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CYCLOADDITION POLYMERIZATION OF TETRAZINES TO AFFORD
POLYARYLENE DERIVATIVES

CROSS REFERENCE
[6001] This application claims prionty o U.S. Pateni Application No, 82/317,050, filed
Aprl §1, 2018, the specification(s} of which isfare incorporated herein in their enlirety by

reference.

FIELD OF THE INVENTION

[6002} The present invention relates to methods of preparing polyarylenes, in particular,
the cycloaddition polymerization of disubstituted tetrazines with digtkynylarens
COMaNOMErs.

BACKGROUND OF THE INVENTION

{80631 Polyarvienes are atlractive polymers that can exhibit exceptional mechanical and
optical and superior chemical and thermal stabilily as compared 1o most organic
pohymers. This greater chemical stability makes these materials attractive for fuel ceil,
battery, gas separation, water purification, and chemical separation membranes.
Unfortunately, preparation of polyarylenss, such as para-polyphenylene, is limited to
gligomers dus to the nsolubility of the polvmers from pi stacking and crystallization.
Most of these polymers, such as Keviar® and polybenzimidazole, can only be
synthesized as fibers directly from a polymerization vat. This is due {o the fact that the
same high crystallinity and pi-stacking of the rings that make these materials thermally
stable also make them insciuble in any solvent once they have been sclidified or
precipitated. Currently, it I8 not possible to thermally process these polymers {0 make

structural materials, molded artifacts, or films,

{6004} To overcome this, substifuted polyphenyienes have been prepared using noble
metal catalyzed reactions or coycloaddition polymerizations. The presence of
substituents permits these materials {0 be soluble and processable. For example,
polyphenvienes, such as PrimoSpire® by Scolvay, are commaercially available polymers
that are the strongest bulk, non-fiber polymers made {o date. PrimoSpire® polymers are
synthesized via a platinum catalyzed Suzuki polymerization of monomers with bulky
substituents designed to keep the polymers soluble and processable by blocking
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crystatlization and pi-stacking. This roule is expensive due to its use of platinum
catalysts and complicated monomers.

[60031 Polymenzations involving [4+2] cycloadditions are particularly attractive for
making polyarylenss, however, the monomers, such as bis-cyclopentadienone or bis-
alpha-pyrones, are often difficult 16 synthesize. For example, polvarvienes prepared by
Diels-Alder cycloaddition polymerization of bis-cyclopentadienone monomers with bis-
acetylene comonomers has been widely used in research and is used commercially 1o
make low-k dielectric coatings for computer chips. However, bis-cyclopentadienone
monomers are expensive to make and further requires a farge number of phenyi groups
on each cyclopentadienone ring o prevent the monomer from undergoing cycloaddition
with another gyclopentadienone prior 10 mixing with another co-monomer and forming
undesirable materigls. Mence, there exist a need for new methods of preparing bigh
molecular weight polvarylenes from relatively inexpensive precursors that allows for
control over the type and number of substituents.

SUMMARY OF THE INVENTION

{6006} The present invention features methods of synthesizing polyaryvienes by the
cycioaddifion polymerization of disubstituted tetrazines with dialkkynylarene comonomers
bearing alkyne and pyrdazine groups, as specified in the independent clams.
Embodiments of the invention are given in the dependent claims. Embodiments of the
present invention can be freely combined with each other if they are not mutually

exciusive.

[a0a7! In one embodiment, the present invention features a method of producing a
polyarylens compound. The method may comprise polymerizing a pluralidy of {etrazine
monomers with a8 plurality of atkyny! comonomers, Without wishing to limit the invention
to a particular theory or mechanism, a tetrazing moiety of each tetrazine monomer
reacts with two alkynyl moieties of the alkynyl comonomers to undergo a double [4+2]
cycloaddition reaction, thereby producing the polyarylens compound.

{80081 In another embodiment, the present invention features g polyaryiene compound
prepared from a plurality of tetrazine monomers and a plurality of alkynyl comonomers.
A tefrazine moiety of each tetrazine monomer reacts with two alkynyl moieties of the
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alkynyt comonomers o underge a double [4+2] cyclpaddition reaction {o produce the
polyarylene compound.

160091 The inventors have swprisingly discovered that tetrazines can serve as a bis-
diene equivalent in cycioaddiion polymerizations with bis-dienophiles, such as bis-
atkyne comonomers, without concem of self-condensation. This is the first report of
successfully polymerizing tetrazines via cycloaddition polymerizations. Without wishing
to limit the invention 0 any theory or mechanism, it is believed that the technical feature
of the present invention advantagsously provides for a less expensive method for
syntheasizing substituied polvarylenes. None of the presently known prior references or
work has the unique inventive technical feature of the present invention.

16010} Any feature or combination of features described herein are included within the
scope of the present invention provided that the features included in any such
combination are not mutuslly inconsistent as will be apparent from the cortext, this
gpecification, and the knowledge of one of ordinary skill in the art  Additional
advantages and aspects of the present invention are apparent in the following detailed
description and claims.

DESCRIPTION OF PREFERRED EMBODIMENTS

{00111 As known to one of ordinary skill in the art, a polyarviene s a molecule
comprising primarily of a plurality of pheny! groups covalently linked together. As used
herein, a polyarviene compound or polyarviene polymer is defined as g polymer having
a polvaryiens backbone. I some embodiments, the polyaryiene backbone may have
other substituents or functional groups linked thereto.

{0012} As previously described, biscyclopentadienone monomers must have a plurality
of aryt groups, e.g. fowr aryl groups, on sach cyclopentadisnone ring in order to
synthesize polvarylenes by Diels Alder coycloaddition polymerization. A reaction
schematic thereof is shown in Scheme 1.

160131 Scheme 1. Cycloaddition polymerization of bis-cyclopentadienones.
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[6014} In preferred embodiments of the present invention, the 1,24 5-tetrazines can be
refatively easy to prepare from organic nitriles or guaniding and hydrazine. Furthermore,
the tetrazines may be prepared with substituents at the 3 and © positions, such as
arganic groups (through C-C bonds), halides, amines, thiol ethers, and ethers. The
result of these monomers copolymerizing with diethynylbenzene affords 3,6~
disubstituted poly{biphenylenes), as shown in Scheme 2. Additional substituents can be
incorporated nto the second aromatic ning using disubstituted altkynes in the dialkynyl

comonamer.

{8013} Scheme 2. Cycloaddition polymerization of t{etrazine with bis-alkynyl

comonamers,
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{60167 Without wishing to limit the invention to a particular theory or mechanism, the
polymerizations involve a cycloaddition reaction of the tstrazine to afford a bicyche
cycloadduct that subsequently loses a molecule of nitrogen gas in a relro [4+2]
cycloaddition reaction, alse called a cheletropic slimination. The result is a pyridazine
group with two nitrogen atoms in the aromatic rng and a pendant aryl group with
another ethynyl group. The pyridazine group can also undergo a cycloaddition reaction
with an ethynyl group to afford a bicyclic cycloadduct that joses a second equivalent of
nifrogen via the cheletropic elimination. Scheme 3 iflustrates this reaction mechanism
In reactions of tetrazines with diethynyl arenes, these cycloadditions lead to the
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formation of linear macromolecules. To the inventors knowledge, this is the first Hime
that the cycloaddition polymerization of tetrazines has been observed and used o afford

polyarylenas of any sort.

180171 Scheme 3. A non-limiting example of the cycloaddition mechanism of the present

invention.
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160181 Without wishing to imit the invention to a particular theory or mechanism, the
variety of different functional groups that can be incorporated at the 3 and 6 positions
allows an unprecedented range of new polvarylenes or polybiphenyienss to be
prepared.  In contrast to the bis-pyrong and bis-cyciopentadienone monomer, many
more tetrazines can also be prepared. For example, 3, 8-dichlorotetrazine can be
converied into amine, ether, or thioether derivatives. Many of these functional groups
altow the polymers to be further modified to afford polyphenviene electrolytes, water
soluble polymers, fluorescent polymers, or UV absorbing polymers with the strength and
stability of the aromatic backbone. in some embodiments, these materials may be used
n Hght emitting dicdes or photovoltaic applications. Modifications {0 the nature of the
dialkynylarene can also allow for tuning of the level of substitution, substitution
geometry, and backbone configuration. For example, 4.4 -diethynylbiphenyi can resull in
3,6-disubstituted polvierphenylenes.

{8019} According to some embodiments, the present mvention features a method of
producing a polvaryiene compound. The method may comprise polymernzing a plurality
of tetrazine monomers with a plurality of alkynyl comonomers. In one embodiment, a
fetrazine moiety of each tetrazineg monomer reacts with two alkynyl moisties of the
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atkynyl comonomers 0 underge a double [4+2] cycloaddition reaction, thersby
producing the polyarylene compound. Without wishing to limit the invention o a
particutar theory or mechanism, the method iz effective for producing the polyarylene
compound that exhibits improved mechanical and optical properties, and improved
chemical and thermal stability, as compared 1o non-polyarylene polymers.

[8028] In one embodiment, each tetrazine monomer may be gecording o the following:

where R, and R, are each a halide, thiol, ester, carboxylate, amine, ether, thioether,
heteroaromatic, phenyl, alkyl, or alkene ether. In ancther embodiment, the tetrazine
monomers are selected from a group sonsisting of the following:

R M=N = Q\ N /O Naxh
SaWaW; S S s
LN MeG  N~n OMe Me& N-N  Me
3, 6-diphenvi-1,2,4, 5-telrazing dimethyl 12,4, 5-telrazine-3 B-dicarboxylale  3.6-bisimeathyiihio)-1,.2.4,8-telrazing
Me Me
e NN o NN M=N
N ’ Sl - ] ~
e N N A NO—G PO
Ma™ N NN N7 g Y N-N
3.6-0is(3,5-dirastind-1 M- 3.6-dichioro-1,2,4 5-tetrazine 12,4, 54elrazine-3.6-gicarboniinle

pyeazol-1-yh-1,2,4, 84elrazine

[6021} In one embodiment, each alkynyl comonomer may comprise ong alkynyl moisty,
and sach telrazine monomer can react with two alkynyl comonomers o underge the
double [4+2] cycloaddition reaclion. In ancther embodiment, each alkynyl comonomer
may be a bis-alkyne comonomer, and each felrazine monomer can react with the bis-
atkyne comonomer {o undergo the double {4+2] cycloaddition reaction. in yet another
embodiment, the alkynyl comonomers may be  alkynylarene comonomers of
dialkynylarene comonomers. Exampiles of the slkynylarene comonomers include, but
are not lmited io, phenylacetylene comonomers. in a further embodiment, the
dialkynylarene comonomers are according to the following structure:
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where R; and Ry are each a hydrogen, timethyisiyl, or phenvl Examples of the
dialkynylarene comonomers include, but are not limited to, 1.4-diethynylbenzene, 1.3-
diethynylbenzene, 1.4 bis{ttimethyisiyl ethynyDbenzene, or 1.4-di{phenyiethynyl-
benzens comonomers.

{86221 In some embadiments, the method of making a polyarylene compound may
comprise adding a tetrazine monomer as a diene of a Diels-Alder reaction in a reaction
vessel, and adding an alkynyl comonomer as g dienophile of the Diels-Alder reaction in
the same reaction vessel. The mixture is then mixed {0 generate the polyarylene
compound.

160231 According to another embaodiment, the present invention fealures a polvarylense
compound prepared from a plurality of tetrazine monomers and a plurality of alkynyl
comonamers. Without wishing {o imit the invention fo a particular theory or mechanism,
a tetrazine moisty of each felrazine monomer reacts with two alkynyt moleties of the
atkynyt comonomers fo undergo a double [4+2] cycloaddition reaction to produce the
polyarylene compound. In preferred embodiments, the polvarylene compound exhibifs
improved mechanical and optical properties, and improved chemical and thermal
stability, as compared to non-polyarylens polymers.

{00241 In some embodiments, each letrazine monomer may be according to the

following:

RS N
where Ry and R, are each a halide, thiol, ester, carboxylate, amine, ether, thioether,
hetercaromatic, phenyl, alkyl, nitrile, or alkene ether. In other embodiments, the
tetrazine monomers are selected from a group consisting of the following:

i~y N= . Q N=N O N=N
A s

{3 ) Sl 4 S s
N R U Mel  N-N OMe Me NN e

3.6-diphenyl-1,2.4 5-fstrazine  dimelnyl 1,24 5-tetrazine-3,5-dicarhoxyate  3.8-bis{methylthio)-1,2.4, 5-jetrazine

5\«13 Msi
I{;:Z‘J‘{\ M= ;\% /3"-1:;:\‘ =N N N
Ao Nl N ol e NG p-ON
Me” N AN M ‘Me NN N-N
3,6-bis(3,5-dimethyl- 1 H 3,6-gdichioro-1,2.4. 5-tetrazine 1,24, 5-letrazing-3,8-dicarbonitrile

pyrazobi-yip1,2, 4, 5-tetrazine



WO 2017/173128 PCT/US2017/025110

{6025} In some embodiments, each alkynyl comonomer may comptise one alkynyl
moiety, and each tetrazine monomer can react with two alkynyl comonomers to undergo
the double [4+2] cycloaddition reaction. In other embodiments, each alkynyl comonomer
may be a his-alkyne comonomer, and each telrazine monomer can react with the bis-
atkyne comonomer 1o undergo the double [4+2] cycloaddition reaction. In still other
embodiments, the alkynyl comonomers may be alkynylareng comonomers or
dialkynyviarene comonomers. Examples of the alkynylarene comonomers include, but
are not limited {0, phenylacetylene comonomers. In further embodiments, the

dialkynylarene comonomers are according o the following structure:
Ry

where R; and Ry are each a hydrogen, timethyisiyl, or phenvl Examples of the
dialkynylarene comonomers include, but are not limited to, 1 4-disthynylbenzene, 1.3-
diethynylbenzene, 1,4 bis(trimethylsilyl ethynyhbenzene, or 1.4-di{phenylathynyl}-

benzene comonomers.

{88261 According t0 ancther embodiment, the present invention features & mixture of
regioisomers of a polyarylene compound. it some embodiments, the regicisomers are

according to the following structures:

5
3 > RE}

or
where Rs, Rs, Rs, and Ry are each a halide, thiol, ester, carboxylate, amine, ether,
thioather, hetercaromalic, phenyl, alkyl, nitrile, or alkene ether, where Ry, Ry, Ry, and
Rq: are each a hydrogen or aryl, and where m = 510,000 and n = 510,000. In preferred
embodiments, the mixture of regicisomers is effective for increasing a solubility of the

polyarylens compound.

16027} In one embodument, at least two equivalent of nitrogen gas is produced during the
reaction of a tetrazine component and a bisalkkynyl component for every equivalent of
tetrazine used. in the present invention, a carbon dioxide gas is not produced during the
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reaction of a telrazine componen! and a bisalkynyl component. Therefore, the polymer
material formed by the reaction of a tetrazine component and a bisalkynyl component
can be considered a greener material,

160281 In some embodiments, the regiochemistry of the cydoaddition polymerization
may nominally give @ mixture of para and meta isaomeric linkages in the polymer
backbone. This can undoubtedly make these materials more soluble than a strictly para
regiopolymer. In preferred embodiments, a mixture of two regicisomers of the
polyaryleng backbone is produced. For example, the mixiure may comprise g meta-
polyarylene backbone and a parag-polyarylene hackbone, which increase the solubility of
the polyarylene polymers. in further embodiments, the present invention allows for the
ability control the cycloadditions to allow block, triblock, star polymers, branched and
thermoset polyvarnvienes to be prepared.

{86291 In some embodiments, the cycloaddition reaction to synthesize the polyarylenes
may be conducted in polar aprotic or organic solvents. In other embodiments, the
reaction may be performed at a wide range of temperatures. For example, the
temperature can be as low as 120°C or as high as 240°C.

{6636} In one embodiment, the cycloaddition reaction is performed al ambient pressuras.
in another embodiment, the reaction is performed at higher pressures, such as, for
example, about 0.7 fo 2 GPa. Without wishing {o limit the invention {o a particular theory
of meachanism, the cycloaddition reaction may be accelerated by orders of magnitude
with the application of high pressure (> 0.7 GPa). in one embaodiment, the synthesis of
the polyarylene material may be conducted in a high pressure reactor.

{8031} In a preferred embodiment, the polyarenes can be prepared o have molecular
weights greater than 1 MegaDalton (10° g/mole). In more preferred embodiments, the
resulting polymers may be soluble and processabie into films and fibers. in still other
embodiments, the polyarylene polymer may be a foam. For example, the polymer may
be a thermoset foam where molten precursors are mixed and the reaction increases the
molecular weight and generates nifrogen {o foam the growing and hardening polymsr.
Small amounts of tri-ethynyl precursors may alsc be used to crosslink the foam. Withowt
wishing to fimit the invention to a particular theory or mechanism, the polyarylene
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material can have improved mechanical and optical properties and improved chemical
and thermal stability, as compared to non-polyarylene organic polymers.

80321 According 10 some embodiment, the present invention may be utilized as an
nexpensive matenal in applications including, but not imied to, high strength fibers,
seif-reinforced structural polymers, membranes for chemical, gas and water purification,
OLED, and photovoliaics.

{60331 EXAMPLES
{6034} The following are nondimiting examples of preparing the polymer material of the

prasent invention. Equivalents or substitites are within the scope of the invention

160351 EXAMPLE 1

16036} In one embodiment, 1,24 5-tetrazines were prepared from benzoniftile and
hydrazine for 3.6-diphenyi1 2.4 5-tetrazine. In another embodiment, dimethyl 1.24,5-
{etrazine-3,6-dicarboxylate was prepared from glycine ethyl ester hydrochloride. In still
ancther embodiment, 3,8-bis(3,5-dimethyl-1H-pyrazol-1-yl}-1,2 4 S-tetrazine  was
prepared from guanidine and hydrazine. In yet ancther embodiment,, dichlorotetrazine
was prepared from 3.6-bis(3,5-dimethyl-1H-pyrazol-1-yi)-1,2 4 S-tetrazine. In a further
embodiment, 3,6-bis{methyithio}-1,2,4,5-etrazine was prepared from 3.6-dichioro-
1,2.4,5-4etrazine.  In vet a further embodiment, the 1,24 5-{etrazine-3,6-dicarbonitrile

was prepared in two steps from dimethyl 1,2,4,5-tetrazine-3,6-dicarboxylate.

180371 Scheme 4. Non-limiting examples of 1,.2.4,5-{efrazines

. Y
\\, { } Ve 3 a Sem
) - < 54 s
Nl N MeS OMe Me NN Me
3.6-diphenvi-1,2.4 54etrazing  dimsthyl 1,2,4.5 tatfagme—S.bvdmarbozsfyiate 3.6-bis{mathylihio}-1,2,4,5-tetrazine
Me Me
t:' ‘j\ Nz } T m{NxN}
S NG N Clq il NG~ 0N
Ma™ N NN N")\Mg W<\ >M N~N
3,6-bis{3,5-dimathyk- 1 M 3,6-dic himm 2 4 5etptrazing  1.2,4.5tetrazing-3.6-dicarbonitrile

pyrazol-t-ylii-1 2,4, Stelrazine

[0038] EXAMPLE 2
{6039} Commercial 1.4-disthynyibenzene, 1.3-diethynyibenzene, 1.4 bis{irimethyisiiy
ethynyhbenzene, and 1 A-di{phenylethynylbenzene were purified by sublimation before

10
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polymerizing. The polymerizations are carned ot under inert atmosphere in polar

aprotic or aryl ether solvents.

[0040] Referring to Scheme 5, a 10 mb 14/20 one-neck round bottom flask was
equipped with a magnetic stir hefore the addition of diethynyl benzene {0.128 g, 9.89 x
107 mol), 3,6-diphenyl-1,2 4 5-tetrazine (0.234 g, 8.99 x 10" mal}, and dipheny! ether (3
mL). The system was set up for reflux then degassed and placed under posilive
pressure with argon before being heated o reflux. At this point the solution was dark
purple and contained undissolved white parlicles of diethynyl benzene. As the reaction
was heated {0 reflux, the disethynyl benzene dissolved creating a dark pumple
homogenous solution. The reaction was refluxed for 3 days after which the solution had
changed {o a transparent light yeliow color, and a brown precipifate had formed. The
reaction was cooled, and then the solution was poured info 30 mb of 1.1 acetone and
hexanes io precipitate any remaining polymer. The brown precipitate was coliected with
vacuum filfration and rinsed with acetone before being dried under high vacuum giving a
final yield of 0.145 g, 47.7% conversion. 'H NMR (400 MHz, CDCly): & = 8.60-8.00 (s br,
4 H), 8.00-8.80 {s br, 14 H), FT-IR (KBr): oem™ = 3426.22, 3055.67, 3029.84, 2919.99,
2850.82, 1677.54, 1634.83, 1601.79, 1583.28, 1569.16, 1487.98, 144299, 1389.07,
131116, 123445, 1178.87, 11566.73, 1107.52, 1074.80, 1021.46, 908.35, 837.91,
800568, 766.92, 638478, ©31.95 586068, 52194, 45349 GPC ({polystyrene
standards): Mn 857,000 (Da), Mw 1,327,000 (Da), PDi = 2.0.

[a0d1} Scheme 5. Polymerization of diethynylbenzene with 3 8-diphenyitetrazine.

TR SR
".‘»:: \’\\5 {‘{;f ‘Q}
e digheny ether \M,J.f Nt
e v TN o b
argon, reflux ; V4 Ly 4
A Zdays, 45% SN AR TR
~ e = L
A— }} ____ % ot - ’}.“ 8
._,-:::::-(~ »_,-'::::"\
& & @
W, % 7
N S\

3 G-dliphenayl-1,.2,4 Stetrazing

{60421 As used herein, the lerm “aboul” refers fo plus or minus 10% of the referenced
number.

160431 Various modifications of the invention, in addition to those described herein, will
be apparent to those skilled in the art from the foregoing description. Such maodifications
are aiso intended o fall within the scope of the appended claims. Each reference cited

11
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in the present application is incorporated herein by reference in its entirety.

{60441 Although there has been shown and described the preferred embodiment of the

may be made thereio which do nol exceed the scope of the appended claims.
Therefors, the scope of the invention is only t© be limited by the following claims.
Reference numbers recited in the claims are exemplary and for ease of review by the
patent office only, and are not limiting in any way. in some embodiments, the figures
presented in this patent application are drawn {0 scale, including the angles, ratios of
dimensions, efc. in some embodiments, the figures are representative only and the
claims are not hmited by the dimensions of the figures. In some embodiments,
descriptions of the inventions described herein using the phrase “comprising” includes
embodiments that could be described as “consisting of, and as such the wrillen
description requirement for claiming one or more embodiments of the present invention
using the phrase “consisting of” is met.

12



WO 2017/173128 PCT/US2017/025110

WHAT IS CLAIMED iS:

1. A method of producing a polyarylens compound, the method comprising
polymerizing a plurality of tetrazine monomers with a plurality of alkynyt
camanomers, wherein g telrazine moiely of each tetrazing monomer reacts with
two alicyryl moisties of the alkynyl comonomers to undergo a double {4+2]
cycloaddition reaction, thereby producing the polyarylene compound.

2. The method of claim 1, wherein sach tetrazine monomer is according 1o the
following:

wherein Ry and Ry are each g halide, thiol, ester, carbowviate, amine, ether,
thioether, hetercaromatic, phenyl, alky, nittile, or alkene ether.

3. The method of claim 1, wherein the telrazine monomers are selected from a
group consisting of the following:

’{:\'-"“Q\ Nz I C?\ N=N 0 N=i
Los 4y o W an W
N g i R #Mel  N-N OMe Me N-N Me
3. 8~diphenyd1.2.4 S-etrazine  divnethyl 1.2, 4. 84etrazine-3,6-dicarboxylate  3,6-hisimathylthini{, 2.4 S-ntrazing
Me Me
ey =N . Ma NazM
i " - N, = - 5
,»45%: N N Ot {‘S\ »;\" — HE ‘{\ N
Mem NONeN N e M-t N
3.5-bisl 3, Bdimethyl-1 H- 3.6-dichloro-1,2.4, 84etrazing  1.2,4,5-leteazine-3,8-dicarbonitrile

pyrazobt-yiy1,2.4 S-ptrazine

4. The method of claim 1, wherein each alkynyl comonomer comprises one alkynyl
maoiety.

5. The method of claim 4, wherein each telrazine monomer reacts with two alkynyl
comonomers to undergo the double [4+2] cycloaddition reaction.

6. The method of claim 1, wherein each alkynyl comonomer is a bis-alkyne
COMONOMer.

7. The method of claim 6, wherein sach lelrazine monomer reacis with the bis-
altkyne comonomer 10 undergo the double [4+2] cycloaddition reaction.

13
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5. The method of claim 1, wherein the alkynyl comonomers are alkynyvlarene
comonomers or dialkynylarene comonomers.

9. The method of claim 8, wherein the alkynylarene comonomers are

phenyiacelylene comonomers.

10. The method of claim 8, wherein the dialkynylarene comonomers are according o

the following structure:
,-Rs

R

™

wherein Rz and Ry are each a hydrogen, tnmethyisilyl, or phenyl.

11. The msthod of claim 8, wherein the dialkynylarene comonomers are 14-
diethynylbenzene, 1 3-diethynyibenzene, 1.4 bis{iimethyisibyl ethynylibenzene,
or 1.4-di{phenyiethynvlibenzene comonomers.

12. The method of claim 1, wherein the method is effective for producing the
polyarylens compound that exhibits improved mechanical and optical properties,
and improved chemical and thermal stability, as compared o non-polyarylene
polymers.

13. The method of claim 1, wherein the cycloaddition reaction produces a mixture of
regicisomers of the polyarylene compound.

14. The method of claim 13, wherein the mixture of regicisomers comprises a meta-

polyarviene backbone and a para-polyarviene hackbone.

15. The method of claim 13, wherein the mixture of regicisomers increases a

solubility of the polyarylene compound.

16. The method of claim 1, wherein the polyarvlene compound is formed into a foam,
film, or fiber,

14
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17.The method of claim 1, wherein the method is performed at a temperature
ranging from about 120°C o 240°C.

18. The method of claim 1, wherein the method is performed at ambient pressure.

19. The method of claim 1, wherein the method is performed at a pressure greater
than about 0.7 GPa.

20. The method of claim 1, wherein the method is performed at a pressure ranging
from about 104 kPa to 2 GPa

21. The method of claim 1, wherein the polyardene compound has molecular weight
greater than ahout 1 MegaDalton.

22 A polyarylene compound prepared from a plurality of tetrazine monomers and a
plurality of alkynyl comonomers, wherein a telrazine moiety of sach fetrazine
monamer reacts with two alkynyt moieties of the alkynyl comonomers {0 undergo
a double [4+2] cycloaddition reaction to produce the polyarviene compound.

23. The polyarylene compound of claim 22, wherein each ietrazine monomer is
according to the following:

NOR
N

R{.—-"“ ~ N )
wherein Ry and Ry are each & halide, thicl, ester, carboxylate, aming, sther,

thioether, hetercaromatic, phenyl, alkyl, nitrile, or alkene ether.

24 The polyarylene compound of claim 22, wherein the tetrazine monomers are
selected from a group consisting of the following:

Lot JRE- e G N=N G N=N

N P \ o

4 ) e W S S
N N-N ML Mely [T Ofde fhe =N fle

36-diphanyh1,2 4, 54elrazine  dimethyl 1,2 4, 5 tetrazive-d S-divarboxyiate  3.6-blsimethylthio}- 1,24 5-tetrazing

Me MQ,L
s N=N NN Wik
o Nk pen L a4 p-a RC-Q o
Me” TN ON-N Ny N-N NN

3.8-bisiR S-dimethyl-1H- 3. 5-dichlore-1,2.4 8tettazine  1.2,4.5-telrazine-3 5-dicarbonitrite
pyrazob1-yi3-1 8.4 S-elrazine

15



WO 2017/173128 PCT/US2017/025110

25.The polvarvlene compound of claim 22, wherein each alkynyl comonomer
comprisas one alkkynyl moiety.

26.The polyarylene compound of claim 25, wherein each tetrazine monomer reacts

with two alkynyl comonomers 1o undergo the double [4+2] cycloaddition reaction.

27.The polyarylene compound of claim 22, wherein gach alkynyl comonomer is a
bis-atkyne comonomer.

28. The polyarviene compound of claim 27, wherein each tetrazine monomer reacts
with the bis-atkyne comonomer to undergo the double [4+2] cycloaddition

reaction.

29. The polvarviene compound of claim 22, wherein the alkynyl comonomers are
alkynylarene comonomers or diatkynylarene comonomers.

30. The polvaryiene compound of claim 28, wherein the slkynylarene comonomers
are phenylacetylene comanomers.

31.The polvaryiene compound of claim 29, wherein the dialkkynylarene comonomaers

are according o the following struciure:
Ry

By

wherein R; and R, are each a hydrogen, trimethyisiivl, or phenyl.

32. The polyarylene compound of claim 28, wherein the dialkynylarene comonomers
are 1 4d-diethynylhenzene,  1,3-disthynylbenzene, 14  bis{trimethylsilyl
ethynyhbenzene, or 1,4-di{phenyiethynylibenzene comonomers.

33.The polyanyiene compound of claim 22, wherein the polyarylens compound
gxhibifs improved mechanical and oplical properies, and improved chemical and
thermal stability, as compared to non-polyaryieng polymers,
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34.The polyarviene compound of claim 22, whergin the cycloaddition reaction
produces a mixture of regioisomers of the polyarylena compound.

35.The polyarylens compound of claim 34, wherein the mixture of regioisomers

comprises a mela-polyarylene backbone and a para-polyarviene backbone.

38, The polyarylene compound of claim 34, wherein the mixture of regioisomers
increases a solubility of the polyarylene compound.

37.The polyarviene compound of claim 22, wherein the polyaryiene compound is
formed into a foam, film, or fiber.

38. The polyarviene compound of claim 22, wherein the polyarylene compound has a
molecular weight greater than about 1 MegaDalion,

38 A maeathod of making a polyarylene compound, said method comprising:
a. adding, to a reaction vessel, g plurality of tetrazine monomers as a diene
of a Diels-Alder reaction;
b. adding a plurality of alkyny!l comonomers as a dienophile of the Diels-Alder
reaction fo the same reaction vessel; and
¢. mixing the tetrazine monomers and the atkynyl comonomers, thereby
generating the polyarylene compound.

40 A mixture of regicisomers of a polyarylene compound, wherein the regioisomers
are according to the following struciures:

or
wherein Rs, R, Ra, and Ryg are each a halide, thiol, ester, carboxylate, amine,
gther, thicether, heteroaromatic, phenvl, alkyl, nitrile, or atkene ether,

wherein Ry, Rs, Ry, and Ry, are each a hydrogen or aryl, and

wherein m = 5-10,000 and n = 5-10,000.

41. The mixtwre of claim 41, wherein the mixture of regioisomers is effective for

increasing a solubility of the polyarylene compound.
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