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SPIROCENTRIC COMPOUNDS AND POLYMERS THEREOF

RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Provisional Patent Application
No. 62/753,470, filed 31 October 2018, and titled “FUNCTIONALIZED MEMBRANES AND
METHODS OF PRODUCTION THEREOF,” and also claims the benefit of priority to U.S.
Provisional Patent Application No. 62/640,253, filed 8 March 2018, and titled
“SPIROCENTRIC COMPOUNDS AND POLYMERS THEREOF,” both of which are

incorporated herein by reference in their entireties.

FIELD OF INVENTION

[0002] The present invention relates to novel functionalized spirocentric compounds and

polymers thereof and their use for making hyper-rigid cross-linked membranes.
BACKGROUND OF THE INVENTION

[0003] Microporous hyper rigid polymeric membranes have emerged as energy efficient
molecular separation platforms relative to traditional energy intensive processes. These
membranes combine porosity and rigidity, allowing for high permeability and good selectivity.
A known polymer of intrinsic microporosity is PIM-1, which has been studied for gas
separation and with solvent nanofiltration. PIM-1 is solution-processable, which has enabled
the development of a variety of membrane morphologies including dense flat sheet, thin
composite materials, and hollow fiber membranes. While PIM-1 has a relatively high
membrane permeability for many gases in gas separation due to the “molecular ladder”
structure of its polymer chains, it has only a low-to-moderate selectivity.

[0004] A variety of methods for covalent derivatization or modification of PIM-1 structures
have been described, including tetrazole and methyl tetrazole formation, thioamide formation,
amideoxime formation, partial nitrile hydrolysis, nitrile reduction, direct amide formation, and
ortho aryl sulfonation. However, the resulting polymers often display poor solubility in
solvents that would be used for making membranes, and thus are not practical for further
development. To bypass the poor solubility of modified PIM polymers, functionalization
directly on the PIM-1 thin film membrane has been reported. However, to reveal the full
potential of PIM structures, crosslinkable polymers that are solution processable are required,

after which cross-linking could be used to generate insoluble hyper-rigid cross-linked PIM
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networks. While intermolecular interactions have been used to cross-link PIM-1, examples of
covalent cross-linking of PIM-1 rely on aggressive conditions of heat to induce non-specific
decarboxylative cross-linking, oxidative cross-linking, and azide decomposition to nitrene for
C-H insertion cross-linking. These approaches are nonspecific and generate very low levels of
cross-linking.

[0005] Thus, despite their potential success, current approaches for polymers of intrinsic
microporosity for chemical separations are limited by (1) solution processability; (2) ability to
maintain well-defined pore sizes in solvent due to swelling and aging; (3) limited tunability of
pore sizes; and (4) limited functional group tolerance.

[0006] Thus, there exists an unmet need for monomers and corresponding polymers thereof
that are solution-processable at mild conditions and yield highly specific, hyper-rigid cross-
linked membranes that have both high membrane permeability and high selectivity for

molecularseparations.
SUMMARY OF THE INVENTION

[0007] Various non-limiting aspects and embodiments of the invention are described below.
[0008] In one aspect, the present invention provides a spirocentric compound according to

Formula I

Rs

Rs
R4

Rz
Formula I
[0009] wherein:
[00010] in all structures the carbon indicated by “C” denotes a spiro-carbon;

[00011] Arand A; are each independently selected from:
~N X R"
IOEIONS
‘}Le_ c) }i S c

2



WO 2019/173646 PCT/US2019/021236

O MOCINES
/EIC”/IC ,and A C

[00012] Az is a selected from substituted or unsubstituted Cs—Cs aryl, substituted or

2

unsubstituted Cs—Ce heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl and substituted
or unsubstituted Cs—Cs cyclic heterocycloalkyl;

[00013] X 1s -CRg, -O-, -S-, NRs, -C=0, -C=NRg, -C=N-N(R¢)2, and C=N-ORg;
[00014] R1,R», R3, and R4 are each independently selected from H and Y=Z \wherein

at least one of Ry, Ry, R3, and Ryis Y2
[00015] Rs is independently at each occurrence H, Si(ORe)3, or Si(Re)s;

[00016] Rs is independently at each occurrence selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl;

[00017] Y is independently absent or selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, -NH-(C=0)-; =NO-C1 alkyl-; and -(C=0)-phenyl-;

[00018] Z is independently selected from -Nj3, —C=CH, C=C—R' —C=N _
(C:O)-H, —SH, -CH:CHz, halide, -SO3R5, -B(OR6)2, Sn(R6)3, and Zn(Rﬁ)z;
[00019] R’ is selected from substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -CN, -COzRs, -(C=0)-N(Rs)2, and -(C=0)-R¢; and

[00020] R’ is selected from R3 and Rs.

[00021] In another aspect, the present invention provides a spirocentric compound

according to Formula II:

0
R
1
A
Ry
~N
0 c 0
\R1
Ay
Ry
o ,
Formula IT
[00022] wherein: in all structures the carbon indicated by “C” denotes a spiro-carbon,
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K 3 )

x

[00023] A1 is selected from 2 c ;
fIX)

[00024] Az is E: c :

[00025] X is independently at each occurrence selected from O, or N-R»;

[00026] Riis independently at each occurrence H or alkyl;

[00027] R> is selected from H, substituted or unsubstituted alkyl, and substituted or

unsubstituted aryl; and

[00028] Az is a selected from substituted or unsubstituted Cs—Cs aryl, substituted or

unsubstituted Cs—Ce heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl and substituted
or unsubstituted Cs—Cs cyclic heterocycloalkyl.
[00029] In another aspect, the present invention provides a compound according to

Formula III:

z
Y/
F F
F F
Y
z/ ,
Formula III
[00030] wherein:
[00031] Z is independently selected from -Nj3, _CECH, CEC_R',_CEN, -

(C=0)-H, —SH, -CH=CH;;
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/
e
N
\_/
[00032] Y is independently at each occurrence absent, or selected from z
. o .
N N N%& NA !
I3 I
N\N N\N/ N\( N\ \\
y N L
Z z R z and S ’
[00033] R’ is selected from H, substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted

heteroaryl, -CN, -CO2R”, -(C=0)-N(R”),, and -(C=0)-R”; and

[00034] R” is selected from H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl.
[00035] In yet another aspect, the present invention provides a polymer according to
Formula IV:
Z
|
L
(D) [
[00036] Formula IV, wherein:
[00037] Y is absent or selected from tetrazole and thiazole;
[00038] L is absent or selected from substituted or unsubstituted Ci.12 alkyl, substituted

or unsubstituted benzyl, and Ci.12 alkylcarbamate;

[00039] Z is absent or selected from -N;, "C=CH C=C—R' —C=N —(C=0)-
H, -SH, and -CH=CH>; wherein when Y and L are both absent, Z is not absent;

[00040] Y’ is absent or selected from hydrogen, tetrazole and thiazole;
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[00041] L’ is absent or selected from substituted or unsubstituted Ci.12 alkyl, substituted
or unsubstituted benzyl, and Ci.12 alkylcarbamate;

[00042] Z’ is absent or selected from -Nj3, —C=CH , CEC_R', _CEN, —(C=0)-
H, -SH, and -CH=CH>; wherein when Y’ and L’ are both absent, Z’ is not absent;

[00043] R’ is independently at each occurrence selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -CN, -CO2R”’, -(C=0)-N(R’’)2, and ((C=0)-R’’;
[00044] R’ is selected from H, substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted

heteroaryl;
[00045] the ratio of m ton is from O to 1;
[00046] the ratio of k to n is from O to 1; and
[00047] n is an integer from 5 to 100,000;
[00048] provided that when Z is absent, Y is not absent or hydrogen, and when Z’ is
absent, Y’ is not absent or hydrogen.
[00049] In yet another aspect, the present invention provides a polymer according to
Formula V:
R
o Ro
A G
O C )
Ay
Rq o)
n
R, G
Formula V
[00050] wherein: in all structures the carbon indicated by “C” denotes a spiro-carbon,

KIX SSS
: :Cl
[00051] A1 is selected from '2 c and ;
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S x

[00052] A is % c ,

[00053] X is independently at each occurrence selected from O, or N-Rs;

[00054] R1,R», R3, and Ry are each independently selected from H and Y—27~,

[00055] Rs is selected from H, substituted or unsubstituted alkyl, and substituted or

unsubstituted aryl;

[00056] Az is a selected from substituted or unsubstituted Cs—Cs aryl, substituted or
unsubstituted Cs—Ce heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl and substituted
or unsubstituted Cs—Cs cyclic heterocycloalkyl;

[00057] Y is independently absent or selected from substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, -NH-(C=0)-; =NO-C1 alkyl-; and -(C=0)-phenyl-;

[00058] Z is independently absent or selected from -Nj3, —C=CH, C=C—R,
—C=N, _(C=0)-H, -SH, and -CH=CHy;

[00059] R’ is independently at each occurrence selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -CN, -CO2R”’, -(C=0)-N(R’’)2, and ((C=0)-R’’;
[00060] R’ is selected from H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl;

[00061] G is selected from halogen, -CN, substituted or unsubstituted aryl, and

substituted or unsubstituted heteroaryl; and

[00062] n is an integer from 5 to 100,000.
[00063] In yet another aspect, the present invention provides a polymer according to
Formula VTI:
Rs Rq
R4
A, Ly—R;,—L;
C n
L (n
| -
R, Rs
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Formula VI
[00064] wherein:
[00065] the carbon indicated by “C” denotes a spiro-carbon;
[00066] Arand Aj are independently at each occurrence selected from:

) O

[00067]
Yé }EI) L ’
I R [~ C
[00068] E: ¢ , 2 c ,and ;
[00069] Xis -CRy”, -0-, -S-, NR”, -C=0, -C=NR”, -C=N-N(R”),, and C=N-OR”;
[00070] Ri1, Rz, R3, Ry, Rs, R are independently selected from H, -OR”’, -OSi(R’’)3,

Si(R’7)s, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
cycloalkyl and substituted or unsubstituted heterocycloalkyl, wherein at least one of Ri, Rz, R3,
R4, Rs, R, 1s further substituted with Z;

[00071] R7 is absent or selected from substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl; substituted or unsubstituted arylamine, and imido;

[00072] Az is a selected from substituted or unsubstituted Cs—Cs aryl, substituted or
unsubstituted Cs—Ce heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl and substituted

or unsubstituted Cs—Cs cyclic heterocycloalkyl;

[00073] Z is independently selected from -Nj, —C=CH, C=C—R', -C=N_ _
(C=0)-H, -SH, and -CH=CHp>;
[00074] R’ is selected from substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -CN, -CO3Rs, -(C=0)-N(R ),, and (C=0)-R ;

[00075] R” is independently at each occurrence selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,

and substituted or unsubstituted heteroaryl; and
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[00076] L: and L, are independently selected from a bond, substituted or unsubstituted
alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkynyl, substituted

or unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[00077] In yet another aspect, the present invention provides a polymer according to
Formula VII:
M
~, J/ N

| = n

Formula VII
[00078] wherein:
[00079] M is selected from -C-, -Si-, -Sn-, -Ti-, and -Zr-;
[00080] J is selected from -O- and -CH>;
[00081] A1 1s a selected from substituted or unsubstituted aryl and substituted or

unsubstituted heteroaryl, and

[00082]
[00083] n is an integer from 5 to 100,000.
[00084] In yet another aspect, the present invention provides a polymer according to
Formula VIII:
_ R,
+-0
A, Rz
~+o .
< N\ . 3
R, Az \M//
o N
R1 on >
Formula VIII
[00085] wherein: in all structures the carbon indicated by “C” denotes a spiro-carbon,
[00086] M is selected from -C-, -Si-, -Sn-, -Ti-, and -Zr-;
[00087] Arand A; are each independently selected from:

9
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?IX fD D

[00088]
[00089] - ? - I cand 7> °
[00090] Az is a selected from substituted or unsubstituted Cs—Cs aryl, substituted or

unsubstituted Cs—Ce heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl and substituted
or unsubstituted Cs—Cs cyclic heterocycloalkyl;

[00091] Xis -CR”, -O-, -S-, NR”, -C=0, -C=NR”, -C=N-N(R”),, and C=N-OR”;
[00092] R1, and R, are independently selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl and substituted or
unsubstituted heterocycloalkyl, wherein at least one of Ri, and R», is further substituted with

Z.

2

[00093] Z is independently selected from -Nj, —C=CH, C=C—=R', -C=N_ _
(C=0)-H, -SH, and -CH=CHp>;
[00094] R’ is selected from substituted or unsubstituted alkyl, substituted or

unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -CN, -CO,R”, -(C=0)-N(R”),, and —(C=0)-R”;

[00095] R is independently at each occurrence selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,

and substituted or unsubstituted heteroaryl.

[00096] In yet another aspect, the present invention provides a polymer according to the
formula:
T Q O O B
) O /
(@)
- N3 —n
[00097] wherein n is an integer from 5 to 100,000.

10
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[00098] In yet another aspect, the present invention provides a polymer according to the

formula:

[00099] wherein:

[000100] Ri, Rz, Rs3, and R4 are independently selected from H, substituted or

unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -OR’, -SR’, N(R’’),, wherein at least one of R1, Ra, Rs,
and Ry is further substituted with Z;

[000101] Z is independently selected from -Nj, _CECH, CEC_R', _CEN, -
(C=0)-H, -SH, and -CH=CHp>;

[000102] R’ is selected from substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -CN, -CO2R”, -(C=0)-N(R”),, and -(C=0)-R”;

[000103] R” is independently at each occurrence selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl; substituted or unsubstituted arylamine, and imido,
and

[000104] n is an integer from 5 to 100,000.

[000105] These and other aspects of the present invention will become apparent to those
skilled in the art after a reading of the following detailed description of the invention, including

the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

000106 Figure 1 depicts '"H NMR (FIG 1A and FIG 1C) and FT-IR (FIG 1B and FIG
g p

1D) spectra for alkylation reaction of select monomers of the invention with short chain azide

11
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or alkyne linkers, giving rise to an average of 32, 54, 81 and 100 percent of the nitrile groups
converted to alkylated tetrazoles bearing either azide or alkyne groups.

[000107] Figure 2 depicts film casting and crosslinking of azide- and alkyne-
functionalized PIM polymers. FIG 2A shows the azide-alkyne coupling reaction scheme for
the two monomers of the invention. FIG 2B depicts FT-IR spectra before and after Cu(Il)-
catalyzed cross-linking reaction, indicating triazole formation as evidenced by the

disappearance of the alkyne IR peak.

DETAILED DESCRIPTION

[000108] Detailed embodiments of the present invention are disclosed herein; however,
it is to be understood that the disclosed embodiments are merely illustrative of the invention
that may be embodied in various forms. In addition, each of the examples given in connection
with the various embodiments of the invention is intended to be illustrative, and not restrictive.
Therefore, specific structural and functional details disclosed herein are not to be interpreted
as limiting, but merely as a representative basis for teaching one skilled in the art to variously
employ the present invention.

[000109] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs.

[000110] As used in this specification and the appended claims, the singular forms “a”,
“an”, and “the” include plural references unless the context clearly dictates otherwise. Thus,
for example, a reference to “a method” includes one or more methods, and/or steps of the type
described herein and/or which will become apparent to those persons skilled in the art upon
reading this disclosure.

[000111] Ranges can be expressed herein as from “about” or “approximately” one
particular value and/or to “about” or “approximately” another particular value. When such a
range is expressed, another embodiment includes from the one particular value and/or to the
other particular value.

[000112] By “comprising” or “containing” or “including” is meant that at least the named
compound, element, particle, or method step is present in the composition or article or method,
but does not exclude the presence of other compounds, materials, particles, or method steps,
even if the other such compounds, material, particles, or method steps have the same function

as what is named.

12
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[000113] Compounds of the present invention include those described generally herein,
and are further illustrated by the classes, subclasses, and species disclosed herein. As used
herein, the following definitions shall apply unless otherwise indicated. For purposes of this
invention, the chemical elements are identified in accordance with the Periodic Table of the
Elements, CAS version, Handbook of Chemistry and Physics, 75th Ed. Additionally, general
principles of organic chemistry are described in “Organic Chemistry”, Thomas Sorrell,
University Science Books, Sausalito: 1999, and “March's Advanced Organic Chemistry”,
5th Ed., Ed.: Smith, M.B. and March, J., John Wiley & Sons, New York: 2001 , the entire
contents of which are hereby incorporated by reference.

[000114] The term “aliphatic” or “aliphatic group”, as used herein, means a straight-chain
(i.e, unbranched) or branched, substituted or unsubstituted hydrocarbon chain that is
completely saturated or that contains one or more units of unsaturation, or a monocyclic
hydrocarbon, bicyclic hydrocarbon, or tricyclic hydrocarbon that is completely saturated or
that contains one or more units of unsaturation, but which is not aromatic (also referred to

2%

herein as “carbocycle,” “cycloaliphatic” or “cycloalkyl”), that has a single point of attachment
to the rest of the molecule. Unless otherwise specified, aliphatic groups contain 1-30 aliphatic
carbon atoms. In some embodiments, aliphatic groups contain 1-20 aliphatic carbon atoms. In
other embodiments, aliphatic groups contain 1-10 aliphatic carbon atoms. In still other
embodiments, aliphatic groups contain 1-6 aliphatic carbon atoms, and in yet other
embodiments, aliphatic groups contain 1, 2, 3, or 4 aliphatic carbon atoms. Suitable aliphatic
groups include, but are not limited to, linear or branched, substituted or unsubstituted alkyl,
alkenyl, alkynyl groups and hybrids thereof such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl.

[000115] The term “cycloaliphatic,” as used herein, refers to saturated or partially
unsaturated cyclic aliphatic monocyclic, bicyclic, or polycyclic ring systems, as described
herein, having from 3 to 14 members, wherein the aliphatic ring system is optionally substituted
as defined above and described herein. Cycloaliphatic groups include, without limitation,
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
cycloheptenyl, cyclooctyl, cyclooctenyl, norbornyl, adamantyl, and cyclooctadienyl. In some
embodiments, the cycloalkyl has 3-6 carbons. The terms “cycloaliphatic,” may also include
aliphatic rings that are fused to one or more aromatic or nonaromatic rings, such as
decahydronaphthyl or tetrahydronaphthyl, where the radical or point of attachment is on the

aliphatic ring. In some embodiments, a carbocyclic group is bicyclic. In some embodiments, a

13
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'carbocyclic group is tricyclic. In some embodiments, a carbocyclic group is polycyclic. In
some embodiments, “cycloaliphatic” (or “carbocycle” or “cycloalkyl”) refers to a monocyclic
C3—Cs hydrocarbon, or a Cs-Cio bicyclic hydrocarbon that is completely saturated or that
contains one or more units of unsaturation, but which is not aromatic, that has a single point of
attachment to the rest of the molecule, or a Co—Cis tricyclic hydrocarbon that is completely
saturated or that contains one or more units of unsaturation, but which is not aromatic, that has
a single point of attachment to the rest of the molecule.

[000116] As used herein, the term “alkyl” is given its ordinary meaning in the art and may
include saturated aliphatic groups, including straight-chain alkyl groups, branched-chain alkyl
groups, cycloalkyl (alicyclic) groups, alkyl substituted cycloalkyl groups, and cycloalkyl
substituted alkyl groups. In certain embodiments, a straight chain or branched chain alkyl has
about 1-20 carbon atoms in its backbone (e.g., C1—Cao for straight chain, C2—Cao for branched
chain), and alternatively, about 1-10 carbon atoms, or about 1 to 6 carbon atoms. In some
embodiments, a cycloalkyl ring has from about 3—10 carbon atoms in their ring structure where
such rings are monocyclic or bicyclic, and alternatively about 5, 6 or 7 carbons in the ring
structure. In some embodiments, an alkyl group may be a lower alkyl group, wherein a lower
alkyl group comprises 1-4 carbon atoms (e.g., C1—Cs for straight chain lower alkyls).
[000117] As used herein, the term “alkenyl” refers to an alkyl group, as defined herein,
having one or more double bonds.

[000118] As used herein, the term “alkynyl” refers to an alkyl group, as defined herein,
having one or more triple bonds.

[000119] The term “heteroalkyl” is given its ordinary meaning in the art and refers to
alkyl groups as described herein in which one or more carbon atoms is replaced with a
heteroatom (e.g., oxygen, nitrogen, sulfur, and the like). Examples of heteroalkyl groups
include, but are not limited to, alkoxy, poly(ethylene glycol)-, alkyl-substituted amino,
tetrahydrofuranyl, piperidinyl, morpholinyl, etc.

[000120] The term “aryl” used alone or as part of a larger moiety as in “aralkyl,”
“aralkoxy,” or “aryloxyalkyl,” refers to monocyclic or bicyclic ring systems having a total of
five to fourteen ring members, wherein at least one ring in the system is aromatic and wherein
each ring in the system contains 3 to 7 ring members. The term “aryl” may be used
interchangeably with the term “aryl ring.” In certain embodiments of the present invention,
“aryl” refers to an aromatic ring system which includes, but not limited to, phenyl, biphenyl,

naphthyl, binaphthyl, anthracyi and the like, which may bear one or more substituents. Also
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included within the scope of the term “aryl,” as it is used herein, is a group in which an aromatic
ring is fused to one or more non-aromatic rings, such as indanyl, phthalimidyl, naphthimidyl,
phenanthridinyl, or tetrahydronaphthyl, and the like.

[000121] The terms “heteroaryl” and “heteroar-,” used alone of as part of a larger moiety,

2

e.g., “heteroaralkyl,” or “heteroaralkoxy,” refer to groups having 5 to 10 ring atoms (i.e.,
monocyclic or bicyclic), in some embodiments 5, 6, 9, or 10 ring atoms. In some embodiments,
such rings have 6, 10, or 14 & electrons shared in a cyclic array; and having, in addition to
carbon atoms, from one to five heteroatoms. The term “heteroatom” refers to nitrogen, oxygen,
or sulfur, and includes any oxidized form of nitrogen or sulfur, and any quatemized form of a
basic nitrogen. Heteroaryl groups include, without limitation, thienyl, furanyl, pyrrolyl,
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl,
isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolizinyl, purinyl,
naphthyridinyl, and pteridinyl. In some embodiments, a heteroaryl is a heterobiaryl group, such
as bipyridyl and the like. The terms “heteroaryl” and “heteroar-", as used herein, also include
groups in which a heteroaromatic ring is fused to one or more aryl, cycloaliphatic, or
heterocyclyl rings, where the radical or point of attachment is on the heteroaromatic ring.
Nonlimiting examples include indolyl, isoindolyl, benzothienyl, benzofuranyl, dibenzofuranyl,
indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, ~4H—quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and pyrido[2,3-
b]-l,4-oxazin-3(4H)-one. A heteroaryl group may be monocyclic, bicyclic, tricyclic,
tetracyclic, and/or otherwise polycyclic. The term “heteroaryl” may be used interchangeably
with the terms “heteroaryl ring,” “heteroaryl group,” or “heteroaromatic,” any of which terms
include rings that are optionally substituted. The term “heteroaralkyl” refers to an alkyl group
substituted by a heteroaryl, wherein the alkyl and heteroaryl portions independently are
optionally substituted.

[000122] As used herein, the terms “heterocycle,” “heterocyclyl,” “heterocyclic radical,”
and “heterocyclic ring” are used interchangeably and refer to a stable 5- to 7-membered
monocyclic or 7-10-membered bicyclic heterocyclic moiety that is either saturated or partially
unsaturated, and having, in addition to carbon atoms, one or more, preferably one to four,
heteroatoms, as defined above. When used in reference to a ring atom of a heterocycle, the

term “nitrogen” includes a substituted nitrogen.
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[000123] A heterocyclic ring can be attached to its pendant group at any heteroatom or
carbon atom that results in a stable structure and any of the ring atoms can be optionally
substituted. Examples of such saturated or partially unsaturated heterocyclic radicals include,
without limitation, tetrahydrofuranyl, tetrahydrothiophenyl pyrrolidinyl, piperidinyl,
pyrrolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl,
piperazinyl, dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and
quinuclidinyl. The terms “heterocycle,” “heterocyclyl,” “heterocyclyl ring,” “heterocyclic
group,” “heterocyclic moiety,” and “heterocyclic radical,” are used interchangeably herein, and
also include groups in which a heterocyclyl ring is fused to one or more aryl, heteroaryl, or
cycloaliphatic rings, such as indolinyl, 3H-indolyl, chromanyl, phenanthridinyl, or
tetrahydroquinolinyl. A heterocyclyl group may be monocyclic, bicyclic, tricyclic, tetracyclic,
and/or otherwise polycyclic. The term “heterocyclylalkyl” refers to an alkyl group substituted
by a heterocyclyl, wherein the alkyl and heterocyclyl portions independently are optionally
substituted.

[000124] As used herein, the term “partially unsaturated” refers to a ring moiety that
includes at least one double or triple bond. The term “partially unsaturated” is intended to
encompass rings having multiple sites of unsaturation, but is not intended to include aryl or
heteroaryl moieties, as herein defined.

[000125] The term “heteroatom” means one or more of oxygen, sulfur, nitrogen,
phosphorus, or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon;
the quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring.
[000126] The term “unsaturated,” as used herein, means that a moiety has one or more
units of unsaturation.

[000127] The term “halogen” means F, Cl, Br, or I, the term “halide” refers to a halogen
radical or substituent, namely -F, -Cl, -Br, or -I.

[000128] As described herein, compounds of the invention may contain “optionally
substituted” moieties. In general, the term “substituted,” whether preceded by the term
“optionally” or not, means that one or more hydrogens of the designated moiety are replaced
with a suitable substituent. Unless otherwise indicated, an “optionally substituted” group may
have a suitable substituent at each substitutable position of the group, and when more than one
position in any given structure may be substituted with more than one substituent selected from
a specified group, the substituent may be either the same or different at every position.

Combinations of substituents envisioned by this invention are preferably those that result in
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the formation of stable or chemically feasible compounds. The term “stable,” as used herein,
refers to compounds that are not substantially altered when subjected to conditions to allow for
their production, detection, and, in certain embodiments, their recovery, purification, and use
for one or more of the purposes disclosed herein.

[000129] The term “spiro compound” refers to a chemical compound that presents a
twisted structure of two or more rings, in which at least 2 rings are linked together by one
common atom, e.g., a carbon atom. When the common atom is located in the center of the
compound, the compound is referred to as a “spirocentric compound.” The common atom that
connects the two or more rings is referred to as the “spiro-atom.” When such common atom is
a carbon atom, it is referred to as the “spiro-carbon.”

[000130] As used herein, ring fusions, including without limitation aliphatic and aromatic

ring fusions, are represented by wavy bond connections, such as shown below.
~ ef ;‘f
[000131] S or%% ¢

[000132] The connecting bonds may themselves be single or multiple (e.g., aromatic,
double, triple, etc.) bonds. By way of non-limiting example, a spirocentric compound

containing a spiro-carbon linking two bicyclic rings is shown below.

(0
o

[000133]

[000134] This compound may be schematically represented as follows:

[000135] Qij wherein A; and A» are each .771

[000136] In the above example, the connecting bonds, represented by wavy bond

connections, are aromatic bonds.
[000137] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the

structure; for example, the R and S configurations for each asymmetric center, (Z) and (E)
17
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double bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the invention.
[000138] Unless otherwise stated, all tautomeric forms of the compounds of the invention
are within the scope of the invention.

[000139] Additionally, unless otherwise stated, structures depicted herein are also meant
to include compounds that differ only in the presence of one or more isotopically enriched
atoms. For example, compounds having the present structures except for the replacement of
hydrogen by deuterium or tritium, or the replacement of a carbon by a ''C- or *C- or *C -
enriched carbon are within the scope of this invention.

[000140] It is also to be understood that the mention of one or more method steps does
not preclude the presence of additional method steps or intervening method steps between those
steps expressly identified. Similarly, it is also to be understood that the mention of one or more
components in a device or system does not preclude the presence of additional components or
intervening components between those components expressly identified.

[000141] In one aspect, the present invention provides spirocentric compounds
functionalized with reactive groups for subsequent polymerization. In some embodiments, the
spirocentric compounds of the invention comprise one or more of the following groups: -N3,
—C=CH, C=C—R' ,~C=N _(C=0)-H, -(C=0)-OH, -(C=0)-0ORs, -(C=0)-Re, (C=0)-
N(Rs)2, —SH, -CH=CH>, halide, -SO3Rs, -B(OR¢)2, Sn(Rs)3;, and Zn(Re),, wherein Rs is
independently at each occurrence selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted or

unsubstituted heteroaryl.

[000142] In one aspect, the present invention provides spirocentric compounds according
to Formula I:
R4
R
o)
R
5
Al
Rs
~
0 o o)
\R5
A2
R
/ 5
Ry o
Rz
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Formula I
[000143] In all structures the carbon indicated by “C” denotes a spiro-carbon.
[000144] In one embodiment, A1 and Az are each independently selected from:

oD
SO GCINSS

[000145] In one embodiment, Ajs is a selected from substituted or unsubstituted Cs—Cs

aryl, substituted or unsubstituted Cs—Ces heteroaryl, substituted or unsubstituted Cs—Cs
cycloalkyl and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.

[000146] In one embodiment, X is selected from -CRs, -O-, -S-, NR¢, -C=0, -C=NRs, -
C=N-N(R¢)2, and C=N-ORes.

[000147] In one embodiment, Ri, R», R3, and R4 are each independently selected from H
and Y_Z, wherein at least one of Ry, Ry, R3, and Ry is Y—12

[000148] In one embodiment, Rs is independently at each occurrence H, Si(ORe¢)3, or
Si(Re)s.

[000149] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000150] In one embodiment, Y is independently absent or selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -NH-(C=0)-; =NO-C1.s alkyl-; and -(C=0)-phenyl-.
[000151] In one embodiment, Z is independently selected from -Nj, _CECH,
C=C—R', =C=N, (C=0)-H, —-SH, -CH=CH,, halide, -SO3Rs, -B(ORs)2, Sn(Rs)3, and
Zn(Re)2.

[000152] In another embodiment, Z is independently selected from -Nj3, _CECH,

C=C—R', “C=N _(C=0)-H, —SH, and -CH=CH,
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[000153] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000154] In one embodiment, R” is selected from R3 and Ry.

[000155] In one embodiment, the compound of Formula I may have A; and A; each

Q —N
Y
~ \ ~ \ N\R7
Ve C - C

independently selected from:
Ry 0

Q
R R7\,_N ‘ Q
N;<Q ___N\ N \\ Q§<N
/‘1% c e c - c ’/ié c /‘Z{!

2

C
2 2 2
(e}
[e) (o] (o]
Q' Q Q'
~ o) ~ 5;) Q Q'
~ yfs o \_rs‘) \5:)
}‘; c - c - c - c /%77 c
2 2 2 2 2
Q \ N=—=N
Q
; X xS TR
C C
u/bb‘ 2 v'/’LL 2
Rz
R7 R7 \
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[000156] In one embodiment, X is selected from -CRs, -O-, -S-, NR¢, -C=0, -C=NRs, -
C=N-N(R¢)2, and C=N-ORes.

[000157] In one embodiment, Cy is selected from substituted or unsubstituted Cs—Cs aryl,
substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl
and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.

[000158] In one embodiment, Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR~, -C=N-
N(R7)2, and -C=N-OR7.

[000159] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.

[000160] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.

[000161] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:

Q Q N—=N
- c - @ - c < C

7

R
AN

R7
R7
N;< ——N N—N
Q \Q \\N
T Wy RN
/'2$ C - C - C .

, and

[000162]

[000163] In one embodiment, Z is independently selected from -Nj, _CECH,
C=C—R', =C=N, _(C=0)-H, -SH, and -CH=CHj.

[000164] In one embodiment, Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR~, -C=N-
N(R7)2, and -C=N-OR7.

[000165] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000166] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.
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[000167] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.
[000168] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:

[000169] AN /LA% c 2N /L%, c

3 ¥ o °
}7 c , }7 c , and }e? c

[000170] In another embodiment, Z is independently selected from -Nj3, _CECH,

C=C—R', =C=N _(C=0)-H, -SH, and -CH=CH

[000171] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.
[000172] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000173] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000174] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.
[000175] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:
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[000176]
R, R, &S
N N—"N
N;< - \ \\N
Q Q R
2 Y =N =8
C C C

R, Vzﬂ’? , and %

2

[000177] In another embodiment, Z is independently selected from -Nj3, _CECH,
C=C—R', =C=N _(C=0)-H, -SH, and -CH=CH,

[000178] In one embodiment, Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR~, -C=N-
N(R7)2, and -C=N-OR7.

[000179] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000180] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000181] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.
[000182] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:
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[000184] In another embodiment, Z is independently selected from -Nj3, _CECH,

C=C—R', =C=N _(C=0)-H, -SH, and -CH=CH

[000185] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.
[000186] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000187] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000188] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.
[000189] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:
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[000191] In another embodiment, Z is independently selected from -Nj3, _CECH,
C=C—R', =C=N _(C=0)-H, -SH, and -CH=CH,,

[000192] In one embodiment, X is independently selected from -CRs, -O-, -S-, NRes, -
C=0, -C=NRg, -C=N-N(R¢)>, and C=N-ORe.

[000193] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.
[000194] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000195] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000196] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.
[000197] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:
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[000199] In another embodiment, Z is independently selected from -Nj3, —C=CH,
C=C—R', =C=N _(C=0)-H, -SH, and -CH=CH,.

[000200] In one embodiment, X is independently selected from -CRs, -O-, -S-, NRes, -
C=0, -C=NRg, -C=N-N(R¢)>, and C=N-ORe.

[000201] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.
[000202] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000203] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000204] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.
[000205] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:
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[000207] In another embodiment, Z is independently selected from -Nj3, —C=CH,
C=C—mR', =C=N _(C=0)-H, -SH, and -CH=CH,
[000208] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.
[000209] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl.
[000210] In one embodiment, Cy is selected from substituted or unsubstituted Cs—Cs aryl,
substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl
and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.
[000211] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:
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[000213] In another embodiment, Z is independently selected from -Nj3, _CECH,

}"%?"%ﬁ

C=C—mR', =C=N _(C=0)-H, -SH, and -CH=CH,

[000214] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000215] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000216] In one embodiment, Cy is selected from substituted or unsubstituted Cs—Cs aryl,
substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl
and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.

[000217] In one embodiment, the compound of Formula I may have A; and A; each

independently selected from:

IOONNEOING S

>

[000218] ¢ ,
IOOHGOhEONE S
2N /7:‘& . N)’ 2N /N’ 2N F
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[000219] In one embodiment, X is selected from -CRs, -O-, -S-, NR¢, -C=0, -C=NRs, -
C=N-N(R¢)2, and C=N-ORg;

[000220] In another embodiment, Z is independently selected from -N;, “C=CH
C=C—mR', =C=N _(C=0)-H, -SH, and -CH=CH,

[000221] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rg, -(C=0)-N(R¢)2, and —(C=0)-Re.

[000222] In one embodiment, Rs is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000223] In one embodiment, Cy is selected from substituted or unsubstituted Cs—Cs aryl,
substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl

and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.

[000224] In one embodiment, a compound of Formula I may have the structure:

N l O

R4

[000225]

[000226] In one embodiment, R is independently at each occurrence H or alkyl.
[000227] In one embodiment, R3 and R4 are each independently selected from halide and
-B(ORs)z.

[000228] In one embodiment, Rs is independently at each occurrence selected from H,

substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

31



WO 2019/173646 PCT/US2019/021236

[000229] In one aspect, the present invention provides spirocentric compounds according

to Formula II:

0
R
;
Ay
R4
N
o) c o
\R1
Ay
R
o ,
Formula II.
[000230] In all structures the carbon indicated by “C” denotes a spiro-carbon.

S X

[000231] In one embodiment, A; is selected from 2

and

%' C

S X
[000232] In one embodiment, A is 3- c
[000233] In one embodiment, X is independently at each occurrence selected from O, or
N-R».
[000234] In one embodiment, R is independently at each occurrence H or alkyl.
[000235] In one embodiment, R is selected from H, substituted or unsubstituted alkyl,
and substituted or unsubstituted aryl.
[000236] In one embodiment, Ajs is a selected from substituted or unsubstituted Cs—Cs

aryl, substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs
cycloalkyl and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.
[000237] In one embodiment, the compound of Formula II may have A; and A each

independently selected from:
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[000239] In one embodiment, X is selected from -CRs, -O-, -S-, NR¢, -C=0, -C=NRs, -

C=N-N(R¢)2, and C=N-ORes.
[000240] In one embodiment, Cy is selected from substituted or unsubstituted Cs—Cs aryl,

XA X
.

.
V
4

substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl
and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.
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[000241] In one embodiment, Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR~, -C=N-
N(R7)2, and -C=N-OR7.

[000242] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.
[000243] In one embodiment, Rs is independently at each occurrence selected from H,

substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000244] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.
[000245] In one aspect, the present invention provides spirocentric compounds according

to Formula III:

z
Y/

F F
F F
Y

- ,
Formula II1

[000246] In another embodiment, Z is independently selected from -Nj3, —C=CH,
C=C—R', =C=N _(C=0)-H, -SH, and -CH=CH},
[000247] In another embodiment, Z is selected from -N3, "C=CH and C=C—R',

[000248] In one embodiment, Y is independently at each occurrence absent, or selected

o %w Yo
\TI/Q/O =N e

N N N
> W o
N / N\ ~\ / N> A N \
A : .
from z z z z z and s
[000249] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or

unsubstituted heteroaryl, -CN, -CO2R”, -(C=0)-N(R”)z, and ((C=0)-R”.
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[000250] In one embodiment, R’ is selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted or

unsubstituted heteroaryl.

[000251] In one embodiment, the spirocyclic monomeric compounds according to

Formula I may have the following structural formulas:

HO Q.O Br  MeO 0.0 MeOB(OH)2
Br O:H Q.O OMe (HO),B Q.O OMe

[000252] In one embodiment, the spirocyclic monomeric compounds according to

Formula II may have the following structural formulas:
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[000253] In one embodiment, the spirocyclic monomeric compounds according to

Formula III may have the following structural formulas:
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[000254] In one embodiment, R and R’ are independently at each occurrence selected

from substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -CO,R”, -(C=0)-N(R”),, and
—(C=0)-R”, and where R and R’ may be optionally substituted with Z.

[000255] In one embodiment, R” is selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl.

[000256] In one embodiment, Z is independently selected from -Nj, —C=CH,
C=C—R', =C=N _(C=0)-H, -SH, and -CH=CH,

[000257] In one embodiment, the spirocyclic monomeric compounds according to the
invention may be polymerized to yield polymers thereof. Many polymerization reactions of
organic compounds may be suitable for producing polymers according to the invention. Some
non-limiting examples are provided below.

[000258] In one embodiment, wherein one spirocentric compound of the invention
comprises one or more -B(ORe)2 groups, it may be coupled with another compound, (e.g., but

not limited to, another spirocentric compound of the invention) comprising a halide, e.g., a -
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Br, via, e.g., a palladium(0)-catalyzed Suzuki coupling reaction according to methods known
in the art. In one embodiment, wherein the compounds of the invention comprise more than
one -B(ORs), groups and more than one -Br groups, the Suzuki coupling reaction may result in
a polymerization reaction producing a polymer.

[000259] In another embodiment, wherein one spirocentric compound of the invention
comprises one or more azide (-N3) groups, it may be coupled with another compound, (e.g., but
not limited to, another spirocentric compound of the invention) comprising a terminal alkyne
via a copper(Il)-catalyzed azide-alkyne cycloaddition reaction. In one embodiment, wherein
the compounds of the invention comprise more than one azide groups and more than one
terminal alkyne groups, the copper(Il)-catalyzed azide-alkyne cycloaddition reaction may
result in a polymerization reaction producing a polymer.

[000260] In another embodiment, wherein one spirocentric compound of the invention
comprises one or more azide (-N3) groups, it may be coupled with another compound, (e.g., but
not limited to, another spirocentric compound of the invention) comprising a nitrile group via
a Zn(Il)-catalyzed cyclization reaction. In one embodiment, wherein the compounds of the
invention comprise more than one azide groups and more than one nitrile groups, the zinc(Il)-
catalyzed azide-nitrile cycloaddition reaction may result in a polymerization reaction
producing a polymer.

[000261] In another embodiment, wherein one spirocentric compound of the invention
comprises one or more halide (e.g., -Br) groups, it may be coupled with another compound,
(e.g., but not limited to, another spirocentric compound of the invention) comprising an amine,
via, e.g., a Buchwald-Hartwig palladium(0)-catalyzed amination reaction. In one embodiment,
wherein the compounds of the invention comprise more than one halide groups and more than
one amine, the amination reaction may result in a polymerization reaction producing a polymer.
[000262] In the various polymer aspects presented below, n represents the number of
repeating monomer units. As such, in some embodiments, n is an integer from 5 to 100,000. In
another embodiment, n is from 10 to 50,000, or from 100 to 20,000, or from 1,000 to 20, 000.
[000263] In one aspect, the present invention provides polymers according to Formula

1V:
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[000264] In one embodiment, Y is absent or selected from tetrazole and thiazole.
[000265] In one embodiment, L is absent or selected from substituted or unsubstituted Ci.

12 alkyl, substituted or unsubstituted benzyl, and Ci.12 alkylcarbamate.
[000266] In one embodiment, Z is absent or selected from -Nj3, —C=CH , C=C—FR

,_CEN, —(C=0)-H, -SH, and -CH=CH; wherein when Y and L are both absent, Z is not

absent.

[000267] In one embodiment, Z is absent or selected from -N3 and “"C=CH

[000268] In one embodiment, when Z is absent, Y is not absent or hydrogen.

[000269] In one embodiment, Y’ is absent or selected from hydrogen, tetrazole, thiazole,
and thioamide.

[000270] In one embodiment, Y’ is selected from tetrazole, thiazole, and thioamide.
[000271] In one embodiment, L’ is absent or selected from substituted or unsubstituted
Ci-12 alkyl, substituted or unsubstituted benzyl, and Ci.12 alkylcarbamate.

[000272] In one embodiment, L’ is selected from unsubstituted Ci.12 alkyl and
unsubstituted benzyl.

[000273] In one embodiment, Z’ is absent or selected from -N;, "C=CH C=C—FR'
, C=N, —(C=0)-H, -SH, and -CH=CH; wherein when Y’ and L’ are both absent, Z’ is not
absent.

[000274] In one embodiment, Z’ is absent. In one embodiment, when Z’ is absent, Y’ is
not absent or hydrogen.

[000275] In one embodiment, R’ is independently at each occurrence selected from

substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
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unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -CO2R”’, -(C=0)-N(R’’),, and
—(C=0)-R”’.

[000276] In one embodiment, R’ is selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl.

[000277] In one embodiment, the ratio of m to n is from about 0:1 to about 1:1. When the
ratio of m to n is 0:1, none of the monomer units have Y-L-Z groups. When the ratio of m to n
is 1:1, all monomer units bear a Y-L-Z group. When the ratio of m to n is between 0:1 and 1:1,
some monomer units bear a Y-L-Z group. By way of non-limiting example, a ratio of m to n
of 0.81:1 indicates that 81% of all monomer units have a Y-L-Z group, while 19% do not.
[000278] In one embodiment, when a monomer unit does not have a Y-L-Z group, a Z
group takes its place, i.e., when the ratio of m to n is between 0:1 and 1:1, some monomer units
bear a Y-L-Z group, and the rest bear a Z group. By way of non-limiting example, a ratio of m
ton of 0.81:1 indicates that 81% of all monomer units have a Y-L-Z group, while 19% have a
Z group.

[000279] In one embodiment, the ratio of m to n is about 0:1, or about 0.1:1, or about
0.2:1, or about 0.3:1, or about 0.4:1, or about 0.5:1, or about 0.6:1, or about 0.7:1, or about
0.8:1, or about 0.9:1, or about 1:1.

[000280] In one embodiment, the ratio of m to n is about 0:1 to 1:1, or 0.1:1 to 1:1, or
02:1tol:1,0or03:1to1:1,0or04:1to 1:1,0r 0.5:1to 1:1, or 0.6:1to 1:1, or 0.7:1 to 1:1, or
08:1to1:1,0r09:1to1:1,0r0:1t00.9:1,0r 0:11t00.8:1, 0or0:1t00.7:1, or 0:1 to 0.6:1, or
0:1t00.5:1,0r0:1t00.4:1,0r0:1:1t00.3:1,0r 0:1t00.2:1, or 0:1t0 0.1:1. In one embodiment,
the ratio of m tonis about 0:1t0 0.9:1, or 0:1t0 0.8:1, or 0:1t0 0.7:1, or 0:1t0 0.6:1, or 0:1 to
05:1,0or0:1t004:1,0r0:1t0 0.3:1,0r 0:1t0 0.2:1, or 0:1 to 0.1:1.

[000281] In one embodiment, the ratio of m to n is about 0.1:1 to about 0.9:1, or about
0.2:1 to about 0.8:1, or about 0.3:1 to about 0.7:1, or about 0.4:1 to about 0.6:1. In one
embodiment, the ratio of m to n is about 0.3:1 to about 1:1. In one embodiment, the ratio of m
to nis about 0.1 to about 0.9. In one embodiment, the ratio of m to n is about 0.32:1, or about
0.54:1, or about 0.81:1.

[000282] In one embodiment, the ratio of k to n is from 0:1 to 1:1. When the ratio of k to
nis 0:1, none of the monomer units have Y’-L’-Z’ groups. When the ratio of k ton is 1:1, all

monomer units bear a Y’-L’-Z’ group. When the ratio of k to n is between 0:1 and 1:1, some
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monomer units bear a Y’-L’-Z’ group. By way of non-limiting example, a ratio of k to n of
0.81:1 indicates that 81% of all monomer units have a Y’-L’-Z’ group, while 19% do not.
[000283] When a monomer unit does not have a Y’-L’-Z’ group, a Z’ group takes its
place, i.e., when the ratio of m to n is between 0:1 and 1:1, some monomer units bear a Y’-L’-
Z’ group, and the rest bear a Z’ group. By way of non-limiting example, a ratio of m to n of
0.81:1 indicates that 81% of all monomer units have a Y’-L’-Z’ group, while 19% have a Z’
group.

[000284] In one embodiment, the ratio of k to n is about 0:1, or about 0.1:1, or about
0.2:1, or about 0.3:1, or about 0.4:1, or about 0.5:1, or about 0.6:1, or about 0.7:1, or about
0.8:1, or about 0.9:1, or about 1:1.

[000285] In one embodiment, the ratio of k to n is about 0:1 to 1:1, or 0.1:1 to 1:1, or
02:1tol:1,0or03:1to1:1,0or04:1to 1:1,0or 0.5:1to 1:1, or 0.6:1 to 1:1, or 0.7:1 to 1:1, or
08:1to1:1,0r09:1to1:1,0r0:1t00.9:1,0r 0:11t00.8:1, 0or0:1t00.7:1, or 0:1 to 0.6:1, or
0:1t00.5:1,0r0:1t00.4:1,0r0:1:1t00.3:1, or 0:1t00.2:1, or 0:1 t0 0.1:1. In one embodiment,
the ratio of k ton is about 0:1 10 0.9:1, or 0:1 t0 0.8:1, or 0:1 t0 0.7:1, or 0:1 t0 0.6:1, or 0:1 to
0.5:1,0r0:1t00.4:1, 0r 0:1t0 0.3:1, or 0:1 t0 0.2:1, or 0:1 to 0.1:1.

[000286] In one embodiment, the ratio of k to n is about 0.1:1 to about 0.9:1, or about
0.2:1 to about 0.8:1, or about 0.3:1 to about 0.7:1, or about 0.4:1 to about 0.6:1. In one
embodiment, the ratio of m to n is about 0.3:1 to about 1:1. In one embodiment, the ratio of k
to nis about 0.1 to about 0.9. In one embodiment, the ratio of m to n is about 0.32:1, or about
0.54:1, or about 0.81:1.

[000287] In one embodiment, the ratio of k to n is about 0:1 to about 0.7:1. In one
embodiment, the ratio of k to n is about 0.1:1 to about 0.9:1.

[000288] In one embodiment, n is an integer from 5 to 100,000. In another embodiment,
n is from 10 to 50,000, or from 100 to 20,000, or from 1,000 to 20, 000.

[000289] In one embodiment, when Z’ is absent, Y’ is not absent or hydrogen.

[000290] In one aspect, the present invention provides polymers according to Formula V:
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Formula V
[000291] in all structures the carbon indicated by “C” denotes a spiro-carbon.

S X

[000292] In one embodiment, A; is selected from '2 and

N

S X

[000294] In one embodiment, X is independently at each occurrence selected from -CRs,
-0-, -S-, -N(R¢)2, -C=0, -C=NRs, -C=N-N(R¢)2, and C=N-ORs.
[000295] In one embodiment, Ri, R», R3, and R4 are each independently selected from H

[000293] In one embodiment, A is ‘24 c

and Y Z.

[000296] Rs is independently at each occurrence selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl, In one embodiment, A3 is a selected from
substituted or unsubstituted Cs—Cs aryl, substituted or unsubstituted Cs—Ce heteroaryl,
substituted or unsubstituted Cs—Cs cycloalkyl and substituted or unsubstituted Cs—Cs cyclic
heterocycloalkyl.
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[000297] In one embodiment, Y is independently absent or selected from substituted or
unsubstituted alkyl, substituted or unsubstituted aryl, -NH-(C=0)-; =NO-Ci. alkyl-; and -
(C=0)-phenyl-.

[000298] In one embodiment, Z is independently absent or selected from -Nj3, —C=CH
, "C=N_ and (C=0)-H, -SH, and -CH=CH,.

[000299] In one embodiment, G is selected from halogen, -CN, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000300] In one embodiment, n is an integer from 5 to 100,000. In another embodiment,
n is from 10 to 50,000, or from 100 to 20,000, or from 1,000 to 20, 000.

[000301] In one embodiment, the polymer of Formula V may have A; and A, each

independently selected from:

[000302] ¢ , c , ¢ , c ,
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[000303] In one embodiment, X is selected from -CRs, -O-, -S-, N(R¢)2, -C=0, -C=NReg,
-C=N-N(Rs)2, and C=N-ORe.
[000304] In one embodiment, Cy is selected from substituted or unsubstituted Cs—Cs aryl,
substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl
and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.
[000305] In one embodiment, Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR~, -C=N-
N(R7)2, and -C=N-OR7.
[000306] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.
[000307] Rs is independently at each occurrence selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,

and substituted or unsubstituted heteroaryl.

[000308] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.

[000309] In one embodiment, the polymer of Formula V may have the structure selected
from:
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[000311] In one embodiment, at least one of Ri, Ry, and R3is substituted with Z.

[000312] In one embodiment, Z is independently absent or selected from -Nj3, —C=CH
, C=C—R', =C=N and (C=0)-H, —-SH, and -CH=CH,.
[000313] In one embodiment, Ar' and Ar? are independently selected from substituted and

unsubstituted aryl.In one aspect, the present invention provides polymers according to Formula
VI

Rs Ri
R4
A Li—Ry Lo
[ ; -
oo
Rs
Rz Re
Formula VI
[000314] in all structures the carbon indicated by “C” denotes a spiro-carbon.
[000315] In one embodiment, A; and A are independently at each occurrence selected

from:
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[000317] In one embodiment, X is -CR,”, -O-, -S-, N(R”),, -C=0, -C=NR”, -C=N-
N(R”),, and C=N-OR”.
[000318] In one embodiment, Ri, R», R3, R4, Rs, Re are independently selected from H, -

,and

OR”’, -OSi1(R’*)3, Si(R”’)3, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloalkyl and substituted or unsubstituted heterocycloalkyl,
wherein at least one of R1, Ra, R3, R4, Rs, Re, 1s further substituted with Z.

[000319] In one embodiment, R is absent or selected from substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl; substituted or unsubstituted arylamine, and imido.
[000320] In one embodiment, Ajs is a selected from substituted or unsubstituted Cs—Cs
aryl, substituted or unsubstituted Cs—Ces heteroaryl, substituted or unsubstituted Cs—Cs
cycloalkyl and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.

[000321] In one embodiment, Z is independently selected from -Nj, _CECH,
C=C—R',~C=N _(C=0)-H, -SH, and -CH=CH..

[000322] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rs, -(C=0)-N(R )2, and —(C=0)-R .

[000323] In one embodiment, R is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000324] In one embodiment, L1 and L, are independently selected from a bond,
substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted aryl, and substituted or unsubstituted

heteroaryl.
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[000325] In one embodiment, the polymer of Formula VI may have A; and A» each

independently selected from:

/ Q __ Q \ N—.::N\N\
YN S~ N O X N N Ry
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[000327] In one embodiment, X is selected from -CR”, -O-, -S-, NR”, -C=0, -C=NR”, -
C=N-N(R”),, and C=N-OR”.
[000328] In one embodiment, Cy is selected from substituted or unsubstituted Cs—Cs aryl,

substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl
and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.

53



WO 2019/173646 PCT/US2019/021236

[000329] In one embodiment, Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR~, -C=N-
N(R7)2, and -C=N-OR7.

[000330] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.

[000331] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.

[000332] In one embodiment, R” is independently at each occurrence selected from H,

substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000333] In one aspect, the present invention provides polymers according to Formula
VII:
L J
M
~ J/ N
| = Nn
Formula VII.

[000334] In one embodiment, M is selected from -C-, -Si-, -Sn-, -Ti-, and -Zr-.

[000335] In one embodiment, J is selected from -O- and -CH>.

[000336] In one embodiment, A; is a selected from substituted or unsubstituted aryl and
substituted or unsubstituted heteroaryl.

[000337] In one embodiment, n is an integer from 5 to 100,000.

[000338] In one embodiment, the polymers according to Formula VII may have the

structure selected from

[000339] and
[000340] In one embodiment, Ri, Ry, and Rs are independently selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
cycloalkyl and substituted or unsubstituted heterocycloalkyl, -OR’, -SR’, N(R”),, and wherein
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at least one of Ri, Ry, and Rj is substituted with Z; Z is independently selected from -Nj,
—C=CH, C=C—R',=C=N _(C=0)-H, —SH, and -CH=CHb.

[000341] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2R”, -(C=0)-N(R”)z, and ((C=0)-R”.

[000342] In one embodiment, R” is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000343] In one embodiment, Ar' and Ar? are independently selected from substituted and

unsubstituted aryl.

[000344] In one aspect, the present invention provides polymers according to Formula
VIII:
_ R,
Lo
Ay Ro
~+0 .
0 0
- G ) '
O/ \O
¢ o)
N d
R2 A2 M\
o N
R1 ~n
Formula VIII,
[000345] in all structures the carbon indicated by “C” denotes a spiro-carbon.

[000346] In one embodiment, M is selected from -C-, -Si-, -Sn-, -Ti-, and -Zr-.
[000347] In one embodiment, A1 and Az are each independently selected from:

D N e N ° .
[000348] };[C) ’ (ZD / I> ,EIC” %Ic
AN

C

2

,and/'zé
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[000349] In one embodiment, Ajs is a selected from substituted or unsubstituted Cs—Cs
aryl, substituted or unsubstituted Cs—Ces heteroaryl, substituted or unsubstituted Cs—Cs
cycloalkyl and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.

[000350] In one embodiment, -CR”, -O-, -S-, NR”, -C=0, -C=NR”, -C=N-N(R”)2, and
C=N-OR”-.

[000351] In one embodiment, Z is independently selected from -Nj, _CECH,
C=C—R', =C=N, _(C=0)-H, -SH, and -CH=CHb.

[000352] In one embodiment, Ry and R», are independently selected from H, substituted
or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl and
substituted or unsubstituted heterocycloalkyl, wherein at least one of Ri, and R, is further
substituted with Z.

[000353] In one embodiment, R’ is selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2R”, -(C=0)-N(R”)z, and ((C=0)-R”.

[000354] In one embodiment, R’ is selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl.

[000355] In one embodiment, n is an integer from 5 to 100,000.

[000356] In one embodiment, the polymer of Formula VIII may have A; and A each

independently selected from:

/ Q — Q \ N—_::N\N
WAL AN TN RN T
NS N % AN
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[000358] In one embodlment, X 1s selected from -CR”, -O-, -S-, NR”, -C=0, -C=NR”, -
C=N-N(R”)2, and C=N-OR”.

[000359] In one embodiment, Cy is selected from substituted or unsubstituted Cs—Cs aryl,
substituted or unsubstituted Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl
and substituted or unsubstituted Cs—Cs cyclic heterocycloalkyl.

[000360] In one embodiment, Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR~, -C=N-
N(R7)2, and -C=N-OR7.

[000361] In one embodiment, Q’ is independently at each occurrence selected from -O-,
-S-, and -N-R7.
[000362] In one embodiment, R” is independently at each occurrence selected from H,

substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or

unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000363] In one embodiment, R7 is independently at each occurrence selected from R3
and Ry.
[000364] In one aspect, the present invention provides polymers according to the

following formula:
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[000365] n

[000366] In one embodiment, R, R, R3, and R4 are independently selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, -OR’, -SR’, N(R’’), wherein at least

one of R1, Ry, R3, and Ry is further substituted with Z.

[000367] In one embodiment, Z is independently selected from -Nj, _CECH,
C=C—R', =C=N, _(C=0)-H, -SH, and -CH=CHb.

[000368] In one embodiment, R’ is selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -CN, -CO2Rs, -(C=0)-N(R )2, and —(C=0)-R .

[000369] In one embodiment, R is independently at each occurrence selected from H,
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl.

[000370] In one embodiment, n is an integer from 5 to 100,000.

[000371] In one embodiment, the polymers of the invention may have the following

structural formulas:
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[000372] wherein the ratio of m to n is from about 0.1:1 to about 0.9:1; and the ratio of k
to n is from about 0.1:1 to about 0.9:1.
[000373] In one embodiment, the polymers of the invention may have the following

structural formulas:

IRt eC v
?500 e

CN N @) n

: C
ﬁl )
, t- t-Bu

[000374]
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[000376] In one embodiment, the polymers of the invention may have the following

structural formulas:

Wese ) WeSe -~
T L Ta S o

[000377]

Wesoey
o

2
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[000378] In one embodiment, the polymers of the invention may have the following

structural formula:

_ Ve -
3OO0
\ /e
o Me
[000379] - N3 -n
EXAMPLES
[000380] The following examples illustrate specific aspects of the instant description. The

examples should not be construed as limiting, as the examples merely provide specific
understanding and practice of the embodiments and their various aspects.
[000381] Reagents
[000382] Reagents were purchased at the highest commercial quality and used without
further purification, unless otherwise stated. Reactions were monitored by thin layer
chromatography (TLC) carried out on EMD Millipore® TLC Silica gel 60 F254 coated glass
plates using short-wave UV light as the visualizing agent and KMnO4 and heat as developing
agent. Flash column chromatography was performed using Silicycle® Siliaflash silica gel (60
A pore diameter, 40-63 um particle size).
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[000383] Instrumentation

[000384] 'H and C NMR spectra were recorded on either a Bruker-AMX-400 or
AVIIIHD-500 spectrometer that was calibrated using residual non-deuterated solvent as an
internal reference (CHCI;3 at 7.26 ppm 'H NMR and 77.16 ppm *C NMR; CH30H at 3.31 ppm
"H NMR and 49.0 ppm *C NMR; DMSO at 2.50 ppm 'H NMR and 39.52 1*C NMR). The
following abbreviations were used to explain NMR peak multiplicities: s = singlet, d = doublet,
t = triplet, q = quartet, quint = quintet, m = multiplet, br s = broad singlet. Low resolution ESI
mass spectra was obtained using an Advion high performance compact mass spectrometer
(CMS) with mobile phase composed of 9:1/CH3CN:H20+0.1%HCO:H. High-resolution mass
spectrometry (HRMS) of small molecules and intermediates was recorded on an Agilent 6200
Series Accurate-Mass Time-of-Flight (ESI-TOF) mass spectrometer. Attenuated total
reflectance ATR FT-IR spectra was obtained using a Nicolet 6700 spectrometer containing a
ZnSe crystal.

[000385] The following Examples 1 through 8 illustrate the syntheses of representative
monomers according to embodiments of the present invention. It should be understood that
these examples are merely illustrative and non-limiting, and other monomers according to the
invention may be produced in a similar fashion.

[000386] Example 1: Synthesis of an exemplary spirocentric monomer according to the

following structural formula:

MeO
o 0.0 .
Br Q.O OMe
OMe
[000387] The above-referenced intermediate was prepared using commercially available
starting materials and reagents, according to methods known in the art, summarized in Reaction

Scheme 1. Percentages indicate %yield for each corresponding step.

[000388] Reaction Scheme 1:
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PhB(OH), Q
MeO Br  0.05% SPhos-Pd-Gs MeO pp  NBuli THF, .78~ C; .
Ij KoQOs Phie, 100°Ciyy, :@[ Co 78w o MO Q O
Bra, CHC, rt

MeO' MeO' Br MeSOsH, it MeO
2 steps, >96% 2 steps, 87%
O TsOH+H0
(:[Br MeO B(OH)» 0.4% SPhos/Pd MeO:‘/, KI/NaNO, MeO.
NHy MeG K2CQO3, dioxane MeO NH2 MeCN, 0= G —rt MeO |
110 °C, 24h 77%
87%, 200 mmol, no chrom.
MeQ, MeQ,
Q 1. iPrMgClLiCl, O Q . O O
oM B oM
AT T e, Q™ e O
OMe OMe
[000389] Example 2: Synthesis of an exemplary spirocentric monomer according to the
following structural formula:
[000390] The above-referenced monomer was prepared using commercially available

starting materials and reagents, according to methods known in the art, summarized in Reaction
Scheme 2. Percentages indicate %yield for each corresponding step.

[000391] Reaction Scheme 2:

Me

=—(0H

MeO
CrgD y
MeO . Br Pd(PPH2),Cl, Cul
Br 0.0 OMe EtsN, Reflux
OMe

KOH, K5PQO4

Toluene, Reflux

[000392] Example 3: Synthesis of an exemplary spirocentric monomer according to the

following structural formula:
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Ho

O~

=

[000393] The above-referenced monomer was prepared using commercially available

L

starting materials and reagents, according to methods known in the art, summarized in Reaction
Scheme 3. Percentages indicate %yield for each corresponding step.

[000394] Reaction Scheme 3:

@OMe
MeO. MeO.
1 M NaOH H
MeO. OMs OMe O COMe 1/1 MeOHH0 €02
Yy — >  MeO OMe ——— = MeO OMe
© 0 ©  HSo ® ao%
oG a0 25°
o2 MeO,C OMe HO,C oMe

polyphosphoric acld
120°

MeO.
= ONH*HCI
7o @. om0 .
MeO OMe
MeOH, RT . 75% .
80% OH OMe

[000395] Example 4: Synthesis of an exemplary spirocentric monomer according to the

following structural formula:

/]

OH
A
[000396] The above-referenced monomer was prepared using commercially available

starting materials and reagents, according to methods known in the art, summarized in Reaction
Scheme 4. Percentages indicate %yield for each corresponding step.

[000397] Reaction Scheme 4:
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OMe 5 sto,;, 4:1 THF:H,0 OMe  CaCOg DMSO
100 °C

see synthesis of compound 8 78% over 2 steps O 75%

Cl

toluene
90% 10% KQiBu
110°C

75%

[000398] Example 5: Synthesis of an exemplary spirocentric monomer according to the

following structural formula:

MeO,

oL LS
~ O

OMe

[000399] The above-referenced monomer was prepared using commercially available
starting materials and reagents, according to methods known in the art, summarized in Reaction
Scheme 5. Percentages indicate %yield for each corresponding step.

[000400] Reaction Scheme 5:
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H | Br  Ph

MeO Br 0.05% BrettPhos-Pd-G3 N OMe XantPhos-Pd-G3 !
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j@ + PANH2 0By, PhMe g NaOiBu PhiVe
MeO 110 °C, 24h OMe 110°°C, 24h
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Ph
[000401] Example 6: Synthesis of an exemplary spirocentric monomer according to the
following structural formula:
MeO
weo L)
0.0
N OMe
Cl
[000402] The above-referenced monomer was prepared using commercially available

starting materials and reagents, according to methods known in the art, summarized in Reaction
Scheme 6. Percentages indicate %yield for each corresponding step.

[000403] Reaction Scheme 6:

cl
H
:©/ /©/ 0.5% BrettPhos-Pd-G3 /@N\@OMe @[I XantPhos-Pd-G3 _
+
NaOtBu, PhMe NaOtBu, PhMe
110°C, 240 Cl OMe Br 110 °C, 24h ©/ \©i
MeO
cl
esy

OMe
B . Mo MBUL, THF O O
N OMe . 2. FeCIa MeNO, N OMe
\@E MeO
OMe
cl

[000404] Example 7: Synthesis of an exemplary spirocentric monomer according to the

following structural formula:
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MeO

ok L5
O l OMe
N OMe
[000405] The above-referenced monomer was prepared using commercially available
starting materials and reagents, according to methods known in the art, summarized in Reaction

Scheme 7. Percentages indicate %yield for each corresponding step.

[000406] Reaction Scheme 7:

MeO Br | Br
]@/ . @[ 05% XantPhos/Pd @ /@[ . MeO 1 nBuLi, THF
o) Br NaOtBu PhMe, 110 °C . 2. FECI3 MeNO,

6.7 g, no chrom.

OO
OO

51%, 2.1g

6.7 g, no chrom.

MeO

MeO O O
. t-Bu Br 0.5% XantPhos/Pd
OMe +
O O NaOtBu, PhMe, 110 °C

OMe t-Bu

51%, 2.1g /©\
t-Bu t-Bu

[000407] Example 8: Synthesis of an exemplary spirocentric monomer according to the

OO
OO

following structural formula:

[000408] The above-referenced monomer was prepared using commercially available
starting materials and reagents, according to methods known in the art, summarized in Reaction
Scheme 8. Percentages indicate %yield for each corresponding step.

[000409] Reaction Scheme 8:

70



WO 2019/173646 PCT/US2019/021236

s SN ??&
1\ ] noswo { ’gj TROMMD i
A}A@ B RO SOHY DA% BRResPA L Relt, E/ \r.z Kitlsng, M=l _,;\V»\\,\T WEPBA E TN om0
i K0y, doxans i . l N o bl \
o . Shaxay A M, R, 8 el gy . 1 DUMTFE o e
SN e 6 Ve, 28 N N ¢ BEHEWC R AN *(\ms
2 REY wam % [UREL
o%s
[ o O
i, e DG SIMARPA oo, 4. nEI, THF

#eo i
S SN gy N0, PR, 1

!_;_\\ l\ /1 2 ey ) \5\0,
Bely #

[000410] Example 9: Tetrazole modification of and subsequent alkylation of PIM-1 to
Tz-propylalkyne-PIMs.

[000411] The nitrile groups on PIM-1 were modified to NH-tetrazole groups using ZnCI2
as a catalyst (Reaction Scheme 9). The percent conversion, and therefore the density of
tetrazole (Tz) groups introduced, could be precisely controlled between 0 and 100% by varying
the reaction time and molar ratio of substrate to reagents (Table 1).

[000412] The same concept can also be represented as a ratio of the number of NH-
tetrazole groups (m) to the total number of monomer units (n). This ratio, represented as the
ratio of m to n (or m/n), can vary from 0:1 to 1:1, i.e., when the ratio of m to n is 0:1, no NH-
tetrazole groups are present, and when m/n is 1:1, all monomers bear an NH-tetrazole group.
When m/n is between 0:1 and 1:1, some monomer units have the NH-tetrazole group, while
others do not. By way of example, a m/n ratio of 0.81:1 indicates that 81% of all monomer
units have the NH-tetrazole group, while 19% have the nitrile group.

[000413] Reaction Scheme 9:

HN—N
Q. N/\ N
’ oN NaNs, ZnCl, ’ m
. o NMP, 120 °C
.O 20 g scale O
O
n n
CN

Tz-NH PIMs (en )
PIM-1 T2,00 (M:k=100:0)
(M,=72.0, PDI=2.2) Tz (M:k=81:19)

Tz5, (Mm:k=54:46)
Tz3, (M:k=32:68)

Table 1. Time course tetrazole modification of nitriles present in PIM-1.
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Product PIM-1 NaN; ZnCl: Time (h) % m/n Ratio
(eq.) (eq.) (eq.) Tetrazole
Tz100- 1 8 8 168 100 1:1
PA/Az
Tzs1- 1 8 4 96 81 0.81:1
PA/Az
Tzsa- 1 8 4 5 54 0.54:1
PA/Az
Tz32- 1 8 4 0.5 32 0.32:1
PA/Az

[000414] As the number of NH tetrazoles incorporated was increased, the solubility of
the corresponding Tz-PIM decreased substantially in membrane processing solvents such as
THF and CHCI3. Tetrazole alkylation was expected to enhance solubility and allow
characterization by 1H NMR. This was done with n-propylazides and alkynes bearing halide
or tosylate leaving groups, as shown in Reaction Scheme 9.

[000415] Example 10: Subsequent alkylation of tetrazole-modified PIM-1 to Tz-
propylalkyne-PIMs or Tz-propylazide-PIMs.

[000416] Alkylation with short chain azide/alkyne linker was found to be complete,
giving rise to an average of 32, 54, 81 and 100 percent of the nitrile groups converted to
alkylated tetrazoles bearing either azide or alkyne groups, as measured using 'H NMR and FT-
IR (FIG. 1). These are designated Tz#PA or Tzs-PAz, where # is the percentage of tetrazole
groups compared to starting nitriles, and “PA” or “PAz” denote alkyne and azide functionality,
respectively. For comparison, a modified PIM was prepared in which azide and alkyne groups
were incorporated into the same polymer using an equimolar ratio of azide and alkyne tosylates
in the alkylation reaction. Interestingly, the resulting Tzi00-PAsoPAzso material underwent
spontaneous cross-linking in the absence of catalyst at room temperature, presumably due to

their high relative local concentration.

[000417] Reaction Scheme 10.
0. (l—,tiN-NN) C' Tz-propylalkyne-PIMs
N
O’ CN NaN3, ZnCl ) m K00y DIMAS Tz400-PA (Mk=100:0)
NMP, 120 °C o _S0°C. 24k 100"
.O VP E To .0 — Tzgo-PA (m:k=81:19)
20 g scale o s Tzs4-PA (m:k=54:46)
n O Tz3,-PA (m:k=32:68
Tz-NH PIMs (Cn), O m TEaz TR A )
PIM-1 T2400 (M:k=100:0) O
{M,=72.0, PDI=2.2) Tzgy (Mk=81:19) O
Tzgq (M:k=54:46)
Tz3, (M:k=32:68)

(CN)k

[000418] Reaction Scheme 11.
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[000419] Reaction Scheme 12.

HN~N /
Oy NN
| M o™,
C NaNz, ZnCh 0" ~F o K2COs, DMAS ” N
NP 120°c 56°C. 24 h §<

\ o e o . ™ Tz-propylazide-PIMs
Al T0gscae a scale \ ( n 3gscale o T2400-PAZ (m:y=100:0)

Tz-NH PiMs Oy T2g1-PAZ (riy=81:19)

N

T2400 (MK=100:0) \ © Tzgq-PAZ (miy=54:46)
PiM-1 Tzg, (mk=81:19) {CN),  Tzgy-PAz (my=32:68)
(M,=72.0, PDI=2.2) Tz (Mk=54:48)

Tzy, (M:k=32:68)

[000420] The number of cross-linker groups could also be controlled by full alkylation of
TZ100-PIM (the PIM-1 derivative in which all the nitrile groups had been converted to NH-
tetrazole) with differing mixtures of functionalized and non-functional alkyl halide (Reaction
Scheme 13). These alkylated products all displayed improved solubility in THF and CHCI3.
This route was also used to vary the linker length and rigidity to test the effects of these
parameters on membrane performance.

[000421] Reaction Scheme 13.

o

R g TR?

Nabls, ZnCly
NP, 120 °C ¥ KO0y, DMAL
3d % . MB°C.4h
““““““““““““ R - -
20g :ca!e 3 g scale

PiM-1
{M,=72.0, PDI=2.2)

[000422] Example 11: Film casting and crosslinking of azide- and alkyne-functionalized
PIM polymers

[000423] The facile crosslinking of azide- and alkyne-functionalized PIMS was
demonstrated as shown in Figure 2. Equimolar solutions of Tzio0-PA and Tzioo-PAz were
mixed and immediately cast into thin films. After drying, the resulting films were suspended
in aqueous methanol, and treated with CuSO4 and sodium ascorbate to initiate the CuAAC

crosslinking reaction. After 30 minutes at room temperature, FT-IR analysis showed
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substantial disappearance of characteristic stretching vibrations of both alkyne and azide
groups, as expected for conversion to triazoles.

[000424] The following examples provide characterization data for select compounds and
polymers according to the invention.

[000425] Example 12: TZ100-HpC100 PIM:

o

[000426] TZ100-HpCi00 PIM: A vigorously stirred mixture of finely ground Tzioo-NH
PIM (2 g, 4.2 mmol) in anhydrous DMAc (100 mL) was added 8-chlorohexyl N-(prop-2-yn-
I-yl)carbamate (3.7 g, 16.8 mmol) and anhydrous K2COs (4.6 g, 33.6 mmol) and under N, the
reaction was heated at 100 °C for 15 hrs. Added additional 8-chlorooctyl N-(prop-2-yn-1-
yl)carbamate (3.7 g, 16.8 mmol) and allowed to stir at 100 °C for an additional 24 hrs. Upon
completion, the reaction was cooled to r.t. then was added H>O (150 mL), the resulting light
brown precipitate was collected by vacuum filtration. The filter cake was washed with H,O (3
x 50 mL), followed by MeOH (1 x 50 mL). The crude was re-dissolved in a minimum volume
of CHCI;, filtered over a plug of celite, then poured into MeOH. The resulting pale yellow
precipitate was filtered, and washed with MeOH. The product was purified by a second round
of re-precipitation from CHCl3/MeOH. The solid was dried thoroughly in a vacuum oven at 60
°C for 3 hrs yielding a pale yellow solid (1.82 g). 'HNMR (CDCIs, 500 MHz, 323 K): § 6.46
(s, 2H), 6.07 (s, 2H), 5.50-3.10 (m, 14H), 2.57-0.98 (m, 34H). *C NMR (CDCls, 100 MHz,
323 K): § 156.3 (C), 149.0 (C), 146.3 (C), 140.4 (C), 139.7 (C), 136.8 (C), 112.0 (CH), 110.1
(CH), 108.5 (CH), 107.3 (CH), 80.2 (C), 71.5 (CH), 65.4 (CHa), 59.3 (CHa), 57.3 (C), 53.6
(CHy), 48.2 (CHa), 43.4 (C), 31.5 (CHa), 31.0 (CHy), 30.1 (CHa), 29.0 (CH), 26.4 (CH,), 26.3
(CH>), 26.1 (CH3), 25.8 (CH3).

[000427] Example 13: TZ100- 0 -AzBnioo PIM:
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[000428] TZ100- 0 -AzBnioo PIM: A suspension of finely ground Tzi0o-NH PIM (3 g) in
anhydrous NMP (75 mL) was added 1-(azidomethyl)-2-(chloromethyl)benzene (3.4 g, 18.7
mmol) and anhydrous K2COs3 (3.9 g, 28.2 mmol) and the reaction was stirred under Nz, with
heating at 110 °C for 16 hrs. Added additional 1-(azidomethyl)-2-(chloromethyl)benzene (1.7
g, 9.4 mmol) and stirring was continued at 110 °C for an additional 4 hrs. Upon completion,
the reaction was cooled to r.t., then added H>O (150 mL), the resulting red-brown precipitate
was collected by vacuum filtration. The filter cake was washed with H>O (3 x 50 mL), followed
by MeOH (1 x 50 mL). The crude was re-dissolved in a minimum volume of CHCI3, filtered
over a plug of celite, then poured into MeOH. The precipitate was filtered, and washed with
MeOH and dried under vacuum. The product was further purified by a second round of re-
precipitation from CHCl3/MeOH. The solid was dried thoroughly in a vacuum oven at 60 °C
for 3 hrs yielding a pale yellow solid (2.5 g). 'H NMR (CDCl3, 400 MHz, 323 K): § 7.52-7.12
(m, 8H), 6.40 (s, 2H), 6.05-5.58 (s, 6H), 4.68-4.32 (m, 4H), 2.23-2.03 (m, 4H), 1.28 (s, 6H),
1.24 (s, 6H). *C NMR (CDCls, 100 MHz, 323 K): § 156.9 (C), 148.8 (C), 146.6 (C), 140.2
(C), 139.7 (C), 136.4 (C), 134.5 (C), 132.3 (C), 130.8 (CH), 130.3 (CH), 129.3 (CH),127.7
(CH), 111.9 (CH), 110.1 (CH), 108.4 (CH), 107.0 (CH), 104.3 (CH), 102.9 (CH), 60.4 (CH>),
59.1 (CHy), 57.3 (C), 54.2 (C), 52.9 (CH>), 49.5 (CH»), 43.5 (C), 31.5 (CH3), 30.1 (CH3).
[000429] Example 14: TZ100-DAz100 PIM:

io O’ ) NN

oo

[000430] TZ100-DAz10o PIM: A suspension of finely ground Tzioo-NH PIM (3 g, 6.3
mmol) in anhydrous NMP (75 mL) was added 1-azido-10-bromodecane (4.9 g, 28.2 mmol)
and anhydrous K»COs3 (3.9 g, 28.2 mmol) and the reaction was stirred under N, with heating

at 85 °C for 16 hrs. Added additional slug of 1-azido-10-bromodecane (2.5 g, 14.1 mmol) and

stirring was continued at 85 °C for an additional 4 hrs. Upon completion, the reaction was
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cooled to r.t., then added H>O (150 mL), the resulting light brown precipitate was collected by
vacuum filtration. The filter cake was washed with H,O (3 x 50 mL), followed by MeOH (1 x
50 mL). The crude was re-dissolved in a minimum volume of CHCIs, filtered over a plug of
celite, then poured into MeOH. The resulting pale yellow precipitate was filtered, and washed
with MeOH. The product was further purified by a second round of re-precipitation from
CHCI3/MeOH. The solid was dried thoroughly in a vacuum oven at 60 °C for 3 hrs yielding a
pale yellow solid (2.4 g). 'H NMR (CDCls, 400 MHz, 323 K): § 6.45 (s, 2H), 6.07 (s, 2H),
4.93-4.54 (m, 2H), 4.49-4.05 (m, 2H), 3.30-3.13 (m, 4H), 2.44-1.74 (8H), 1.69-0.95 (m, 40H).
BC NMR (CDCls, 100 MHz, 323 K): § 156.4 (C), 148.8 (C), 146.3 (C), 140.3 (C), 136.9 (C),
112.0 (CH), 110.1 (CH), 108.5 (CH), 107.2 (CH), 59.2 (C), 57.3 (C), 53.6 (CHa), 51.6 (CHa),
48.2 (CHa), 43.4 (C), 31.5 (CHs), 30.1 (CH3), 29.5 (CH), 29.4 (CHy), 29.2 (CHa), 29.1 (CHa),
28.3 (CHa), 27.0 (CHa), 26.8 (CHa), 26.5 (CHy), 26.4 (CHb).

[000431] Example 15: TZ100-0-pgBnioo PIM:

O/\
MR
NA~N

L

NN
A3 I
NN
@30\/

[000432] TZ100-0-pgBnioo PIM: A vigorously stirred mixture of finely ground Tzi00-NH
PIM (3 g) in anhydrous DMAc (75 mL) was added 1-(chloromethyl)-2-[(prop-2-yn-1-

o

yloxy)methyl]benzene (5.5 g, 28.2 mmol) and anhydrous K»COs (3.9 g, 28.2 mmol) and under
N>, the reaction was heated at 100 °C for 15 hrs. Upon completion, the reaction was cooled to
r.t. then was added H>O (150 mL), the resulting light brown precipitate was collected by
vacuum filtration. The filter cake was washed with H,O (3 x 50 mL), followed by MeOH (1 x
50 mL). The crude was re-dissolved in a minimum volume of CHCIs, filtered over a plug of
celite, then poured into MeOH. The resulting pale yellow precipitate was filtered, and washed
with MeOH. The product was purified by a second round of re-precipitation from
CHCI3/MeOH. The solid was dried thoroughly in a vacuum oven at 60 °C for 3 hrs yielding a
pale yellow solid (3.26 g). 'H NMR (CDCls, 400 MHz, 323 K): § 7.54-6.77 (m, 8H), 6.39 (s,
2H), 6.11-5.41 (m, 6H), 4.93-3.83 (m, 8H), 2.56-1.83 (m, 4H), 1.28 (s, 6H), 1.23 (s, 6H). *C
NMR (CDCl3, 100 MHz, 323 K): § 156.3 (C), 148.7 (C), 146.3 (C), 140.3 (C), 136.8 (C), 136.4
(C), 136.1 (C), 135.8 (C), 135.5 (C), 133.1(C), 132.4(C), 130.4 (CH), 129.9 (CH), 129.1 (CH),
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128.9 (CH), 111.9 (CH), 110.1 (CH), 108.4 (CH), 107.1 (CH), 104.3 (CH), 103.1 (CH), 79.5
(C), 75.4 (CH), 69.9 (CHz), 69.6 (CHz), 59.2 (CH2), 57.5 (C), 54.1 (C), 49.3 (CH»), 43.4 (C),
31.6 (CH3), 30.2 (CH3).

[000433] Example 16: TZ100-PA100 PIM:

LZ%EL
NN%N/\

[000434] TZ100-PA100 PIM: A vigorously stirred mixture of finely ground Tzi0o-NH PIM
(3 g) in anhydrous NMP (75 mL) was added 5-chloro-1-pentyne (4 mL, 37.6 mmol) and
anhydrous K»COs3 (5.2 g, 37.6 mmol) and under N, the reaction was heated at 85 °C for 16 h.
A light brown milky solution resulted over the course of the reaction. Added a second round
of 5-chloropentyne (2 mL, 18.8 mmol) and allowed to stir at 85 °C for an additional 6 h. Upon
completion, the reaction was diluted with H>O (200 mL), the resulting precipitate was collected
by vacuum filtration over a Buchner funnel. The filter cake was washed with H,O (3 x 200
mL), followed by MeOH (1 x 200 mL). The crude solid was dried thoroughly, then was
redissolved in a minimum volume of CHCl3, and filtered over a plug of celite, then poured into
MeOH to induce precipitation. The resulting beige precipitate was filtered, and washed with
MeOH. The Filter cake was re-precipitated from CHCI3;/MeOH. The light beige solid was dried
thoroughly in a vacuum oven at 60 °C, yielding an off-white solid (2.8 g). 'H NMR (CDCls,
400 MHz, 323 K): § 6.48 (s, 2H), 6.09 (s, 2H), 4.86 (m, 2H), 4.44 (m, 2H), 2.42-1.86 (m, 14H),
1.24 (s, 6H), 1.21 (s, 6H). 3C NMR (CDCls, 100 MHz, 323 K): § 156.6 (C), 148.8 (C), 148.4
(C), 146.5 (C), 140.8 (C), 140.5 (C), 136.9 (C), 112.0 (CH), 110.1 (CH), 108.4 (CH), 107.2
(CH), 82.0 (C), 70.3 (CH), 59.3 (CH2), 57.3 (C), 52.2 (CH»), 46.7 (CH2), 43.4 (C), 31.5 (CH3),
30.2 (CHs), 28.3 (CHy), 16.0 (CHy), 15.9 (CHy).

[000435] Example 17: TZg>-PAs»:

%
NN
0. N N
@’ 18%
0.
age®
I,
Ny 1

82%

77



WO 2019/173646 PCT/US2019/021236

[000436] TZg2-PAsa: A vigorously stirred mixture of finely ground Tzs,-NH PIM (3 g) in
anhydrous DMAc (100 mL) was added S-chloro-1-pentyne (4 mL, 37.6 mmol) and anhydrous
K>COs (5.2 g, 37.6 mmol) and under N the reaction was heated at 85 °C for 16 h. A light
brown milky solution had formed over the course of the reaction. Upon completion, the
reaction was diluted with H,O (200 mL), the resulting precipitate was collected by vacuum
filtration over a Buchner funnel. The filter cake was washed with H,O (3 x 100 mL), followed
by MeOH (1 x 50 mL). The crude solid was dried thoroughly, then was redissolved in a
minimum volume of CHCIs, filtered over a plug of celite, then poured into MeOH. The
resulting beige precipitate was filtered, and washed with MeOH. The filter cake was purified a
second time by re-precipitation from CHCI3/MeOH. The light beige solid was dried thoroughly
in a vacuum oven at 60 °C for 3 hrs. The title compound was isolated as a light beige/off-white
solid (2.8 g). TZs:-PAg>: 'H NMR (CDCl3, 500 MHz, 323 K): & 6.75 (s, 2H), 6.48 (s, 2H),
6.43 (s, 2H), 6.09 (s, 2H), 4.86 (m, 2H), 4.44 (m, 2H), 2.42-1.86 (m, 14H), 1.24 (s, 6H), 1.21
(s, 6H). 3C NMR (CDCls, 100 MHz, 323 K): § 156.5 (C), 148.9 (C), 148.3 (C), 146.5 (C),
146.2 (C), 140.7 (C), 140.3 (C), 136.9 (C), 112.0 (CH), 110.1 (CH), 108.4 (CH), 107.1 (CH),
82.0 (C), 70.3 (CH), 59.2 (CHy), 57.3 (C), 52.2 (CH2), 46.7 (CH»), 43.5 (C), 31.5 (CH3), 30.1
(CHs), 28.2 (CHa), 16.0 (CHy), 15.9 (CHa).

[000437] Example 18: TZ33-PAss:

k"

n
ON) g%

[000438] TZs4-PAss PIM: A vigorously stirred mixture of finely ground Tzs4-NH PIM (3
g) in anhydrous DMAc (100 mL) was added 5-chloro-1-pentyne (4 mL, 37.6 mmol) and
anhydrous K»COs (5.2 g, 37.6 mmol) and under N3, the reaction was heated at 85 °C for 16 h.
A light brown cloudy solution had formed over the course of the reaction. Upon completion,
the reaction was diluted with H>O (200 mL), the resulting precipitate was collected by vacuum
filtration over a Buchner funnel. The filter cake was washed with distilled H>O (3 x 100 mL),
followed by MeOH (1 x 50 mL). The crude solid was dried thoroughly, then was redissolved
in a minimum volume of CHCIs, filtered over a plug of celite, then poured into MeOH. The
resulting beige precipitate was filtered, and washed with MeOH. The crude was purified a

second time by re-precipitation from CHCl3/MeOH. The light brown solid was dried
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thoroughly in a vacuum oven at 60 °C for 3 hrs. yielding the product as a light beige/off-white
solid (2.6 g). The title compound was isolated as a dark yellow solid (2.6 g). TZs4-PAss PIM:
'H NMR (CDCls, 400 MHz, 323 K): § 6.78 (s, 2H), 6.51 (s, 2H), 6.40 (s, 2H), 6.12 (s, 2H),
4.86 (m, 2H), 4.60-4.20 (m, 2H), 2.42-1.86 (m, 14H), 1.26 (s, 12H). *C NMR (CDCls, 100
MHz, 323 K): § 155.9 (C), 149.7 (C), 149.1 (C), 146.4 (C), 140.3 (C), 136.7 (C), 136.8 (C),
112.2 (CH), 110.4 (CH), 92.0 (C), 81.9 (C), 81.5 (C), 70.3 (CH), 59.3 (CHy), 57.4 (C), 52.2
(CHa), 46.7 (CHy), 43.6 (C), 31.5 (CHz), 30.2 (CH:), 28.3 (CHa), 28.2 (CHa), 16.0 (CHa), 15.9
(CH2).

[000439] Example 19: TZ33-PAss:

Pt

67%

[000440] TZ33-PA3s3; PIM: A vigorously stirred mixture of finely ground Tz33-NH PIM (3
g) in anhydrous DMAc (75 mL) was added 5-chloro-1-pentyne (3 mL, 28.3 mmol) and
anhydrous K»COs3 (5.2 g, 38.6 mmol) and under N, the reaction was heated at 85 °C for 16 h.
A light brown cloudy solution had formed over the course of the reaction. Upon completion,
the reaction was diluted with H>O (200 mL), the resulting precipitate was collected by vacuum
filtration over a Buchner funnel. The filter cake was washed with H,O (3 x 100 mL), followed
by MeOH (1 x 50 mL). The crude solid was dried thoroughly, then was redissolved in a
minimum volume of CHCIs, filtered over a plug of celite, then poured into MeOH. The
resulting beige precipitate was filtered, and washed with MeOH. The crude was purified a
second time by re-precipitation from CHCI;/MeOH. The yellow solid was dried thoroughly in
a vacuum oven at 60 °C for 3 hrs. The title compound was isolated as a light beige/off-white
solid (2.8 g). The title compound was isolated as an off-white solid (2.4 g). TZ33-PAs; PIM:
'H NMR (CDCls, 400 MHz, 323 K): § 6.81 (s, 2H), 6.53 (s, 2H), 6.41 (s, 2H), 6.14 (s, 2H),
4.86 (m, 2H), 4.60-4.20 (m, 2H), 2.42-1.84 (m, 14H), 1.51-0.7 (m, 12H). *C NMR (CDCl;,
100 MHz, 323 K): & 155.9 (C), 150.0 (C), 149.2 (C), 147.3 (C), 146.4 (C), 139.7 (C), 136.8
(C), 112.5 (CH), 110.4 (CH), 94.5 (C), 92.1 (C), 81.9 (C), 70.3 (CH), 59.4 (CHa), 57.4 (C),
52.2 (CHy), 43.6 (C), 31.6 (CHs), 30.1 (CHs), 28.4 (CHa), 28.2 (CHa), 16.0 (CH), 15.9 (CHp).
[000441] Example 20: TZ100-PAz100 PIM:
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[000442] TZ100-PAz100 PIM: A vigorously stirred mixture of finely ground Tzi00-NH PIM
(3 g) in anhydrous DMAc (100 mL) was added propyl p-toluene sulfonate (9.6 g, 37.6 mmol)
and anhydrous K>COs (5.2 g, 37.6 mmol) and under N, the reaction was heated at 85 °C for
16 h. A light brown/grey cloudy solution had formed over the course of the reaction. Added
additional propyl p-toluene sulfonate (4.8 g, 18.8 mmol) and allowed to stir at 85 °C for 6 h.
Upon completion, the reaction was diluted with H,O (200 mL), the resulting precipitate was
collected by vacuum filtration over a Buchner funnel. The filter cake was washed with H,O (3
x 100 mL), followed by MeOH (1 x 50 mL). The crude solid was dried thoroughly, then was
redissolved in a minimum volume of CHCIs, filtered over a plug of celite, then poured into
MeOH. The resulting light brown precipitate was filtered, and washed with MeOH. The filter
cake purified by a second round of re-precipitation from CHCI;/MeOH. The light brown solid
was dried thoroughly in a vacuum oven at 60 °C for 3 hrs. The title compound was isolated as
an light brown solid (2.3 g). '"HNMR (CDCls, 500 MHz, 323 K): § 6.47 (s, 2H), 6.06 (s, 2H),
4.90-4.77 (m, 2H), 4.50-4.20 (m, 2H), 3.56-3.37 (m, 4H), 2.45-2.04 (m, 8H), 1.26 (s, 12H).
BC NMR (CDCls, 100 MHz, 323 K): § 156.7 (C), 149.0 (C), 148.5 (C), 146.6 (C), 140.7 (C),
136.9 (C), 136.5 (C), 111.9 (CH), 110.2 (CH), 107.0 (CH), 102.7 (CH). 59.2 (CH,), 57.3 (C),
50.6 (CHa), 48.5 (CHa), 48.4 (CHa), 48.1 (CHa), 45.2 (CHa), 43.4 (C), 31.5 (CH3), 30.1 (CH3),
28.9 (CH»), 28.8 (CH»).

[000443] Example 21: TZg4-PAzgs PIM:

N3

n
(CN)16%

[000444] TZg4-PAzgs PIM: A vigorously stirred mixture of finely ground Tzs4-NH PIM
(3 g) in anhydrous DMAc (100 mL) was added propyl p-toluene sulfonate? (9.6 g, 37.6 mmol)
and anhydrous K>COs (5.2 g, 37.6 mmol) and under N, the reaction was heated at 85 °C for

16 h. A light brown/grey cloudy solution had formed over the course of the reaction. Upon
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completion, the reaction was diluted with H>O (200 mL), the resulting precipitate was collected
by vacuum filtration over a Buchner funnel. The filter cake was washed with H,O (3 x 100
mL), followed by MeOH (1 x 50 mL). The crude solid was dried thoroughly, then was
redissolved in a minimum volume of CHCls, filtered over a plug of celite, and poured into
MeOH. The resulting light brown precipitate was filtered, and washed with MeOH. The filter
cake was purified by a second round of re-precipitation from CHCls/MeOH. The light brown
solid was dried thoroughly in a vacuum oven at 60 °C for 3 hrs. The title compound was isolated
as an light brown solid (2.8 g). TZgs-PAzgs PIM: 'H NMR (CDCls, 500 MHz, 323 K): § 6.76
(s, 2H), 6.60-6.30 (s, 4H), 6.07 (s, 2H), 4.91-4.77 (m, 2H), 4.52-4.20 (m, 2H), 3.56-3.37 (m,
4H), 2.44-2.04 (m, 8H), 1.23 (s, 12H). *C NMR (CDCl3, 100 MHz, 323 K): § 156.7 (C), 148.9
(C), 148.4 (C), 146.5 (C), 146.1 (C), 145.8 (C), 140.7 (C), 140.2 (C), 136.8 (C), 136.9 (C),
136.5 (C), 112.0 (CH), 110.1 (CH), 107.0 (CH), 102.7 (CH). 59.2 (CHa), 57.3 (C), 50.6 (CHa),
48.4 (CHa), 48.4 (CH»), 48.0 (CH>), 45.2 (CHa), 43.5 (C), 31.5 (CH3), 30.1 (CH3), 28.8 (CHa).
[000445] Example 22: TZs4-PAzss PIM:
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[000446] TZs4-PAzss PIM: A vigorously stirred mixture of finely ground Tzs4-NH PIM
(3 g) in anhydrous DMAc (100 mL) was added propyl p-toluene sulfonate 2 (9.6 g, 37.6 mmol)
and anhydrous K>COs (5.2 g, 37.6 mmol) and under N, the reaction was heated at 85 °C for
16 h. A light brown/grey cloudy solution had formed over the course of the reaction. Upon
completion, the reaction was diluted with H>O (200 mL), the resulting precipitate was collected
by vacuum filtration over a Buchner funnel. The filter cake was washed with H,O (3 x 100
mL), followed by MeOH (1 x 50 mL). The crude solid was dried thoroughly, then was
redissolved in a minimum volume of CHCIs, filtered over a plug of celite, then poured into
MeOH. The resulting light brown precipitate was filtered, and washed with MeOH. The filter
cake purified by a second round of re-precipitation from CHCI;/MeOH. The light brown solid
was dried thoroughly in a vacuum oven at 60 °C for 3 hrs. The title compound was isolated as
a beige solid (2.4 g). TZss-PAzss PIM: 'H NMR (CDCls, 500 MHz, 323 K): § 6.79 (s, 2H),
6.50 (s, 2H), 6.40 (s, 2H), 6.10 (s, 2H), 4.91-4.76 (m, 2H), 4.52-4.22 (m, 2H), 3.55-3.36 (m,
4H), 2.43-2.07 (m, 8H), 1.26 (s, 12H). >*C NMR (CDCl3, 100 MHz, 323 K): § 156.0 (C), 149.8
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(C), 149.2 (C), 147.1 (C), 146.5 (C), 145.8 (C), 139.7 (C), 136.8 (C), 136.4 (C), 112.2 (CH),
110.3 (CH), 109.8 (CH), 105.5 (CH). 93.5 (C), 92.1 (C), 59.2 (CH>), 57.3 (C), 50.7 (CH>), 48 .4
(CH>), 48.3 (CH>), 48.2 (CH>), 48.0 (CH), 45.2 (CH»), 43.3 (C), 31.5 (CH3), 30.1 (CH3), 28.9
(CH>), 28.8 (CH»).

[000447] Example 23: TZ33-PAz3; PIM:
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[000448] TZ33-PAzs33 PIM: A vigorously stirred mixture of finely ground Tzs;-NH PIM
(3 g) in anhydrous NMP (75 mL) was added 3 propyl p-toluene sulfonate? (7.2 g, 28.3 mmol)
and anhydrous K>COs (5.2 g, 38.6 mmol) and under N, the reaction was heated at 85 °C for
16 h. A light brown/grey cloudy solution had formed over the course of the reaction. Upon
completion, the reaction was diluted with H>O (200 mL), the resulting precipitate was collected
by vacuum filtration over a Buchner funnel. The filter cake was washed with H,O (3 x 100
mL), followed by MeOH (1 x 50 mL). The crude solid was dried thoroughly, then was re-
dissolved in a minimum volume of CHCl;, filtered over a plug of celite, then poured into
MeOH. The resulting light brown precipitate was filtered, and washed with MeOH. The crude
was purified by a second round of re-precipitation from CHCl3/MeOH. The light brown solid
was dried thoroughly in a vacuum oven at 60 °C for 3 hrs. The title compound was isolated as
an light brown solid (2.6 g). TZ33-PAzs3 PIM: '"H NMR (CDCls, 400 MHz, 323 K): § 6.81 (s,
2H), 6.52 (s, 2H), 6.41 (s, 2H), 6.11 (s, 2H), 4.91-4.75 (m, 2H), 4.52-4.20 (m, 2H), 3.55-3.36
(m, 4H), 2.43-2.00 (m, 8H), 1.30 (s, 12H). *C NMR (CDCl3, 100 MHz, 323 K): § 156.0 (C),
149.9 (C), 149.2 (C), 147.1 (C), 146.4 (C), 145.8 (C), 139.4 (C), 136.7 (C), 136.3 (C), 112.4
(CH), 110.4 (CH), 109.8 (CH), 105.5 (CH). 93.4 (C), 92.1 (C), 59.2 (CH), 57.4 (C), 50.7
(CHa), 48.4 (CHy), 48.3 (CHa), 48.0 (CHy), 45.2 (CHy), 43.7 (C), 31.5 (CHs), 30.1 (CHz), 28.8
(CH,), 28.7 (CH,).

[000449] Example 24: TZ100-PA7o PIM:
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[000450] TZ100-PA7 PIM: Heated a mixture of NHipo-TZ PIM (1g) in DMAc (50mL) at
110°C to partially solubilize the polymer, then added anhydrous K2COs3 (1.7 g, 12.5 mmol) and
a pre-mixed solution of 5-chloro-1-pentyne (932ul, 8.8 mmol) and 1-chloro-propane
(331.2uL, 3.76 mmol) and stirred the reaction at 110 °C for 16 h. Upon completion, the reaction
was diluted with distilled water (100mL), and the light-salmon colored precipitate was washed
with water. Re-dissolved the solide in a minimum volume of CHCl;, then poured into MeOH.
The resultant precipitate was filtered and dried under vacuum. The title compound was isolated
as a light pinkish-brown solid (966 mg). TZioo-PA7 PIM: '"H NMR (CDCls, 400 MHz, 323
K): § 6.47 (s, 2H), 6.08 (s, 2H), 4.99-4.13 (m, 4H), 2.47-1.77 (m, 14H), 1.38-0.75 (s, 15H).
BC NMR (CDCls, 100 MHz, 323 K): § 140.8 (C), 136.9 (C), 110.2 (CH), 82.0 (C), 70.2 (CH),
59.2 (CHy), 57.3 (C), 55.1 (CH2), 52.1 (CHy), 43.4 (C), 31.5 (CH3), 30.2 (CH3), 28.3 (CHy),
23.0, (CHy) 15.9 (CHy), 11.1 (CH3).

[000451] Example 25: TZ100-PA30 PIM:
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[000452] TZ100-PA30 PIM: Heated a mixture of NHipo-TZ PIM (1g) in DMAc (50mL) at
110°C to partially solubilize the polymer, then added anhydrous K2COs3 (1.7 g, 12.5 mmol) and
a pre-mixed solution of 5-chloro-1-pentyne (398 puL, 3.8 mmol) and 1-chloro-propane (775 pL,
8.8 mmol) and stirred the reaction at 85 °C for 16 h. A heterogeneous brown colored reaction
was diluted with distilled water (100mL), and the light brown precipitate was filtered and
washed with water. Re-dissolved the solid in a minimum volume of CHCl; (12-20 mL), and
poured into MeOH. The product was purified by a second re-precipitation from CHCl3/MeOH,
filtered and dried under vacuum. The title compound was isolated as a beige solid (755 mg).

TZ100-PA3o PIM: 'H NMR (CDCls, 500 MHz, 323 K): § 6.47 (s, 2H), 6.06 (s, 2H), 4.99-4.10
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(m, 4H), 2.51-1.76 (m, 14H), 1.52-0.71 (s, 15H). *C NMR (CDCl;3, 100 MHz, 323 K): § 156.4
(C), 148.7 (C), 148.3 (C), 146.3 (C), 140.7 (C), 140.4 (C), 136.9 (C), 112.0 (CH), 110.1 (CH),
108.6 (CH), 107.3 (CH), 82.0 (C), 70.2 (CH), 59.3 (CH>), 57.3 (C), 55.1 (CH»), 52.2 (CH>),
49.8 (CH), 46.7 (CH»), 43.4 (C), 31.5 (CH3), 30.2 (CH3), 28.3 (CH>), 23.0 (CH>), 16.0 (CH>),
11.1 (CHs).

[000453] Example 26: TZ100-PAz7 PIM:
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[000454] TZ100-PAz70 PIM: Heated a mixture of NHio0-TZ PIM (1g) in DMAc (50mL)
at 110°C to partially solubilize the polymer, then added anhydrous K2COs (1.7 g, 12.5 mmol)
and a pre-mixed solution of 3-azidopropyl tosylate? (2.247 g, 8.8 mmol) and propyl p-toluene
sulfonate (0.806 g, 3.8 mmol) and stirred the reaction at 85 °C for 16 h. Upon completion, the
reaction was diluted with distilled water (100mL), and the precipitate was washed with water.
Re-dissolved the solid in a minimum volume of CHCl3, then poured into MeOH. The resultant
off-white precipitate was filtered and dried under vacuum. Repeated the re-precipitation from
CHCI3/MeOH. The title compound was isolated as a beige solid (629 mg). TZ100-PAz70 PIM:
'H NMR (CDCls, 400 MHz, 323 K): § 6.47 (s, 2H), 6.08 (s, 2H), 5.00-4.11 (m, 4H), 3.55-3.38
(m, 4H), 2.53-1.82 (m, 8H), 1.48-0.73 (m, 15H). *C NMR (CDCl3, 100 MHz, 323 K): § 148.4
(C), 146.3 (C), 140.7 (C), 136.9 (C), 111.9 (CH), 109.9 (C), 59.2 (C), 57.3 (C), 55.1 (CHa),
50.6 (CH>), 48.4 (CH>), 48.1 (CH>), 45.2 (CH>), 43.4 (C), 31.1 (CH3), 28.9 (CH3), 22.9 (CHy),
11.1 (CHs).

[000455] Example 27: TZ100-Pazso PIM:

P

[000456] TZ100-Pazzo PIM: Heated a mixture of NHi00-TZ PIM (1g) in DMAc (50mL) at

110°C to partially solubilize the polymer, then added anhydrous K»CO3 (1.7 g, 12.5 mmol) and
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a pre-mixed solution of 3-azidopropyl tosylate’ (960 mg, 3.8 mmol) and propyl p-toluene
sulfonate (1.886, 8.8 mmol) and stirred the reaction at 85 °C for 16 h. Upon completion, the
reaction was diluted with distilled water (100mL), and the precipitate was washed with water.
Re-dissolved the solid in a minimum volume of CHCl3, then poured into MeOH. The resultant
precipitate was filtered and dried under vacuum. Repeated the re-precipitation from
CHCI3/MeOH. The title compound was isolated as a beige solid (661 mg). TZ100-Pazzo PIM:
'H NMR (CDCls, 400 MHz, 323 K): § 6.46 (s, 2H), 6.06 (s, 2H), 4.99-4.10 (m, 4H), 3.61-3.23
(m, 2H), 2.51-1.81 (m, 8H), 1.21 (s, 12H), 1.20-0.72 (m, 3H). 3C NMR (CDCls, 100 MHz,
323 K): § 156.4 (C), 149.1 (C), 148.9 (C), 146.3 (C), 140.7 (C), 136.9 (C), 111.9 (CH), 110.1
(C), 59.2 (C), 57.3 (C), 55.1 (CHy), 50.6 (C), 48.5 (CH>), 43.4 (C), 31.5 (CHs), 30.1 (CH3),
28.8 (CHz), 23.0 (CHy), 11.1 (CH3).

[000457] Example 28: TZ100-Bnioo PIM:
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[000458] TZ100-Bnioo PIM: To a vigorously stirred suspension of Tzioo-NH PIM (32 g,
66.8 mmol) in anhydrous DMAc (200 mL) at 110 °C, was added finely ground anhydrous
K2COs (55.4 g, 401 mmol) and benzyl bromide (34.2 mL, 401 mmol) and allowed reaction to
stir under N, for overnight. Diluted the reaction with HO (200 mL), filtered the precipitate,
and washed the solid with H>O (3 x 200 mL) and MeOH (200 mL). Redissolved in a minimum

e

volume of CHCI5, filtered over a pad of celite, then reprecipitated twice from CHCl;/MeOH.
The solid was dried in a vacuum oven at 65 °C for 24 h, yielding an off white solid (31.8 g).
'H NMR (CDCls, 500 MHz, 323 K): § 7.55-6.87 (m, 10H), 6.37 (br s, 2H), 6.09-5.28 (m, 6H),
2.22 (br's, 2H), 2.03 (br s, 2H), 1.26 (s, 6H), 1.23 (s, 6H). 3C NMR (CDCls, 100 MHz, 323
K): § 148.8 (C), 146.4 (C), 140.2 (C), 139.6 (C), 136.8 (C), 136.4 (C), 133.1 (C), 129.0 (CH),
128.7 (CH), 128.2 (CH), 111.8 (CH), 110.1 (CH), 59.2 (CHa), 57.3 (C), 52.1 (CHy), 43.5 (C),
31.6 (CHs), 30.1 (CHs).

[000459] Example 29: TA7; PIM:
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[000460] TA7 PIM: A mixture of phosphorus pentasulfide (7.72 g, 17.4 mmol) and
sodium sulfite (2.19 g, 17.4 mmol) in absolute ethanol (20 mL) was stirred under argon for 1
h at r.t. Then added PIM-1 (2 g, 4.4 mmol) and 1,4-dioxane (200mL). Refluxed the mixture
with vigorous stirring for 20 h. Cooled to r.t., then added distilled water (200mL) and stirred
for an addition 4 h at r.t.. The light yellow mixture was filtered and the cake was stirred in
chloroform, followed by warmed methanol. Filtered the solid, light yellow-orange solid dried
in vacuo (1 g). 'TH NMR (CDCl3, 400 MHz, 373 K): § 9.97-9.42 (m), 6.96 (s), 6.80 (s), 6.41 (s),
6.21 (s), 2.30-2.17 (m, 4H), 1.36 (s, 6H) , 1.29 (s, 6H). *C NMR (CDCls, 100 MHz, 373 K):
§ 191.1 (C), 189.2 (C), 148.7 (C), 145.6 (C), 139.4 (C),138.4(C), 132.1 (C), 119.2 (C), 110.7
(CH), 109.6 (CH), 92.8 (CH), 87.7 (CH), 58.2 (CHy), 56.3 (CHa), 42.5 (CHy), 40.1 (CH2), 39.9
(CH), 39.1 (C), 30.5 (CH3), 29.1 (CH3).

[000461] Example 30: TZ100-p-AzBnioo PIM:
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[000462] TZ100-p-AzBnigo PIM: A suspension of finely ground Tzi00-NH PIM (1 g) in
anhydrous NMP (50 mL) was added 1-(azidomethyl)-4-(chloromethyl)benzene (1.14 g, 6.3
mmol) and anhydrous K»2COs3 (1.7 g, 12.5 mmol) and the reaction was stirred under Nz, with
heating at 110 °C for 16 hrs. Upon completion, the reaction was cooled to r.t., then added HO
(100 mL), the resulting light brown precipitate was collected by vacuum filtration. The filter
cake was washed with H,O (3 x 50 mL), followed by MeOH (1 x 50 mL). The crude was re-
dissolved in a minimum volume of CHCl;, filtered over a plug of celite, then poured into
MeOH. The resulting pale yellow precipitate was filtered, and washed with MeOH. The
product was further purified by a second round of re-precipitation from CHCI;/MeOH. The

solid was dried thoroughly in a vacuum oven at 60 °C for 3 hrs yielding a solid (0.72 g). 'H
NMR (CDCls, 400 MHz, 323 K): § 7.58-6.91 (m, 8H), 6.40 (s, 2H), 6.19-5.20 (s, 6H), 4.46-
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3.87 (m, 4H), 2.25-2.06 (m, 4H), 1.25 (s, 12H). *C NMR (CDCls, 100 MHz, 323 K): § 149.4
(C), 146.0 (C), 140.1 (C), 139.6 (C),136.9 (C), 136.2 (C), 132.8 (C), 128.8 (CH), 128.6 (CH),
111.9(CH), 110.2 (CH), 104.4 (CH), 59.3 (CHz), 57.4 (C), 56.8 (CH>), 54.4 (CHz), 54.1 (CH),
51.8 (CHz), 43.5 (C), 31.5 (CH3), 30.2 (CHs).

[000463] Example 31: TZ100-p-pgBnioo PIM:

7 o
[000464] TZ100-p-pgBnioo PIM: A vigorously stirred mixture of finely ground Tzi00-NH
PIM (1 g) in anhydrous NMP (50 mL) was added 1-(chloromethyl)-4-(prop-2-yn-1-

yloxy)benzene (1.1 g, 6.3 mmol) and anhydrous K2COs (1.7 g, 12.5 mmol) and the reaction
was heated at 100 °C for 15 hrs. Upon completion, the reaction was cooled to r.t. then was
added H,O (150 mL), the resulting light brown precipitate was collected by vacuum filtration.
The filter cake was washed with H,O (3 x 50 mL), followed by MeOH (1 x 50 mL). The crude
was re-dissolved in a minimum volume of CHCIs;, filtered over a plug of celite, then poured
into MeOH. The resulting pale yellow precipitate was filtered, and washed with MeOH. The
product was purified by a second round of re-precipitation from CHCIls/MeOH. The solid was
dried thoroughly in a vacuum oven at 60 °C for 3 hrs yielding a pale yellow solid (0.99 g). 'H
NMR (CDCls, 400 MHz, 323 K): § 7.63-5.20 (m, 16H), 4.82-4.17 (m, 4H), 2.58-1.88 (m, 4H),
1.27 (s, 6H), 1.24 (s, 6H). *C NMR (CDCls, 100 MHz, 323 K): § 158.0 (C), 156.2 (C), 148.6
(C), 146.1 (C), 140.7 (C), 140.1 (C), 139.4 (C), 136.6 (C), 136.0 (C), 129.9 (CH), 126.4 (C),
125.7(C), 115.4 (CH), 111.9 (CH), 110.0 (CH), 108.1 (CH), 104.2 (CH), 103.0 (CH), 78.2 (C),
75.8 (CH), 59.1 (CHy), 57.1 (C), 56.5 (CHz), 55.9 (C), 51.7 (CHz), 43.3 (C), 31.3 (CH3), 29.9
(CHa).

[000465] Example 32: Thz7>—pgPE PIM:

87



WO 2019/173646 PCT/US2019/021236

v
io:]g;in =
)

(),

[000466] Thz7—pgPE PIM: A solution of thioamide PIM (100mg, 0.2 mmol) was
dissolved in DMAc (10mL). Then added propargyl bromide (172ul, 2mmol) and K2CO3
(276mg, 2mmol) and heated at 120 degC with stirring for 10 h. Upon completion, cooled the
reaction to r.t. then added water (10mL), a light brown precipitate formed. Filtered the solid
and washed with 1M HCI, then water, then diethyl ether. Dissolved the crude in a minimal
amount of hot THF, then added methanol to precipitate the produce. Filtered the solid and
washed with methanol, dried the solid thoroughly in vacuo (85mg). 'H NMR (CDCls, 400
MHz, 324 K): §8.01-6.25 (m), 4.76-4.67 (m), 2.53-2.09 (m), 1.27-1.26 (m). C NMR (CDCls,
100 MHz, 324 K): § 158.0 (C), 155.8 (C), 141.2 (C), 136.6 (C), 128.0 (CH), 115.4 (CH), 113.8
(CH), 112.3 (CH), 110.8 (CH), 78.8 (C), 75.8 (CH), 59.5 (CHa), 57.4 (CH2), 56.3 (CH), 56.1
(CH»), 43.5 (C), 31.6 (CH3), 30.3 (CH3).

& kK

[000467] As various changes can be made in the above-described subject matter without
departing from the scope and spirit of the present invention, it is intended that all subject matter
contained in the above description, or defined in the appended claims, be interpreted as
descriptive and illustrative of the present invention. Many modifications and variations of the
present invention are possible in light of the above teachings. Accordingly, the present
description is intended to embrace all such alternatives, modifications, and variances which fall
within the scope of the appended claims.

[0001] All patents, applications, publications, test methods, literature, and other materials cited
herein are hereby incorporated by reference in their entirety as if physically present in this

specification.
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CLAIMS

1. A compound according to Formula I:

R4
Rs3
o)
R5/
Al
Rs
o c o
Rs
A,
R
o ’
Ry
R, :
Formula |
wherein:

the carbon indicated by “C” denotes a spiro-carbon;

Ajand A; are each independently selected from:

KN ¥
LoD

Aj is a selected from substituted or unsubstituted Cs—Cg aryl, substituted or
unsubstituted Cs—Cg heteroaryl, substituted or unsubstituted Cs—Cs cycloalkyl and substituted or
unsubstituted Cs—Cg cyclic heterocycloalkyl;

X is -CRg, -O-, -S-, NRg, -C=0, -C=NRg, -C=N-N(R¢),, and C=N-ORg;

Ri, Ry, R3, and R4 are each independently selected from H and Y——Z wherein at
least one of Rj, Ry, R3, and Ry is Y_Z;

Rs is independently at each occurrence H, Si(ORg)s3, or Si(Re)s;
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Re is independently at each occurrence selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl;

Y is independently absent or selected from substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, -NH-(C=0)-; =NO-C, alkyl-; and -(C=0)-phenyl-;

Z is independently selected from -N;, "C=—=CH  C=C—R' —C=N _(C=0)-
H, —SH, -CH=CHj,, halide, -SO3R¢, -B(OR¢),, Sn(Re)3, and Zn(Re);

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
COzR¢, -(C=0)-N(R¢),, and -(C=0)-R¢; and

R” is selected from R3; and Ry.

2. The compound according to claim 1, wherein:

A and A; are each independently selected from:

o // X Q\ﬁ\ﬁ'“\&
N % PN

c
R; . R, R; o)
! \ a
N=— _—N N—N Q=
= \ e
R N 3 TN N ~ N U
/Ala) c , /‘??7 c , - C ’ - C , - C ,
o] 2 o)
' o}
Q' Q Q/{
9 Q
/‘ll) C - C - c - C /‘(’?—) C
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X is selected from -CRg, -O-, -S-, NRg, -C=0, -C=NRg, -C=N-N(R¢),, and C=N-ORg;

C, is selected from substituted or unsubstituted Cs—Cs aryl, substituted or unsubstituted
Cs—Cg heteroaryl, substituted or unsubstituted Cs—Cg cycloalkyl and substituted or unsubstituted
Cs—Cs cyclic heterocycloalkyl;

Q is selected from -O-, -S-, -N-R5, -C=0, -C=NR7, -C=N-N(R7),, and -C=N-OR7;

Q’ is independently at each occurrence selected from -O-, -S-, and -N-R7; and

R~ is independently at each occurrence selected from R; and Ry.

3. The compound according to claim 1, wherein:

Aj and A, are each independently selected from:

/ Q __ Q \ N:::N\N\
G 7 o AN RN EN Re

Rz

R7
,< " \
N— ——N N—N
Q \Q \\N
N X 38 N ~ AN
/ﬁ?? c g c and ~ ¢ ;
Z is independently selected from -Nj3, —C==CH , C=C—R ,_CEN ,—(C=0)-H, —

SH, and -CH=CH,,
Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR7, -C=N-N(R7),, and -C=N-OR7;
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R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
CO;R¢, -(C=0)-N(R¢),, and «(C=0)-Rg;

Re is independently at each occurrence selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, and

R7 is independently at each occurrence selected from R3 and Ry.

4. The compound according to claim 1, wherein:

Aj and A, are each independently selected from:

N VA 3 0 °

\5_;4 ~ 5‘5\) : - y") Q
SO /‘21’ ¢ , and /kda, c

Z is independently selected from -Nj3, —C==CH , C=C—R , —C=N ,—~(C=0)-H, —
SH, and -CH=CH,;

Q’ is independently at each occurrence selected from -O-, -S-, and -N-R;

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
COzR¢, -(C=0)-N(R¢)2, and «(C=0)-Rg;

Re is independently at each occurrence selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted

or unsubstituted heteroaryl, and

R~ is independently at each occurrence selected from R; and Ry.
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5. The compound according to claim 1, wherein:

A and A, are each independently selected from:

Q
/ - N =\
y : —,
\; \; X \; AN ‘5 N R
c c c c
R7
N—"N\\N
SN
c

, and VI/Q’L

Z is independently selected from -Nj3, —C==CH , C=C—R , —C=N ,—(C=0)-H, —
SH, and -CH=CHpy;

Q is selected from -O-, -S-, -N-R5, -C=0, -C=NR7, -C=N-N(R7),, and -C=N-OR7;

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
CO2Rg, -(C=0)-N(Rg),, and (C=0)-Re;

R is independently at each occurrence selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, and

R7 is independently at each occurrence selected from R; and Ra.

6. The compound according to claim 1, wherein:

Aj and A; are each independently selected from:
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7 0 (0]
Q';< q Q q
N o [o)
- AN \3 - -
c c c c

(0]

0 0
Q' Q'
+Y - £
C C C
Yo C

,and s

Z is independently selected from -Nj3, —C=CH , C=C—FR , —C=N —(C=0)-H, —

b

SH, and -CH=CHp,;

Q’ is independently at each occurrence selected from -O-, -S-, and -N-R+;

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted

heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
CO2Re, -(C=0)-N(Rg¢)2, and +(C=0)-Rg;

Re 1s independently at each occurrence selected from H, substituted or unsubstituted

alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted

or unsubstituted heteroaryl, and

R7 is independently at each occurrence selected from R3 and Ry.

7. The compound according to claim 1, wherein:

A; and A; are each independently selected from:
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Z is independently selected from -Nj3, —C==CH , C=C—R , —C=N —~(C=0)-H, -
SH, and -CH=CH,;

Q is selected from -O-, -S-, -N-R5, -C=0, -C=NR5, -C=N-N(R7),, and -C=N-OR7;

X is selected from -CRg, -O-, -S-, NRg, -C=0, -C=NRg, -C=N-N(R¢),, and C=N-ORg;

3

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
CO3R¢, -(C=0)-N(Rg),, and -(C=0)-Rg;

Re is independently at each occurrence selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, and

R7 is independently at each occurrence selected from R; and Ry.

8. The compound according to claim 1, wherein:

A; and A; are each independently selected from:
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Z is independently selected from -Nj3, —C==CH , C=C—R , —C=N ,—(C=0)-H, —

Y

SH, and -CH=CHj;

X is selected from -CRg, -O-, -S-, NRg, -C=0, -C=NRg, -C=N-N(R¢),, and C=N-ORg;
Q’ is independently at each occurrence selected from -O-, -S-, and -N-R7;

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted

heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
CO3Rs, -(C=0)-N(R¢)2, and —(C=0)-R;

Re is independently at each occurrence selected from H, substituted or unsubstituted

alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted

or unsubstituted heteroaryl, and

R7 is independently at each occurrence selected from R; and Ry.

9. The compound according to claim 1, wherein:

Aj and A, are each independently selected from:
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Z is independently selected from -Nj3, —C=CH , C=C—FR , —C=N —~(C=0)-H, —
SH, and -CH=CHp,;

b

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
CO3R¢, -(C=0)-N(R¢)2, and «(C=0)-Rg;

Re 1s independently at each occurrence selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, and

C, is selected from substituted or unsubstituted Cs—Cs aryl, substituted or unsubstituted
Cs—Cg heteroaryl, substituted or unsubstituted Cs—Cg cycloalkyl and substituted or unsubstituted
Cs—C;s cyclic heterocycloalkyl.

10. The compound according to claim 1, wherein:

A; and A; are each independently selected from
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Z is independently selected from -Nj3, —C=CH , C=C—FR , —C=N ,—(C=0)-H, —

SH, and -CH=CHp,;

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted

heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
CO;Rg, -(C=0)-N(R¢),, and «(C=0)-R;

Re is independently at each occurrence selected from H, substituted or unsubstituted

alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted

or unsubstituted heteroaryl, and

C, is selected from substituted or unsubstituted Cs—Cs aryl, substituted or unsubstituted

Cs—Cg heteroaryl, substituted or unsubstituted Cs—Cg cycloalkyl and substituted or unsubstituted

Cs—Cs cyclic heterocycloalkyl.

11. The compound according to claim 1, wherein:

Aj and A, are each independently selected from
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X is selected from -CRg, -O-, -S-, NRg, -C=0, -C=NRg, -C=N-N(R¢)2, and C=N-ORg;

Z is independently selected from -Nj3, —C=CH , C=C—FR , —C=N —~(C=0)-H, —
SH, and -CH=CH,;

R’ is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -CN, -
COzRg, -(C=0)-N(R¢)2, and «(C=0)-Rg;

Rg is independently at each occurrence selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, and

Cy is selected from substituted or unsubstituted Cs—Cg aryl, substituted or unsubstituted
Cs—Cs heteroaryl, substituted or unsubstituted Cs—Cg cycloalkyl and substituted or unsubstituted

Cs—C;s cyclic heterocycloalkyl.
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12. A compound according to claim 1, wherein Formula I is:

o O
R '
1\O .O O\Rq
R

R, is independently at each occurrence H or alkyl;

wherein:
Rs3 and R4 are each independently selected from halide and -B(ORg),.

13. The compound of claim 12, selected from the group consisting of:

NegsNes oW
Q'O Q'D

MeOB(OH
(HO),B 0.0 OMe

14. The compound according to claim 1 selected from the group consisting of:
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HO OH |H N3
b b

HOOH HO ’O

and

Formula II
wherein: the carbon indicated by “C” denotes a spiro carbon;
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Aj is selected from and

D

X is independently at each occurrence selected from O, or N-R»;

Az 1S

R, is independently at each occurrence H or alkyl;

R, is selected from H, substituted or unsubstituted alkyl, and substituted or
unsubstituted aryl, and

Aj is a selected from substituted or unsubstituted Cs—Cg aryl, substituted or
unsubstituted Cs—Cg heteroaryl, substituted or unsubstituted Cs—Cg cycloalkyl and substituted or
unsubstituted Cs—Cg cyclic heterocycloalkyl.

16. The compound according to claim 15, wherein:

Aj and A, are each independently selected from:

Q Q
NS e A
N;<R7 : N R7\N—/—N
\ ) )
\Afﬁ Y IY
/‘1% c ,/'?% c }% c

9 b

;R
(@}
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X is selected from -CRg, -O-, -S-, NRg, -C=0, -C=NRg, -C=N-N(R¢),, and C=N-ORg;

C, is selected from substituted or unsubstituted Cs—Cs aryl, substituted or unsubstituted
Cs—Cg heteroaryl, substituted or unsubstituted Cs—Cg cycloalkyl and substituted or unsubstituted
Cs—Cs cyclic heterocycloalkyl;

Q is selected from -O-, -S-, -N-R7, -C=0, -C=NR7, -C=N-N(R7),, and -C=N-OR7;

Q’ is independently at each occurrence selected from -O-, -S-, and -N-R;

Re is independently at each occurrence selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, and

R, is independently at each occurrence selected from H and ¥ 4, wherein

Y is independently absent or selected from substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -NH-(C=0)-; =NO-C, ¢ alkyl-; and -(C=0)-phenyl-; and

Z is independently selected from -N;, "C=—=CH C=—=C—R' ~C=N _(C=0)-H, -
SH, -CH=CH,_ halide, -SO3R¢, -B(ORg)2, Sn(Re)3, and Zn(Re)s.
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17. The compound according to claim 15 selected from the group consisting of:

HO

HO HO 0.0

108



