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STABILIZATION OF CARBON DEPOSITION
PRECURSORS LIKE G

RELATED APPLICATIONS
[6081] A PCT Request Form is filed concurrently with this specification as part of the present
application. Each application that the present application claims benefit of or priority to as
identified in the concurrently filed PCT Request Form is incorporated by reference herein in

its entirety and for all purposes.

FIELD
8602} The present disclosure relates to compositions including a mixture or solution of
acetylene and a stabilizer. In particular embodiments, the composition is a stabilized

composition including pressurized acetylene.

BACKGROUND

100831 Acetylene is known 1o be explosive when pressurized above 15 psig {pounds per square
inch gauge). To avoid explosions during storage and transportation, acetylene may be stored
in a canister ot eylinder filled with a porous material having a stabilizer. Acetoue is conmunonly
used as a stabilizer, in part because acetylene is highly soluble in acetone. One volume of
Hquid acetone can absorb twenty-five volumes of gaseous acetylene at temperatures of about
15° C under atmospheric pressure and will continue to absorb an additional twenty-five
volumes of acetylene for every additional atmosphere of pressure to which acetylene is
subjected. In using acetylene as a precursor for the deposition of catbon films in chemical
vapor deposition (CVD) processes, the cylinders are connected to a gas line. Acetyleneis then
fed into the line for introduction to the deposition chamber.

{6004} Background and contextual descriptions contained herein are provided solely for the
purpose of generally presenting the context of the disclosure. Much of this disclosure presents
work of the inventors, and simply because such work is described in the background section or

presented as context elsewhere herein does not mean that it is admitted to be prior art.

SUMMARY
{6605} The present invention relates, in part, t0 a composition including acetylene and one or

more stabilizers.
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{6006} Accordingly, in a first aspect, the composition includes a mixture or solution of:
acetylene; and a stabilizer including a ketone having a vapor pressure of about 30 Torr or lower
at 25° C. In particular embodiments, the acetylene and stabilizer are stored in a containment
vessel.

{0067} In a second aspect, the composition includes a mixture or solution of: acetylene; and a
stabilizer including a ketone. In some embodiments, the ketone 15 selected from acetylacetone
(acac), 2-butanone, 2-penianone, 2-hexanone, 2-heptanone, 2-octanone, Z-nonanone, 2-
decanone, 3-pentancne, 3-heptanone, 3-octanone, 3-nonanone, 3-decanone, and aromatic
aldebydes such as acetophenone, 3-hydroxvacetophenone, cyclohexanone, benzophenone,
butyrophenone, acetylpyrazine, 2-acetyl pyridine, acrylophenone, capillin, dibenzoyimethane,
indenone, I-indanone, paroxypropione, phenylglyoxal, piceol, propriophenocue, pyridoxal,
2.4, 6-trihydroxyacetophenone, 2.4, 5-trihydroxyacetophenone, and valerophenone, as well as
mixtures thereof. In patticular embodiments, the acetylene and stabilizer are stored in a
containment vessel.

{86681 Iv a third aspect, the composition includes a muxture or solution of: acetylene; and a
stabilizer including an ionic liguid {e.g., any described herein, such as an ionic liguid including
one or more cationic moieties and one or more anionic moieties). Exemplary, non-limiting
ionic liquids inchude a cation selected from imidazolium, pyridinium, ammonium,
phosphonium, thiazolium, and triazolium.  In particular embodiments, the acetylene and
stabilizer are stored in a containment vessel.

[800%9] In a fourth aspect, the composition includes a mixture or solution of: acetylene; and a
stabilizer selected from carbenes and silyleves. Io one embodiment, the stabilizer is a carbene
selected from transition metal carbene complexes, N-heterocyclic carbenes, and methylenes.
inother embodiments, the stabilizer is a silylene (e.g., an N-heterocyclic silylene). In particular
embodiments, the acetylene and stabilizer are stored in a containment vessel.

[0810] In a fifth aspect, the composition includes a mixture or solution of: acetylene; and a
stabilizer including an aldehyde (e.g., any described herein). In some embodiments, the
stabilizer is benzaldehyde. In particular embodiments, the acetylene and stabilizer are stored
in a containment vessel.

{8011} In a sixth aspect, the composition includes a mixture or solution of’ acetylene; and a
stabilizer including an ester having a vapor pressure of about 90 Torr or fower at 25° €. In

particular embodiments, the acetylene and stabilizer are stored in a containment vessel.
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{6012} In a seventh aspect, the composition includes a mixture or solution of: acetylene; and a
stabilizer including an amide having a vapor pressure of about 3 Torr or lower at 25° C. In
particular embodiments, the acetylene and stabilizer are stored in a containment vessel.

{0013} In av eighth aspect, the composition includes a mixture or solution of: acetylene; and a
stabilizer including an ether {e.g, furan, tetrahydrofuran, and/or pyran). In particular
embodiments, the acetylene and stabilizer are stored in a containment vessel.

{8014} In a ninth aspect, the composition includes a mixture or solution of’ acetylene; and a
stabilizer including an amine {e.g , any described herein}. In some embodiments, the amine
selected from N-ethyldiisopropylamine, trimethylamine, dimethyvlamine, methylamine,
triethylamine, and tert-butylamine. In other embodiments, the amine is an aromatic amine
{e.g., anihine, N AN-dimethylaniline, piperidine, pyrrole, pyrrolidine, pyridine, pipendine,
imidazole, or pyrimidine}. In particular embodiments, the acetylene and stabilizer are stored
in a containment vessel.

{6615} In a tenth aspect, the composition includes a mixture or solution of acetylene; and a
stabilizer including an imine {e.g., any described herein). In some embodiments, the imine is
selected from Schiff bases and 2,5-cyclohexadiene-1,4-diimine. In particular embodiments,
the acetylene and stabilizer are stored in a containment vessel.

{0016} In an eleventh aspect, the composition includes a mixture or solution of: acetylene; and
a stabilizer including a nitrile having a vapor pressure of about 80 Torr or lower at 25° C. In
particular embodiments, the acetvlene and stabilizer are stored in a containment vessel.

100171 In a twelfth aspect, the composition includes a mixture or solution oft acetylene; and a
stabilizer including a nitrogen-containing saturated heterocyclic ring compound. In some
embodiments, the nitrogen-containing saturated heterocyclic ring compound is selected from
pyrrolidine and morpholine. In particular embodiments, the acetylene and stabilizer are stored
in a containment vessel.

{0018} In a thirteenth aspect, the coruposition includes a mixture or solution of: acetylene; and
a stabilizer including a nitrogen-containing unsaturated heterocyclic ring compound. In some
embodiments, the nitrogen-containing unsaturated heterocyclic ring compound is selected from
pyridine, pyrazine, imidazole, pyrrole, N-iminopyridinium vhide, triazole, thiazole, and
substituted derivatives of any of these, such as N-methylimidizole, 2,6-lutidine, and 4-N,N-
dimethyiaminopyridine. In particular embodiments, the acetylene and stabilizer are stored in

a containment vessel.

[5]
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{0019} In a fourteenth aspect, the composition includes a mixture or solution of acetylene; and
a stabilizer including a mixed electron donor compound including a pi bond and an atom having
a lone electron pair. In some embodiments, the mixed electron donor compound is selected
from acetone, imine, 2-methyl-2-butenone, triazole, and thiazole. In particular embodiments,
the acetylene and stabilizer are stored in a containment vessel.

{0020} In a fitteenth aspect, the composition includes a mixture or solution of: acetylene; and
a stabilizer including a phosphorus-containing compound, in which the phosphorus atom has a
tone electron pair. In some embodiments, the phosphorus-containing compound is selected
triphenylphosphine and triphenviphosphine oxide. In particular embodiments, the acetylene
and stabilizer are stored in a containment vessel.

{06211 Iv a sixteenth aspect, the composition includes a mixture or solution oft acetylene; and
a stabilizer including a sulfur-containing compound, in which the sulfur atom has a lone
electron pair. In some embodiments, the sulfur-containing compound is selected of thiophene,
thiazolium, thiazole, 2-methyithiophene, 3-methylthiophene, 2 4-dimethyithiophene,
beneothiophene, and Z-methylbenzothiophene. In particular embodiments, the acetylene and
stabilizer are stored in a containment vessel.

[0022] In a seventeenth aspect, the composition includes a mixture or solution of: acetylene;
and a stabilizer including an ussaturated linear or branched hydrocarbon. In some
embodiments, the unsaturated linear or branched hydrocarbon is selected from butene,
butadiene, 1-butyne, propyne, pentene, octeng, heptene, hexyne, 1-hepiyne, l-octyne, 1-
nonyne, and 1-decyne. In particular embodiments, the acetylene and stabilizer are stored in a
containment vessel.

{6023} In an eighteenth aspect, the composition includes a mixture or solution of: acetylene;
and a stabilizer that is an unsaturated ring hydrocarbon having a vapor pressure of about 5 Torr
or lower at 25° C. In particular embodiments, the acetylene and stabilizer are stored in a
contatoment vessel.

{6024} In a nineteenth aspect, the composition includes a mixture or soiution of acetylene; and
a stabilizer including a non-aromatic unsaturated ring hydrocarbon. In some embodiments, the
stabilizer ts cyclopentene or cyclohexene. In particular embodiments, the acetylene and
stabilizer are stored in a containment vessel.

{0025] In a tweantieth aspect, the composition {(e.g., the stabilized composition} inchudes an
acetylene (e.g., a pressurized acetylene); and a stabilizer including a nitrogen atom, wherein

the stabilizer is not dimethylformamide, not dimethylacetamide, not N-methyl-2-pysrolidone,
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and not acetonitrite.  In some embodiments, the stabilizer further includes optionally
substifuted heterocyclyl. In other embodiments, the stabilizer is an amide (e .g., a dialkyl amide,
a pyrrolidone, an acetamide, a morpholide, an ester amide, and a cyclic amide}, an amine (e .g.,
an amine including optiovally substituted aliphatic, optionally substituted alkyl, optionally
substituted aryl, optionally substituted aliphatic-aryl, optionally substituted alkyl-aryl,
optionally substituted alkenvl-aryl, optionally substituted alkynyl-aryl, optionally substituted
hetercaliphatic, optionally substituted hetercalkyl, optionally substituted heterocyclyt, or
optionally substituted alkyl-heterocyclyl), a guanidine, an imine, or an N-heterocyclic carbene.
In yet other embodiments, the stabilizer is a Schiff base.

{6026} In a twenty-first aspect, the composition {(e.g, the stabilized composition} includes an
acetylene (e.g., a pressurized acetyiene); and a stabilizer that is a heterocycle, wherein the
stabilizer is not 1,3-dioxclane, not 1,4-dioxane, and not N-methyl-2-pyrrolidone. In some
embodiments, the heterocyele is an aromatic heterocycle, a bicyclic heterocyele, a cyclic ether,
a cyclic ester, a cyclic carbonate ester, a cyclic amine, a cyclic amide, or an N-heterocyclic
carbene. In other embodiments, the heterocycle includes one or wore hetercatoms selected
from the group consisting of nitrogen (N), oxygen {3), or sulfur (8}

{8027} In a twenty-second aspect, the composition {(e.g., the stabilized composition) includes
an acetylene (e.g, a pressurized acetylene);, and a stabilizer that is a substituted aromatic
hiydrocarbon having one or more substitutions, wherein the one or more substitutions are
selected from the group consisting of halo, amine, and optionally substituted C2.¢ alkyl. In
some embodiments, the aromatic hydrocarbon includes a first substitution selected from the
group consisting of halo, amine, and optionally substituted Ca.s alkyl and a second substitution
selected from the group consisting of halo, amine, and optionally substituted alkyl.

{8028} In a twenty-third aspect, the composition (e g, the stabilized composition) includes an
acetylene (e.g., a pressurized acetylene); and a stabilizer that is an optionally substituted alkene
or an optionally substituted alkyne. In some emobodiments, the optionally substituted alkene 13
a diene,

{6029} In a twenty-fourth aspect, the composition {e.g., the stabilized composition) includes
an acetylene (e.g., a pressurized acetylens); and a stabilizer that is an aldehyde or an ether,
wherein the stabilizer is not 1, 3-dioxolane and not 1 4-dioxane. In some embodiments, the
aldehyde includes an optionally substituted aliphatic, optionally substituted alkyl, optionally
substituted aryl, optionally substituted aliphatic-aryl, optionally substituted alkyl-aryl,

optionally substituted alkenyl-aryl, optionally substituted alkynyl-aryl, optionally substituted
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heteroaliphatic, optionally substituted hetercalkyl, optionally substituted heterocycelyvl, or
optionally substituted alkyl-heterocyclyl having one or more aldehyde moieties. In other
embodiments, the ether includes optionally substituted aliphatic, optionally substituted alkyl,
optionally substituted aryl, optionally substitnied aliphatic-aryl, optionally substituted alkyi-
aryl, optionally substituted alkenvl-aryl, optionally substituted alkynyl-aryl, optionally
substituted  heteroaliphatic, optionally  substituted  heteroalkyl, optionally substituted
heterocyclyl, or optionally substituted alkyl-heterocyclyt.

{80381 In a twenty-fifth aspect, the composition {e.g., the stabilized composition) includes an
acetylene {e.g., a pressurized acetylene); and a stabilizer that is an ester selected from the group
consisting of a cyclic ester, & glycol based ester, & lactate, a carbonate ester, an amino ester,
and a diester. In some embodiments, the ester includes one or more amino.

{0031} In a twenty-sixth aspect, the composition {e.g., the stabilized composition} includes an
acetylene {(e.g., a pressurized acetylene); and a stabilizer that is a cyclic ketone, an aryl ketone,
a dione, or a trione. In some embodiments, the siabilizer includes optionally substituted
cycloalkyl or optionally substituted aryl.

{06321 In a twenty-seventh aspect, the composition {e.g., the stabilized composttion) includes
an acetylene {e.g., a pressurized acetylene); and a stabilizer that is a carbene or a carbene
derivative. In some embodiments, the carbene includes optionally substituted aliphatic,
optionally substituted alkyl, optionally substituted aryl, optionally substituted aliphatic-aryl,
optionally substituted alkyl-aryl, optionally substituted alkenvl-aryl, optionally substituted
alkynyl-aryl, or optionally substituted heterocyelyl. In other embodiments, the carbene or the
carbene derivative includes a thiazol-2-ylidene moiety, a dihydroimidazol-2-ylidene moiety,
an imidazol-2-ylidene moiety, a phosphinocarbene moiety, a triazol-5-ylidene moiety, or a
cyclopropenylidene moiety. In yet other embodiments, the carbene or the carbene derivative
is selected from an aminothiocarbene compound, an amincoxycarbene compound, a
diaminocarbene compound, a heteroamine carbene compound, a 1,3-dithiolium carbene
compound, a mescionic carbene compound, a cyclic alkyl amino carbene compound, a
boranylidene compound, a silylene compound, a stannylene compound, a nitrene compound, a
phosphinidene compound, and a foiled carbene compound.

186331 In a twenty-cighth aspect, the composition {e.g., the stabilized composition) includes
an acetylene {e.g., a pressurized acetylene); and a stabilizer that is a2 metal compound, an onium
compound, an organosulfur compound, or an organophosphorus compound, wherein the

stabilizer is not dimethylsulfoxide. In some embodiments, the oniurs compound is selected
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from a nitronium ion, a nitrosonium ion, a bis(triphenylphosphine) imintum ion, an iminum
ion, a diazentum ion, a guanidinium ion, a nitrilium ion, a diazonium ion, a pyridinium ion, a
pyrylium ion, and a thionitrosyl ion. In other embodiments, the organosulfur compound is
selected from a thioester, a sulfoxide, a sulfone, a thiosulfinate, a sulfimide, a sulfoximide, a
sulfonediimine, an S-nitrosothiol, a thicketone, a thioaldehyde, a thicamide, a sulfonium, an
oxosulfonium, and a thiocarbonyl vlide. In yet other embodiments, the organophosphorus
compound is selected from a phosphate ester, a phosphate amide, a phosphonate, a phosphinate,
a phosphine oxide, a phosphine imide, and a phosphonium salt.

{0034} In a twenty-ninth aspect, the composition {g.g., the stabilized composition) includes an
acetylene {e.g., a pressurized acetylene); and a stabilizer that is an ionic liquid. In some
embodiments, the ionic liquid includes a cationic motety including imidazolium, pyridininm,
pyrrofidinium, ammonium, phosphonium, thiazolium, or triazolium; and further includes an
anionic motety including tetrafluoroborate, hexafluorophosphate, bistriflimide, triflate, acetate,
trifluorcacetate, triflimide, halide, bis(triflucromethyisulfonyliimide, methylsulfate, ethyl
sulfate, docusate, or dicyanamide.

{86351 In any embodiment herein, the acetylene and the stabilizer are stored in a containment
vessel.

{0036} In any embodiment herein, the acetylene and the stabilizer are stored under a pressure
of at least about 200 psi.

{0037} These and other features of the disclosure will be presented in more detail below with

reference to the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
{0838} Figure 1 depicts a non-limiting process flow diagram for forming an ashable hardmask.
{0039} Figure 2 depicts a non-limiting block diagram for a deposition system.
{0048} Figure 3 depicts a non-limiting process flow diagram for treating an acetylene gas
stream.
{0041} Figure 4 depicts a non-limiting block diagram for a pre-processing module.
{0042 Figure S depicts a3 non-limiting schematic diagram for a trap in a pre-processing
module.

{0043} Figure 6 depicts a non-limiting block diagram for a reactor,
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DETAILED DESCRIPTION
Acetylene for depasition processes in I( fabrication
8044} Acetylene is a precursor for carbon deposition. Due to its low lonization energy, it can
perform well for carbon deposition through plasma enhanced chemical vapor deposition
{(PECVD). One type of carbon film deposited using acetylene is the ashable hard mask (AHM ).
8045} However, acetylene may be used in depositing various other types of films, and it is not
fimited to the deposition of ashable hardmask films. This disclosure pertains to any carbon-
based film using acetylene as a precursor in semiconductor processing,
{6046} Acetylene for semiconductor processing may be supplied in cylinders (also referred to
as bottles) storing 200-500 cubic feet of acetylene {(at standard temperature and pressure),
where acetylene is dissolved w acetone.  Acetylene vendors inciude Dow Chemicals, Air
Products, PraxAir, Air Gas, Linde Gas, and other suppliers.
{0047} As mentioned, acetylene bottles used in semiconductior processing are sometimes
stabilized with acetone. Acetone is less toxic and less expensive than some other stabilizers.
However, it would be useful to have other stabilizers.
Examples of stabilizers
[0048] As indicated, acetylene storage requires a stabilizer. Currently, industry stabilizers
inchude acetone and dimethyiformamide (DMF). Additional acetylene stabilizers are described
herein.
{0049} In certain embodiments, an acetylene stabilizer has a vapor pressure of about 7000 Torr
or fower at 25° C. In certain embodiments, an acetylene stabilizer has a vapor pressure of about
700 Torr or lower at 257 C. In certain ernbodiments, an acetylene stabilizer has a vapor pressure
of about 150 Torr or lower at 25° C. In certain embodiments, an acetylene stabilizer has a
vapor pressure of about 75 Torr or lower at 25° €. In certain embodiments, an acetylene
stabilizer has a vapor pressure of about 10 Torr or lower at 25° C.
[8050] In certain embodiments, the stabilizer 19 a nucleophile, such as a compound baving a
fone pair of electrons on an atom and/or a covalent pi bond. In some cases, the stabilizer has
more than one lone pairs of electrons, more than one pi bond, or a combination of one or more
fone pairs of electrons and one or more pi bonds.
{0031} To be clear, compounds having a “lone pair” of electrons have an orbital with two
electrons that do not bond with any other atoms. In other words, the ione pair electrons are not

shared with any other atoms.
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{00521 P1 bonds and lone pair electrons can stabilize acetylene by a stacking mechanism, in
which pi bonds from acetylene’s carbon-carbon triple bond stably interact with a pi bond or an
orbital tfrom a lone pair of electrons. A similar stabilization mechanism is “pi stacking” that
provides attractive, non-covalent interactions between aromatic groups.

{6053} One class of acetylene stabilizer for use with this disclosure is the ionic liquids. In
certain embodiments, the tonic liquids have ions with a heterocvclic ring, which may be
aromatic. Examples of ionic liquid acetylene stabilizers include imidazolium, pyridinium,
ammonium, phosphonium, thiazolium, and triazolium cations. Bxamples of anions include
tetrafluoroborate  (BFY), hexafluorophosphate (PF™), wiflate (CF380s37), triflimide,
dicyanamide {C2N37), and the like. Specific examples include cation-anion pairs of any of
these. In certain erubodiments, the wonic higuid stabilizer has a vapor pressure of about 20 Torr
or lower at 25° C.

{8054} Another class of acetylene stabilizer for use with this disclosure is the carbenes.
Carbenes have general formula R'R*C: (where “” is an unbonded, lone electron pair). One
class of stable carbenes that may be used to stabilize acetylene are the transition metal carbene
complexes. These include, e g., Schrock or Fisher carbenes of general formula M=R having
the classic structures iHlustrated in Scheme 1 (below).

Scheme ¥

Sehrock

[06035] Examples of other carbene-type acetyleve stabilizers include N-beterocyclic carbenes,
methylenes, and silicon derivatives including silylenes that may be, for example, N-
heterocyclic silylenes (persistent silylenes) or of the type RIR-Si: | where - is a lone electron
pair. In certain embodiments, the carbene or silylene stabilizer has a vapor pressure of about
7000 Torr or lower at 25° €. In certain embodiments, the carbene stabilizer has a vapor
pressure of about 700 Torr or lower at 25° C.

{0056} Another class of acetvlene stabilizer for use with this disclosure 1s the organic, oxygen-
containing compounds, in which the oxygen atom has a lone electron pair. One example of an
oxygen-containing moiety for this class of stabilizer is the carbonyl group. Ancther example

of such moiety is the ether group. Anocther example of such moiety is the alcohol group.

O
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Exampies of organic carbonyl compounds include ketones, aldehydes, carboxylic acids, esters,
and amides.

{8037} Suitable acetylene stabilizing ketones may have the general formula XYC=0. In
certain embodiments, X is the same as Y. In certain embodiments, X and Y are not the same,
In certain embodiments, each X and/or Y is independently selected from hydrogen, aliphatic,
arvi, hetercaliphatic, or heteroaryl. Exemoplary alkyl group includes, but are not limited to,
methyl, ethyl, propyl, butyl, isopropyl, and t-butyl. In certain embodiments, aryl rings of the
aryl ketones are substituted at the 1, 2, and/or 3 positions; and the aryl rings can be substituted
with one or more functional groups selected from aliphatic, alkoxy, amide, amine, thicether,
haloalkyl, nitro, halo, silyl, cycloaliphatic, arvl, and the like.

[0058] Examples of ketones that may serve as acetylene stabilizers inchude acetylacetone
(acac), 2-butanone, 2-pentanone, Z-hexanone, 2-heptanone, Z-octanone, Z-nonanone, 2-
decanone, 3-pentanone, 3-heptanove, 3-octanone, 3-nonanove, 3~decanone, and aromatic
aldehydes such as acetophenone, 3-hydroxyacetophenone, cyclohexanone, benzophenone,
butyrophenone, acetylpyrazine, 2-acetyl pyridine, acrylophenone, capillin, dibenzoylmethane,
indenone, I-indanone, paroxypropione, phenviglvoxal, piceol, propriophenone, pyridoxal,
2.4,6-trihydroxvacetophenone, 2,4, 5-trihydroxyacetophenone, and valerophenone. In certain
embodiments, the ketone stabilizer has a vapor pressure of about 700 Torr or lower at 25° C.
In certain embodiments, the ketone stabilizer has a vapor pressure of about 30 Torr or lower at
25° .

100591 An example aldehvde that may serve as acetviene stabilizers 1s benzaldehyde. In
certain embodiments, the aldehyde stabilizer has a vapor pressure of about 700 Torr or lower
at 25° C. In certain embodiments, the aldehyde stabilizer has a vapor pressure of about 200
Torr or lower at 25° C.

0068} Carboxylic acids may serve as acetvlene stabilizers. In certain embodiments, the
carboxylic acid stabilizer has a vapor pressure of about 700 Torr or lower at 25° C. In certain
embodiments, the carboxylic acid stabilizer has a vapor pressure of about 15 Torr or lower at
25°C.

{0061} Esters may serve as acetylene stabilizers. In certain embodiments, the ester stabilizer
has a vapor pressure of about 700 Torr or lower at 25° C. In certain embodiments, the ester

stabilizer has a vapor pressure of about 90 Torr or lower at 257 C.

10
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{0062} Various amides may serve as acetylene stabilizers. In certain embodiments, the amide
stabilizer has a vapor pressure of about 700 Torr or lower at 25° C. 1o certain embodiments,
the amide stabilizer has a vapor pressure of about 3 Toir or lower at 25° C.

[6063] Examples of ethers that may serve as acetylene stabilizers include furan,
tetrahydrofuran, and pyran. In certain embodiments, the ether stabilizer has a vapor pressure
of about 700 Torr or lower at 25° C. In certain embodiments, the ether stabilizer has a vapor
pressure of about 100 Torr or lower at 25° C.

18064} Examples of alcohols that may serve as acetylene stabilizers include the multifunctional
alcohols, such as glycerol or glycerine. In certain embodiments, the alcohol stabilizer has a
vapor pressure of about 700 Torr or lower at 25° C. In certain embodiments, the alcohol
stabilizer has a vapor pressure of about 100 Torr ot lower at 25° C.

{8065} Another class of acetylene stabilizer for use with this disclosure is the organic, nitrogen-
containing compounds, in which the nitrogen atom has a love electron pair. Examples of types
of compounds in this class include amines, imines, nitriles, nitrogen-containing saturated
heterocyelic ring compounds, nitrogen-containing uusaturated heterocyclic ring compounds,
and amides.

[8066] Examples of amines that may serve as acetylene stabilizers include N-
ethyldiisopropylamine, trimethylamine, dimethylamine, methylamine, triethylamine, tert-
butylamine, aromatic amines, and heterocyclic amines. Examples of aromatic amines include
aniline and iis derivatives such as N N-dimethylaniline, piperidine, pyrrole, pyrrolidine,
pyridine, piperidine, imidazole, and pyrimidine. In certain embodiments, the amine stabilizer
has a vapor preasure of about 700 Torr or lower at 257 C. In certain embodiments, the amine
stabilizer has a vapor pressure of about 100 Torr or lower at 25° C.

{8067} Examples of tmines that may serve as acetylene stabilizers include Schiff bases and
diimines such as 2,5-cyclohexadiene-1,4-diimine. In certain embodiments, the imine stabilizer
has a vapor pressure of about 700 Torr or lower at 25° C. In certain emboduments, the imine
stabilizer has a vapor pressure of about 100 Torr or lower at 25° C.

{0068} An example of a nitrile that may serve as acetylene stabilizers ts benzonitrile. In certain
embodiments, the nitrile stabilizer has a vapor pressure of about 700 Torr or lower at 257 C.
In certain embodiments, the nitrile stabilizer has a vapor pressure of about 80 Torr or lower at
259 C.

{6069} Examples of nitrogen-containing saturated heterocyclic ring compounds that may serve

as acetylene stabilizers include pyrrolidine, morpholive, and substituted derivatives of any of

11
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these. In certain embodiments, the nitrogen-containing saturated heterocyclic ring compound
has a vapor pressure of about 700 Torr or lower at 25° C. In certain embodiments, the nitrogen-
containing saturated heterocyclic ring compound has a vapor pressure of about 100 Torr or
fower at 25° C.

{0079} Examples of nitrogen-containing unsaturated heterocyclic ring compounds, including
aromatic heterocycles, that may serve as acetylene stabilizers include pyridine, pyrazine,
imidazole, pyrrole, N-iminopyridinium ylide, triazole, thiazole, and substituted derivatives of
any of these, such as N-methvlimidizole, 2,6-lutidine, and 4-N, N-dirmnethylaminopyridine. In
certain embodiments, the nitrogen-containing unsaturated heterocyclic ring compound has a
vapor pressure of about 700 Torr or lower at 25° €. In certain embodiments, the nitrogen-
containing unsaturated heterocyclic ring compound has a vapor pressure of about 100 Torr or
fower at 25° C.

{8071} Another class of acetylene stabilizer for use with this disclosure includes mixed electron
donor compounds. These are compounds that have at least two distinet electron donors. In
certain emobodiments, a mixed donor compound has two different types of electron donor (e.g.,
api bond and a lone electron pair}. Examples of compounds in this class include acetone imine,
2-methyl-2-butenone, triazole, morpholine, and thiazole. In certain embodiments, the mixed
electron donor compound has a vapor pressure of about 700 Torr or lower at 25° €. In certain
embodiments, the mixed electron donor compound has a vapor pressure of about 100 Torr or
fower at 25° C.

10072] Ancther class of acetylene stabilizer for use with this disclosure is the phosphorus-
containing compounds, o which the phosphorus atom has a lone electron pair. Examples of
types of compounds in this class include various phosphines. Examples of phosphine
compounds that may be used as stabilizers include triphenylphosphine and triphenylphosphine
oxide. In certain embodiments, the phosphorus-containing compound has a vapor pressure of
about 700 Torr or lower at 25° C. In certain embodiments, the phosphorus-containing
compound has a vapor pressure of about 100 Torr or lower at 25° €.

{6073} Another class of acetylene stabilizer for use with this disclosure is the sulfur-containing
compounds, in which the sulfur atom has a fone electron pair. Examples of types of compounds
in this class include aromatic heterocyclic ring compounds such as thiophene, thiazolium,
thiazole, and their salts and derivatives, such as 2-methylthiophene, 3-methvlthiophene, 2,4~
dimethylthiophene, benzothiophene, and Z-methylbenzothiophene. In certain embodiments,

the sulfur-countaining compounds has a vapor pressure of about 700 Torr or lower at 25°C. To
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certain embodiments, the sulfur-containing compounds has a vapor pressure of about 100 Torr
or lower at 25° C.

18074} Another class of acetylene stabilizer for use with this disclosure is the unsaturated linear
and branched bydrocarbons having at least one double bond or triple bond. The linear and
branched hydrocarbons include -ene and -yne compounds having two or more carbon atoms.
In certain embodiments, the compounds have two to twenty carbon atoms. Examples of
unsaturated linear and branched hydrocarbons that may serve as acetylene stabilizers include
butene, butadiene, 1-butyne, propyne, pentene, octene, heptene, hexyne, 1-heptyne, l-octyne,
1-nonyne, 1-decyne, and substituted derivatives of any of these. In certain embodiments, the
unsaturated linear and branched hydrocarbon has a vapor pressure of about 700 Torr or lower
at 25° C. Incertain embodiments, the unsaturated linear and branched hydrocarbon has a vapor
pressure of about 100 Torr or lower at 25° C.

{0075} Another class of acetylene stabilizer for use with this disclosure 13 the unsaturated ring
hiydrocarbons having at least one double bond or triple bond. In certain embodiments, the
unsaturated ring hydrocarbon is an aromatic compound having five or more carbon atoms. Io
certain embodiments, the aromatic hydrocarbon has a vapor pressure of about 700 Torr or lower
at 25° C. In certain embodiments, the aromatic hydrocarbon has a vapor pressure of about 5
Torr or lower at 257 C.

{0076} Another class of acetylene stabilizer for use with this disclosure is the non-aromatic
unsaturated ring hydrocarbons having at least one double bond or triple bond.  In certain
embodiments, an unsaturated ring hydrocarbon has five or more carbon atoms. Examples
include cyclopentene cyclohexene, and substituted derivatives of these. In certain
embodiments, the non-aromatic unsaturated ring hydrocarbon has a vapor pressure of about
700 Torr or lower at 25° €. In certain embodiments, the non-aromatic unsaturated ring
hydrocarbon has a vapor pressure of about 100 Torr or lower at 25° C.

{0077} Acetylene stabilizers may include either oune of the above compounds or some
combination of these compounds.

Farther examples of aceivlene stabilizers

{88781 This section presents various examples of acetyiene stabilizers usetul in embodiments
of this disclosure. Some, but not all, the stabilizers described in this section overlap with those
presented in the prior section.

{0079} The term “acyl,” or “alkanoyl,” as used interchangeably herein, represents groups of 1,

2,3,4,5,6,7, 8 or more carbon atoms of 4 straight, branched, cyclic configuration, saturated,
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unsaturated and aromatic, and combinations thereof, or hydrogen, attached to the parent
molecular group through a carbonyl group, as defined berein. This group is exemplified by
formyl, acetyl, propionyl, isobutyryl, butanoyl, and the like. In some embodiments, the acyl
or alkanoy! group is -C{O)-R, in which R i3 hydrogen, an aliphatic group, or an aromatic group,
as defined herein.

{00801 By “acyl halide” s meant ~-C(OX, where X is a halogen, such as Br, F, I, or CL
{6081} By “aldehyde” is meant a -C(O)H group or a compound including such a group. An
exampie of an aldehvde can include RC(OM, in which R is selected from aliphatic,
haloaliphatic, halcheteroaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic,
heteroaliphatic-aromatic, as defined herein, or any combination thereof.

{00821 By “aldebydealkyl” is meant an aldehyde group, as defined herein, attached to the
parent molecular group through an alkyl group, as defined herein. In some embodiments, the
aldebydealkyl group is -L-C{OM}, in which L s an alkyl group, as defined herein.

{0083} By “aliphatic” is meant a hydrocarbon group having at least one carbon atom to 30
carbon atoms {Ci-so), such as one to 25 carbon atoms {Ci25), or one o ten carbon atorus (Cr
16}, and which includes alkanes {(or alkvl), alkenes {or alkeny!}, alkynes (or alkynyl}, including
cyelic versions thereof, and further including straight- and branched-chain arrangements, and
all stereo and position tsomers as well.

{0084} By “aliphatic-aryl” is meant an ary] group that is or can be coupled to a compound
disclosed herein, where the aryl group is or becomes coupled through an aliphatic group, as
defined herein. In some embodiments, the aliphatic-aryl group is -L-R, in which L is an
aliphatic group, as defined herein, and R is aun aryl group, as defined herein.

{0085} By “aliphatic-hetercaryl” is meant a heteroaryl group that is or can be coupled to a
compound disclosed herein, wherein the heteroary] group is or becomes coupled through an
aliphatic group, as defined herein. In some embodiments, the aliphatic-heteroary! group is -L-
R, in which L is an aliphatic group, as defined herein, and R is a heteroaryl group, as defined
herein.

{06686} By “alkyl-aryl,” “alkenyl-aryl,” and “alkynyl-ary!” is meant an aryi group, as defined
herein, that ts or can be coupled {or attached} to the parent molecular group through an alkvl,
alkenyl, or atkynyl group, respectively, as defined herein. The alkyi-aryl, alkenyl-aryi, and/or
alkynyl-aryl group can be substituted or unsubstituted. For example, the alkyl-aryl, alkenyl-
aryl, and/or alkynyl-aryl group can be substituted with one or more substitution groups, as

described herein for alkyl, alkenyl, alkynyl, and/or aryl. Exemplary unsubstituted atkyl-ary]
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groups are of from 7 to 16 carbons {Cras alkyl-aryl), as well as those having an alkyl group
with 1 to 6 carbons and an aryl group with 4 to 18 carbons (ie, Cie alkyl-Caas aryl).
Exemplary unsubstituted alkenyl-aryl groups are of from 7 to 16 carbons {Cr.i6 alkenyl-arvl),
as well as those having an alkeoyl group with 2 to 6 cathous and an ary] group with 4 to 18
carbons (i.e., Cz alkenyl-Ca.iz aryl). Exemplary unsubstituted alkynyl-aryl groups are of from
7 to 16 carbons (Crais alkynyl-aryl), as well as those having an alkynyl group with 2 10 6
carbons and an aryl group with 4 to 18 carbons (e, Cre alkynyl-Csas aryl). In some
embodiments, the alkyl-aryl group is -L-R, in which L is an alkyl group, as defined herein, and
R is an aryl group, as defined herein. In some embodiments, the alkenyl-aryl group is -L-R, in
which L is an alkenyl group, as defined herein, and R is an aryl group, as defined herein. In
some emboduments, the alkynyl-aryl group is -L-R, in which L is an alkynyl group, as defined
herein, and R is an aryl group, as defined herein.

{6087} By “alkyl-cycloalkyl” is meant a cycloalkyl group, as defined herein, atiached to the
parent molecular group through an alkyl group, as defined herein. The alkyl-cycloalkyl group
can be substituted or unsubstituted. For example, the alkyl-cycloalkyl group can be substituted
with one or more substitution groups, as described herein for alkyl. In some embodiments, the
alkyl-cycloalkyl group is -L-R, in which L is an alkyl group, as defined herein, and R is a
cycioalkyl group, as defined hergin,

{6088} By “alkeny!” is meant an unsaturated monovalent hydrocarbon having at least two
carbon atom to 50 carbon atoms {Ca-sed, such as two to 25 carbon atoms {(2-25), or iwo to ten
carbon atoms {Cz.10), and at least one carbon-carbon double bond, wherein the unsaturated
monovalent hydrocarbon can be derived from removing one hydrogen atoro from one carbon
atom of a parent alkene. An alkenyl group can be branched, straight-chain, cyclic (e.g.,
cycloalkenyl), cis, or trans {e.g, E or Z).  An exemplary alkenyl includes an optionally
substituted Cz.24 alkyl group having one or more double bonds. The alkenyl group can be
monovalent or multivalent {o.g., bivalent) by removing one or more hydrogens to form
appropriate attachment to the pareni molecular group or appropriate attachment between the
parent molecular group and another substitution. The alkenyl group can also be substituted or
unsubstituted. For example, the alkenyl group can be substituted with one or more substitution
groups, as described herein for alkyl.

{6089} By “alkyi-heteroaryl” is meant a heteroaryl group, as defined herein, attached to the

parent molecular group through an alkyl group, as defined herein. In some embodiments, the
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alkyl-heteroary!l group ts -L-R, in which L 1s an alkyl group, as defined herein, and R is a
heteroaryl group, as defined herein.

18098} By “alkyl-heterocyclyl,” “alkenyl-heterocyelyl,” and “alkynyl-heterocycly!” is meant a
heterocyclyl group, as defined herein, that is or can be coupled {or attached) to the parent
molecular group through an alkyl, alkenyl, or alkyny! group, respectively, as defined herein.
The alkyl-heterocyclyl, alkenyl-heterocyclyl, and/or alkynyl-heterocyelyl group can be
substituted or unsubstituted. For example, the alkyl-heterocyclyl, alkenyl-heterccyclyl, and/or
alkynyl-heterocyclyl group can be substituted with one or more substitution groups, as
described herein for alkyl, alkenyl, alkynyl, and/or heterocyclyl. Exemplary unsubstituted
alkyl-heterocyclyl groups are of from 2 to 16 carbons (Crae alkyi-heterocyclyl), as well as
those having an alkyl group with 1 1o 6 carbons and a heterocyciyl group with 1 1o 18 carbons
(i.e., Cis alkyl-Crag heterocyclvl). Exemplary unsubstituted alkenyi-heterocycly! groups are
of from 3 to 16 carbons {Cs.15 alkenyl-heterocyclyl), as well as those having an alkenyl group
with 2 to & carbons and a heterocyclyl group with 1 to 18 carbons (i.e, Crs alkenyl-Ciis
heterocyelyl).  Exemplary wosubstituted alkynyl-heterocyclyl groups are of from 3 to 16
carbons (Csas allynyl-beterocyclyl), as well as those having an alkynyl group with 2 t0 6
carbons and a heterocyelyl group with 1 to 18 carbons (i.e, Crs alkynyl-Ci.is heterocyclyl).
In some embodiments, the alkyl-heterocyclyl group ts -L-R, in which L ts an alkvl group, as
defined herein, and R i3 a heterocvelyl group, as defined herein. In some embodiments, the
alkenyl-heterocyclyl group is -L-R, in which L is an alkeny! group, as defined herein, and R is
a heterocyelyl group, as defined herein. In some embodiments, the alkynyl-heterocyelyl group
is ~-L-R, in which L is an alkynyl group, as defined herein, and R is a heterocyclyvl group, as
defined herein.

{80911 By “alkoxy” i3 meant ~-OR, where R is an optionally substituted aliphatic group, as
described herein. Exemplary alkoxy groups include, but are not limited to, methoxy, ethoxy,
R-propoxy, isopropoxy, n-butoxy, t-butoxy, sec-butoxy, n-pentoxy, trihaloalkoxy, such as
triftuoromethoxy, etc. The alkoxy group can be substituted or unsubstituted. For example, the
alkoxy group can be substituted with one or more substitution groups, as described herein for
alkyl. Exemplary unsubstituted alkoxy groups include Cia, Cig, Cro12, Ciot6, Crag, Ciao, or Cr-
24 alkoxy groups.

{6092} By “alkoxyalkvl” is meant an alky! group, as defined herein, which is substituted with
an alkoxy group, as defined herein. Exemplary unsubstituted alkoxyalkyl groups include

between 2 to 12 cartbous {Co-12 alkoxyalkyl), as well as those having an alkyl group with 110 6
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carbons and an alkoxy group with 1 to 6 carbons (i.e, Cis alkoxy-Crs alkyl). In some
embodiments, the alkoxyalkyl group is -L-O-R. in which each of L and R is, independently, an
alkyl group, as defined herein.

{00931 By “alky]l” is meant a saturated monovalent hydrocarbon baving at least one carbon
atom to 50 carbon atoms {Ci-s0), such as one to 25 carbon atoms {Ci.2s), or one to ten carbon
atoms {Cr.i0), wherein the saturated monovalent hydrocarbon can be derived from removing
one hydrogen atom from one carbon atom of a parent compound {&.g., alkane). An alkyl group
can be branched, straight-chain, or cyclic {e.g., cycloalkyl). An exemplary alkyl includes a
branched or unbranched saturated hydrocarbon group of 1 to 24 carbon atoms, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, t-butyl, n-pentyl, isopentyl, s-pentyl,
neopentyl, hexyl, heptyl, octyl, nowyl, decyl, dodecyl, tetradecyl, hexadecyl, eicosvi,
tetracosyl, and the like. The alkyl group can also be substituted or unsubstituted. The alkyi
group can be monovalent or multivalent {e.g., bivalent) by removing one or more hydrogens to
form appropriate attachment to the parent molecular group or appropriate attachment between
the parent molecular group and another substitution. For example, the alkyl group can be
substituted with one, two, three or, in the case of alkyl groups of two carbons or more, four
substituents independently selected from the group consisting of: (1) Ci. alkoxy (e.g., -O-R,
in which R is Cis alkyl), (2) Cis alkylsulfiny] {e.g., ~-S{O}R, 1n which R is Crs alkyl}; (3} Ci-
s alkylsulfonyl (e.g, -SOu-R, in which R is Cis alkyl), (4) amine (e.g., -C(OWNR'R? or -
NHCOR', where each of R' and R? is, independently, selecied from hydrogen, aliphatic,
hetercaliphatic, haloaliphatic, halohetercaliphatic, aromatic, as defined herein, or any
combination thereof, or R! and R%, taken together with the nitrogen atom to which each are
attached, can form a heterocyclyl group, as defined herein); (5) aryl; (6) arylatkoxy {e.g., -O-
L-R, o which L is alkyl and R w aryl);, (7) aryloyl (e.g., ~C(O)-R, in which R 1s aryl); (8) ando
{e.g., -N3}; (9) cyanc {e.g., -CN}; (10} aldehyde (e.g., -C{O}H); (11) Cax cycloalkyl; (12} halo;
{13) heterocyclyl (e.g., as defined herein, such as a 5-, 6~ or 7-membered ring containing one,
two, three, or four non-carbon hetercatoms); (14} heterocyclyloxy (e.g, -O-R, in which R is

heterocyelyl, as defined herein); (15)heterocyclyloyl (eg., -C{O)-R, in which R is

heterocyclyl, as defined heretn}; (16) hydroxyl {e.g., ~OH), (17) N-protected aming; (18) nitro
{e.g., -NG2y, (19) oxo {e.g., =0); (20) Ci thicalkoxy (e g., -S-R, in which R is alkyl)y; (21)
thiol {e.g., -SH): (22) -CO2R!, where R! is selected from the group consisting of (a) hydrogen,
{b) Crs alkyl, {¢) Caas aryl, and (d) Crs alkyl-Caaz aryl {e.g., -L-R, in which L is C1.6 alkyl and

R is Cyaax aryl); (23) -C(OINR'R?, where each of R! and R? is, independently, selected from

s
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the group consisting of (a) hydrogen, (b) Cus alkyl, {¢) Caus aryl, and (d) Cis alkyl-Cag aryl
(e.g,-L-R, in which L is Ci.6 alkyt and R is Cis aryl); (24) -SO:R!, where R! is selected from
the group consisting of (a) Cis alkyl, (b) Caas aryl, and (¢} Cie alkyl-Cai3 arvi {e.g., -L-R, in
which L is Cis alkyl and R is Caag aryl);, (25) -SO2NRIR?, where each of R! and R? is,
independently, selected from the group consisting of (&) hydrogen, (b} Cis alkyl, (¢} Csas aryl,
and {d) Cis alkyl-Caus aryl {e.g., -L-R, in which L 15 Cic alkyl and R is Caae aryl); and
(26) -NR'R?, where gach of R' and R is, independently, selected from the group consisting of
{a) hydrogen, (b) an N-protecting group, (¢) Ci.¢ alkyl, {d) Cas alkenyl, (e} Cr.6 alkynyl, (f) Ca
s aryl, (g) Cis alkyl-Caus aryl {e.g., -L-R, in which L is Crs alkyl and Riis Caie aryl), (h) Ca.
s cycloalkyl, and (1} Cros alkyl-Css cycloatkyl (e.g., -L-R, in which L 1s Cis alkyl and R 15 Cs.
s cycloallyl), wherein in one embodiment no two groups are bound to the nitrogen atom
through a carbony! group or a sulfonyl group. The alkvl group can be a primary, secondary,
or tertiary alkyl group substituted with one or more substitfuents {e.g., one or more halo or
alkoxy). In some embodiments, the unsubstituted alkyl group is a Cia, Crs, Craz, Crae, Cias,
Cr-0, or Cr4 alkyl group.

[0094] By “alkylene” is meant a bivalent form of an alkyl group, as described herein.
Exemplary alkylene groups include methylene, ethylene, propylene, butvlene, etc. In some
embodiments, the alkylene group is a Ci3, Cis, Craz, Crae, Crag, Crao, Crzs, Co3, Cres, Caotz,
Crui6, Caas, Crao, or Cz04 alkylene group. The alkylene group can be branched or unbranched.
The alkylene group can also be substituted or unsubstituted. For example, the alkylene group
can be substituted with one or more substitution groups, as described herein for alkyl.

{6095} By “alkyisulfiny!” is meant an alkyl group, as defined herein, attached to the parent
molecular group through an -8{(0})- group. In some embodiments, the unsubstituted
alkylsulfioyl group 13 a Cie or Cruz alkylsulfinyl group.  In other embodiments, the
alkylsulfinyl group is -S{O}-R, in which R is an alkyl group, as defined herein.

{6096} By “alkyisulfinylalkyl” is meant an alkvl group, as defined herein, substituted by an
alkylsulfinyl group. In some embodiments, the unsubstituted alkylsulfinylalky] groupisa Co-nz
or Cra4 altkylsulfinylalkyl group {e.g, Cis alkylsulfinyl-Cis alkyl or Cr.pz alkylsulfinyl-Ci2
alkyl}. In other embodiments, the alkyisulfinylallyl group is -L-5{0})-R, in which each of L
and R is, independently, an alkyl group, as defined herein.

{0097} By “alkyisnlfonvl” is meant an alkyl group, as defined herein, attached to the parent
molecular group through an -S8Cz- group. In some embodiments, the unsubstituted

alkylsutfonyl group is a2 Cie or Cru alkylsulfouyl group.  In other embodiments, the
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alkylsulfornyl group is -802-R, where R is an optionally substituted alkyl {e.g., as described
herein, including optiovally substituted Ci-12 alkyl, haloalkyl, or perfluoroalkyl).

{8098} By “alkyisulfonyialkyl” is meant an alkyl group, as defined herein, substituted by an
alkylsulfonyl group. In some embodiments, the unsubstituted allylsulfonylalkyt group is a Ca.
12 of Caas alkylsulfonylalkyl group {e.g., Cre alkylsulfonyl-Cirs alkyl or Ci.i2 alkylsulfonyl-
Criz atkyl). In other embodiments, the alkylsulfonylalkyl group is -L-S0h-R, in which each
of L and R is, independently, an alkyl group, as defined herein.

16099} By “alkynyl” is meant an unsaturated monovalent hydrocarbon having at least two
carbon atom to 50 carbon atoms {Ca.se), such as two to 25 carbon atoms (Czas), or two 1o ten
carbon atoms {(Cz-10), and at least one carbon-carbon triple bond, wherein the unsaturated
monovalent hydrocarbon can be derived from removing one hydrogen atom from one carbon
atom of a parent alkyne. An alkynyl group can be branched, straight-chain, or cyclic (e.g,,
cycloalkyuyl). An exemplary alkynyl includes an optionally substituted Caas alkyl group
having one or more triple bonds. The alkynyl group can be cyclic or acyclic and is exemplified
by ethynyl, l-propyuyl, and the like. The alkvnyl group can be monovalent or multivalent
{e.g., bivalent} by removing one or more hydrogens to form appropriate attachment to the
parent molecular group or appropriate attachment between the parent molecular group and
another substitution. The alkynyi group can also be substituted or unsubstituted. For example,
the alkynyi group can be substituted with one or more substitution groups, as described herein
for alkyl,

101601 By “ambient temperature” is meant a temperature ranging from 16° C 10 26° C, such as
from 19° C 10 25% C or from 20° C 10 25° C.

{0101} By “amide” is mean -C{ONR'R* or -NHCOR' where each of R' and R’ is,
independently,  selected  from  hydrogen, aliphatic, hetercaliphatic, haloaliphatic,
halcheteroaliphatic, aromatic, as defined herein, or any combination thereof, or where R! and
R?, taken together with the nitrogen atom to which each are attached, can form a heterocyclyl
group, as defined herein.

{0102] By “amine” is meant -NR'R? where each of R* and R? is, independently, selected from
hydrogen, aliphatic, hetercaliphatic, haloaliphatic, halohetercaliphatic, aromatic, as defined
herein, or any combination thereof; or where R! and R, taken together with the nitrogen atom
to which each are attached, can form a heteroccyclyl group, as defined herein.

{6103} By “amincalkyl” is meant an alky! group, as defined herein, substituted by an amine

group, as defined herein. In some embodiments, the aminoalkyl group is -L-NR'R?, in which
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L is an alkyl group, as defined herein, and each of R! and R’ is, independently, selected from
hydrogen, aliphatic, heteroaliphatic, haloaliphatic, haloheteroaliphatic, aromatic, as defined
herein, or any combination thereof: or R! and R?, taken together with the nitrogen atom to
which each are attached, can form a heterocvelyl group, as defined herein.  In other
embodiments, the aminoalky! group is -L-C{(NR'R*)R’*)}-R*, in which L is a covalent bond or
an alkyl group, as defined herein; each of R' and R% is, independently, selected from hydrogen,
aliphatic, hetercaliphatic, haloaliphatic, halohetercaliphatic, aromatic, as defined herein, or any
combination thereof: or R' and R?, taken together with the nitrogen atom to which each are
attached, can form a heterocyclyl group, as defined herein; and each of R’ and R* is,
independently, H or alkyl, as defined herein.

{01041 By “aromatic” 18 meant a cyclic, conjugated group or moiety of, unless specified
otherwise, from 5 to 15 ring atoms having a single ring (e.g., phenyl} or multipie condensed
rings in which at feast one ring is aromatic {¢.g., naphthyl, indolyl, or pyrazolopyridinyl); that
is, at {east one ring, and optionally multiple condensed rings, have a continucus, delocalized n-
electron system. Typically, the number of out of plane w-electrons correspounds to the Huckel
e (4n+2). The point of attachment to the parent structure typically is through an aromatic
portion of the condensed ring system.

{6105} By “aryl” is meant an aromatic carbocyelic group comprising at least five carbon atoms
to 15 carbon atoms (Cs.is), such as five to ten carbon atoms {Cs.i0), having a single ring or
nutltiple condensed rings, which condensed rings can or may not be aromatic provided that the
point of attachment to a remaining position of the compounds disclosed herein is through an
atom of the aromatic carbocyclic group. Aryl groups may be substituted with one or more
groups other than hydrogen, such as aliphatic, heteroaliphatic, aromatic, other functional
groups, or any combination thereof. Exemplary aryl groups include, but are not Huited to,
benzyl, naphthalene, phenyl, biphenyl, phenoxybenzene, and the like. The term aryl also
includes hetercaryi, which is defined as a group that contains an aromatic group that has at
feast one hetercatom incorporated within the ring of the aromatic group. Examples of
heteroatoms include, but are not limited to, nitrogen, oxygen, sulfur, and phosphorus.
Lilkewise, the term non-hetercaryl, which is also included in the term aryl, defines a group that
contains an aromatic group that does not contain a heteroatom. The aryl group can be
substituted or unsubstituted. The aryl group can be substituted with one, two, three, four, or
five substituents independently selected from the group consisting of: (1) Cis alkanoyl (e.g,, -

C{O)R, in which Ris Crs alkyl); (2) Cre alkyl; (3) Cis alkoxy (e.g., -0-R, in which R is Cis
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alkyl); (4) Crs alkoxy-Crs alkyl {e.g., -L-O-R, in which each of L and R is, independently, Ci-
¢ alkyl), (5) Cis alkylsulfinyl {e.g., -S5(0)-R, tn which R is Cre alkyl); (6) Cie alkylsulfinyi-
Cis alkyl (e.g., -L-S{(O}-R, in which each of L and R 15, independently, Cis alkyl}; (73 Cus
alkylsulfonyl {e.g., -S0z-R, in which R s Ci6 alkyl); (8) Cis alkylsulfonyl-Cis alkyl {e.g., -L-
SO2-R, in which each of L and R is, independently, Ci alkyl}; (9) aryl; (10} amine (e.g., -
NR'R?, where each of R' and R? is, independently, selected from hydrogen, aliphatic,
hetercaliphatic, haloaliphatic, halohetercaliphatic, aromatic, as defined hergin, or any
combination thereof: or R' and R?, taken together with the nitrogen atom to which each are
attached, can form a heterocyclyl group, as defined herein); (11) Cis aminoalkyl (e g., -L-
NR'R? or -LA-C(NR'R*HRH-R?, in which L' is Ci alkyl; L? is a covalent bond or Ci alkyl;
gach of R! and R? is, independently, selected from hydrogen, aliphatic, hetercaliphatic,
haloaliphatic, halohetercaliphatic, aromatic, as defined herein, or any combination thereof; or
R! and R? taken together with the nitrogen atom to which each are attached, can form a
heterocyclyl group, as defined herein; and each of R* and R* is, independently, H or Ci.s alkyl);
{12) heteroaryl; (13) Cis alkyl-Caas aryl {e.g, -L-R, in which L s Ci¢ alkyl and R is Cys
aryi), (14) aryloyl {e.g., ~-C{O}-R, in which R is aryl); (15} azido {(g.g., -N3); (16) cyano {e.g., -
CN); (17) Croazidoalkyl {e.g., -L-N3, in which L 15 Ci atkyl); (18) aldehvyde {(e.g., -C{O}H);
{19} aldehyde-Cis alkyl (e.g., -L-C{OYH, in which L s Cis alkyly; (203 Cas cycloalkyl; (21)
Cres alkyl-Cas cycloalkyl (e.g., -L-R, in which L is Cie alkyl and R is Cs.z cycloalkyl); (22)
halo; {23} Cis haloalkyl (e.g., -L'-X or -L2-C{XHR")-R?, in which L' is Cis alkyl; L is a
covalent bond or Cis alkyl; X is fluoro, bromo, chloro, or iode; and each of R and R? is,
independently, H or Ci6 alkyl); (24) heterocyclyl (e.g., as defined herein, such as a 5-, 6-or 7-
membered ring containing one, two, three, or four non-carbon heteroatoms), (25)
heterocyclyloxy {e.g., ~O-R, in which R is heterocyelyi, as defined herein); (26) heterocyclyloyl
{e.g., -C{O)}-R, in which R is heterocyclyl, as defined herein}; (27} hydroxyl (-CH); (28) Cie
hydroxyalkyi (e.g, -LI-OH or -L2-C(OHNRY)-R?, in which L' is Cis alkyl; L2 is a covalent
bond or alkyl; and each of R' and R? is, independently, H or Ci6 alkyl, as defined herein); (29)
nitro; (30} Cr nitroaltkyl (e.g., -L-NO or -L2-C(NOWR')-R?, in which L' is Crs alkyl; L is a
covalent bond or alkyl; and each of R! and R? is, independently, H or Cis alkvl, as defined
herein); (31} N-protected amino; (32) N-protected amino-Crs alkyl; (33) oxo {e.g., =0}, (34)
Cre thioalkoxy {e.g., -S-R, in which R is C1e alkyl}; (35) thio-Cre alkoxy-Crs alkyl {e.g., -1~
S-R, in which each of L and R is, independently, Ci.¢ alkyl); (36) {CH2 ) CO:R', where ris an

integer of from zero to four, and R is selected {rom the group consisting of (a) bydrogen, (b)
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Cros alleyl, () Cas aryl, and (d) Crs alkyl-Caag aryl (e.g., -L-R, in which L is Cis alkyl and R
is Ca.1s aryl); (37) -(CH2:CONR'R?, where 1 is an integer of from zero to four and where each
R' and R* is independently selected from the group consisting of (a) hydrogen, (b} Cis alkyl,
{¢} Cas aryl, and (d) Cie alkyl-Caas arvl (e.g., -L-R, in which L is Ci alkyl and R is Csis
aryl); (38) -{CH2»SO:R!, where 1 is an integer of from zero to four and where R! is selected
from the group consisting of (a) Crs alkyl, (b} Caas aryl, and {¢) Cis alkyl-Caus arvl (e g, -L-
R, in which L is Crs alkyl and R is Caas aryl); (39) (CH2:SO:NR'R?, where v is an integer of
from zero to four and where each of R} and R? is, independently, selected from the group
consisting of {a) hydrogen, (b) Cie alkyl, {¢) Cau1z aryl, and (3} Crs alkyl-Cias arvl (g, -1~
R, in which L is Ci6 alkyl and R is Ca.ie aryl); (40) (CH2)INR'R?, where 1 is an integer of from
zero to four and where each of R and R2 s, independently, selected from the group consisting
of {a) hydrogen, (b) an N-protecting group, {¢) Cis alkyl, (d) Cas alkenyl, {e) Cas alkynyl, (£}
Cag aryl, {g) Crs alkyl-Caag aryl {e.g., -L-R, in which L is Cis alky! and R is Cao1s aryl), (h)
Cs.a cycloalkyl, and (i} Cre alkyl-Cs.s cycloalkyl (e, -L-R, in which L is Ci alkyl and R is
Cs-s cycloatkyl), wherein in one embodiment vo two groups are bouud to the nitrogen atom
through a carbony] group or a sulfony! group; (41) thiol (e.g., -SH); {(42) perfluorcalkyl {e.g., -
(CF2)aCFs, in which n is an integer from 0 to 10); (43) perfluoroatkoxy {e.g., -O-(CF2)CF3, in
which 1 is an integer from 0 to 10} {(44) arvioxy {eg., -O-R, in which R is aryl}; (45)
cycloalkoxy (e.g., -O-R, in which R is cycloalkyl); (46} cycloalkylalkoxy (e.g., -O-L-R, in
which L is alkyl and R is cycloalkyl}; and (47) arylalkoxy (e.g., -0-L-R, in which L is alkyi
and R is aryl). In particular embodiments, an unsubstituted aryl group 18 a Caag, Caarg, Caan,
Ca-10, Cons, Tsars, Coarz, or Ceo-to aryl group.

{0166} By “arylalkoxy” is meant an alkyl-aryl group, as defined herein, attached to the parent
molecular group through an oxygen atom. In some embodiments, the arylalkoxy group is -0-
L-R, in which L is an alky! group, as defined herein, and R is an aryl group, as defined herein.
[01671 By “arvloxy”™ is meant ~-OR, where R is an optionally substituted aryl group, as
described herein. In some embodiments, an unsubstituted aryloxy group is a Caar or Ce.is
aryloxy group.

{8108} By “arvloxycarbonyl” ts meant an aryloxy group, as defined herein, that is attached to
the parent molecular group through a carbonyl group. In some embodiments, an unsubstituted
aryloxycarbonyl group is a Cs.as aryloxycarbonyl group. ln other embodiments, the

aryloxycarbonyl group is -C{O)0-R, in which R is an aryl group, as defined herein.
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{01691 By “arvlioyl” 1s meant an aryl group that is attached to the parent molecular group
through a carbonyl group. In some embodiments, an unsubstituted aryloyl group 1s a Crn
aryloyl or Cs.v arvloyl group. In other embodiments, the aryloyl group is -C{O)-R, in which
R is an aryl group, as defined herein.

{6118} By “azido” is meant an -Nz group.

{0111} By “azidoalkyl” 1s meant an azido group attached to the parent molecular group through
an alkyl group, as defined herein. In some embodiments, the azidoalky!l group is -L-N3, in
which L is an alkyl group, as defined herein.

{6112} By “azo” is meant an -N=N- group.

{6113} By “carbeng” is meant HoC: and derivatives thereof having carbon bearing two
nonbonding electrons or (C:). In some embodiments, the carbene is R'RYC:), where each of
R' and R? is, independently, selected from hydrogen, aliphatic, heteroaliphatic, haloaliphatic,
halohetercaliphatic, aromatic, as defined herein, or any combination thereof, or R! and R?,
taken together with the atom to which each are attached, form a cycloaliphatic group, as defined
herein.

{8114} By “carbenium cation” is meant Hz3(" and derivatives thersof having carbon bearing a
+1 formal charge or C*. In some embodiments, the carbenium cation is RM-C7(R)-R?, where
each of R, RY, and R’ is, independently, selected from hydrogen, aliphatic, heteroaliphatic,
haloaliphatic, haloheteroaliphatic, aromatic, as defined herein, or any combination thereof, or
R' and R? and optionally R, taken together with the atom to which each are attached, form a
cycioaliphatic group, as defined herein.

{6115} By “carbonyl” is meant a -C(Q)- group, which can also be represented as >C=(
{6116} By “carboxyl” is meant a -CO2H group or an anion thereof.

{81171 By “catalyst” is meant a compound, usually present in small amounts relative to
reactants, capable of catalyzing a synthetic reaction, as would be readily understood by a person
of ordinary skill i the art. In some embodiments, catalysts may include transition metal
coordination complex.

[0118] By “cyano” is meant a -CN group.

{0119} By “cycloaliphatic” is meant an aliphatic group, as defined herein, that is cyclic.
101261 By “cycloalkoxy” is meant a cycloalkyl group, as defined herein, attached to the parent
molecular group through an oxygen atom. In some embodiments, the cycloalkoxy group is -0O-

R, in which R is a cycloalkyl group, as defined herein.
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{0121} By “cycloalkylalkoxy” 1s meant an alkyl-cycloalkyl group, as defined herein, attached
to the parent molecular group through an oxygen atom. In some embodiments, the
cycloalkylalkoxy group is -0-L-R, in which L is an alky! group, as defined herein, and Ris a
cycloalkyl group, as defined herein.

{0122} By “cycloalkyl” is meant a monovalent saturated or unsaturated non-arcmatic cyclic
hydrocarbon group of from three to eight carbons, unless otherwise specified, and is
exemplified by cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
bicyclo[2.2.1 heptyl], and the like. The cycloalkyl group can also be substituted or
unsubstituted. For example, the cycloalky! group can be substituted with one or more groups
including those described herein for atkyl.

{01231 By “cyclohetercaliphatic” 1s meant a heteroaliphatic group, as defined herein, that s
cyclic.

j0124] By “disuifide” 1s meant -SSR, where R is selected from hydrogen, saliphatic,
heteroaliphatic, haloaliphatic, haloheteroaliphatic, aromatic, as defined herein, or any
combination thereof

{01251 By “electron~donating group” is meant a functional group capable of donating at least
a portion of its electron density into the ring to which it is directly attached, such as by
fesonance,

{0126} By “electron-withdrawing group” is meant a functional group capable of accepting
electron density from the ring to which it is directly attached, such as by inductive electron
withdrawal.

{0127} By “ester” is meant -C{3HOR or -OC{O)R, where R i3 selected from aliphatic,
heteroaliphatic, haloaliphatic, haloheteroaliphatic, aromatic, as defined herein, or any
combination thereof

j0128} By “halo” is meant ¥, Cl, Br, or L

{0129} By “haloaliphatic” is meant an aliphatic group, as defined herein, in which one or more
hydrogen atoms, such as one to 10 hydrogen atoms, independently is replaced with 2 halogen
atom, such as fluoro, bromo, chioro, or iodo.

{0138} By “haloaliphatic-aryl” is meant an aryl group, as defined herein, that is or can be
coupled to a compound disclosed herein, where the aryl group is or becomes coupled through
a haloaliphatic group, as defined heretn. In some embodiments, the haloaliphatic-aryl group
is-L-R, in which L is a halcaliphatic group, as defined herein, and R is an aryl group, as defined

herein.
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{0131} By “halcaliphatic-heteroaryl” is meant an heteroaryl group, as defined herein, thatis or
cant be coupled to a compound disclosed herein, where the heteroaryl group is or becomes
coupled through a halcaliphatic group, as defined herein. In some embodiments, the
haloaliphatic-beteroaryl group is -L-R, in which L is a haloaliphatic group, as defined herein,
and R is a heteroaryl group, as defined herein.

{0132} By “haloalkyl” 15 meant an alkyl group, as defined herein, where one or more hydrogen
atoms, such as one to 10 hydrogen atoms, independently is replaced with a halogen atom, such
as tluoro, bromo, chloro, or iodo. In an independent embodiment, haloalkyl can be a -CXs
group, wherein each X independently can be selected from fluore, bromo, chloro, or iodo. In
some embodiments, the haloalky] group is -L-X| in which L is an alkyl group, as defined herein,
and X 1s fluoro, bromo, chioro, or iodo. In other emboduments, the haloalkyl group is -L-
COXMRYDY-R?, in which L is a covalent bond or an alkyl group, as defined herein; X is fluoro,
bromo, chloro, or iodo; and each of R and R? is, independently, H or alkyi, as defined herein.
{6133} By “haloheteroaliphatic” is meant a hetercaliphatic, as defined herein, in which one or
more hydrogen atoms, such as one to 10 hydrogen atoms, independently is replaced with a
halogen atom, such as fluoro, bromeo, chloro, or todo.

[8134] By “heteroaliphatic” is meant an aliphatic group, as defined herein, including at least
one heteroatom to 20 hetercatoms, such as one to 15 heteroatoms, or one to 5 heteroatoms,
which can be selected from, but not limited to oxygen, mitrogen, sulfur, silicon, boron,
selenium, phosphorous, and oxidized forms thereof within the group.

101351 By “heteroaliphatic-aryl” is meant an aryl group, as defined herein, that 18 or can be
coupled to a compound disclosed herein, where the aryl group i3 or becomes coupled through
a heteroaliphatic group, as defined herein. In some embodiments, the heteroaliphatic-aryl
group 18 -L-R, in which L is a beteroalipbatic group, as defined herein, and R 15 an aryl group,
as defined herein.

{8136} By “heteroalkyl,” “heteroalkenyl,” and “hetercalkyoyl” is meant an alkyl, alkenyl, or
alkynyl group (which can be branched, straight-chain, or cyclic}, respectively, as defined
herein, including at least one heteroatom to 20 heteroatoms, such as one to 15 heteroatoms, or
one to § heteroatoms, which can be selected from, but not limited to, oxvgen, nitrogen, sulfur,
silicon, boron, selenium, phosphorous, and oxidized forms thereof within the group.

{0137} By “heteroalkyl-aryl,” “heteroatkenyl-arvl,” and “heteroalkynyl-aryl” is meant an aryl
group, as defined herein, that is or can be coupled to a compound disclosed herein, where the

aryl group is ot becowes coupled through a heteroalkyl, heteroalkenyl, or heteroalkynyl group,

N
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respectively, as defined herein. In some embodiments, the hetercalkyl-aryl group is -L-R, in
which L. is a beteroalky] group, as defined herein, and R is an aryl group, as defined herein. Io
some embodiments, the heteroalkenyl-aryi group is -L-R, in which L is a heteroalkenyl group,
as defined herein, and R is an aryl group, as defined berein. In some embodiments, the
heteroalkynyl-aryl group is -L-R, in which L is a heteroalkynyl group, as defined herein, and
R is an aryl group, as defined herein.

[0138f By “hetercalkyl-hetercaryl,”  “hetercalkenyl-hetercaryl,” and  “heteroalkynyi-
heteroaryl” 1s meant a heteroaryl group, as defined herein, that is or can be coupled to a
compound disclosed herein, where the heteroaryl group is or becomes coupled through a
heteroalkyl, heteroalkenyl, or heteroalkynyl group, respectively, as defined herein. In some
embodiments, the heteroalkyl-heteroary! group is -L-R, in which L 15 a heteroalkyl group, as
defined herein, and R is a hetercaryl group, as defined herein. In some embodiments, the
heteroalkenyl-heteroary! group is -L-R, in which L is a heteroalkenyi group, as defived herein,
and R is a heteroaryl group, as defined herein. In some embodiments, the hetercalkynyl-
heteroaryl group is -L-R, in which L is a heteroalkynyl group, as defined herein, and Ris a
hetercaryl group, as defined herein.

10139} By “hetercaryl” is meant an aryl group including at least one heteroatom to six
heteroatoms, such as one to four heteroators, which can be selected from, but ot limited to,
oxygen, nitrogen, sulfur, silicon, boron, selenium, phosphorous, and oxidized forms thereof
within the ring.  Such heteroary] groups can have a single ring or multiple condensed rings,
where the condensed rings may or may not be aromatic and/or contain a heteroatom, provided
that the point of attachment is through an atom of the aromatic beteroaryl group. Heteroaryl
groups may be substituted with one or more groups other than hydrogen, such as aliphatic,
heteroaliphatic, aromatic, other functional groups, or any combination thereof An exemplary
heteroaryl includes a subset of heterocyelyl groups, as defined herein, which are aromatic, i.e,,
they countain 4u+2 pi electrons within the mono- or muulticyclic ting system.

{0148} By “hetercatom” is meant an atom other than casbon, such as oxygen, nitrogen, sulfur,
silicon, boron, selenium, or phosphorous. In particular disclosed embodiments, such as when
valency constraints do not permit, a hetercatom does not include a halogen atom.

{0141} By “heterocyclyl” is meant a 5-, 6- or 7-membered ring, unless otherwise specified,
containing one, two, three, or four non-carbon heteroatoms (e.g., independently selected from
the group consisting of nitrogen, oxygen, phosphorous, sutfur, or halo). The 5-membered ring

has zero to two double bonds and the 6- and 7-membered rings have zero to three double bonds.
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The term “heterocyclyl” also includes bicyclic, tricyclic and tetracyclic groups in which any of
the above heterocyclic rings is fused to one, two, or three rings independently selected from
the group consisting of an aryl ring, a cyclohexane ring, a cyclohexene ring, a cyclopentane
ring, a cyclopentene ring, and another monocyclic heterocyclic ring, such as indolyl, guinolyl,
isoquinolyl, tetrahydroquinolyl, benzofuryi, benzothienyl and the like. Heterocyclics include
thiiranyl, thictanyl, tetrahydrothienyl, thianyl, thiepanyl, aziridinyl, azetidinyl, pyrrolidinyl,
pipendinyl, azepanyl, pyrrolyl, pyrrolinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl,
imidazolinyl, imidazolidinyl, pyridyl, homopiperidinyl, pyrazinyl, piperazinyl, pyrimidinyl,
pyridazinyl, oxazolyl, oxazolidinyl, oxazolidonyl, isoxazolyl, isoxazolidiniyl, morpholinyl,
thiomorpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazelidinyl, indolyl, quinolinyl,
wsoquinolinyl, benmmidazolyl, benzothiazolyl, benzoxazolyl, furvl, thienyl, thiazolidinyl,
isothiazolyl, isoindazovl, triazolyl, tetrazolyl, oxadiazolyl, uricyl, thiadiazolyl, pyrimidyl,
tetrahydrofuranyl, dihydrofuranyl, dihydrothienyl, dihydroindolyl, tetrahydroguinolyl,

tetrahydroisoquinolyl, pyranyl, dihydropyranyl, tetrahydropyranyl, dithiazolyl, dioxanyl,

dioxinyl, dithianyl, trithianyl, oxazinyl, thiazinyl, oxothiolanyl, triazinyl, benzofuranyl,
benzothienyl, and the like.

{8142} By “heterocyclyloxy” is meant a heterocyelyl group, as defined herein, attached to the
parent molecular group through an oxygen atom. In some embodiments, the heterocyelyloxy
group is -0-R, in which R is a heterocyclyl group, as defined herein.

{8143} By “heterocyclyloyl” is meant a heterocyclyl group, as defined herein, attached to the
parent molecular group through a carbonyl group. In some embodiments, the heterocyclyloyl
group is -C(O}-R, in which R is a beterocyclyl group, as defined herein.

{0144} By “hydroxyl” is meant -OH.

{0145} By “hydroxyalkyl” is meant an alkyl group, as defined hevein, substituted by one to
three hydroxyl groups, with the proviso that no more than one hydroxyl group may be attached
io a single carbon atom of the alkyl group and is exemplified by hydroxymethyl,
dihyvdroxypropyl, and the tike. In some embodiments, the hydroxyalky! group is -L-OH, in
which L is an alkyl group, as defined herein. In other embodiments, the hydroxyalkyl group is
-L-C(OHXRM-R?, in which L is a covalent bond or an alkyl group, as defined herein, and each
of R! and R? is, independently, H or alkyl, as defined herein.

{6146} By “ketone” is meant ~C{O)R or a compound including such a group, where R is
selected from aliphatic, hetercaliphatic, aromatic, as defined herein, or any combination

thereof  An example of a ketone can include R'C{O)R, in which each of R and R! is,

B
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independently, selected from aliphatic, haloaliphatic, halcheteroaliphatic, hetercaliphatic,
aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, as defined herein, or any combination
thereof.

{6147} By “nitro” is meant an -NOz group.

{0148} By “nitroalky!” is meant an alkyl group, as defined herein, substituted by one to three
nitro groups.  In some embodiments, the nitroalkyl group is -L-NO, in which L is an alkyl
group, as defined herein. In other embodiments, the nitroalkyl group is -L-C{NOYRH-R in
which L is a covalent bond or an alkyl group, as defined herein, and each of R' and R is,
independently, H or alkyl, as defined herein.

{6149} By “oxo” is meant an =0 group.

{01861 By “oxy” is meant -0-.

{8131} By “perfluorcalkyl” is meant an alkyl group, as defined herein, having each hydrogen
atorn substituted with a fluorine atom.  Exemplary perfluoroalkyl groups iuclude
trifluoromethyl, pentafluorcethyl, etc. In some embodiments, the perfluorcalkyl group
18 «{CF2).CF3, in which n is an integer from 0 to 10,

{01521 By “perfluorcatkoxy” is meant an alkoxy group, as defined herein, having each
hydrogen atom substituted with a fluorine atom. In some embodiments, the perfluoroalkoxy
group is ~0-R, in which R is a perfluorcatkyl group, as defined herein.

{6183} By “salt” is meant an ionic form of a compound or structure {e.g, any formulas,
compounds, or compositions described herein), which includes a cation or anion compound to
form an electrically neutral compound or structure.  Salts are well known in the art. For
example, non-toxic salts are described in Berge S. M. et al,, “Pharmaceutical salts,” /. Pharm.
Sci. 1977 January, 66{1):1-19; and in “Handbook of Pharmaceutical Salts: Properties,
Selection, and Use,” Wiley-VCH, April 2011 (Zndrev. ed., eds. P. H. Stahl and C. G. Wermuth.
The salts can be prepared in situ during the final isolation and purification of the compounds
of the invention or separately by reacting the free base group with a suitable organic acid
{thereby producing an anionic salt) or by reacting the acid group with a suitable metal or
organic salt (thereby producing a cationic salt). Representative anionic salts include acetate,
adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bicarbonate, bisulfate,
bitartrate, borate, bromide, butyrate, camphorate, camphorsulfonate, chloride, citrate,
cyclopentanepropionate, digluconate, dihydrochloride, diphosphate, dodecylsulfate, edetate,
ethanesulfonate, fumarate, glucoheptonate, gluconate, glutamate, glycerophosphate,

hemisulfate, heptovate, hexanocate, hydrobromide, Thydrochloride,  hydroiodide,
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hydroxyethanesulfonate, hydroxynaphthoate, 1odide, lactate, lactobionate, lavrate, lauryl
sulfate, malate, maleate, malonate, mandelate, mesylate, methanesulfonate, methylbromide,
methyinitrate, methylsuifate, mucate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate,
pivalate, polygalacturonate, propionate, salicylate, stearate, subacetate, succinate, sulfate,
tannate, tartrate, theophyllinate, thiocyanate, triethiodide, toluenesulfonate, undecanoate,
valerate salts, and the like. Representative cationic salts include metal salts, such as alkali or
alkaline earth salts, e.g., barium, calcium {e.g, calcium edetate), lithiurmn, magnesium,
potassium, sodium, and the like; other metal salts, such as aluminum, bismuth, iron, and zing;
as well as nontoxic ammonium, quaternary ammonium, and amine cations, including, but not
fimited to  ammonium, tetramethylammonium, tetracthylamrmonium,  methylamine,
dimethylamine, trimethylamine, triethylamine, ethylamine, pyridinium, and the like. Other
cationic salts include organic salts, such as chloroprocaine, choline, dibenzylethylenediamine,
diethanolamine, ethyvlenediamine, methylglucamine, and procaine. Yet other salts include
ammonium, sulfonium, sulfoxonium, phosphonium, iminium, imidazolium, benzimidazolium,
amidinium, guanidinium, phosphazinium, phosphazenium, pyridinium, etc., as well as other
cationic groups described herein {e.g, optionally substituted isoxazolium, optionally
substituted oxazolium, optionally substituted thiazolium, optionally substituted pyrrobium,
optionally substituted furanium, optionally substituted thiophenium, optionally substituted
imidazolium, optionally substituted pyrazolium, optionally substituted iscthiazolium,
optionally substituted triazolium, optionally substituted tetrazolium, optionally substituted
furazaniuro, optiovally substituted pyridinium, optionally substituted pyrimidinium, optionally
substituted pyrazinium, optionally substituted triazinium, optionally substituted tetrazinium,
optionally substituted pynidazinium, optionally substituted oxazinium, optionally substituted
pyrrolidintum, optionally substituted pyvrazolidinium, optionally substituted imidazolinium,
optionally substituted isoxazolidinium, optionally substituted oxazolidinium, optionally
substituted piperazinium, optionally substituted piperidinium, optionally  substituted
morpholinium, optionally substituted azepanium, optionally substituted azepinium, optionally
substituted indolium, optionally substituted isoindolium, optionally substituted indolizinium,
optionally substituted indazolium, optionally substituted benzimidazolium, optionally
substituted isoquinclinum, optionally substituted quinolizinium, optionally substituted
dehydroquinolizinium,  optionally  substituted  quinolinium, optionally  substituted

isoindolinium, optionally substituted benzimidazolinium, and optionally substituted purinium).
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[0154] By “silyl ether” is meant & functional group including a silicon atom covalently bound
to an alkoxy group, as defined berein. In some embodiments, the silyl ether is -8i-0O-R or Si-
O-R, in which R is an alkyl group, as defined herein.

[0155] By “sulfiny]” is meant an -S(0O)-~ group.

{6156} By “sulfo” is meant an -S{OROH group.

{01571 By “sulfonyl” or “sulfonate” 1s meant an -S(0O )~ group or a -SO:R, where R 13 selected
from hydrogen, aliphatic, heteroaliphatic, haloaliphatic, halcheteroaliphatic, aromatic, as
defined herein, or any combination thereof.

{6158} By “thicalkoxy™ is meant an alkyl group, as defined herein, attached to the parent
molecular group through a sulfur atom. Exemplary unsubstituted thioalkoxy groups include
Cres thioalkoxy. In some embodiments, the thicalkoxy group is -S-R, in which R 1s an alkyl
group, as defined herein.

{8159} By “thicalkoxyalkyl” is meant an alkyl group, as defined herein, which is substituted
with a thicalkoxy group, as defined herein. Exemplary unsubstituted thioalkoxyalkyl groups
include between 2 to 12 carbons (Ca-1z thioalkoxyalkyl), as well as those having an alky! group
with 1 to 6 carbons and a thicalkoxy group with 1 to 6 carbons (i.e., Ci-s thicalkoxy-Cis alkyl).
In some embodiments, the thioalkoxvalkyl group is -L-3-R, in which each of L and R 5,
independently, an alky! group, as defined herein.

{01601 By “thiol” 1s meant an -SH group.

{8161} A person of ordinary skill in the art would recognize that the definitions provided above
are not intended to include impermissible substitution patterns {e.g., methy! substituted with §
different groups, and the like). Such impermissible substitution patterns are easily recognized
by a person of ordinary skill in the art. Any functional group disclosed herein and/or defined
above can be substituted or unsubstituted, unless otherwise indicated therewn.

Acids

{8162} In one embodiment, the stabilizer 18 an acid having a formula R-CO2H wherein R 18
selected from hydrogen, aliphatic, haloaliphatic, halohetercaliphatic, hetercaliphatic, aromatic,
aliphatic-aromatic, hetercaliphatic-aromatic or any combinations thereof.  In certain
embodiments, R is alkyl, alkenyi, alkynyl, hetercalkyi, hetercalkenyl, heteroalkynyl, haloalkyl,

haloalkenyl, haloalkynyl, halohetercalkyl, halohetercalkenyl, halohetercalkynyl, aryl

heteroaryl, alkvi-aryl, alkenyl-arvi, alkynyl-aryl, alkvl-heteroaryl, alkenyl-heteroaryl, alkynyl-
heteroaryl, heteroatkyl-aryl, hetercalkenyl-aryl, heteroalkynyl-aryl, heteroalkyl-heteroaryl,

heteroalkenyl-heteroaryl, heteroallynyl-heteroaryl or any combinations thereof. In particular
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disclosed embodiments, R may further be substituted with one or more substituents such as,
alkoxy, amide, amine, thioether, hydroxyl, thiol, acyloxy, silyl, cycloaliphatic, aryl, aldehyde,
ketone, ester, carboxylic acid, acyl, acyl halide, cvano, halogen, sulfonate, nitro, nitroso,
guaternary amine, pyridiny] {or pyridinyl, wherein the nitrogen atom is functionalized with an
aliphatic or aryi group}, alkyl halide or any combinations thereof. In some embodiments, the
acid 1s not a Ca carboxvlic acid {e.g., acetic acid).
Alcohols
18163} The stabilizer can be an aleohol having a formula of X-C(R).(OH)}-Y, where:

nis b and

each X and Y can be independently selected from hydrogen, -JC(R)}n-C(R '), or OH,
wherein each R! is independently selected from hydrogen, hydroxyl, aliphatic, haloaliphatic,
halchetercaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or
any combinations thereof, and wherein m 18 an integer from 0 to 10; and each R independently
is selected from hydrogen, hydroxyl, aliphatic, halcaliphatic, halchetercaliphatic,
heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations
thereof.
[0164] In some embodiments, each R and R! independently is selected from alkyl, alkenyl,
alkynyl, hetercalkyl, heteroalkenyl, heteroalkynyi, haloalkyl, haloalkenyl, haloalkynyi,
haloheteroalkyl, haloheteroalkenyl, haloheteroalkynyl, arvl, heterocyclyl, heterocaryl, alkyl-
aryl, alkenyl-arvl, alkynyl-aryl, alkyl-heterocyclyl, alkenyi-heterocyclyl, alkynyl-heterocyclyl,
alkyl-heteroaryl, alkenvi-heteroaryl, alkynyi-heteroarvl, heteroalkyi-aryl, heteroatkenyl-aryi,
heteroalkynyl-aryl, beteroalkyl-heterocyclyl, heteroalkenyl-heterocyclyl,  heteroalkynyi-
heterocyclyl, heteroalkyl-heteroaryl, hetercalkenyl-hetercaryl, heterocalkynyl-heterocaryl, or
any combivations thereof In particular disclosed emwbodiments, the alcohol may further be
substituted with one or more substituents, such as alkoxy, amide, amine, thioether, thiol,
acyloxy, silyl, cycloaliphatic, aryl, aldehyde, ketone, ester, carboxylic acid, acyl, acyl halide,
cyane, halogen, sulfonate, nitro, nitrosc, quaternary amine, pyridiny! (or pyridinyl, wherein the
nitrogen atorm 18 functionalized with an aliphatic or arvl group), alkyl halide, or any
combinations thereof.
{0165} In some embodiments, when at least one of X or Y = -JC(R )2]-C{R )3, the stabilizer
can be a Cs-Cio alcohol. Exemplary stabilizers include, but are not limited to, Cs-Cio alcohols,

such as, 1-pentancl, Z-pentancl, 3-methyl-1-butanol, and the like.
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{0166} In other embodiments, when at least one of X or Y = -[C(R1]-CRYs or R is not
hydrogen, the stabilizer can be a Cs alcohol. For instance, if R! or R is alkenyl, then the Cs
alcohol can be a Cs alkenol {e.g., allyl alcohol). In another instance, if R’ or R is cycloaliphatic,
then the Cs alcohol can be a cyclopropanol or 2-cyclopropenol.

{¢167] In yet other embodiments, when at least one of X or ¥ = -[C(R )2]w-C(R): or R is not
hydrogen, the stabilizer can be a Ca alcohol. For instance, if R or R is alkenyl, then the Ca
alcohol can be a Cq alkenol (e.g., 2-buten-1-ol or 3-buten-1-0l}. In another instance, if R' or R
is cycloaliphatic, then the Cs alcohol can be a Ca-cyclic alcohol {e.g, cyclobutanol or a
cyclopropylmethanol). In yet another instance, if R or R is a branched aliphatic, then the Ca
alcohol can be a Cy-branched alcohol (e.g., 2-butanol, isobutanol, or tert-butanol).

{0168} In some instances, when X = OH and Y = -[C(R1)2]»-C{R ')z, the stabilizer can be a
diol. In other instances, when Y= -[C(R )2]u-C(R'); and at least one R'= OH or when R= OH,
the stabilizer can be a diol. BExemplary diols include, but are not limited to, 1,4-butane diol,
propylene-1,3-diol, and the like.

{8169} In other instances, when X =Y = (H, the stabilizer can be atriol. In vet other instances,
when X = R = OH, the stabilizer can be a tricl. In some instances, when at least oneof X or Y
is -[C{RM2f-C(R')s and at least two of R! is OH, the stabilizer can be triol. In other instances,
when R = OH and X = -[C(RY2]-C(RY: and at least two of R is OH, the stabilizer can be
triol. Exemplary triols include, but are not limited to, glveerel or derivatives thereof.

{8178} In particular embodiments, when R = cyclohetercaliphatic, heterocyclyl, hetercaryl,

alkyl-heterocyclyl, alkenyl-heterocyclyl, alkynyl-heterocyclyl,  heteroalkyl-heterocyclyl

heteroalkenyl-heterocyclyl, or heteroalkynyl-heterocyclyl, the stabilizer can be a heterocyclyl
alcohol (e.g., an optionally substituted heterocyclyl substituted with or more hydroxyls, such
as furfuryl alcohol). In other embodiments, when at least one of X or Y is -[C(R 12 ]-C(RY):
and at least two of R! is cycioheteroaliphatic, heterocyclyl, heteroarvl, alkyi-heterocyclyl,
alkenyl-heterocyelyl,  alkynyl-heterocyclyl,  heteroalkyl-heterocyelyl,  hetercalkenyl-
heterocyclyl, or hetercalkynyl-heterocyclyl, the stabilizer can be a heterocyclyl alcohol.

{6171} In some instances, the alcohol is not a Ci alcohol (e.g., methanol, ethanol, propanol,

butanol, isopropyl alcohol). In other nstances, the alcohol is not a linear Cia alkancl. In yet

other instances, the alcohol is not a branched Cs alcohol. In other instances, the alcohol is not
a Cz diod {e.g., ethylene glycol).
Aldehydes and kefones

[8172] The stabilizer can be an aldehyde having a formula of X-[C(O)-H, where:
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X can be selected from hydrogen, -R!, -C(R')s or -[C(R')2]-C{O}H, wherein each R
is independently selected from hydrogen, aliphatic, haloaliphatic, halohetercaliphatic,
heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations
thereof, and m s an integer from 0 to 10,

{6173} The stabilizer can also be a ketone having a formula of X-[C(O)}}.-Y, where:

3 1s an integer from 1 to 2;

each X and Y can be independently selected from -C(R' ), -R?, or -JCR 12}m-C(O R,
wherein R' can be independently selected from hydrogen, hydroxyl, aliphatic, haloaliphatic,
halohetercaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or
any combinations thereof;

R? can be independently selected from aliphatic, haloaliphatic, halohetercaliphatic,
heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations
thereof

in which R' and R® taken together with the atom to which each are attached, can
optionally form a cycloaliphatic or cyclohetercaliphatic, and in which X and Y, taken together
with the atom to which each are attached, can opticnally form a cycloaliphatic or
cycloheteroaliphatic; and

m is an integer from O to 10,

{0174} In some embodiments, each of R! and R? is, independently, alkyl, aikenyl, alkynyl,
heteroalkyl,  hetercalkenyl,  hetercalkynyl, haloalkyl, haloalkenyl, haloalkynvl,
halohetercalkyl, halohetercalkenyl, halohetercalkynvl, aryvl, heterocyclyl, heteroaryl, alkyl-
arvl, alkenyl-aryl, alkynyl-aryl, alkyl-heterocycelyl, alkenyi-heterocyclyl, atkynyl-heterocyclyl,
alkyl-hetercaryl, alkenyl-hetercaryl, alkynyl-heteroaryl, heteroalkyi-aryl, hetercalkenyl-aryl,
heteroalkynyl-aryl, hetercalkyl-heterocyclyl, hetercalkenyl-heterocyclyl, hetercalkynyl-
heterocyclyl, heteroalkyl-hetercaryl, heteroalkenyi-heteroaryl, hetercalkynyl-heterocarvl, or
any combinations thereof In particular disclosed embodiments, the aldehyde or ketone may
further be substituted with one or more substituents, such as aldehyde (-C(O}H), oxo (=0),
alkoxy, amide, amine, hydroxyl, thioether, thiol, acyloxy, silyl, cycloaliphatic, aryl, aldehyde,
ketone, ester, carboxylic acid, acyl, acyl halide, cyano, halogen, sulfonate, nitro, nitroso,
quaternary amine, pyridinyl {or pynidinyl, wherein the nitrogen atom is functionalized with an
aliphatic or aryl group}, alky! halide, or any combinations thereof.

{6175} In some embodiments, when X = aromatic, the stabilizer can be an aromatic aldehyde.

Exemplary stabilizers wnclude bevzaldehyde, 1-naphthaldebyde, phthalaldehyde, and the like.
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{0176} In other embodiments, when X = aliphatic, the stabilizer can be an aliphatic aldehyde.
Exemplary  stabilizers  include  acetaldehvde,  propionaldehyde,  butyraldehyde,
isovalerylaldehyde, and the like.

{0177} In yet other embodiments, when X = -JC(R2]--C(OMH and m 15 0 to 10 or when X =
aliphatic or heteroaliphatic substituted with -C{O)H, the stabilizer can be a dialdehvde.
Exemplary stabilizers include glyoxal, phthalaldehyde, glutaraldehvde, malondiaidehyde,
succinaldehyde, and the like.

101781 In some embodiments, when X and Y, taken together with the atom to which each are
attached, forms a cycloaliphatic or cyclohetercaliphatic, the stabilizer can be a cyclic ketone.
Exemplary cyclic ketones include cyclohexanone, cyclopentanone, and the like.

{8179} In other embodiments, when at least one of X or Y = -[C(R 21n-C(O)-R2, the stabilizer
can be a diketone. Exemplary diketones include diacetyl, 2,3-pentanedione, 2,3-hexanedione,
3.4-hexanedione, acetylacetone, acetonylacetone, and the like, as well as halogenated forms
thereof, such as hexafluoroacetylacetone.

{6180} In further embodiments, when at least one of X or Y = -JC(R)2}-C(0)-R? and X and
Y, taken together with the atom to which each are attached, forms a cycloaliphatic or
cycioheteroaliphatic, the stabilizer can be a cyclic diketone. Exemplary cyclic diketones
include dimedone, 1,3-cyclohexanedione, and the fike.

{0181} In some instances, when X = -CHs, the stabilizer can have Y = -C(R'}s, in which at
feast one R' is 20 hydroxyl, aliphatic, haloaliphatic, haloheteroaliphatic, hetercaliphatic,
aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or any combinations thereof.
Exemplary stabilizers can include methyl propyl ketove, methy] butyl ketone, hydroxyacetone,
and the like.

{6182} In other instances, when X = -CHs, the stabilizer can have Y = - R2, in which at least
one R* is (2 alkenyl, Cs.o aliphatic, haloaliphatic, halohetercaliphatic, heteroaliphatic,
aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or auny combinations thereof.
Exemplary stabilizers can include methyl vinyl ketone, methyl propyl ketone, methyl butyl
ketone, and the like.

{8183} In some instances, when X = -CHoCHs, the stabilizer can have Y = -C(R')3, in which
at least one R' is Ca.io aliphatic, haloaliphatic, haloheteroaliphatic, heteroaliphatic, aromatic,
aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations thereof  Exemplary

stabilizers can include methyl propyl ketone, methyl butyl ketone, and the like.
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{0184] In other instances, when X = -CH,CHs, the stabilizer can have Y = - R?, in which at
feast one R? is C2 alkenyl, Cz.10 aliphatic, haloaliphatic, haloheteroaliphatic, heteroaliphatic,
aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or any combinations thereof.
Exemplary stabilizers can include methyl vioyl ketove, methyl propyl ketone, methyl butyl
ketone, and the like.
{0185} In vet other instances, when at least one of X or Y = aromatic or aliphatic-aromatic or
hetercaliphatic-aromatic, the stabilizer can be an aromatic ketone. EHxemplary stabilizers
include acetophenone, benzophenone, benzylacetone, 1,3-diphenviacetone, cvclopentyl phenyl
ketone, and the like.
[8184] In some embodiments, the ketone is not a Cs.s ketone {e.g., not acetone, methyl ethyl
ketone, or diethyl ketone). In other embodiments, the ketone does not include X = methvl and
Y = methyl or ethyl when s =1. In other embodiments, the ketone does not include X = ethyl
and Y = ethyl when s =1,
Amides
{81871 The stabilizer can be an amide having a formula of X-C{O}-NR-{C(O)]+-Y, where:
nis0orl;
each X and Y can be independently selected from -R' or -[CRMN-CR'
or -[CRM~COMOCR 13, wherein each R' is independently selected from hydrogen,
aliphatic, haloaliphatic, halohetercaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic,
hetercaliphatic-aromatic, or any combinations thereof, and m is an integer from 0 o 10; and
cach R is independently selected from hvydrogen, aliphatic, haloaliphatic,
haloheteroaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or
any combinations thereof, in which R and Y, taken together with the atom to which each are
attached, can optionally form a cycloheteroaliphatic group, and in which R and X, taken
together with the atom to which each are attached, can optionally form a cycloheterocaliphatic
group.
{0188} In some embodiments, R' is alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,

heteroalkynyl, haloaltkyl, haloalkenyl, haloalkynyl, haloheteroalkyl, halohetercalkenyl,

haloheteroalkynyl, aryl, heterocyclyl, hetercarvl, alkvl-aryl, alkenyl-aryl, atkynyl-aryi, alkyl-
heterocyclyl, alkenyl-heterocyclyl, alkynyl-heterocyclyl, altkyl-heterocaryl, alkenyl-hetercaryl,
alkynyl-hetercaryl, hetercallyl-aryl, heteroalkenyl-aryi, hetercalkyanyl-aryl, hetercalkyl-
heterocvelyl, hetercalkenyl-heterocyclyl, heteroalkynyl-heterocyciyl, heteroalkyl-heteroaryl,

heteroalkenyl-heteroaryl, heteroalkynyl-heteroaryl, or any combinatious thereof. In particular

oY)
(4
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disclosed embodiments, the amide may further be substituted with one or more substituents,
such as aldehyde (-C{OMH), oxo {(=0), alkoxy, amide, amine, hydroxyl, thicether, thiol,
acvloxy, silyl, cycloaliphatic, aryl, aldehvde, ketone, ester, carboxylic acid, acyl, acyl halide,
cyano, halogen, sulfonate, nitro, nitroso, quaternary amine, pyridiny! (or pyridinyl, wherein the
pitrogen atom is functionalized with an aliphatic or arvl group), alkyl halide, or any
combinations thereof.

{8189} In some embodiments, when R and X are taken together to form a cycloheteroaliphatic
group, then the stabilizer can be a first cyclic amide. In particular embodiments, when the first
cyclic amide includes an unsubstituted S-membered ring, then Y = -R! and each R! is
independently  selected  from  hydrogen, Cue  aliphatic, Crao  haloaliphatic, Corao
halobeteroaliphatic, Coao heteroaliphatic, aromatic, aliphatic-aromatic, beteroalipbatic-
aromatic, or any combinations thereof. In other embodiments, when the first cyclic amide
includes an unsubstituted S-membered ring, then Y = -[CR%]m-C(R): and m 1s an integer
from 1 to 10. In some embodiments, the first amide includes substituted S-membered ring
{e.g., in which substitutions can include Ci.10 aliphatic) and provides a ring-substituted cyclic
amide. In yet other embodiments, the first cyclic amide is not N-methyi-2-pyrrolidone (V-
methyl-2-pyrrolidinone). Exemplary first cyclic amides include N-n-propyl-2-pyrrolidinone,
N-p-butyl-2-pyrrolidinone, N-isobutyl-2-pyrrolidinone, N-i-butyl-2-pyrrolidinone, N-n-pentyl-
2-pyrrolidinone, N-(methoxypropvl)-2-pyrrolidinone, N-{methoxybutyl)-2-pyrrolidinone, N-
octyl-2-pyrrolidinone, N-cyclohexyl-2-pyrrolidinone, caprolactam, AN-methyl-caprolactam,
and the like. Exemplary ring-substituted cyclic amides include 1, 5-dimethyipyrrolidinone, 5-
methyl-V-n-propyl-2-pyrrolidivone, S-methyl-N-n-butyl-2-pyrrolidinone, and the like.

{6198} In some embodiments, when R and Y are taken together to form a cycloheteroaliphatic
group, the stabilizer can be a second cyclic amide. Exemplary second cyclic amides include
N-acetyl pyrrolidine, N-formy! pyrrolidine, N-acetyl piperidine, N-formyl piperidine, N-acetyl
morpholine, N-formy! morpholine, N-proptouyl morpholine, and the like.

[¢191} In other embodiments, when X = H and at least one of R or Y = H, then the stabilizer
can be a N-alkyl formamide. Exemplary N-alkyl formamides include N-methyl formamide, N-
ethyl formamtide, N-propyl formamide, and the like.

{8132} In yet other embodiments, when X = H and R = Y = (.10 aliphatic, the stabilizer can
be an N N-di-Czo alkyl formamide.  In particular embodiments, the N N-di-Caao alkyl

formamide is not N N-dimethyl formamide. Exemplary N AN-di-Czao alkyl formamides
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includes N N-diethyl formamide, N, N-ditsopropyl formarmide, N, N-dibuty] formamide, and the
fike.
{8193} In some embodiments, when X = H, the stabilizer can be an amide in which at least one
of R or Y = hydrogen, Ca1o aliphatic, haloaliphatic, haloheteroaliphatic, heteroaliphatic,
aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or any combinations thereof.
{0194} In other embodiments, when X = CHs and at least one of R or Y = H, the stabilizer can
be a N-alkyl acetamide. Exemplary N-alkyl acetamides include N-methy! acetamide, N-ethyl
acetamide, N-propyl acetamide, and the like.
[¢195} In yet other embodiments, when X = CHsz and R =Y = Cz.10 aliphatic, the stabilizer can
be an N N-di-Crae alkyl acetamide. In particular embodiments, the N N-di-Co.i0 alkyl
acetamide 18 not N, N-dimethy! acetamide. Exemplary N, N-di-Cz.10 alkyl acetamides includes
N, N-diethyl acetamide, N, N-diisopropyl acetamide, N N-dibutyl acetamide, and the like.
{0196} In some embodiments, when X = ~CHb, the stabilizer can be an amide in which at [east
one of R or Y = hvdrogen, Czae aliphatic, haloaliphatic, halohetercaliphatic, hetercaliphatic,
aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations thereof.
{0197} In some embodiments, when X = -JC{R 12}n-C{O}-OC(R Y3, the stabilizer can be an
ester amide. In particular embodiments, m is an integer from 1 to 10, Exemplary stabilizers
inchude methyt S-{dimethylamino)-2Z-methyl-5-oxopentancate, methyl S-(dimethylaming}-5-
oxopentancate,  methyl  4-(dimethvlamino)-2-rethyl-4-oxcbutancate,  methyl  4-
{(dimethylamino}-4-oxobutanoate, and the like.
Amines
{0198} The stabilizer can be an amine having a formula of NR'RR?, where:

each of R', R% and R’ is independently selected from hydrogen, hydroxyl, aliphatic,
haloaliphatic,  halohetercaliphatic,  hetercaliphatic,  aromatic,  aliphatic-aromatic,
hetercaliphatic-aromatic, or any combinations thereof

in which R! and R?, taken together with the atom to which each are attached, can
optionally form a cycloheteroaliphatic; and

in which RY, R?, and R’, taken together with the atom to which each are attached, can
optionally form a cycloheteroaliphatic.
[0199] In some embodiments, each of R', R% and R’ is independently selected from alkyl,
alkenyl, alkynyl, hetercalkyl, hetercalkenvl, hetercalkvoyl, halealkyl, haloalkenyl,
haloalkynyl, halohetercalkyl, haloheterpalkenyl, halohetercalkynyl, aryl, heterocyclyl,

heteroaryl, alkyl-aryl, alkenyl-aryl, alkynyl-aryl, alkyl-heterocyelyl, alkenyi-heterocyclyl,

(O8]
3
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alkyayl-heterocyelyl, alkyl-hetercaryl, alkenyl-heteroaryl, alkynyl-heterocaryl, heteroalkyi-

aryl, heteroalkenyl-aryl, heteroatkynyl-aryl, heteroalkyl-heterocyclyl, heteroalkenyl-
heterocyclyl, hetercalkynyi-heterocyclyl, heteroalkyl-heteroaryl, heteroalkenyl-hetercaryl,
heteroalkynyl-heteroaryl, or any combinations thereof. In particular disclosed embodiments,
the amine may further be substituted with one or more substituents, such as alkoxy, amide,
amine, hydroxyl, thioether, thiol, acyloxy, silyl, cycloaliphatic, aryl, aldehyde, ketone, ester,
carboxylic acid, acyl, acy! halide, cyano, halogen, sulfonate, nitro, nitroso, quaternary amine,
pyridinyl {or pyridinyl, wherein the nitrogen atom is functionalized with an aliphatic or aryl
group}), alkyl halide, or any combinations thereof.

{0200} In some embodiments, when at least one of R!, R?, and R’ is aliphatic, haloaliphatic,
halobeteroaliphatic, or heteroaliphatic, the stabilizer 1s an alkyl amine. The alkyl amine can
include dialkylamines and trialkyl amines.  Exemplary alkyl amines include N N-
dimethylisopropylamine,  N-ethyldiisopropylamine,  trimethylamine,  dimethylamine,
methylamine, triethylamine, t-butyl amine, and the like.

{6201} In other embodiments, when at least one of RY, R% and R’ includes a hydroxyl, the
stabilizer is an alcohol amine. In one instance, at least one of R, R? and R’ is an aliphatic
group substituted with one or more hydroxyls. Exemplary alcohol amines include 2-
{dimethylaminojethanol, 2-{ iethylaminojethanol, 2-{(dipropylaminojethanc, 2-
{dibutylaminojethanol, N-ethyldiethanolamine, N-tertbutyldiethanolamine, and the like.
{02682} In some embodiments, when R' and R, taken together with the atom to which each are
attached, form a cycloheteroaliphatic, the stabilizer can be a cyclic amine. Hxemplary cyclic
amines include piperidine, N-alkyl piperidine {e.g., N-methy! piperidine, N-propyl piperidine,
etc.), pyrrolidine, N-alkyl pyrrolidine (e.g., N-methyl pyrrolidine, N-propy! pyrrolidine, etc.),
morpholing, N-alkyl morpholine {e.g., N-methyl morpholine, N-propyl morpholing, etc.),
piperazine, N-alkyl piperazine, N, N-diatky! piperazine {e.g., 1, 4-dimethylpiperazine}, and the
like.

{6203} In other embodiments, when at least one of R’ R?, and R’ includes an aromatic, the
stabilizer is an aromatic amine. In some embodiments, at least one of RY, R% and R’ is
aromatic, aliphatic-aromatic, or heteroaliphatic-aromatic. In other embodiments, both R' and
R? includes an aromatic. In yet other embodiments, R and R? and optionally RY, taken together
with the atom to which each are attached, from a cyclohetercaliphatic that is an aromatic.
Exemplary aromatic amines include aniline, histamine, pyrrole, pyridine, imidazole,

pyriwidine, and the like.
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Carbenes and derivatives thereof
{6204} The stabilizer can be a carbene having a formula X<(C:}-Y, where:

each of X and Y can be independently selected from H, halo, -[C(R )2]m-C(R'),
-C{O)-R!, or -C(=NR'}-R!, -NRIR?, -OR?, -SR?, or -C(R?%)s, wherein each of R and R? is
independently selected from hydrogen, hydroxyl, aliphatic, haloaliphatic, halchetercaliphatic,
heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations
thereof, and wherein a7 i3 an integer from 0 to 10

in which R! and R?, taken together with the atom to which each are attached, can
optionally form a cyclohetercaliphatic group; and

in which X and Y, taken together with the atom to which each are attached, can
optionally forra a cycloaliphatic or eyclobeteroaliphatic group.
{0285} Furthermore, the stabilizer can be a carbenium cation having a formula R'-CH{R)-R?,
wherein each of R, R, and R?is independently selected from hydrogen, aliphatic, haloaliphatic,
halcheteroaliphatic, hetercaliphatic, aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or
any combinations thereof.
{0286} In some embodiments, each R, R, and R? independently is selected from alkyl, alkenvl,

alkynyl, heteroalkyl, hetercatkenyl, hetercalkynyl, haloalkyl, haloalkenyl, halcalkynyl

halohetercalkyl, haloheteroallenyl, haloheteroalkyayl, aryl, heterocyclyl, hetercaryl, alkyl-
aryl, alkenyl-aryl, alkynyl-arvl, alkyl-heterocyelyl, alkenyi-heterocyelyl, alkynyl-heterocyclyl,
alkyl-heteroaryi, alkenyl-hetercaryl, alkynyl-hetercaryl, heteroalkyi-aryl, heteroalkenyl-arvl,

hetercalkynyl-aryl,  heteroalkyl-heterocyelyl,  heteroalkenyi-heterocycelyl,  heteroalkynyl-

heterocyclyl, heteroalkyl-heteroaryl, heteroalkenyl-heteroaryl, hetercalkyoyl-heteroaryl, or
any combinations thereof. In particular disclosed embodiments, the carbene may further be
substituted with one or more substituents, such as alkoxy, amide, amine, hydroxyl, thioether,
thiol, acyloxy, silyl, cycloaliphatic, arvl, aldehyde, ketone, ester, carboxylic acid, acyl, acyl
halide, cyano, halogen, sulfonate, nitro, nitroso, quaternary amive, pyndinyl {or pyridinyi,
wherein the nitrogen atom is functionalized with an aliphatic or aryl group), alkyl halide, or
any combinations thereof In any embodiment of a carbene, each of R' and R* can be
independently selected.

{6207} In some embodiments, when at least one of X or Y is halo, the stabilizer can be a
halocarbens.  Exemplary, son-limiting halocarbenes include dihalocarbene, such as

dichlorocarbene, diflucrocarbene, and the like.
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{0208} In some embodiments, when both X = Y = -NR!R? the stabilizer can be a
diaminocarbene. In one instance, each of R! and R? is independently aliphatic. Exemplary
diaminocarbenes include bis(diisopropylamineo) carbene.

{0269} In other embodiments, when both at least one of X or Y = -NR!R? and both R* and R?
within X or within Y are taken together, with the nitrogen atom to which each are attached, to
form a cycloheteroaliphatic group, the stabilizer can be a cyclic diaminocarbene. Exemplary
cyclic diamine carbenes include bis(NV-piperidyl) carbene, bis{V- pyrrolidiny) carbene, and the
ke

{0218} In one instance, when both X = Y = -NR'R? and an R" group from X and an R? group
from Y are taken together, with the nitrogen atom to which each are attached, to form a
cycloheteroaliphatic group, the stabilizer is an N-heterocyclic carbene.  Exemplary N-
heterocyclic carbenes include imidazol-2-ylidenes (e.g., 1,3-dimesitylimidazol-2-ylidene, 1,3-
dimesityi-4,5~dichloroimidazol-2-ylidene, 1,3-bis(2,6-duisopropylphenyl}inidazol-2-ylidene,
L3-di-tert-butylimidazol-2-ylidene, etc), imidazolidin-2-vlidenes ({eg, 1,3-bis{2,6-
ditsopropylphenyl)imidazolidin-2-ylidene), triazol-5-ylidenes {e.g, 1,3,4-triphenyl-4,5-
dibydro-1H-1,2 4-triazol-5-ylidene), and the like.

[0211] In some embodiments, when X = -NR'R? and Y = -SR” and an R! group from X and an
R* group from Y are taken together, with the nitrogen atom to which each are attached, to form
a cyciohetercaliphatic group, the stabilizer i3 an exemplary cyclic thioalkyl amino carbene.
Exemplary cyclic thicalkyl amino cartbenes include thiazol-2-vlidenes (e.g., 3-(2,6-
diisopropylphenyljthiazol-2-ylidene and the like).

{0212} In some embodiments, when X = -NR'R? and Y = -C{R*)3 and an R} group from X and
an R* group from Y are taken together, with the atom to which each are attached, to form a
cycloheteroaliphatic group, the stabilizer is an exemplary cychic alkyl amino carbene.
Exemplary cyclic alkyl amino carbenes include pyrrolidine-2-ylidenes {e.g., 1,3,3,5,5-
pentamethyl-pyrrolidin-2-ylidene and the like) and piperidin-2-yhdenes (eg, 1,3,3,6,6-
pentamethyl-piperidin-2-ylidene and the like).

{6213} Further exeraplary carbenes and derivatives thereof include compounds having a
thiazol-2-ylidene moiety, a dibydroinmidazol-2-ylidene moiety, an imidazol-2-ylidene moiety,
a triazol-S-ylidene moiety, or a cyclopropenylidene moiety. Yet other carbenes and carbene
analogs include an aminothiocarbene compound, an aminooxycarbene compound, a
diaminocarbene compound, a heteroamino carbene compound, a 1,3-dithiolium carbene

compound, a mesoionic carbene compound (e.g., an imidazolin-4~-ylidene compound, a 1,2,3-
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triazolylidene compound, a pyrazolinylidene compound, a tetrazol-3-vlidene compound, an
isoxazol-4-ylidene compound, a thiazol-5-ylidene compound, etc.), a cyclic alkyl amino
carbene compound, a boranvlidene compound, a silylene compound, a stannylene compound,
a nitrene compound, a phosphinidene compound, a foiled carbene compound, etc. Further
exemplary carbenes include dimethyl imidazol-2-vlidene, 1,3-bis(2 4,6-trimethyiphenyl)-4,5-
dibydroiridazol-2-vlidene, (phosphanyD(trifluoromethyljcarbene,  bis{diisopropylamino)
carbene, bis{diisopropylamino)} cyclopropenylidene, 1,3-dimesityl-4,5-dichlorcimidazol-2-
vlidene, 1 3-diadamantylimidazol-2-ylidene, 134 5-tetramethylimidazol-2-ylidene, 1,3-
dimesitylimidazol-2-ylidene, 1 3-dimesitylimidazol-2-ylidene,  1,3,5-triphenyltriazol-5-
vlidene, bis(diisopropylamino) cyclopropenylidene, bis(9-anthrylcarbene, norbornen-7-
viidene, dihydroimidazol-2-ylidene, methylidenecarbene, etc.
Dienes
{0214] The stabilizer can be a diene having a formula of RRILC=CRH-[CR Y-
CRY=CR'R?, where:

7 is an integer from 0 to 10; and

each of R' and R* is independently selected from hydrogen, aliphatic, haloaliphatic,
halohetercaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or
any combinations thereof.
{0215} In some embodiments, each R' and R? independently is selected from alkyl, alkenyl,
allkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, haloalkyl, haloalkenyl, haloalkynvl,
halohetercalkyl, halohetercalkenyl, halohetercalkynvl, aryvl, heterocyclyl, heteroaryl, alkyl-
arvl, alkenyl-aryl, alkynyl-aryl, alkyl-heterocyclyl, alkenyi-heterocyclyl, atkynyl-heterocyclyl,
alkyl-hetercaryl, alkenyl-hetercaryl, alkynyl-heteroaryl, heteroalkyi-aryl, hetercalkenyl-aryl,
heteroalkynyl-aryl, hetercalkyl-heterocyclyl, hetercalkenyl-heterocyclyl, hetercalkynyl-
heterocyclyl, heteroalkyl-hetercaryl, heteroalkenyi-heteroaryl, hetercalkynyl-heterocarvl, or
any combinations thereof. In particular disclosed embodiments, the diene may further be
substituted with one or more substituents, such as alkoxy, amide, aming, thicether, thiol,
acyloxy, silyl, cycloaliphatic, aryl, aldehvde, ketone, ester, carboxylic acid, acyl, acyl halide,
cyang, halogen, sulfonate, nitro, nitroso, quaternary amine, pyridinyl {or pyridinyl, wherein the
nitrogen atom is functionalized with an aliphatic or aryl group), alkyl halide, or any
combinations thereof.
{0216} In another embodiment, the stabilizer is a diene in the s-cis conformation, which can be

provided 1o linear or cyclic forro.  Nouv-linuting dienes include an optionally substituted
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butadiene, an optionally substitvied cyclopentadiene, an  optionally  substituted  o-
guinodirethane, and av optionally substituted 1,2-dihydropyridine.
Esters
{6217} The stabilizer can be an ester having a formula of X-[C}-C(0)-03-Y, where:

nisOor i

each X and Y can be independently selected from -[C(R 1 ]w-C(RY) or -{[C(RY2]u-
[O1a1-CRY or -{CR N ]n-CO)-NER Y2 or -LCRM]-CO-O-[CR 121n-CRY), wherein each
R! is independently seclected from hydrogen, hydroxyl, aliphatic, haloaliphatic,
halohetercaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or
any combinations thereof, and wherein s 18 an integer from 0 to 10 and p is an nteger from 1
to 10; and

in which X and Y, taken together with the atom to which each are attached, can
optionally form a cycloheteroaliphatic group.
{0218} In some embodiments, each R' independently is selected from alkyl, alkenyl, alkynyl,
heteroalkyl,  heteroalkenyl,  heteroalkynyl, haloalkyl, bhaloalkenyl, haloalkynyl,
haloheteroalkyl, haloheteroalkenyi, haloheteroalkynyl, arvl, heterocyclyl, hetercaryl, alkyi-
arvl, alkenyl-aryl, alkynyl-aryl, alkvi-heterocyclyl, alkenyi-heterocyclvl, atkynyl-heterocyelyl,
alkyl-heteroarvl, alkenyl-heteroaryl, alkyayi-heteroaryl, hetercalkvi-aryl, hetercalkenyl-aryl,
heteroalkynyl-arvl, Theteroalkyl-heterocyclyl, hetercalkenyl-heterocyclyl,  hetercatkynyi-
heterocyclyl, hetercalkyl-hetercaryl, heteroalkenyl-heteroaryl, heteroalkynyl-hetercaryt, or
any combinations thereof. In particular disclosed embodiments, the ester may further be
substituted with one or more substituents, such as alkoxy, amide, amine, thioether, thiol,
acyloxy, silyl, cyclealiphatic, aryl, aldehyde, ketone, ester, carboxylic acid, acyl, acyl halide,
cyano, halogen, sulfonate, nitro, nitroso, quaternary aminve, pyridinyl (or pyridinyl, wherein
the nitrogen atom is functionalized with an aliphatic or aryl group), alkyl halide, or any
combinations thereof,
{0219} In some embodimenis, when X and Y are taken together with the atom to which each
are attached in order to form a cyclohetercaliphatic group, the stabilizer can be a cyclic ether.
Exemplary cyclic ethers include lactones, such as z-caprolactone, y-caprolactone, vy-
valerolactone, d-valerolactone, and the like.
{0229} In some embodiments, when at least one of X or Y is -[C(RD)2]-C{O)-N(R ), then the
ester can be an aminoester. Exemplary amino esters include methyl-5-(dimethylamino}-2-

methyi-5-oxopentancate and the like.
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{0221} In some embodiments, when X = -CHz and # = 0, the stabilizer can be an acetate in
which ¥ = -JC(RMN2}-C(RY) and m is an integer from 2 to 10, In other embodirents, when X
=.CHs and 7= 0, the stabilizer can be an acetate in which Y = -[C(R')2}»-C(R"), m is an integer
from 1 to 10, and at least one R! is Ci.o aliphatic, haloaliphatic, halobeteroaliphatic,
heteroaliphatic, aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or any combinations
thercof  In some embodiments, the acetate is not ethyl acetate. Exemplary acetates inclhude n-
propyl acetate, isopropyl acetate, n-butyl acetate, t-butyl aceiate, iso-butyl acetate, propylene
glycol methvl ether acetate, etc , including corresponding acetates of methyl, ethyl, propyl, and
butyl mono- and di-ethers of ethylene glycol.
{0222} In some embodiments, when at least one of X or Y = -{[C(RR2}n-[Oh1,-C(RY), the
stabilizer can be a glycol based ester. Exemplary glvcol based esters include propylene glycol
methyi ether acetate, and the like.
{8223} In other embodiments, when at least oue of X or Y includes a hydroxyl, the stabilizer
can be a hydroxy ester. Exemplary hydroxy esters include alpha-hydroxy esters, such as those
derived from lactate (e.g., methy! lactate, ethyl lactate, n-propyl lactate, isopropy! lactate, n-
butyl lactate, isobutyl lactate, t-butyl laciate, etc.).
8224} In some embodiments, when n = 1, the stabilizer can be a carbonate ester. In particular
embodiments, X and Y are taken together with the atom to which each are attached in order
form a cyclohetercaliphatic group, thereby providing a cyclic carbonate ester. Exemplary
carbonate esters include propylene carbonate, diethyl carbonate, glvcerol carbonate, and the
ke
{0225} In other embodiments, when X = JC(R N m-COMO-[C(R ) 1-CRY) (and, e.g., 7= 0),
the stabilizer can be a diester. Exemplary diesters include dimethyl 2-methylgiutarate,
dimethyl succinate, dimethyl adipate, and the like.
Ethers
{8226} The stabilizer can be an ether having a formula of X-0-Y or X-O-[C{R 2}e-0-Y, where:

#1s an integer from 1 to 4;

each X and Y can be independently selected from -[CR 1}-CR Y or -R or -[CR 2]~
O-{C{RYJ-C(RY), wherein each of R' and R is independently selected from hydrogen,
hydroxyl, aliphatic, haloaliphatic, haloheteroaliphatic, hetercaliphatic, aromatic, aliphatic-
aromatic, heteroaliphatic-aromatic, or any combinations thereof, and wherein #2 is an integer

from 0 to 10 and p is an integer from | to 10;
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in which X and Y, taken together with the atom to which each are attached, can
optionally form a cycloheteroaliphatic group; and

R* is independently selected from aliphatic, haloaliphatic, haloheteroaliphatic,
hetercaliphatic, aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or any combinations
thereof.
{0227} In some embodiments, each R and R! independently is selected from alkyl, alkenyl,
alkyayl, heteroalkyl, hetercalkenyl, heteroalkynyl, haloalkyl, haloalkenyl, haloalkynvl,
halohetercaikyl, haloheteroalkenyl, halohetercalkynvl, aryvl, heterocyclyl, heteroaryl, alkyl-
aryl, alkenyl-aryl, allkynyl-aryl, alkyl-heterceyelyl, alkenyi-heterocyclyl, allynyl-heterocyclyl,
alkyl-hetercaryl, alkenyl-heteroaryl, alkynyl-heteroaryl, heteroalkyl-aryl, heteroalkenyl-aryl,
heteroalkynvl-aryl, hetercalkyl-heterocyclyl,  hetercalkenyi-heterocyclyl,  heteroalkynyi-
heterocyclyl, heteroalkyl-hetercaryl, hetercalkenyi-heterocaryl, hetercalkynyl-heterocarvl, or
any combinations thereof. In particular disclosed embodiments, the ether may further be
substituted with one or more substituents, such as alkoxy, amide, amine, thicether, thiol,
acyloxy, silyl, cycloaliphatic, aryl, aldehyde, ketone, ester, carboxylic acid, acyl, acyl halide,
cyano, halogen, sulfonate, nitro, nitroso, quaternary amine, pyridinyl (or pyridinyl, wherein
the nitrogen atom is functionalized with an aliphatic or aryl group), alky!l halide, or any
combinations thereof.
[6228] In some embodiments, when X and Y are taken together with the atom to which each
are attached in order form a cyclohetercaliphatic group, the stabilizer is a cyclic ether. In some
embodiments, when # = 1| and each R = H, X and Y form a six, seven, eight, nine, or ten-
membered ring. In other embodiments, when n =2 and R=H, X and Y {form a seven, eight,
nine, or ten-membered ring. In yet other embodiments, whenn =1 orn =2, then R is aliphatic,
haloaliphatic,  halohetercaliphatic,  heteroaliphatic,  aromatic,  aliphatic-aromatic,
hetercaliphatic-aromatic, or any combinations thereof. In some embodiments, the ether is not
1,3~dioxolane or 14-dioxane. Exemplary cyclic ether includes tetrahydrofuran, 2-
methyitetrahydrofuran, 2-methyi-1,3-dioxolane, and the like.
{0229} In other embodiments, when at feast one of X or Y = aromatic, the stabilizer can be an
aromatic ether. Exemplary aromatic ethers include anisole, diphenyl! ether, and the like.
{0238} In some embodiments, when at least one of X or Y = cycloaliphatic, the stabilizer can
be a cycloalkyl ether. Exemplary cycloalky!l ethers include cyclopentyl methyl ether,

cyclohexyl methyl ether, and the like.
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{0231} In other embodiments, when at least one of X or Y = -[C(R 2 p-O-[CR Y2 1w-C(R}), the
stabilizer can be a glycol based ether. Exernplary glycol based ethers include diethylene glycol
diethyl ether, dipropvlene glycol dimethyl ether, poly(ethylene glveol) dimethyl ether, etc,,
including methyl, ethyl, propyl, and butyl mono- and di-ethers of ethylene glycol, and the like.
Guanidines
{0232} The stabilizer can be a guanidine having a formula of R'R*N-C(=NR}-NR!R?, where:
each of R, R, and R? is independentily selected from hydrogen, hydroxyl, aliphatic,
haloaliphatic, haloheteroaliphatic,  heteroaliphatic, aromatic, aliphatic-aromatic,
heteroaliphatic-aromatic, or any combinations thereof.
{0233} In some embodiments, each of B, R}, and R* independently is selected from alkyl,
alkenvi, alkyayl, heteroalkyl, heteroalkenyl, heteroalkynyl, haloalkyl, halocalkenvi,
haloalkynyl, halohetercalkyl, halohetercalkenyl, halcheteroatkynyl, aryl, heterocyclyl,
heteroaryl, alkyl-aryl, alkenyl-aryl, alkyoyi-aryl, alkyl-heterocyclyl, alkenyi-heterocyclyl,

alkynyl-heterocyelyl, alkyl-heteroaryl, alkenyl-hetercaryl, alkynyl-hetercaryl, hetercalkyl-

aryl, heteroalkenyl-aryl, heteroatkynyl-aryl, heteroalkyl-heterocyelyl, heteroalkenyl-
heterocyclyl, hetercalkynyi-heterocyclyl, heteroalkyl-heteroaryl, heteroalkenyl-hetercaryi,
hetercalkynyl-heteroarvl, or any combinations thereof. In particular disclosed embodiments,
the guanidine may further be substituted with one or more substituents, such as alkoxy, amide,
amine, thioether, thiol, acyloxy, silyl, cycloaliphatic, aryl, aldehyde, ketone, ester, carboxylic
acid, acyl, acy!l halide, cyano, halogen, sulfonate, nitro, nitroso, quaternary amine, pyridinyl
(or pyridinyl, wherein the nitrogen atom is functionalized with an aliphatic or aryl group), alkyl
halide, or any combinations thereof,

{6234} In one embodiment, when both R' = R? = aliphatic, the stabilizer is an N-tetra-alkyl
guanidine. Exemplary N-tetra-alkyl guamdines include NN N N'-tetramethylguanidive, 2-
tert-butyl-1,1,3,3-tetramethylguanidine, and the like.

Heterocycles

{6235} In one embodiment, the siabilizer is a heterocycle having one or more heterocyclyl
moieties, as defined herein, such as aromatic heterocycles {e.g., having one or more
heteroatoms, such as N, O, and/or 8}, bicyclic heterocycles {e.g, aromatic bicyclic
heterocycles), and the like.

{0236} In another embodiment, the heterocycle can include cyclic acids {e.g., having the
formula of R-CO:H, wherein R is optionally substituted heterocyclyl or optionally substituted

alkyl-heterocyclyl), cyclic ethers {e.g., having a formula of R%-0-R%, wherein R' and R?, taken

i
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together with the oxygen atom to which each are attached, form an optionally substituted
heterocyclyl group, as defined herein, in which the cyclic ether is not 1,3-dioxolane or 1,4~
dioxane), cyclic esters {e.g., having a formula of R*-C{0}-OR!, wherein R' and R?, taken
together with the oxygen atom to which R! is attached, form an optionally substituted
heterocyelyl group, as defined herein), cyclic carbonate esters {e.g., having a formula of
R20-C(0)-OR}, wherein R! and R?, taken together with the oxygen atom to which each are
attached, form an optionally substituted heterocyclyl group, as defined herein), and the like,
10237} In another embodiment, the heterocycle can include cyclic amines. An exemplary
cyclic amine can have a formula of NRIR’R®, wherein R! and R’ taken together with the
nitrogen atom to which each are attached, form a heteroaliphatic or heterocyclyl, as defined
herein, and wherein R® is hydrogen, hydroxyl, aliphatic, haloaliphatic, halohetercaliphatic,
heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations
thereof.

{6238} In another embodiment, the heterocycle can include cyclic amides. An exemplary
cyclic amide can have a formula of R*-C(OINRIR?, wherein R! and R, taken together with the
nitrogen atom to which each are attached, form a heteroaliphatic or heterocyclyl group, as
defined herein, and wherein R” is, independently, hydrogen, hydroxyl, aliphatic, haloaliphatic,
halohetercaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or
any combinations thereof’ or wherein R' and R?, taken together with the nitrogen atom to which
R! is attached, form a heteroaliphatic or heterocyclyl group, as defined herein, and wherein R
independently, hydrogen, hydroxyl, aliphatic, haloaliphatic, haloheteroaliphatic,
heteroaliphatic, aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or any combinations
thereof. or wherein each of R' and R* is, independently, hydrogen, hydroxyl, aliphatic,
haloaliphatic,  halohetercaliphatic,  hetercaliphatic,  aromatic,  aliphatic-aromatic,
hetercaliphatic-aromatic, or any combinations thereof, and wherein R’ is optionally substituted
heterocyclyl or optionally substituted alkyl-heterocyclyl,  In some embodiments, the cyclic
amide is not N-methyl-2-pyrrolidone.

{6239} In another embodiment, the heterocyele can include N-heterocyclic carbenes or cyclic
thicalkyl amino carbenes {e.g., as described herein).

8246} Non-limiting heterocycles also include optionally substituted imidazole, optionally
substituted triazole, optionally substituted tetrazole, optionally substituted pyrazole, optionally
substituted  imidazoline, optionally substituted pyrazoline, optionally  substituted

imidazolidine, optionally substituted pyrazolidive, optionally substituted pyrrole, optionally
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substituted pvrroline, optionally substituted pyrrolidine, optionally substituted tetrahydrofuran,
optionally substituted furan, optionally substituted thiophene, optionally substituted oxazole,
optionally substituted isoxazole, optionally substituted isothiazole, optionally substituted
thiazole, optionally substituted oxathiolane, optionally substituted oxadiazole, optionally
substituted thiadiazole, optionally substituted sulfolane, optionally substituted succinimide,
optionally substituted thiazolidinedione, optionally substituted oxazolidone, optionally
substituted hydantoin, opiionally substituted pyridine, optionally substituted piperidine,
optionally substituted pyridazine, optionally substituted piperazine, optionaily substituted
pyrimidine, optionally substituted pyrazine, optionally substituted triazine, optionally
substituted pyran, optionaily substituted pyrylium, optionally substituted tetrahydropyran,
optionally substituted dioxine, optionally substituted dioxane, optionally substituted dithiane,
optionally substituted trithiane, optionally substituted thiopyran, optionally substituted thiane,
optionally substituted oxazine, optionally substituted morpholine, optionally substituted
thiazine, optionally substituted thiomorpholine, optionally substituted cytosine, optionally
substituted thymine, optionally substituted uracil, optionally substituted thiomorpholine
dioxide, optionally substituted indene, optionally substituted indoline, optionally substituted
indole, optionally substituted iscindole, optionally substituted indolizine, optionally substituted
indazole, optionally substituted benzimidazole, optionally substituted azaindole, optionally
substituted azaindazole, optionally substituted pyrazolopyrimidine, optionally substituted
purine, optionally substituted benzofuran, optionally substituted isobenzofuran, optionally
substituted benzothiophene, optionally substituted benzisoxazole, optionally substituted
anthranil, optionally substituted benzisothiazole, optionally substituted benzoxazole,
optionally substituted benzthiazole, optionally substituted benzthiadiazole, optionally
substituted adenine, optionally substituted guanine, optionally substituted tetrahydroquinoline,
optionally substituted dihydroquinoline, optionally substituted dihydroisoquinoline, optionally
substituted quinoline, optionally substituted isoguinoline, optionally substituted quinolizine,
optionally substituted quinoxaline, optionally substitsted phthalazine, optionally substituted
quinazoline, optionally substituted cinnoline, optionally substituted naphthyridine, optionally
substituted pyridopyrimidine, optionally substituted pyridopyrazine, optionally substituted
pteridine, optionally substituted benzoxazine, optionally substituted quinolinone, optionally
substituted  isoquinolinone, optionally substituted carbazole, optionally substituted
dibenzoturan, optionally substituted acridine, optionally substituted phenazine, optionally

substituted phenoxazine, optionally substituted phevothiazine, optiovally substituted

.
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phenoxathiine, optionally substituted quinuclidine, optionally substituted azaadamantane,
optionally substituted dihydroazepine, optionally substituted azepine, optionally substituted
diazepine, optionally substituted oxepane, optionally substituted thiepine, optionally
substituted thiazepine, optionally substituted azocane, optionally substituted azocine,
optionally substituted thiccane, optionally substituted azonane, optionally substituted azecine,
ete. Optional substitutions include any described herein for aryl.

10241} Heterocycles can also include cations and/or salts of any of these In some
embodiments, cationic forms include an optionally substituted alkyl attached to a hetercatom
{e.g., N} of a heterocycle. Exemplary cationic forms include thiazolium, as well as salts
thereof. Heterocyeles can include one or more substituents {e.g., any described herein for aryl
or alkyl, such as amine, alkyl, oxo, eic.). Exemplary substituted heterocyeles include N-methyi
pyrrolidone, A-methylimidazole, 2 6-lutidine, and 4-N N-dimethylaminopyridine. In some
embodiments, the heterocycle tncludes two or more heteroatoms {e.g., two or more of N, O,
and/or §}.

Hydrocarbons

{0242} In another embodiment, the stabilizer is a hvdrocarbon, including cyclic hydrocarbons
(e.g., methvleyclohexane); substituted aromatic hydrocarbons {(e.g., halo-substituted benzene,
amine-substituted benzene, Coe alkyl-substituted benzene, or halo- and alkyl-substituted
benzene, such as cumene, aniline, N N-dimethylaniline, etc); and halocarbons {e g, a Co.n2
alkyl having one or more halos}). In some instances, the hydrocarbon is not an unsubstituted
benzene or a € alkyl-substituted benzene (e.g., toluene, o-xylene, m-xylene, p-xylene). In
other instances, the hydrocarbon is not a halo-substituted C1 hydrocarbon (e.g., chioroform,
methylene chloride). In vet other instances, the hydrocarbon is not acetonitrile. In some
embodiments, the hydrocarbon 1s an unsaturated hydrocarbon having one or more double bonds
or triple bonds. In other embodiments, the hydrocarbon is an unsaturated, cyclic hydrocarbon
{e.g., cyclopentene, cyclohexene, cycloheptene, fluorene, etc.).  In particular embodiments,
the hydrocarbon is an alkene having one or more double bonds or an alkyne having one or more
triple bonds, in which the alkene or the alkyne can be linear or cyclic. Exemplary alkenes
include ethene, propene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, and 1-nonene, as
well as dienes of any of these and positional isomers if available, in which the location of the
double bond is changed {e.g.. a positional isomer of 1-butene could be 2-butene, eic.).

Exemplary alkynes include ethyne, propyne, l-butyne, l-pentyne, 1-hexyne, I-heptyne, 1-
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octyne, and l-nonyune, as well as positional isomers if available, in which the location of the
triple bond is changed (e.g., a positional isomer of 1-butyne could be 2-butyne, etc.).

Imines

{0243} In one embodiment, the stabilizer is an imine having the formula of RIN=CRR’,
wherein each of Ry, R?, and R’ is, independently, hydrogen, hydroxyl, aliphatic, haloaliphatic,
haloheteroaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or
any combinations thereof.

{0244} Exemplary imines include Schiff bases having a formula of R'IN=CR’R’, wherein R' is
hydrogen, hydroxyl, aliphatic, haloaliphatic, halcheteroaliphatic, hetercaliphatic, aromatic,
aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations thereof ; and each of R* and
R’ is, independently, H, hydrogen, hydroxyl, aliphatic, haloaliphatic, haloheteroaliphatic,
heteroaliphatic, aromatic, aliphatic-aromatic, heteroaliphatic-aromatic, or any combinations
thereof.

{0245} In some embodiments, each R!, R? and R’ independently is selected from alkyl,
alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, haloalkyl, halcalkenyl,
haloalkynyl, halohetercalkyi, haloheteroalkenyl, halcheteroatkynyl, aryl, heterocyclyi,
hetercaryl, alkyl-aryl, alkenvl-aryl, alkynyl-aryl, alkyl-heterocycivl, alkenyi-heterocyelyl,
alkynyl-heterocyclyl, alkyi-hetercarvl, alkenyl-hetercaryl, alkvnyl-heteroaryl, hetercalkyl-

aryl, heteroalkenyl-aryl, hetercatkynyi-aryl, heteroalkyl-heterocyelyl,  heteroalkenyi-

heterocyclyl, heteroalkynyi-heterocyclyl, hetercalkyl-heteroaryl, heteroalkenyi-heteroarvyl,
heteroalkynyi-heteroaryl, or any combinations thercof. In particular disciosed embodiments,
the imine may further be substituted with one or more substituents, such as hydroxyl, alkoxy,
amide, amine, thioether, thiol, acyloxy, silyl, cyclealiphatic, aryl, aldehyde, ketone, ester,
carboxyiic acid, acyl, acyl halide, cyano, halogen, suifonate, mitro, nitroso, quaternary amine,
pyridiny! (or pyridinyl, wherein the nitrogen atom is functionalized with an aliphatic or aryl
group}, alkyl halide, or any combinations thereof.

fenic lguids

{0246} The stabilizer can be an ionic liquid having a cationic moiety and an anionic moiety.
Exemplary cationic moieties include imidazolium (e.g., T-alkyl-3-methyhmidazolium, such as
{-butyl-3-methylimidazolium, 1-ethyl-3-methylimidazolium, etc), pyndinium {eg, 1I-
alkylpyridinium, such as l-methyl-alkylpyridinium, I-propyl-alkylpyridinium, 1-butyl-
alkylpyridinium, etc }, pyrrolidinium {(e.g., N-methyl-N-alkylpyrrolidinium), ammonium (e g,

tetra-alkyl ammoniure, such as trioctyl wethyl ammonium), phosphonium, thiazolium,
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triazolium, and the like. Exemplary anionic moieties include tetratluoroborate (BF47),
hexafluorophosphate (PFe), bistriflimide ({CF3SO2RNT), triflate, acetate, triflucroacetate,
triflimide, halide {(e.g, chlonde, bromide, icdide}, bis{trifluoromethylsuifonyliimide,
methyisulfate, ethyl sulfate, docusate, dicyanamide, and the like.
{0247} The cationic moiety may further be substituted with one or more substituents, such as
alkyl, alkoxy, amide, amine, thioether, thiol, acyloxy, silyl, cycloaliphatic, aryl, aldehyde,
ketone, ester, carboxylic acid, acyl, acyl halide, cyano, halogen, sulfonate, niiro, nitroso,
quaternary amine, pyridinyl {or pyridinyl, wherein the nitrogen atom is functionalized with an
aliphatic or aryl group}, alky! halide, or any combinations thereof.
Metal compounds
{0248} Iv another embodument, the stabilizer includes wetal compounds {e.g., transition metal
compounds) and metal salts, such as platinum compounds {e.g., Pt(1}}, iron compounds (e.g.,
Fe(0)), molybdenum compounds {e.g., Mo(0}), chromium compounds (e.g., Cr{0}), titanium
compounds (e.g., Ti{IV} or Ti(11}), silver compounds {e.g., Ag(l}}, iridium compounds {e.g.,
(D) or (1)), palladium coropounds (e.g., PA(I)), chromium compounds (e.g, Cr(II)),
tantalum compounds {(e.g., Ta(V}), cobalt compounds (e.g., Co(ll}), copper compounds {e.g.,
Cu{ly), rhodium compounds {(e.g, Rh(l)), osmium compounds {e.g, Os {IV})), and nickel
compound {e.g., Ni{1}}.
Onivm compounds
{0249} In one embodiment, the stabilizer includes an onium compound, such as a nitronium
ion, a nitrosonivm ion, a bis(triphenviphosphine iminium ion, an iminium ion, a diazenium
ion, a guanidinium ion, a nitrilium ton, a diazonium ion, a pyridinium ion, a pyrylium ion, a
thionitrosyl ion, etc.
Organosalfur and organophosphorus compounds
02560} In one embodiment, the stabilizer includes an organosulfur compound, such as a
thioester, a sulfone, a thiosulfinate, a sulfimide, a sulfoximide, a suifonediimine, an S-
nitrosothicl, a thicketone, a thicaldehyde, a thiccarboxylic acid, a thicamide, a sulfonic acid, a
sulfinic acid, a sulfenic acid, a sulfonium, an oxosulfonium, or a thiocarbonyl yvlide.
{02511 In some embodiments, the organosulfur compound is a sulfoxide compound having a
formula of X-8(0})-Y, where:

X can be independently selected from hydrogen or -[C(R 12}m-C(R'); and

Y can be independently selected from hydrogen or -JC(R'1},-C(R'), wherein each R’

is  independently selected from  hydrogen, hydroxyl, aliphatic, haloaliphatic,

4l
]



(921

10

WO 2021/183922

PCT/US2021/022162

haloheteroaliphatic, heteroaliphatic, aromatic, aliphatic-aromatic, hetercaliphatic-aromatic, or

any combinations thereof, and whetein s is av integer from 1 to 10 and » is an tuteger from O

to 10. In particular embodiments, the sulfoxide is not dimethy! sulfoxide.

{6252} In yet another embodiment, the stabilizer includes an organophosphorus compound,

such as a phosphate ester, a phosphate amide, a phosphonic acid, a phosphinic acid, a

phosphonate, a phosphinate, a phosphine oxide, a phosphine 1mide, or a phosphonium salt.

Exemplary organophosphorus compounds include phosphoric acid and trialkyiphosphate.

Other stabilizers

[#253} Various stabilizers are provided in Table 1 below.

Tabie I
Class Name ??iii }_;: ;Ziug Structure
Acid lactic acid 0.0813
Acid propionic acid 3.53
Acid citric acid 0.000000017
Acid malic acid 0.000000033
Acid benzoic acid 0.0007 Ayl acid
Acid niacin 0.000094 Aryl acid
Alcohol | 1-dodecanol 0.000848
Alcohol | -undecanol 0.00297
Alcohol | dianhydro-d-ghucitol {isosorbide} 0.0003 Cyclic ether/alcohol
Alcohol | 1 2-butanediol (.05 Diol
Aleohol | 1 2-hexanedicl 0.0179 Diol
Alcohol | 12-propanediol 0.13 Diol
Alcohol | 1 3-butanediol 0.02 Diol
Aleohol | 1, 3-propanediol 0.0441 Diol
Alcohol | 1.5-pentanediol 0.0039 Diol
Alcohol | 2,2 4-trimethyi-1 3-pentanediol 0.0171 Diol
Alecohol | 2-methvl-2 4-pentanedicl 0.07 Diol
Alcohol | polypropylene glycol 0.0105 Diol
Alcohol | propylene glycol 0.13 Dicl
Alcohol | tetracthylene glycol 0.0000465 Diol
Alcohol | (2-(2-methoxymethylethoxy) 0.02 Bther alcohol
methylethoxy} propanol
Alcohol | 1-(Z-methoxy-1-methylethoxy)-2- 0.1 Hiher alcoho}
propanol
Alcohol | I-ethoxy-2-propanol 7.5 Hther alcohol
Alcchol | 1-propoxy-2-propans! 2.21 Fither alcohol
Alcohol | 2.2-dimethyi-1,3-dioxolane-4- 0.2 Ether alcohol
methanol
Alcohol | 3~-methyl-3-methoxvbutanol 0.7 Eiher alcohol
Alcohol | diethylene glycol hexvyi ether 0.0003503 Ether alcohol
Alcohol | diethylene glveol mono-n-butvl ether | 0.0219 Hther alcohol
Alechol | dipropylene glycol methyl ether 0.5 Ether alcchol

(4]
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Alcohol | dipropylene glveol monobuty! ether 0.002 Hther alcohol
Alcohol | dipropylene glveol propyl ether 0.035 Bther alcohol
Alcohol | elycofurol 0.002 Hiher alcohol
Alcohol | polyethvlene glvcol monomethyl ether | 0.05 Ether alcohol
Alcohol | propylene glyveol n-butyl ether 1.4 Hther alcohol
Alcohol | 1 P-dimethyldiethviene glycol 0.00628 Ether diol
Alcohol | tripropylene glycol 0.000482 Ether diol
Alcohol | tripropylene glycol n-butyl ether 0.01 Ether diol
Alcohol | 1-methoxy-Z-propanol 12.5 Ether/alcobol
Alcohol | alycerol 0.000168 triol
Aldehvde | acetaldehvde 902
Amide | niacinamide 0.00042
Amide 1-butyl-2-pyrrolidinone 0.098 Pyrrolinone
Amine | histamine - Aryl amine
Ester 1-methoxy-2-propyl acetate 3.92
Hster dimethy! ethylsuccinate 03
Hster dimethyl glutarate 0.178
Fster dimethy! succinate 0.432
Ester ethvl butyrate 14
Ester ethyl formate 245
Ester isopropyl myristate 0.0000935
Ester methyl 9-decenoate 0.1
Ester methyl dodec-9-enoate 0
Ester methyl laurate 0.00411
Ester methyl oleate 0.00000629
Hster propyl acetate 359
Ester y-valerolacione 0.24
Hster butyl 3-hydroxvbutanocate 0.0147 Alcchol ester
Ester butyl-2-hydroxy-2-methyibutyrate 0.51 Alcohol ester
Ester ethyl 3-hydroxybuiyrate 0.4 Alcchol ester
Ester ethyl lactate 3.75 Alcohol ester
Ester isopropy! 3-hydroxvybutyrate 0.0984 Alcohol ester
Ester tricthyl citrate 0.000687 Alcohol ester
Eater trimethyl hydroxypentyl 1sobutvrate 0.004 Alcohol ester
Hster dimethylcarbonate 55364 Carbonate ester
Fster ethylene carbonate 0.0098 Carbonale ester
Ester propylene carbonate .045 Carbonate ester
Ester propylene carbonate 0.045 Carbonate ester
Hster 4-ethyl-1,3-dioxolan-2-one 0.000947 Cyclic carbonate
ester
Ester 4-hiydroxymethyl-1, 3-dioxolan-2-one | 0.00000363 Cyclic carbonate
ester
Ester dipropylene glycol methyl ether 0.13 Ether ester
acetate
Ester propylene glveol methyl ether acetate | 3.92 Ether ester
Ester 3-methoxybuivl acetate 1.2 Fther ester
Hater ethyl 3-ethoxypropionate 1.8 Ether ester
Fther cyclopentyl methyl ether 44 9
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Ether anisole 3.54 Aryl ether
Fither dimethy! isosorbide 0.073 Cyclic ether
Ketone | methvl isobutvl ketone 19.9
Ketone | diacetyl 56.8 Diketone

[8254] Any of the stabilizers described herein include unsubstituted and/or substituted forms
of the compound. Non-limiting exemplary substituents include, e.g., one, two, three, four, or
more substituents independently selected from the group counsisting of (1) Cie alkoxy
{e.g., -O-R, in which R is Crs alkyl); (2) Cue alkyisulfinyl (e.g., -S{0}-R, in which R is Ci
alkyly, (3) Ciw alkylsulfonyl {(e.g, -SO»-R, in which R is Cue alkyl), (4) amine
(e.g., -C(OINR'R? or -NHCOR', where each of R' and R? is, independently, selected from
hydrogen, aliphatic, heteroaliphatic, haloaliphatic, haloheteroaliphatic, aromatic, as defined
herein, or any combination thereof, or R! and R?, taken together with the nitrogen atom to
which each are attached, can form a heterocyelyl group, as defined herein}; (5) aryl;
{6} arylalkoxy {e.g., -O-L-R, in which L is alkyl and R is aryl); (7) arvloyl {e.g., -C{O}-R, 0
which Ris aryl); (8 azido (e.g., -N3); {9} cyano {e.g., -CN}; (10} aldehyde {e.g., -C(O)}H); (11}
Cs-s cycloaliyl; (12) halo; (13) heterocyelyl (e.g., as defined herein, such as a 5-, 6- or 7-
membered ring containing one, two, three, or four non-carbon hetercatoms);
{14) heterocyelyloxy (e.g, -O-R, in which R is heterocyelyl, as defined herein);
{15) heterocyclyioyt {(e.g., -C{O}MR, in which R is heterocyclyl, as defined herein};
(16) hydroxyl (e.g., -OH); (17 N-protected amino; (18} nitro {e.g, -NGa); (19) oxo (e.g., =0);
(20} Cro thivalkoxy {e.g., -S-R, in which R is Cie alkyl); (21) thiol {e.g., -SH}; (22) -COR},
where R' is selected from the group consisting of (a) hydrogen, (b} Cuis alkyl, {¢) Cauz aryl,
and (d) Cis alkyl-Caas aryl {e.g., -L-R, in which L is Cie alkyl and R i3 Caas aryl); (23) -
C(OINR'R?, where each of R' and R is, independently, selected from the group consisting of
{a) hydrogen, (b} Cis alkyl, (¢) Cas aryl, and (d) Cis alkyl-Csz aryl (e.g., -L-R, in which L
is Ci alkyl and R is Caag aryl); (24) -SO:R!Y, where R* is selected from the group consisting
of (a) Cis alkyl, (b) Caas aryl, and (¢} Cre alkyl-Caas aryl {e.g., -L-R, in which L i3 Ci6 alkyl
and R is Ca-2 arvl); (25) -SO2NR'R?, where each of R' and R? is, independently, selected from
the group consisting of (a) hydrogen, (b} Ci alkyl, (¢) Ca-is aryl, and (d) Ci alkyl-Caax aryl
{e.g., -L-R, in which L is Crs alkyl and R is Caas aryl}; and (26) -NR'R?, where each of R' and
R? is, independently, selected from the group consisting of {a) hydrogen, (b} an N-protecting
group, (¢} Cis alkvl, {d} Cas alkenyl, (&) Cae alkynyl, (f) Caas aryl, (g} Cis alkyl-Csaz aryi
{(e.g., -L-R, in which L is Cr6 alkyl and R is Cauz aryl), (h) Css cycloalkyl, and (i) Cis alkyl-
Css cycloatkyl {e.g, ~L-R, 1o which L is Cie alkyl and R is Cs.s cycloalkyl), wherein in one
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embodiment no two groups are bound to the nitrogen atom through a carbonyl group or a
sulfonyl group. In particular embodiments, the stabilizer is vot acetonitrile.

Deposifion process

[6255] Fig. 1 llusirates stages in a general process flow for forming an ashable hard mask in
accordance with certain embodiments. Ashable hardmasks are carbon-based films used as etch
masks that can be removed after use by oxidation. In certain embodiments, they are amorphous
carbon-based films. Amorphous carbon-based films may also be used to form other types of
films used in semiconductor processing. In the depicted embodiment, a method 100 begins
with providing a semiconductor substrate in a deposition chamber (block 102). For example,
a semiconductor substrate may be a 300 mm semiconductor wafer and the deposition chamber
may be a Lam Research Vector® module. A precursor process gas including acetylene is then
introduced into the chamber (block 104). Depending on deposition chamber size and other
process parameters, the flow rate of acetylene may be about 3,000 — 10,000 standard cubic
centimeters per minute {sccm) during the deposition process. In one embodiment, the flow rate
of acetylene may be about 5,000 — §,000 scem. The process gas may also include other carbon
containing precursors, such as methane, ethylene, propylene, butane, cyclohexane, benzene and
toluene, and the like.

{02561 A carrier gas mav be used to dilute the precursor. The carrier gas may include any
suitable carrier gas employed in semiconductor processing, such as helium, argon, nitrogen,
hydrogen, or a combination of these. The overall carrier gas flow rate may depend on
deposition chamber size and other process parameters and may range from about 500 — 10,000
scem.  In a specific embodiment, nitrogen and helium are used as carrier gases having
corresponding flow rates ranges of about 500 — 5,000 scem and about 300 — 3,000 scem. Gther
stages of sewiconductor processing may include different processing gases and different flow
rates. For example, chamber cleaning may not involve carbon containing precursors.

{02571 In the depicied embodiment, an ashable hard mask 15 then deposited on the
semiconductor substrate by a plasma enhanced chemical vapor deposition (PECVD) or other
deposition processes (block 106).

Methods and epparatus for providing acetylene

[0238] Acetyiene can begin to decompose at pressures above 15 psig. Given acetvlene’s
propensity to violently decompose, acetylene cylinders are supplied with safety pressure
regulators that limit the pressure in receiving lines to 15 psig. However, the overhead pressure

inside the cylinder may exceed 200 psi when used with safety devices. Considering that
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deposition chambers are usually operated at low pressures, 15 psig or less is a sufficiently high
driving pressure to flow an acetylene gas stream through a pre-process module and into a
deposition chamber. As an example, a deposition process may employ a flow rate of about
6750 scem (6.75 L/min) while the deposition chamber is maintained at about 8 Torr. As
discussed above, flow rates and chamber pressures may vary depending on process
requirentents.

{62591 In certain embodiments, the acetylene source is a cylinder that contains a filler material
and stabilizer in addition to the safety relief devices. In certain embodiments, standard-sized
hollow steel cvlinders that are conventionally used for compressed gas service are used for
acetylene. In certain embodiments, ganged cylinders, i.¢, cylinders connected to a common
gas line.

{0268} While the acetylene source may be a bottle or cylinder, it may also be a tank or a facility
wide supply of acetylene {(e.g., an acetylene resource plumbed into the facility).

{0261} Fig. 2 is a block diagram depicting an example deposition system employing an
acetylene source 202 and a deposition chamber 204, as well as other components. The
acetylene canister or other acetylene source 202 has a corresponding pressure regulaior 203
and is connected to the deposition chamber. The acetylene source contains acetylene and a
stabilizer. In certain embodiments, the acetylene source is pressured o over about 200 psi.
{0262} When the acetylene gas stream is discharged from the acetylene source, it first passes
through the pressure regulator 203 where the service pressure of the cylinder is reduced to a
sate level below 15 psig. The acetylene is then passed via a processing line 206 and into the
deposition chamber 204, Suitable materials for the processing line 206 include steel and
wrought iron. Generally, cast iron, unalloyed copper, silver, or mercury are avoided because
of possibility of forming explosive acetylides. The acetylene gas stream i the processiug Hne
may include some stabilizer vapor in addition to acetylene. The stabilizer concentration in the
processing lHine may be in range of about 0.01% to 0.1% depending on the current service
pressure of the acetylene cylinder. The temperature of the acetylene gas stream in the line
depends on the storage conditions of the acetylene cylinder, evaporation rate and other factors.
in certain embodiments, the stream may first be passed through a heat exchanger 207 two
regulate the teraperature of the acetvlene during deposition. In certain embodiments, the heat
exchanger 207 can maintain the temperature of the acetvlene gas stream between about 10° C

and 50° €. In some cases, the temperature is maintained between about 15° C and 30° C.
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{02631 The acetylene gas stream then flows through the mass flow controller (MFC) 208 and
iuto the deposition chamber 204. The MFC 208 may be calibrated relative to specific ranges
for the properties of the reduced stabilizer concentration acetylene gas stream, such as
temperature, composition, pressure, desired flow rate, and others. The MFC 208 may be fitted
with a closed loop control system which is given an input signal by the operator or an external
svstem, wherein the input value is compared to a value from the mass tlow sensor and a valve
of the MFC is adjusted accordingly to achieve the reguired flow rate.

10264} Finally, the acetylene gas stream flows into the deposition chamber 204, An example
of the deposition chamber 204 is described in more details in the context of Fig. 6. The
acetylene gas stream may be used as a carbon containing precursor that is used to form a layer
of high carbon content material on a semiconductor substrate during fabrication of an electronic
device. This process is performed in the deposition chamber 204,

{8265} Fig 3 is a flowchart llustrating some stages in g process flow for treating an acetylene
gas stream in accordance with certain embodiments. The process starts with providing an
acetylene source 302, By way of example, acetylene for this example may be supplied in
cylinders {also referred to as bottles) storing 200-500 cubic feet of acetylene {at standard
termperature and pressure} where acetylene is dissolved in acetone. Acetylene is dissolved in a
stabilizer and may be contained in a metal cylinder with porous material, such as agamassan.
{6266} Returning to Fig. 3, the next operation involves delivering acetylene from the acetylene
source to the pre-processing module. The delivery of the acetylene into the pre-processing
module 304 is driven by the pressure differential within the overall system and may be
controlled by a valve on acetylene source and a mass flow controller between the pre-
processing module and the deposition chamber. In certain embodiments, the pressure drop
within the pre-processing module 15 not substantial and depends oun lengths and effective
diameters all paths that acetylene gas stream takes. Additionally, the pressure drop may be
affected by the temperature and the composition of the acetylene gas stream.  Once the
acetylene gas stream fills the pre-processing module after opening the valve on the acetylene
source, the acetylene gas stream may experience at least two flow regimes. One is when the
deposition process operation does not require any acetylene, for example during the deposition
chamber cleaning, and the acetvlene gas stream remains stationary inside the pre-processing
module. Another regime is when the acetylene gas stream flows through the pre-processing

module and into the deposition chamber.
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{02671 As the acetvlene gas stream flows through the pre-processing module it 18 cooled to a
certain temperature (block 306). This facilitates condensation and removal of the acetylene
stabilizer. The pre-processing meodule may include a variety of means to achieve the requisite
cooling. In a specific embodiment, the acetylene gas stream passes through a heat exchanger
that is maintained in contact with a cooler material. A variety of heat exchanger types may be
used for cooling, for example a shell and tube heat exchanger, a plate heat exchanger, a
regenerative heat exchanger, an adiabatic wheel heat exchanger, and others. In a specific
embodiment a set of two spiral heat exchangers is used. Additional details of an example pre-
processing modude are described below in the context of Fig. 4.

{0268} The heat exchanger may be submerged into a bath containing coolant. As an example,
the heat exchangers are submerged in ethylene glycol maintained at temperatures of -30° C 1o
-60° . The design of the heat exchangers and the flow rate of the acetylene gas stream may
be such that the temperature of the stream leaving the heat exchangers 1s within a few degrees
from the temperature of the coolant. When entering the pre-process module the acetylene gas
stream may coutain between about 0.5% to 5% of the stabilizer vapor. Lowering the
temperature of the acetylene gas stream can reduce the stabilizer vapor in the acetylene gas
stream by condensation. The concentration of stabilizer vapor remaining in the gaseous
acetvlene {after condensation of stabilizer vapor) depends on the temperature of the acetylene
gas stream in the heat exchangers, the initial concentration of the stabilizer in the stream, the
flow rate of the stream, and other process parameters. While lower temperatures may remove
much of the stabilizer from the stream, too low a temperature may cause more acetylene to
dissolve in the condensed stabilizer. Therefore, the temperature of the exiting acetylene gas
stream may be based on desired final concentrations of stabilizer, losses of acetylene, and
overall pre-processing module design.

0269} The condensation of the stabilizer typically occurs on the inside walls of the heat
exchangers {(see block 308). The surface area of the walls of the heat exchangers is sufficiently
large to provide adequate heat transfer and condensation. The condensed stabilizer progresses
gravitationally and by gas pressure through the heat exchangers and to the bottom of the liquid
trap, where it is temporary cotlected before being drained into a disposal system. The acetylene
gas stream also passes through the trap while carrying some ligquid stabilizer droplets in the
mist form that may be removed in a mist barrier,

{0278} When the liquid level at the bottom of the trap reaches or exceeds the set maximum

fovel, the tevel sensor ensures that the liquad is drained into the disposal system {see block 310}
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In certain embodiments, the level sensor sends a signal to the control system that opens a
draining valve of the disposal sysiem. The liquid is then gravitationally drained into a
collection canister, which is maintained at low overhead gas pressures for safety reasons. The
condensed stabilizer may contain substantial amount of highly soluble acetylene. Some of this
acetylene may be evaporated from the stabilizer, which may be vented into an abatement unit.
The stabilizer may then be disposed (see block 312). A variety of methods may be used for
abatement of the stabilizer. Alternatively, the liquid may be destroyed by incineration.

10271} The purified acetylene gas stream is then passed through the heater to increase the
temperature of the siream to a level suitable for use in the deposition process (see block 314},
The temperature of the stream leaving the heat-exchangers and trap portions of pre-processing
module may be close to the temperature of the coolant. o one embodiment, the heat-exchange
fluid may be kept at about -30° C to -60° C. In one embodiment, the gas stream of acetylene
and remaining stabilizer i3 heated to about between about 10° € and 40° C. Additionally, the
heater may be designed to avoid overheating of the acelylene gas stream, especially when the
stream is stagnant in the heater and the deposition process operation does not require any
acetylene.

{0272} Returning to Fig. 3, the gas stream then flows through the mass flow controiler and into
the deposition chamber (see block 316). A deposition process requires delivery of the acetylene
gas stream at controlied flow rates and only during the certain operations, such as ashable mask
pre-coat and ashable mask deposition. The delivery rate and timing may be controlled using a
mass flow conirolier.

{6273} Finally, the acetylene gas stream 1s delivered into the deposition chamber where the
high carbon content material is deposited on the substrate (see block 318). In general, a high
carbon content material is a material containing at least about twenty-five atomic percent
carbon and frequently at least about fifty atomic percent cartbon. For diamond-like and
graphitic films, carbon may account for up to about 100 atomic percent of the films.

{8274} In one embodiment, a process for depositing the ashable hard mask may wclude the
following operations: undercoat deposition, ashable hard mask pre-coat, ashable hard mask
deposition, chamber cleaning at high pressure, and chamber cleaning at low pressure. The
acetylene gas mass flow controller is shut during the remaining operations not involving the
pre-coat or ashable hard mask deposition, which may be a significant part of the overall

process. However, the valve from the acetylene socurce may remain open during this period
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and the acetylene gas stream remains in the pre-process module pressurized by the acetylene
30UFCe.

18275} Fig. 4 presents a simple block diagram depicting a pre-processing module 402 and other
related apparatuses, such as an acetylene source 404 with a corresponding pressure regulator
406 and a deposition chamber 432. The acetylene source 404 contains acetylene and a
stabilizer {e.g. any stabilizer(s}) described herein). In certain embodiments, the acetylene source
404 1s pressured to over 200 psi. The acetylene source may be a tank or a facility wide supply
of acetylene {e.g., an acetylene resource plumbed into the facility). In some embodiments, the
acetylene source 404 is an acetylene cylinder, such as described above, that contains a filler
material and the safety relief devices.

{82761 When the acetylene gas strearn is discharged from the acetvliene source 404, 1t first
passes through the pressure regulator 406 where the service pressure of the cylinder is reduced
to a safe level below 15 psig. The acetylene is then passed through a processing Hue 408 and
into the pre-processing module 402, In some embodiments, the pre-processing module 402
tucludes a liguid bath 409, and the processing line 408 serves as an inlet for the acetvlene gas
stream inio the bath 409. The acetylene gas stream in the processing line 408 may include
some stabilizer vapor in addition to acetylene. As an example, the stabilizer concentration in
the processing line is typically in range of about 0.5% 10 5% depending on the current service
pressure of the acetylene cylinder. The temperature of the acetylene gas stream in the line 408
depends on the storage conditions of the acetylene cylinder, evaporation rate and other factors,
102771 In one embodiment, the liquid bath 409 may contain a coolant 410, For example, the
coolant may comprise ethylene glycol and water, but other coolants may also be used. For
example, Dynalene HF-LO (aliphatic hydrocarbon blend), Dynalene MV (hydrocarbon blend),
and/or Sylthermy™ XLT (polydimethylsiloxane lquid) may be used. One or more heat
exchangers in the acetylene flow path may also be provided in liquid bath 409. For example,
in the depicted embodiment, one heat exchanger 411 is attached to the processing line 408,
while anocther heat exchanger 424 is attached to an exit line 426. However, the bath may
contain any number of heat exchangers. The number and the design of the heat exchanger
depends on the flow rates in the processing line 408, the required concentration of the stabilizer
in the exit line 426, various design parameters of the liquid bath 409, and other factors. The
Higuid bath 410 may include a level sensor 436 that sends a signal {0 3 programmable logic

controller (PLC} 438
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{0278} The acetylene gas stream is initially cooled in the heat exchanger 411, Depending the
process requirements, the acetylene gas stream may be cooled to temperature within a few
degrees of that of the coolant. Various heat exchanger types may be used. In some cases, a
coiled heat exchange design is used with stainless ateel (88} tubing, such as 316 S§, of about
0.5 diameter and the surface area of between about 100 to 1000 square inches. In one specific
embodiment, the surface area of the heat exchangers is between about 200 and 600 square
inches. Initial condensation of the stabilizer from the acetylene gas siream occurs on the wall
of the heat exchanger 411, Many stabilizers have a substantially higher boiling temperature
than acetylene. However, some acetylene may dissolve in the liquid stabilizer that is present
throughout the pre-processing module 402, While it 18 desirable to cool the acetylene gas
stream to very low temperatures to remove most of the acetone or other stabilizer, a minimal
temperature may exist to minimize acetylene losses into the Higuid stream. In one embodiment,
the aceilylene gas stream is cooled down 1o -30° C to -60° C inside the pro-processing module
402,

{0279} The condensed stabilizer and the acetylene gas stream proceed from heat exchanger
411 to a liquid trap 412, The flow of condensed stabilizer is driven by gravity avd the
concurrent flow of the gas stream based on the pressure differential with the overall system.
The trap 412 is designed to separate the condensed stabilizer from the acetylene gas stream and
collect the condensed stabilizer at the bottom of the trap. The liquid collected at the bottom of
the trap 412 is primarily condensed stabilizer but may also include some dissolved acetylene.
The liquid serves as a barrier for the acetylene gas stream and prevents it from escaping into a
collection canister 420. The collected hiquid is allowed to escape into the exit line 426
Therefore, the liquid level may be maintained between certain winimum and maximum levels
within the trap. In certain embodiments, a level sensor 416 is employed to maintain the liguid
level. Alternatively, a simple mechanical liquid trap may be used in a line leading to the
collection canister 420. For example, a simple U~ 8-, or J-shaped pipe trap may be instalied
in this line. In some embodiments, a radar sensor, suitable for hazardous environment, using
either wavelength in Infrared Red and Radio Frequency regions may be used. In one specific
embodiment, a sensor operating at 6.3 GHz is used to track the level of the fluid. The level
sensor 416 then sends a signal to a programmable logic controller (PLC) 438, Such signals
can also provide an alarm or a status output 440, More details on the operations of an example

trap are described in the context of the Fig. §.
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{02801 To reach and maintain desired temperature of the bath 409, the coolant 410 is circulated
through a chiller 414. Any type of chiller may be used. In certain embodiments, the chiller
414 uses a cyclic refrigeration principle, such as a reverse - Rankine vapor-compression
refrigeration. The chiller 414 may be located in a separate facility and includes a pump to
circulate the coolant 410 between the bath 409 and the chiller 414. The bath may also include
an agitator 434 that provides additional forced convection of the coolant in the bath 409. The
agitator 434 may include a motor and a propeller-type mixer at the end of the shaft of the motor
that extends into the bath. The motor may be of any type, such as electrical or pneumatic. The
agitator 434 may be positioned close to the heat exchangers 411 and 424 to ensure adequate
coolant flow around the external surfaces of the heat exchangers.

{02811 The gas stream from the trap 412 may be directed into another heat exchanger 424 that
is similarly submerged into the coolant 410 of the bath 409. Whether ancther heat exchanger
424 is employed may depend on the teruperature of the coolant, flow rates of the acetylene gas
stream, and design of all heat exchangers present in the pre-processing module 402, In certain
embodiments, the heat exchanger 424 is approximately thermally equivalent to the first heat
exchanger 411. The heat exchanger 424 is installed after the trap 412 and before the exit line
426, with respect to the flow of the acetylene gas stream. The heat exchanger 424 provides for
additional cooling of the acetylense gas stream and further condensation of the stabilizer from
the stream. The condensed liguid is drained inside the heat exchanger 424 back into the trap
by gravitation and against the flow of the acetylene gas stream. Therefore, the internal size of
piping used in certain embodiments may be sufficient to accommodate for this reverse flow.
Some of the condensed liquid may be present as a mist 10 the gas stream. A mist trap roay be
integrated along the flow of the acetylene gas stream in or before the exit line 426.

{02821 The liquid being collected from one or more heat exchangers then accumulates in the
trap. When it reaches a certain level, a drain valve 418 leading to the collection canister 420
opens and the liquid gravitationally flows into the collection canister 420, The valve closes
when the liquid level reaches or falls below a certain minimum Hauid level also controlled by
the level sensor 416, The collection canister 420 is kept at a low temperature and low pressure
to avoid reaching pressures above 15 psig. The condensed stabilizer may contain a substantial
amount of condensed and dissolved acetylene. The temperature of the liquid leaving the bath
409 is close to the temperature of the bath 409 itself. In certain embodiments, the bath 409
termperature 18 maintained at about -30° C to -60° €. Increasing the temperature of the liguid

in the collection canister 420 will lead to acetylene evaporation from: the liquid. To prevent
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the acetylene pressure from exceeding 15 psig, the collection canister 420 18 maintained and
near atmospheric pressure. The liquid is then transferred or evaporated into an abatement unit
422, Various method of disposing the liquid may be used. In some cases, the abatement unit
422 burns anything supplied from the collection canister 420,

{0283} The acetylene gas stream then proceeds into the exit line 426, The concentration of the
stabilizer 18 substantially reduced in the acetylene gas stream at this point. The temperature of
this stream in the exit line 426 may be within a few degrees of the coolant temperature. Since
many of gas properties are dependent on the temperature and may affect operation of the mass
flow controller 430 and impact the deposition process in the deposition chamber 432, the
stream 1is first passed through a heater 428, Various heater types may be used. In certain
embodiments, the heater can maintain the terperature of the acetylene gas stream between
about 10° C and 50° C. In one specific embodiment, the temperature is maintained between
about 15° C and 30° C.

{0284} The acetylene gas stream with reduced stabilizer concentration then flows through the
mass flow controller (MFC) 430 and into the deposition chamber 432, The MFC 430 may be
calibrated relative to specific ranges for the properties of the acetylene gas stream, such as
temperature, composition, pressure, desired flow rate, and others. The MFC 430 may be fitted
with a closed foop control system which is given an input signal by the operator or an external
system, wherein the input value is compared to a value from the mass flow sensor and a valve
of the MFC is adjusted accordingly to achieve the reguired flow rate.

10285} Finally, the acetylene gas stream flows into the deposition chamber 432, The pre-
processing module may be designed to interface with the deposition chamber. This may
involve providing it with specifically designed and/or selected flow tubes {including specific
sizes, geometries and orientations) at the interface as well as specific fittings for direct coupling
to the deposition chamber. Several types of fittings may be used for connecting the deposition
chamber 432 to the pre-processing module 402, For example, Swagelok VCR Face-Seal fitting
or Swagelok VCR tube fittings may be used for this interconnection. Other vacuum types and
fow-pressure gas connection types of fittings may be used. In some embodiments, the fittings
may be specifically designed be compatible with semiconductor equipment and overall
semiconductor processing.  An example of the deposition chamber 432 is described in more
details in the context of Fig. 6. As mentioned, the acetylene gas stream may be used as a carbon

containing precursor that is used to form a laver of high carbon content material on a
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semiconductor substrate during fabrication of an electronic device. This process is performed
iu the deposition chamber 432.

102861 Fig. 5 1s a schematic diagram of a trap 500 used in an acetylene pre-processing module
such as disclosed herein. With reference to Fig. 5, trap SO0 may be an example of the element
412. The trap 500 includes a body 502 which includes a gas stream inlet line 504, a gas stream
outlet ine 504, and a condensed liquid cutlet 512, The gas stream tulet line 504 and the gas
stream outlet line 504 may be attached to heat exchangers or other elements of the pre-
processing module. The acetylene gas stream enters into the trap 500 through the inlet line
504. The stream has been already cooled before entering the trap and usually includes some
Hguid, such as condensed stabilizer with some dissolved acetylene. The liquid may be coming
from the walls of the mlet lne 504 or in the form of the mist, 1.e, small droplets suspended io
the acetylene gas stream. The trap 500 may include a mist barrier 506 that assists in separating
the liquid from the acetylene gas stream. The mist barrier 5306 could be made of any suitable
material that is resistant fo stabilizer and acetylene and can withstand temperatures (up to -80°
C). In the certain embodiments, the mist barrier 506 is highly porous aluminum block (e
aluminum foam}. The mist barrier 506 may have tortuous paths for the acetylene gas siream
to pass through while trapping the liquid on the side of these paths. The liquid then flows back
to the bottom of the trap 500. The porosity of the mist barrier 506 should be sufficiently open
for the liguid to flow and not block the acetylene gas stream inside the trap. The mist trap 506
may also provide additional condensation surface for the stabilizer remaining in the acetylene
2as stream.

{0287} As indicated, the condensed liquid gravitationally flows to the bottom of the trap 500.
The liquid is then removed through the condensed liquid outlet 512, As explained with
reference to Fig. 5, the removal of liquid may depend on a liguid level 510 at the bottom of'the
trap. When the liquid fevel 510 reaches a certain maximum value 510A, the draining valve of
the pre~-processing module is opened and the condensed lguid 13 drained through the condensed
Hauid outlet 512, Draining is then stopped when the liquid fevel 510 reaches or falls below a
certain minimum value S10B. Monitoring of the liquid level 510 within the trap 500 is done
through a sensor path 508 that provides a direct exposure of the liquid level to a liquid level
SeTSOT.

{0288} The acetylene gas stream then leaves the trap 500 through the gas line outlet 514, As

explained above, the stream may then enter another heat exchanger where addition
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condensation may occur. Any additional condensation the outlet gas line 514 returns to the
bottom of the trap 500,

Deposition chamber

[6289] The disclosed carbon deposition processes may be implemented in a plasma enhanced
chemical vapor deposition (PECVID}) reactor. Such a reactor may take many different forms.
In certain embodiments, the apparatus will include one or more chambers or “reactors”
(sometimes including multiple stations) that house one or more wafers and are suitable for
water processing. During deposition, a chamber may hold one or more wafers for processing.
The one or more chambers maintain the wafer in a defined position or positions during
deposition. In one embodiment, a wafer undergoing hard mask deposition is transferred from
one station to another within a reactor chamber during the process. For example, for certain
hard mask film deposition processes, one-quarter of film thickness may be deposited at each
of four stations in accordance with the disclosed embodiments. Of course, the full film
deposition may occur entirely at a single station or any fraction of the total film thickness may
be deposited at any number of stations.

{02901 While in process, each wafer is held in place by a pedestal, wafer chuck and/or other
wafer holding apparatus. For certain operations in which the wafer is to be heated, the
apparatus may include a heater such as a heating plate. In certain embodiments, a Vector®
reactor, manufactured by Lam Research, Inc. of Fremont, CA, may be used to implement the
disclosed embodiments.

10231} Fig. 6 provides a block diagram depicting various reactor components, which may be
put tnto play to deposit a catbon-containing film from acetylene and in which the components
can be controlled by way of a system controller 628. As shown, a reactor 600 includes a process
chamber 624, which encloses other components of the reactor and serves to contain the plasma
generated by a capacitor type system including a showerhead 014 working in conjunction with
a grounded heater block 620, A high-frequency RF generator 604, connected to a matching
network 606, and a low-frequency RF generator 602 are connected to showerhead 614
Alternatively, a low-frequency RF generator 602 may connected to the substrate 616, The
from the process gas, for example 400-700W total energy. In a typical process, the high
frequency RF component is generally between 2-60MHz; in certain embodiments, the HF
component is about 13.56 MHz. The LF component can be from about 100 kHz — 2 MHz; in

certain embodiments, the LF component is 400 kHez
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{0292} Within the reactor, a wafer pedestal 618 supports a substrate 616, The pedestal may
tuclude a chuck, a fork, or lift pius to hold and transfer the substrate during and between the
deposition and/or plasma treatment reactions. The chuck may be an electrostatic chuck, a
mechanical chuck or various other types of chuck as are available for use in the industry and/or
research.

{06293} Process gases are introduced via an inlet 612, Multiple source gas lines 610 are
connected to manifold 608, The gases may be premixed or not. Valving and mass flow control
mechanisms may be employed to ensure that the correct gases are delivered during the
deposition and plasma treaiment phases of the process. In case the chemical precursos{s) is
delivered in the liquid form, liquid flow control mechanisms are employed. The liguid is
vaporized and mixed with other process gases prior to deposition.

{0294} Process gases exit chamber 600 via an outlet 622, A vacuum pump 626 (e.g., a one or
two stage mechanical dry purnp and/or a turbomolecular pump) typically draws process gases
out and maintains a suitably low pressure within the reactor by a close loop-controlled flow
restriction device, such as a throttle valve or a pendulum valve.

{02951 In some embodiments, there may be a user interface associated with a system controller
628. The user interface may include a display screen, graphical software displays of the
apparatus and/or process conditions, and user input devices such as pointing devices,
keyboards, touch screens, microphones, etc.

{0296} In some embodiments, parameters adjusted by the system controller 628 may relate to
process conditions. Non-limiting examples include process gas composition and flow rates,
temperature, pressure, plasma conditions (such as RF bias power levels), etc. These parameters
may be provided to the user in the form of a recipe, which may be entered utilizing the user
wnterface.

{02971 Signals for monitoring the process may be provided by analog and/or digital input
connections of system controller 628 from various process tool sensors.  The signals for
controlling the process may be output on the analog and digital cutput connections of process
tool 600. Non-himiting examples of process tool sensors that may be monitored include mass
flow controllers, pressure sensors (such as manometers), thermocouples, eic. Appropriately
programmed feedback and control algorithins mav be used with data from these sensors to
maintain process conditions.

{6298} The system controlier 628 may provide program instructions for implementing the

above-described deposition processes. The program instructions may control a variety of
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process parameters, such as DC power level, RF bias power level, pressure, temperature, ete.
The instructions may control the parameters to operate dry development and/or etch processes
according to various embodiments described herein.

{02991 The systern controller 628 will typically include one or more memory devices and one
or more processors configured to execute the instructions so that the apparatus will perform a
method in accordance with disclosed embodiments. Machine-readable media containing
instructions for controlling process operations in accordance with disclosed embodiments may
be coupled to the system controller 628,

{0308} In some implementations, a controller is part of a system, which may be past of the
above-described examples. Such systerns can comprise semiconductor processing equipment,
wncluding a processing tool or tools, chamber or chambers, a platform or platforms for
processing, and/or specific processing components {a wafer pedestal, a gas flow system, etc.).
These systerns may be integrated with electronics for controlling their operation before, during,
and after processing of a semiconductor wafer or substrate. The electronics may be referred to
as the “controller,” which may control variocus components or subparts of the sysiem or
systems. The controller, depending on the processing requirements and/or the type of system,
may be programimed to control any of the processes disclosed herein, including the delivery of
processing gases, temperature settings (e.g., heating and/or cocling), pressure setiings, vacuum
settings, power settings, radio frequency {RF) generator settings, RF matching circuit settings,
frequency settings, flow rate settings, fluid delivery settings, positional and operation seftings,
wafer transfers into and out of a tool and other transfer tools and/or load locks connected to or
interfaced with a specific system.

{0361} Broadly speaking, the controlier may be defined as electronics having various
integrated circuits, logic, memory, and/or software that receive instructions, issue instructions,
control operation, enable cleaning operations, enable endpoint measurements, and the like. The
integrated circuiis may include chips in the form of firmware that store program instructions,
digital signal processors (D8Ps}, chips defined as application specific integrated circuits
{ASICs), and/or one or more microprocessors, of microcontrollers that execute program
instructions (e.g., software). Program instructions may be instructions communicated to the
controlier in the form of various individual settings {or program files), defining operational
parameters for carrying out a particular process on or for a semiconductor wafer or 1o a sysiem.
The operational parameters may, in some embodiments, be part of a recipe defined by process

engiveers to accomplish one or more processing steps during the fabrication of one or more

66



(921

10

pant
U

WO 2021/183922 PCT/US2021/022162

fayers, matenials, metals, oxides, silicon, silicon dioxide, surfaces, circuits, and/or dies of a
wafer.

10302 The system controller 628, in some implementations, may be a part of or coupled to a
computer that is integrated with, coupled to the system, otherwise networked to the system, or
a combination thereof. For example, the system controller 628 may be in the “cloud” or all or
a part of a fab host computer system, which can allow for remote access of the wafer
processing. The computer may enable remote access to the system to monitor current progress
of fabrication operations, examine a history of past fabrication operations, examine trends or
performance metrics from a plurality of fabrication operations, to change parameters of current
processing, to set processing steps to follow a current processing, or to start a new process. In
some exaroplies, a remote computer {e.g., a server) can provide process recipes to a system over
a network, which may include a local network or the Internet. The remote computer may
include a user interface that enables entry or programming of parameters and/or settings, which
are then communicated to the system from the remote computer. In some examples, the system
controller 628 receives instructions in the form of data, which specify parameters for each of
the processing steps 1o be performed during one or more operations. I should be understood
that the parameters may be specific to the type of process to be performed and the type of tool
that the system controller 628 is configured to interface with or control. Thus, as described
above, the system controller 628 may be distributed, such as by comprising one or more
discrete controliers that are networked together and working towards a common purpose, such
as the processes and controls described herein. An example of a distributed controller for such
purposes would be one or more integrated circuits on a chamber in communication with one or
more integrated circuits located remotely (such as at the platform level or as part of a remote
computer) that combine to control a process on the chamber.

{03631 Without limitation, example systems may include a plasma etch chamber or module, a
deposition chamber or module, a spin-rinse chamber or module, a metal plating chamber or
module, a clean chamber or module, a bevel edge eich chamber or module, a physical vapor
deposition (PVD) chamber or module, a chemical vapor deposition (CVD) chamber or module,
an atomic layer deposition {(ALD) chamber or module, an atomic layer etch (ALE) chamber or
module, an ion implantation chamber or module, a rack chamber or module, and any other
semiconductor processing systems that may be associated or used in the fabrication and/or

manufacturing of semiconductor wafers.
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{0384} As noted above, depending on the process step or steps to be performed by the tool, the
system coutroller 628 might communicate with one or more of other tool circuits or modules,
other tool components, cluster tools, other tool interfaces, adjacent tools, neighboring tools,
tools located throughout a factory, a main computer, another controller, or tools used in
material transport that bring containers of wafers to and from tool locations and/or load ports
in a semiconductor manufacturing factory.

{0365} As indicated, the disclosed embodiments may be implemented on a multi-station or a
single station tool. In one embodiment, the pre-processing module is used for treating
acetylene gas stream supplied to a semiconductor deposition chamber.  Any deposition
chamber that may use acetvlene for semiconductor manufacturing can be used with pre-
processing moduoles disclosed herein,

Deposition operating conditions

{8306} Many of the process parameters listed here are appropriate for depositing carbon films
using a Lam Research Vector® module having four stations for depositing an ashable hard
mask on a 300 mm wafer. However, the disclosed embodiments apply more broadly to any
semiconductor deposition chamber using acetylene gas stream for semiconductor processing,
One skilled in the art will readily appreciate that the process parameters may be scaled based
on the deposition chamber volume, wafer size, and other factors. For example, power outputs
of low frequency (LF) and high frequency (HF) generators are typically directly proportional
to the deposition surface area of the wafer. Similarly, flow rates depend on the free volume of
the deposition chamber, which is 195L for each of four deposition chambers in a Vector®
deposition chamber.

{6307} Plasma may be generated using dual-frequency plasma generation process. For
example, a low frequency (LF) generator may provide about 200 — 1000 W at about 50 — 400
kHz, while a high frequency (HF) generator may provide about 300 — 2,000 W at about 2-60
MHz during the deposition process. The deposition process may be performed when substrate
temperature is between about 100° € and 500° C. The pressure of the deposition chamber may
be maintained at about 2-15 Torr. One example of process conditions for ashable hard mask
deposition is summarized in Table 2. Deposition is continued until the desired thickness of
film is deposited. According to various embodiments, between about 1,000 and 9,000

angstroms is deposited.
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Table 2
Parameter Typical Precess Range
C:Ho Flow Rate 1,000 - 10,000 scom
Nz Flow Rate 0 — 5,000 scem
He Flow Rate 0 — 3,000 scom
H: Flow Rate 0 — 10,000 scem
L¥F Power at Frequency 0— 2400 W at S0 — 400 kHz
HF Power at Frequency 500 — 2,000 W at 2 ~ 60 MHz
Pressure 0.5-15Torr
Temperature 150 - 700° C
Total Deposited Thickness 250 - 10,000 A

{0368} It should be understood that the disclosed embodiments are not limited to the deposition
of ashable hardmask films at the process conditions above but apply to deposition of any
carboun-based film using acetylene as a precursor in serviconductor processing. This includes,
but is not limited to, plasma-enhanced CVD processes, thermal CVD processes, high density
plasma CVD, atomic layer deposition (ALD) processes, ete. Al of the above process
conditions may be varied outside the example ranges shown in Table 2, so long as acetylene is
used as a process gas.

{63991 While examples of flow rates are described above in Table 2, in certain embodiments,
the methods disclosed herein are used with low flow rate processes, e.g., 100 —1000 scem
acetylene flow or lower. Dilution at these low flow rates may be particularly detrimental to
the repeatability, so the use of low vapor pressure stabilizers is advantageous.

{0318} Further, depending on deposition chamber size and other process parameters, the flow
rate of acetylene may be about 3,000 - 10,000 scem during the deposition process. In one
embodiment, the flow rate of acetylene may be about 5,000 — §,000 sccm. (ther stages of
semiconductor processing, such as cleaning of the chamber, may not involve carbon containing
precursors. The process gas may also include other carbon containing precursors, such as
methane, ethylene, propylene, butane, cyclohexane, benzene and toluene, and others.

{8311} A carrier gas may be used to dilute the precursor. The carrier gas may include any
suttable carrier gas employed in semiconductor processing, such as helium, argon, nitrogen,
hydrogen, or a combination of these. The overall carrier gas flow rate may depend on
deposition chamber size and other process parameters and may range from about 500 - 10,000
scom.  In a specific embodiment nitrogen and helium are used as carrier gases having

corresponding fow rates ranges of about S00 — 5,000 scem and about 300 — 3,000 scom. Other
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stages of semiconductor processing may include different processing gases and different flow
rates.

18312} In certain embodiments, a 300 mm Lam Research Vector® tool with four deposition
stations is used to deposit an ashable hardmask onto a 300 mm wafer. In certain embodiments,
the process includes four operations: undercoat deposition, ashable hard mask pre-coat, ashable
hard mask deposition, and chamber cleaning. The acetylene gas stream may be used in the
ashable hard mask pre-coat and/or ashable hard mask deposition operations. In ceriain
embodiments, the acetylene gas stream that passes through the pre-processing module is
delivered at a flow rate of about 7000 scem during these operations. The dual-frequency
PECVD module may provide Low Frequency (LF) power of about 200-600 W and High
Frequency (HF) power at about 900-1500 W during these operations, while the process
chamber was maintained at approximately 4-12 Torr.

Conclusion

{6313} Although the foregoing embodiments have been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Embodiments disclosed herein may be
practiced without some or ali of these specific details. In other tnstances, well-known process
operations have not been described in detail to not unnecessarily obscure the disclosed
embodiments. Further, while the disclosed embodiments will be described in conjunction with
specific embodiments, it will be undersiood that the specific embodiments are not intended to
Himit the disclosed embodiments. It should be noted that there are many alternative ways of
implementing the processes, systems, and apparatus of the present embodiments. Accordingly,
the present embodiments are to be considered as illustrative and not restrictive, and the

embodiments are not to be limited to the details given herein.
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