoamino, hydrothiol, tetrazolyl, thiocarbamoyl, thiocar-
bazono, thiocarbodiazono, thiocarbonohydrazido, thiocar-
boxy, thioformyl, thioacyl, thiocyanato, thiosemicarbazido,
thiosulfino, thiosulfo, thioureido, triazano, triazeno, triazi-
nyl, trithiosulfo, and phosphoric acid ester.

15. A method of electrochemical deblocking of an acid-
labile protecting group, comprising applying a voltage or a
current to at least one electrode of an array of electrodes,
wherein, the array of electrodes is covered by an electro-
chemical deblocking solution, wherein the electrochemical
deblocking solution comprises an acid-source reducible sol-
vent, an organic salt, and an organic base.

16. The method of claim 15, wherein the acid-source
reducible solvent is selected from the group consisting of
methylene chloride, 1,1,1-trichloroethane, 1,1,2-trichloro-1,
2-diifluoroethane, 1,1,2-trichloroethane, 1,4-dichloroben-
zene, 1-butanol, 1-hexene, 1-propanol, 2-(2-butoxyethoxy)
ethyl acetate, 2-butoxyethanol acetate, 2-butoxyethyl
acetate, 2-ethoxyethanol acetate, 2-ethoxyethanol, 2-meth-
oxyethanol acetate, 2-methoxyethanol, 2-methylhexane,
2-nitropropane, acetone alcohol, acetone, acetonitrile, allyl
alcohol, benzene, benzotrifluoride, benzyl chloride, biphe-
nyl, carbon disulfide, chlorobenzene, chlorobromomethane,
cyclodecane, cycloheptane, cyclohexane, cyclohexanol,
cyclohexanone, cyclononane, cyclooctane, cyclopentane,
diacetone alcohol, dibromomethane, dichlorodiphenyl-
trichloroethane, dichloroethene, dimethyl sulfoxide, diethyl
ether, diethylene glycol, dimethyl formamide, dipropylene
glycol, ethanol, ethyl acetate, ethyl benzene, ethyl ether,
ethyl glycol acetate, ethyl glycol, ethylbenzene, ethylene
glycol, formamide, furfural, furfuryl alcohol, heptafluoro-
cyclopentane, heptafluoropropyl methyl ether, heptane,
hexachlorocyclohexane, hexane, isoamyl alcohol, isobutyl
acetate, isobutyl alcohol, isobutyl isobutyrate, isomethox-
ynonafluorobutane, iso-methoxynonafluorobutane, isophor-
one, isopropy! acetate, iso-propyl alcohol, methanol, meth-
oxy propyl acetate, methyl amyl ketone, methyl chloride,
methyl chloroform, methyl ethyl ketone, methyl glycol
acetate methyl isobutyl ketone, methyl propyl ketone,
monochlorotoluene, n-amyl alcohol, n-butyl acetate, n-butyl
alcohol, n-decane, nitrobenzene, nitromethane, n-methox-
ynonafluorobutane, n-methylpyrrolidone, n-nonane, n-oc-
tane, n-octyl alcohol, n-butyl acetate, n-pentane, n-propyl
acetate, n-propyl alcohol, ortho-dichlorobenzene, perchlo-
roethene, propylene glycol diacetate, propylene glycol,
t-amyl alcohol, t-butyl alcohol, tetrahydrofuran, toluene,
trans-1,2-dichloroethylene, trichloroethene, trichloroethyl-
ene, trichloromethane, triethylene gycol, vinyl choloride,
and xylene, and combinations thereof.
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17. The method of claim 15, wherein the acid-source
reducible solvent comprises an acid source and a reducible
solvent.

18. The method of claim 17, wherein the acid source has
a concentration of approximately 0.1 mM to approximately
2 M, wherein the acid source is selected from the group
consisting of

Ry OH

Rs,

thiophenol, 1,4-butanedithiol, 1,3-propanedithiol, and meth-
ylthiophene,

RS RS,

OH

and R'7—SH, and combinations thereof, wherein R*, R®,
R R7,R% R'° R, R'? and R'? are independently selected
from the group consisting of hydrogen, and substituted and
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, aryl, heterocyclic ring, and polycyclic
group, and halo, amide, alkoxy, acyl, acyloxy, oxycarbonyl,
alkoxycarbonyloxy, carboxy, amino, secondary amino, ter-
tiary amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
mido, acylimino, nitroso, aminooxy, carboximidoyl, hydra-
zonoyl, oxime, acylhydrazino, amidino, sulfide, sulfoxide,
thiosulfoxide, sulfone, thiosulfone, thiosulfate, hydroxyl,
formyl, hydroxyperoxy, hydroperoxy, carbamoyl, trimethyl
silyl, nitro, nitroso, oxamoyl, pentazolyl, sulfamoyl, sulfe-
namoyl, sulfeno, sulfinamoyl, sulfino, sulfo, sulfoamino,
hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono, thio-
carbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester;

Ry
. -~
Rg= is HyC—Ry, HC\ , and C—R4 and
Ry

R'7 is selected from the group consisting of substituted and
unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, cycloalkynyl, aryl, heterocyclic ring, and polycyclic
group, and halo, amide, alkoxy, acyl, acyloxy, oxycarbonyl,
alkoxycarbonyloxy, carboxy, amino, secondary amino, ter-
tiary amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
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mido, acylimino, nitroso, aminooxy, carboximidoyl, hydra-
zonoyl, oxime, acylhydrazino, amidino, sulfide, sulfoxide,
thiosulfoxide, sulfone, thiosulfone, thiosulfate, hydroxyl,
formyl, hydroxyperoxy, hydroperoxy, carbamoyl, trimethyl
silyl, nitro, nitroso, oxamoyl, pentazolyl, sulfamoyl, sulfe-
namoyl, sulfeno, sulfinamoyl, sulfino, sulfo, sulfoamino,
hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono, thio-
carbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester.

19. The method of claim 17, wherein the reducible solvent
is selected from the group consisting of methylene chloride,
1,1,1-trichloroethane, 1,1,2-trichloro-1,2,2-trifluoroethane,
1,1,2-trichloroethane,  1,4-dichlorobenzene, 1-butanol,
1-hexene, 1-propanol, 2-(2-butoxyethoxy) ethyl acetate,
2-butoxyethanol acetate, 2-butoxyethyl acetate, 2-ethoxy-
ethanol acetate, 2-ethoxyethanol, 2-methoxyethanol acetate,
2-methoxyethanol, 2-methylhexane, 2-nitropropane,
acetone alcohol, acetone, acetonitrile, allyl alcohol, benzene,
benzotrifluoride, benzyl chloride, biphenyl, carbon disulfide,
carbon tetrachloride, chlorobenzene, chlorobromomethane,
cyclodecane, cycloheptane, cyclohexane, cyclohexanol,
cyclohexanone, cyclononane, cyclooctane, cyclopentane,
diacetone alcohol, dibromomethane, dichlorodiphenyl-
trichloroethane, dichloroethene, diemthyl sulfoxide, diethyl
ether, diethylene glycol, dimethyl formamide, dipropylene
glycol, ethanol, ethyl acetate, ethyl benzene, ethyl ether,
ethyl glycol acetate, ethyl glycol, ethylbenzene, ethylene
glycol, formamide, furfural, furfuryl alcohol, heptafluoro-
cyclopentane, heptafluoropropyl methyl ether, heptane,
hexachlorocyclohexane, hexane, isoamyl alcohol, isobutyl
acetate, isobutyl alcohol, isobutyl isobutyrate, isomethox-
ynonafluorobutane, iso-methoxynonafluorobutane, isophor-
one, isopropy! acetate, iso-propyl alcohol, methanol, meth-
oxy propyl acetate, methyl amyl ketone, methyl chloride,
methyl chloroform, methyl ethyl ketone, methyl glycol
acetate methyl isobutyl ketone, methyl propyl ketone,
monochlorotoluene, monothiophosphate, n-amyl alcohol,
n-butyl acetate, n-butyl alcohol, n-decane, nitrobenzene,
nitromethane, n-methoxynonafluorobutane, n-methylpyr-
rolidone, n-nonane, n-octane, n-octyl alcohol, n-butyl
acetate, n-methoxynonafluorobutane, n-pentane, n-propyl
acetate, n-propyl alcohol, ortho-dichlorobenzene, perchlo-
roethene, perchloroethylene, propylene glycol diacetate,
propylene glycol, t-amyl alcohol, t-butyl alcohol, tetrachlo-
roethylene, tetrahydrofuran, toluene, trans-1,2-dichloroeth-
ylene, trichloroethene, trichloroethylene, trichlorofluo-
romethane, triethylene gycol, vinyl choloride, and xylene,
and combinations thereof.

20. The method of claim 17, wherein the reducible solvent
comprises an organic solvent and a reducible chemical.

21. The method of claim 20, wherein the organic solvent
is selected from the group consisting of methylene chloride,
1,1,1-trichloroethane, 1,1,2-trichloro-1,2,2-trifluoroethane,
1,1,2-trichloroethane,  1,4-dichlorobenzene, 1-butanol,
1-hexene, 1-propanol, 2-(2-butoxyethoxy) ethyl acetate,
2-butoxyethanol acetate, 2-butoxyethyl acetate, 2-ethoxy-
ethanol acetate, 2-ethoxyethanol, 2-methoxyethanol acetate,
2-methoxyethanol, 2-methylhexane, 2-nitropropane,
acetone alcohol, acetone, acetonitrile, allyl alcohol, benzene,
benzotrifluoride, benzyl chloride, biphenyl, carbon disulfide,
carbon tetrachloride, chlorobenzene, chlorobromomethane,
cyclodecane, cycloheptane, cyclohexane, cyclohexanol,
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cyclohexanone, cyclononane, cyclooctane, cyclopentane,
diacetone alcohol, dibromomethane, dichlorodiphenyl-
trichloroethane, dichloroethene, diemthyl sulfoxide, diethyl
ether, diethylene glycol, dimethyl formamide, dipropylene
glycol, ethanol, ethyl acetate, ethyl benzene, ethyl ether,
ethyl glycol acetate, ethyl glycol, ethylbenzene, cthylene
glycol, formamide, furfural, furfuryl alcohol, heptafluoro-
cyclopentane, heptafluoropropyl methyl ether, heptane,
hexachlorocyclohexane, hexane, isoamyl alcohol, isobutyl
acetate, isobutyl alcohol, isobutyl isobutyrate, isomethox-
ynonafluorobutane, iso-methoxynonafluorobutane, isophor-
one, isopropyl acetate, iso-propyl alcohol, methanol, meth-
oxy propyl acetate, methyl amyl ketone, methyl chloride,
methyl chloroform, methyl ethyl ketone, methyl glycol
acetate methyl isobutyl ketone, methyl propyl ketone,
monochlorotoluene, n-amyl alcohol, n-butyl acetate, n-butyl
alcohol, n-decane, nitrobenzene, nitromethane, n-methox-
ynonafluorobutane, n-methylpyrrolidone, n-nonane, n-oc-
tane, n-octyl alcohol, n-butyl acetate, n-methoxynonafluo-
robutane, n-pentane, n-propyl acetate, n-propyl alcohol,
ortho-dichlorobenzene, perchloroethene, perchloroethylene,
propylene glycol diacetate, propylene glycol, t-amyl alco-
hol, t-butyl alcohol, tetrachloroethylene, tetrahydrofuran,
toluene, trans-1,2-dichloroethylene, trichloroethene, trichlo-
roethylene, trichlorofluoromethane, triethylene gycol, vinyl
choloride, and xylene, and combinations thereof.

22. The method of claim 20, wherein the reducible
chemical has a concentration of approximately 0.001 mM to
approximately 200 mM, wherein the reducible chemical is
selected from the group consisting of

0 0 R*
R’ R* R’ R®
RS RS, RS RS, and
0 le] R’
Rl 1 fo) R4
RIO RS
R’ R®, and
R® 0 R’
Ro 0
Ryo
Rs,
Ryf Rz
Rpz

wherein R*, R®, R%, R7, R%, R®, R'%, R'!, R'? and R?, are
independently selected from the group consisting of hydro-
gen, and substituted and unsubstituted alkyl, alkenyl, alky-
nyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocy-
clic ring, and polycyclic group, and halo, amide, alkoxy,
acyl, acyloxy, oxycarbonyl, alkoxycarbonyloxy, carboxy,
amino, secondary amino, tertiary amino, hydrazino, azido,
alkazoxy, cyano, isocyano, cyanato, thiocyanato, fulminato,
selenocyanato, carboxyamido, acylimino, nitroso, carbox-
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imidoyl, hydrazonoyl, oxime, acylhydrazino, amidino, sul-
fide, sulfoxide, thiosulfoxide, sulfone, thiosulfone, thiosul-
fate, hydroxyl, formyl, hydroxyperoxy, hydroperoxy,
carbamoyl, trimethyl silyl, nitro, nitroso, oxamoyl, penta-
zolyl, sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino,
sulfo, hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono,
thiocarbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester.

23. The method of claim 17, wherein the reducible solvent
comprises an organic solvent, an alcohol, and a reducible
chemical.

24. The method of claim 20, wherein the organic solvent
is selected from the group consisting of methylene chloride,
1,1,1-trichloroethane, 1,1,2-trichloro-1,2,2-trifluoroethane,
1,1,2-trichloroethane, 1,4-dichlorobenzene, 1-hexene, 2-(2-
butoxyethoxy) ethyl acetate, 2-butoxyethanol acetate, 2-bu-
toxyethyl acetate, 2-methoxyethanol acetate, 2-methylhex-
ane, 2-nitropropane, acetone, acetonitrile, benzene,
benzotrifluoride, benzyl chloride, biphenyl, carbon disulfide,
carbon tetrachloride, chlorobenzene, chlorobromomethane,
cyclodecane, cycloheptane, cyclohexane, cyclohexanone,
cyclononane, cyclooctane, cyclopentane, dibromomethane,
dichlorodiphenyltrichloroethane, dichloroethene, diemthyl
sulfoxide, diethyl ether, diethylene glycol, dimethyl forma-
mide, dipropylene glycol, ethyl acetate, ethyl benzene, ethyl
ether, ethyl glycol acetate, ethyl glycol, ethylbenzene, eth-
ylene glycol, formamide, furfural, heptafluorocyclopentane,
heptafluoropropyl methyl ether, heptane, hexachlorocyclo-
hexane, hexane, isobutyl acetate, isobutyl isobutyrate,
isomethoxynonafluorobutane,  iso-methoxynonafluorobu-
tane, isophorone, isopropyl acetate, methoxy propyl acetate,
methyl amyl ketone, methyl chloride, methyl chloroform,
methyl ethyl ketone, methyl glycol acetate methyl isobutyl
ketone, methyl propyl ketone, monochlorotoluene, mono-
thiophosphate, n-butyl acetate, n-decane, nitrobenzene,
nitromethane, n-methoxynonafluorobutane, n-methylpyr-
rolidone, n-nonane, n-octane, n-butyl acetate, n-methox-
ynonafluorobutane, n-pentane, n-propyl acetate, ortho-
dichlorobenzene, perchloroethene,  perchloroethylene,
propylene glycol diacetate, propylene glycol, tetrachloroet-
hylene, tetrahydrofuran, toluene, trans-1,2-dichloroethyl-
ene, trichloroethene, trichloroethylene, trichlorofluo-
romethane, triethylene gycol, vinyl choloride, and xylene,
and combinations thereof.

25. The method of claim 23, wherein the reducible
chemical has a concentration of approximately 0.001 mM to
approximately 200 mM, wherein the reducible chemical is
selected from the group consisting of

0 0 R*

R7 R4 R9 RS

RS RS, RS I l RS, and
0 le] R’
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wherein R*, R®, RS, R7, R®, R®, R'°, R'', R'? and R'3, are
independently selected from the group consisting of hydro-
gen, and substituted and unsubstituted alkyl, alkenyl, alky-
nyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heterocy-
clic ring, and polycyclic group, and halo, amide, alkoxy,
acyl, acyloxy, oxycarbonyl, alkoxycarbonyloxy, carboxy,
amino, secondary amino, tertiary amino, hydrazino, azido,
alkazoxy, cyano, isocyano, cyanato, thiocyanato, fulminato,
selenocyanato, carboxyamido, acylimino, nitroso, carbox-
imidoyl, hydrazonoyl, oxime, acylhydrazino, amidino, sul-
fide, sulfoxide, thiosulfoxide, sulfone, thiosulfone, thiosul-
fate, hydroxyl, formyl, hydroxyperoxy, hydroperoxy,
carbamoyl, trimethyl silyl, nitro, nitroso, oxamoyl, penta-
zolyl, sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino,
sulfo, hydrothiol, tetrazolyl, thiocarbamoyl, thiocarbazono,
thiocarbodiazono, thiocarbonohydrazido, thiocarboxy, thio-
formyl, thioacyl, thiocyanato, thiosemicarbazido, thio-
sulfino, thiosulfo, thioureido, triazano, triazeno, triazinyl,
trithiosulfo, and phosphoric acid ester.

26. The method of claim 23, wherein the alcohol is
approximately 0.1% to approximately 99% of the reducible
solvent, wherein the alcohol is selected from the group
consisting of methanol, ethanol, propanol, isobutanol, 1-bu-
tanol, 2-ethoxyethanol, 2-methoxyethanol, acetone alcohol,
allyl alcohol, cyclohexanol, diacetone alcohol, diethylene
glycol, dipropylene glycol, ethyl glycol, ethylene glycol,
furfuryl alcohol, isoamyl alcohol, isopropyl alcohol, n-amyl
alcohol, n-butyl alcohol, n-octyl alcohol, n-propyl alcohol,
propylene glycol, t-amyl alcohol, t-butyl alcohol, and tri-
ethylene gycol, and combinations thereof.

27. The method of claim 15, wherein the organic salt has
a concentration from about 0.1 mM to about 5 M, wherein
the organic salt is selected from the group consisting of

13 1) RS
RR2—N*—R" O—S—R!, RE—N"—RM“CIOy,
I

RIS fo) RIS
R R RB3
R12—1|\1+—R14N03', R12—1|\1+—R14BF4' R12—1|\1+—R14PF5',

RIS RIS RIS
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tetrabutylammonium hexafluorophosphate, tetracthylammo-
nium p-toluenesulfonate, 1,1-dibutyl-pyrrolidinium bis(trif-
luoromethylsulfonyl)imide, 1,1-dimethyl-pyrrolidinium
tris(pentafluoroethyl)trifluorophosphate, 1,1-dipropyl-pyr-
rolidinium bis(trifluoromethylsulfonyl)imide, 1,2-dimethyl-
3-propylimidazolium  bis(trifluoromethylsulfonyl)imide,
1,2-dimethyl-3-propylimidazolium tris(trifluoromethylsul-
fonyl)methide, 1,3-dimethyl-imidazolium bis(pentatluoroet-
hyl)phosphinate, 1,3-dimethyl-imidazolium methyl sulfate,
1,3-dimethyl-imidazolium trifluoromethanesulfonate,
1-benzyl-3-methyl-imidazolium hexafluoroantimonate,
1-benzyl-3-methyl-imidazolium hexafluorophosphate,
1-benzyl-3-methyl-imidazolium methylsulfate, 1-benzyl-3-
methyl-imidazolium tetrafluoroborate, 1-benzyl-3-methyl-
imidazolium trifluoromethanesulfonate, 1-butyl-1-methyl-
pyrrolidinium bis(trifluoromethylsulfonyl)imide, 1-butyl-1-
methyl-pyrrolidinium  dicyanamide, 1-butyl-1-methyl-

pyrrolidinium  hexafluoroantimonate, 1-butyl-1-methyl-
pyrrolidinium  hexafluorophosphate,  1-butyl-1-methyl-
pyrrolidinium methylsulfate, 1-butyl-1-methyl-
pyrrolidinium tetracyanoborate, 1-butyl-1-methyl-
pyrrolidinium tetrafluoroborate, 1-butyl-1-methyl-

pyrrolidinium trifluoromethanesulfonate, 1-butyl-1-methyl-
pyrrolidinium tris(pentafluoroethyl)trifluorophosphate,
1-butyl-2,3-dimethyl-imidazolium  hexafluoroantimonate,
1-butyl-2,3-dimethyl-imidazolium  hexafluorophosphate,
1-butyl-2,3-dimethyl-imidazolium methylsulfate, 1-butyl-2,
3-dimethyl-imidazolium tetrafluoroborate, 1-butyl-2,3-dim-
ethyl-imidazolium tosylate, 1-butyl-2,3-dimethyl-imidazo-
lium trifluoromethanesulfonate, 1-butyl-3-ethyl-
imidazolium trifluoromethanesulfonate, 1-butyl-3-methyl-
imidazolium 2-(2-methoxyethoxy)ethyl sulfate, 1-butyl-3-
methyl-imidazolium bis(trifluoromethyl)imide, 1-butyl-3-
methyl-imidazolium cobalt tetracarbonyl, 1-butyl-3-methyl-
imidazolium dicyanamide, 1-butyl-3-methyl-imidazolium
hexafluorophosphate, 1-butyl-3-methyl-imidazolium methyl
sulfate, 1-butyl-3-methyl-imidazolium octylsulfate, 1-butyl-
3-methyl-imidazolium tetrafluoroborate, 1-butyl-3-methyl-
imidazolium tosylate, 1-butyl-3-methyl-imidazolium trif-
luoroacetate, 1-butyl-3-methyl-imidazolium
trifluoromethane sulfonate, 1-butyl-3-methyl-pyridinium
bis(trifluormethylsulfonyl)imide, 1-butyl-4-methyl-pyri-
dinium hexafluorophosphate, 1-butyl-4-methyl-pyridinium
tetrafluoroborate, 1-butyl-imidazolium hexafluorophos-
phate, 1-butyl-imidazolium tetrafluoroborate, 1-butyl-imi-
dazolium tosylate, 1-butyl-imidazolium trifluoromethane-

sulfonate, 1-ethyl-1-methyl-pyrrolidinium
bis(trifluoromethyl)imide, 1-ethyl-1-methyl-pyrrolidinium
hexafluoroantimonate, 1-ethyl-1-methyl-pyrrolidinium

hexafluorophosphate, 1-ethyl-1-methyl-pyrrolidinium meth-
ylsulfate, 1-ethyl-1-methyl-pyrrolidinium tetrafluoroborate,
1-ethyl-1-methyl-pyrrolidinium trifluoromethanesulfonate,
1-ethyl-2,3-dimethyl-imidazolium hexaflluoroantimonate,
1-ethyl-2,3-dimethyl-imidazolium  hexaflluorophosphate,
1-ethyl-2,3-dimethyl-imidazolium methylsulfate, 1-ethyl-2,
3-dimethyl-imidazolium tetrafluoroborate, 1-ethyl-2,3-dim-
ethyl-imidazolium tosylate, 1-ethyl-2,3-dimethyl-imidazo-
lium triffuoromethanesulfonate, 1-ethyl-3-methyl-
imidazolium bis(pentafiuoroethyl)phosphinate, 1-ethyl-3-
methyl-imidazolium  bis(pentafluoroethylsulfonyl)imide,
1-ethyl-3-methyl-imidazolium  bis(trifluoromethyl)imide,
1-ethyl-3-methyl-imidazolium bis(trifluoromethylsulfo-
nyl)imide, 1-ethyl-3-methyl-imidazolium bis[1,2-benzene-
diolato(2-)-0,0']-borate, 1-ethyl-3-methyl-imidazolium bis
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[oxalato(2-)]-borate, 1-ethyl-3-methyl-imidazolium cobalt
tetracarbonyl, 1-ethyl-3-methyl-imidazolium dicyanamide,
1-ethyl-3-methyl-imidazolium hexafluoroantimonate,
1-ethyl-3-methyl-imidazolium hexafluorophosphate,
1-ethyl-3-methyl-imidazolium nitrate, 1-ethyl-3-methyl-
imidazolium tetrafluoroborate, 1-ethyl-3-methyl-imidazo-
lium tosylate, 1-ethyl-3-methyl-imidazolium trifluoroac-
etate, 1-ethyl-3-methyl-imidazolium
trifluoromethanesulfonate,  1-ethyl-3-methyl-imidazolium
trifluoromethyltrifluoroborate, ~ 1-hexyl-1-methyl-pyrroli-
dinium bis(trifluoromethylsulfonyl)imide, 1-hexyl-1-me-
thyl-pyrrolidinium dicyanamide, 1-hexyl-2,3-dimethyl-imi-
dazolium tetrafluoroborate, 1-hexyl-2,3-dimethyl-
imidazolium trifluoromethanesulfonate, 1-hexyl-3-methyl-
imidazolium bis(trifftuoromethylsulfonyl)imide, 1-hexyl-3-
methyl-imidazolium  bis(trifluoromethylsulfonyl)methane,
1-hexyl-3-methyl-imidazolium dicyanamide, 1-hexyl-3-me-
thyl-imidazolium hexafluoroantimonate, 1-hexyl-3-methyl-
imidazolium hexafluorophosphate, 1-hexyl-3-methyl-imida-
zolium methyl sulfate, 1-hexyl-3-methyl-imidazolium
tetracyanoborate, 1-hexyl-3-methyl-imidazolium tetrafluo-
roborate, 1-hexyl-3-methyl-imidazolium trifluoromethane-
sulfonate, 1-hexyl-3-methyl-imidazolium tris(heptafiuoro-
propyDtrifluorophosphate,  1-hexyl-3-methyl-imidazolium
tris(pentafluoroethyl)trifluorophosphate, 1-hexyl-3-methyl-
imidazolium tris(pentafiuoroethyl)triftuorophosphate, 1-me-
thyl-3-(3,3,4.4,5,5,6,6,7,7,8,8,8-tridecafluoroctyl)-imidazo-
lium -hexafluorophosphate, 1-methyl-3-octyl-imidazolium
tetrafluoroborate, 1-methyl-imidazolium hexafluorophos-
phate, 1-methyl-imidazolium tetrafluoroborate, 1-methyl-
imidazolium tosylate, 1-methyl-imidazolium trifluo-
romethanesulfonate, 1-octadecyl-3-methyl-imidazolium
bis(trifluoromethylsulfonyl)imide,  1-octadecyl-3-methyl-
imidazolium hexafluorophosphate, 1-octyl-1-methyl-pyrro-
lidinium bis(triftuoromethylsulfonyl)imide, 1-octyl-3-me-
thyl-imidazolium bis(trifluoromethylsulfonyl)imide,
1-octyl-3-methyl-imidazolium bis(trifluoromethylsulfonyl-
)methane, 1-octyl-3-methyl-imidazolium hexafluoroanti-
monate, 1-octyl-3-methyl-imidazolium hexafluorophos-
phate, 1-octyl-3-methyl-imidazolium methylsulfate,
1-octyl-3-methyl-imidazolium tetraffuoroborate, 1-octyl-3-
methyl-imidazolium trifluoromethanesulfonate, 1-pentyl-3-
methyl-imidazolium trifluoromethanesulfonate, 1-pentyl-3-
methyl-imidazolium
tris(nonafluorobutyDtrifluorophosphate, 1-pentyl-3-methyl-
imidazolium tris(pentafluoroethyl)trifluorophosphate,
1-phenylpropyl-3-methyl-imidazolium hexafluoroanti-
monate, 1-phenylpropyl-3-methyl-imidazolium hexatluoro-
phosphate, 1-phenylpropyl-3-methyl-imidazolium tetrafluo-
roborate, 1-phenylpropyl-3-methyl-imidazolium
trifluoromethanesulfonate, 1-tetradecyl-3-methyl-imidazo-
lium tetrafluoroborate, 3-ethyl-N-butyl-pyridinium
hexafluoroantimonate, 3-ethyl-N-butyl-pyridinium
hexafluorophosphate, 3-ethyl-N-butyl-pyridinium tetrafluo-
roborate, 3-ethyl-N-butyl-pyridinium trifluoromethane-
sulfonate, 3-methyl-1-propyl-pyridinium bis(trifluormethyl-
sulfonyl)imide, 3-methyl-N-butyl-pyridinium
hexafluoroantimonate, 3-methyl-N-butyl-pyridinium
hexafluorophosphate, 3-methyl-N-butyl-pyridinium methyl-
sulfate, 3-methyl-N-butyl-pyridinium tetrafluoroborate,
3-methyl-N-butyl-pyridinium  trifluoromethanesulfonate,
4-methyl-N-butyl-pyridinium hexafluorophosphate, 4-me-
thyl-N-butyl-pyridinium tetrafluoroborate, benzyl triphenyl-
phosphonium bis(trifluoromethyl)imide, bis(trifluorometh-
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ylsulfonyl)imide, bis-tetramethyl ammonium oxalate, butyl
dimethyl imidazolium hexafluorophosphate, butyl methyl
imidazolium hexafluorophosphate, dimethyl distearyl
ammonium bisulfate, dimethyl distearyl ammonium metho-
sulfate, ethyl triphenyl phosphonium acetate, guanidinium
trifluoromethanesulfonate, guanidinium tris(pentafiuoroet-
hyl) Trifluorophosphate, hexamethyl-guanidinium trifluo-
romethanesulfonate, hexamethyl-guanidinium tris(pen-
tafluoroethyl)  trifluorophosphate, methyl  trioctyl
ammonium bis(trifluoromethylsulfonyl)imide, N,N,N',N',
N"-pentamethyl-N"-isopropyl-guanidinium trifluo-
romethanesulfonate, N,N,N',N'.N"-pentamethyl-N"-isopro-
pyl-guanidinium tris(pentafluoroethyl) trifluorophosphate,
NLN,N',N',N"-pentamethyl-N"-propyl-guanidinium trifluo-
romethanesulfonate, N,N,N',N'.N"-pentamethyl-N"-propyl-
guanidinium tris(pentafluoroethyl) trifluorophosphate, N,N,
N',N'-tetramethyl-N"-ethyl-guanidinium

trifluoromethanesulfonate, N,N,N',N'-tetramethyl-N"-ethyl-
guanidinium  tris(pentafluoroethyl)  trifluorophosphate,
N-butyl-pyridinium bis(trifluoromethyl)imide, N-butyl-py-
ridinium hexafluoroantimonate, N-butyl-pyridinium
hexafluorophosphate, N-butyl-pyridinium methylsulfate,
N-butyl-pyridinium tetrafluoroborate, N-butyl-pyridinium
trifluoromethanesulfonate, N-hexyl-pyridinium bis(trifluo-
romethylsulfonyl)imide, N-hexyl-pyridinium bis(trifluo-
romethylsulfonyl)methane, N-hexyl-pyridinium hexatluoro-
phosphate, N-hexyl-pyridinium tetrafluoroborate, N-hexyl-
pyridinium trifluoromethanesulfonate, N-octyl-pyridinium
bis(trifluoromethylsulfonyl)imide, N-octyl-pyridinium tris-
(trifluoromethylsulfonyl)methane, O-ethyl-N,N,N'.N'-tet-
ramethyl-isouronium trifluoromethanesulfonate, O-ethyl-N,
N,N',N'-tetramethyl-isouronium tris(pentafluoroethyl)
trifluorophosphate, O-methyl-N,N,N',N'-tetramethyl-isouro-
nium trifftuoromethanesulfonate, O -methyl-N,N,N'.N'-tet-
ramethyl-isouronium tris(pentafluoroethyl) trifluorophos-
phate, S-ethyl-N,N,N',N'-tetramethyl isothiouronium
trifluoromethanesulfonate, S-ethyl-N,N,N',N'-tetramethyl-
isothiouronium tris(pentafluoroethyl) trifluorophosphate,
S-ethyl-N,N,N'N'-tetramethylthiouronium  tetrafluorobo-
rate, tetrabutyl ammonium bis(trifluoromethyl)imide, tet-
rabutyl ammonium bis(triffuoromethylsulfonyl)imide, tet-
rabutyl ammonium hydrogen sulfate, tetrabutyl ammonium
hexafluorophosphate, tetrabutyl ammonium nitrate, tetrabu-
tyl ammonium perchlorate, tetrabutyl ammonium sulfate,
tetrabutyl ammonium tetracyanoborate, tetrabutyl ammo-
nium tetrafluoroborate, tetrabutyl ammonium tris(pentafluo-
roethyDtrifluorophosphate, tetrabutyl phosphonium acetate,
tetrabutyl phosphonium bis(trifluoromethyl)imide, tetrabu-
tyl phosphonium bis[ 1,2-benzenediolato(2-)-0,0"]-borate,
tetrabutyl phosphonium bis[oxalato(2-)]-borate, tetrabutyl
phosphonium tetracyanoborate, tetrabutyl phosphonium
tris(pentafluoroethyl)trifluorophosphate, tetracthyl ammo-
nium bis(trifluoromethyl)imide, tetraecthyl ammonium bis-
(trifluoromethylsulfonyl)imide, tetraethyl ammonium bis[1,
2-benzenediolato(2-)-0,0']-borate, tetraecthyl ammonium
bis[2,2"-biphenyldiolato(2-)-0,0']-borate, tetraethyl ammo-
nium bis[malonato(2-)]-borate, tetraethyl ammonium bis
[salicylato(2-)]-borate, tetraethyl ammonium hexafluoro-
phosphate, tetracthyl ammonium hydrogen maleate,
tetraethyl ammonium tetrafluoroborate, tetracthyl ammo-
nium tosylate, tetracthyl ammonium tris(pentafluoroethyl-
Jriffuorophosphate, tetramethyl ammonium bis(trifluorom-
ethyl)imide, tetramethyl ammonium
bis(trifluoromethylsulfonyl)imide, tetramethyl ammonium
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bis[oxalato(2-)]-borate, tetramethyl ammonium bis[salicy-
lato(2-)]borate, tetramethyl ammonium hexafluorophos-
phate, tetramethyl ammonium tetrafluoroborate, tetramethyl
ammonium tris(pentafiuoroethyl)triftuorophosphate, tribu-
tylethyl ammonium ethylsulfate, trihexyl(tetradecyl)-phos-
phonium  bis(2,4,4-trimethylpentyl)phosphinate, trihexy-
I(tetradecyl)-phosphonium
bis(trifluoromethylsulfonyl)imide, trihexyl(tetradecyl)-
phosphonium bis(triftuoromethylsulfonyl)methane, trihexy-
I(tetradecyl)-phosphonium  bis[ 1,2-benzenediolato(2-)-O,
O']-borate, trihexyl(tetradecyl)-phosphonium decanoate,
trihexyl(tetradecyl)-phosphonium dicyanamide, trihexy-
I(tetradecyl)-phosphonium hexafluorophosphate, trihexy-
I(tetradecyl)-phosphonium tetracyanoborate, trihexyl(tet-
radecyl)-phosphonium tetrafluoroborate,
trihexyl(tetradecyl)-phosphonium, tris(pentafluoroethyl)tri-
fluorophosphate, and tri-iso-butyl(methyl)-phosphonium
tosylate, and combinations thereof, wherein R'?, R'3, R**,
R'®, and R'¢ are independently selected from the group
consisting of substituted and unsubstituted alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, het-
erocyclic ring, and polycyclic group.

28. The method of claim 15, wherein the organic base has
a concentration of approximately 0.01 mM to approximately
200 mM, wherein the organic base is selected from the group
consisting of N,N-diisopropylethylamine, lutidine(dimethyl
pyridine isomers),

RS
R? éH‘l
2
RI—N—R3, R*—CH;—N—C,H;—RS,
R! R?
~N.,.. 7
N
RS R* RS N R* R N R*
g | I I
™
R7 R, R’ A RS, RS N RS,
R® R®
R’ N R* N R* RS N R4,

R® R® R’
R4
Rl 0 N RS
/
R X RS
R® R’
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wherein R', R?, and R? are independently selected from the
group consisting of hydrogen, and substituted and unsub-
stituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, heterocyclic ring, and polycyclic group,
and halo, amide, carboxy, amino, secondary amino, tertiary
amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
mido, acylimino, nitroso, aminooxy, hydrazonoyl, oxime,
acylhydrazino, amidino, sulfide, thiosulfoxide, sulfone, thio-
sulfone, thiosulfate, hydroxyl, formyl, hydroperoxy, car-
bamoyl, trimethyl silyl, nitro, nitroso, oxamoyl, pentazolyl,
sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino, sulfo,
sulfoamino, hydrothiol, tetrazolyl, thiocarbamoyl, thiocar-
bazono, thiocarbodiazono, thiocarbonohydrazido, thiocar-
boxy, thioformyl, thioacyl, thiocyanato, thiosemicarbazido,
thiosulfino, thiosulfo, thioureido, triazano, triazeno, triazi-
nyl, trithiosulfo, and phosphoric acid ester; and R*, R®, R®,
R7, R® R®, and R' are independently selected from the
group consisting of hydrogen, and substituted and unsub-
stituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, heterocyclic ring, and polycyclic group,
and halo, amide, alkoxy, acyl, acyloxy, oxycarbonyl, alkoxy-
carbonyloxy, carboxy, amino, secondary amino, tertiary
amino, hydrazino, azido, alkazoxy, cyano, isocyano,
cyanato, thiocyanato, fulminato, selenocyanato, carboxya-
mido, acylimino, nitroso, aminooxy, carboximidoyl, hydra-
zonoyl, oxime, acylhydrazino, amidino, sulfide, sulfoxide,
thiosulfoxide, sulfone, thiosulfone, thiosulfate, hydroxyl,
formyl, hydroxyperoxy, hydroperoxy, peroxy acid, carbam-
oyl, trimethyl silyl, nitro, nitroso, oxamoyl, pentazolyl,
sulfamoyl, sulfenamoyl, sulfeno, sulfinamoyl, sulfino, sulfo,
sulfoamino, hydrothiol, tetrazolyl, thiocarbamoyl, thiocar-
bazono, thiocarbodiazono, thiocarbonohydrazido, thiocar-
boxy, thioformyl, thioacyl, thiocyanato, thiosemicarbazido,
thiosulfino, thiosulfo, thioureido, triazano, triazeno, triazi-
nyl, trithiosulfo, and phosphoric acid ester.

29. The method of claim 15, wherein the voltage is from
approximately 0.1 volts to approximately 10 volts.

30. An electrochemical deblocking solution comprising
approximately 0.01 to 200 mM of lutidine, approximately
0.1 to 100 mM benzoquinone, approximately 0.1 to 2 M
hydroquinone, approximately 0.1 to 5 M tetracthylammo-
nium p-toluenesulfonate, and a solvent having approxi-
mately 10% to, 99% acetonitrile and approximately 1% to
90% methanol.

31. An electrochemical deblocking solution comprising
approximately 0.01 to 200 mM of N,N-diisopropylethy-
lamine, approximately 0.1 to 100 mM 2,5-di-tert-butyl ben-
zoquinone, approximately 0.1 to 100 mM 2,5-di-tert-butyl
hydroquinone, approximately 0.1 to 5 M tetrabutylammo-
nium hexafluorophosphate, and a solvent having approxi-
mately 1% to 99% dichloromethane and approximately 1%
to 99% isopropanol.



