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MATERIALS WITH CHIROPTICAL PROPERTIES

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application claims priority from U.S. Provisional Patent Application Number

62/499,422, filed on January 26, 2017, which is incorporated herein by reference in its entirety.
FIELD OF THE INVENTION

[002] The present disclosure relates to materials with strong circular dichroism (CD),
circularly polarized luminescence (CPL), and high fluorescence quantum yield in the aggregate

state and methods of preparation and use thereof.
BACKGROUND OF THE INVENTION

[003] Aggregation-caused quenching is a common phenomenon observed when luminescent
compounds, which are highly emissive in dilute solutions, become weakly emissive when formed
into thin films and/or in the solid state. This phenomena has proven to be a hindrance in the
development of applications that require the luminescent compound to be in the solid state, e.g.,
organic light-emitting diodes.

[004] In 2001, luminogenic materials with aggregation-induced emission (AIE) were first
described and have attracted considerable interest due to their unique properties. Typically,
materials that exhibit AIE are either non-emissive or weakly emissive in the solution state and
have increased emissions in the aggregate state. This phenomena has been used to develop a new
class of fluorescent compounds, which can be used in applications, such as fluorescent sensors,
biological probes, and organic light-emitting diodes.

[005] Enantiopure chiral compounds that exhibit AIE emit circularly polarized light, which
can be very useful for a number of applications, such as circularly polarized organic light-emitting
diodes and biological probes in which chiral interactions between the probe and the target are of
interest.

[006] The most easily prepared chiral AIE materials typically include a chiral group, such as
an enantiopure binapthol or sugar, attached to a moiety that exhibits AIE (for example
tetraphenylethylene (TPE)). However, the chiral group can affect the physical, chemical, and

optical properties of the chiral AIE material.
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[007] Alternatively, the chiral AIE material can be made from a chiral AIE moiety, such as
helicene. The molar ellipticity of helicene can be as high as 2x10° mdeg-L-mol™!-cm™!. Whereas,
most chiral amino acids only exhibit a molar ellipticity of 10* mdeg-L-mol!-cm™. Advantageously,
helicene is able to retain its chemical and optical properties at high temperature and/or harsh
environments. However, the synthesis, functionalization, and enantioselective separation of
helicene is very challenging.

[008] Recently, a new approach for constructing chiral AIE materials has been investigated
based on intramolecular steric restriction, which is similar to the mechanism that gives rise to AIE
phenomena — restriction of intramolecular motion (RIM).

[009] This approach can be illustrated using TPE. In the solution state, TPE’s four phenyl
rings are able to freely rotate. However, if the rotation of the four phenyl rings could be restricted
chiral, conformers of TPE could be realized. In the aggregate state, the free rotation of the phenyl
rings of TPE can be restricted, but without any means for controlling the packing direction of the
four phenyl rings, the final TPE solid materials are still a racemic mixture of different conformers.
[0010] However, crystals of TPE formed in the presence of certain solvents tend to pack the
phenyl rings of TPE in the same direction and enantiomerically pure crystals can be prepared.
Unfortunately these enantiopure TPE crystals tend to be unstable and rapidly racemize once
dissolved in their good solvent. Moreover, the crystallization process is still poorly understood and
has very low efficiency, which has limited research and development interest.

[0011] In view of the foregoing, there still exists a need to develop improved methods for

accessing chiral AIE materials.
SUMMARY OF THE INVENTION

[0012]  Provided herein are chiral AIE materials and methods of preparation and use thereof.
The provided chiral AIE materials are very stable and exhibit strong chiroptical properties. The
chiral AIE materials can be efficiently prepared using conventional methods from commercially
available reagents.

[0013]  In a first aspect, provided herein is a particle comprising a compound selected from the

group consisting of:
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,and

[0014] wherein Y is CH or N;

[0015] R! and RY are independently selected from the group consisting of alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*)uR>;

[0016] R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*2)mR?;

[0017] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*)mR’, -CH=C(CN), -N(Ar?)2, and -Ar!-N(Ar?);

[0018]  Ar!is an optionally substituted phenyl;

[0019]  each occurrence of Ar? is independently an optionally substituted phenyl;

[0020]  each instance of m is independently selected from a whole number selected from 1-20;
[0021]  each instance of R*is independently selected from the group consisting of hydrogen and
alkyl; and

[0022] each instance of R® is independently selected from the group consisting of hydrogen,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether,

[0023]  wherein the compound is achiral, exhibits a molar ellipticity ([®]) that is less than or
greater than zero and aggregation-induced emission.

[0024]  In certain embodiments, provided herein is the particle of the first aspect, wherein R>
and R? or R? and R* are not hydrogen.

[0025]  In certain embodiments, provided herein is the particle of the first aspect, wherein R!,

R, R? and R? are independently selected from the group consisting of alkyl, halide, dialkylamino,
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alkoxy, thioether, cyano, nitro, and -(CR*)uR’, wherein R* is hydrogen and R’is amino, hydroxyl,
or thiol.

[0026] In certain embodiments, provided herein is the particle of the first aspect, wherein R?
and R?” are independently selected from the group consisting of alkyl, halide, dialkylamino, alkoxy,

thioether, cyano, nitro, -(CR*2)mR’, -CH=C(CN)s, -N(Ar?)2, and -Ar!-N(Ar?),, wherein

Ar'is §_®—§, R*is hydrogen, and R is amino, hydroxyl, or thiol.
[0027]  In certain embodiments, provided herein is the particle of the first aspect, wherein the
compound has Formula I or II; and R!, R", R% R?, R® and R? are independently C1-Cs alkyl or
C1-Cs alkoxy.

[0028] In certain embodiments, provided herein is the particle of the first aspect, wherein the

Y pos

[0029] In a second aspect, provided herein is a method of rotating plane polarized light

compound is:

comprising the step of exposing a compound selected from the group consisting of:

R?
1 R R?
L w
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[0030] wherein Y is CH or N;

[0031] R! and R' are independently selected from the group consisting of alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*2)mR?;

[0032] R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,

thioether, cyano, nitro, and -(CR*)uR>;
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[0033] R?and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*)mR’, -CH=C(CN), -N(Ar?)2, and -Ar!-N(Ar?);

[0034]  Ar!is an optionally substituted phenyl;

[0035]  each occurrence of Ar” is independently an optionally substituted phenyl;

[0036] each instance of m is independently selected from a whole number selected from 1-20;
[0037]  each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[0038]  each instance of R is independently selected from the group consisting of hydrogen,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, wherein the
compound exhibits a molar ellipticity ([®]) that is less than or greater than zero and aggregation-
induced emission;

[0039] to plane polarized light having a first wavelength thereby rotating the plane of the plane
polarized light and forming plane polarized light having a second wavelength, wherein the second
wavelength is greater than the first wavelength.

[0040] In certain embodiments, provided herein is the method of rotating plane polarized light
of the second aspect, wherein the compound is achiral.

[0041] In certain embodiments, provided herein is the method of rotating plane polarized light
of the second aspect, wherein R? and R? or R* and R*" are not hydrogen.

[0042] In certain embodiments, provided herein is the method of rotating plane polarized light
of the second aspect, wherein R? and R? or R? and R are not hydrogen and RY, RY, R? and R*
are independently selected from the group consisting of alkyl, halide, dialkylamino, alkoxy,
thioether, cyano, nitro, and -(CR*%)mR?>, wherein R*is hydrogen and R’is amino, hydroxyl, or thiol.
[0043] In certain embodiments, provided herein is the method of rotating plane polarized light
of the second aspect, wherein R? and R? or R* and R?" are not hydrogen and wherein R? and R¥
are independently selected from the group consisting of alkyl, halide, dialkylamino, alkoxy,

thioether, cyano, nitro, -(CR*2)mR’, -CH=C(CN)s, -N(Ar?)2, and -Ar!-N(Ar?),, wherein

Ar'is ; D §, R*is hydrogen, and R is amino, hydroxyl, or thiol.
[0044] In certain embodiments, provided herein is the method of rotating plane polarized light
of the second aspect, wherein the compound has Formula I or IT; and R}, R", R% R%*, R?and R¥

are independently C-Cs alkyl or Ci-Cs alkoxy.
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[0045] In certain embodiments, provided herein is the method of rotating plane polarized light

of the second aspect, wherein the compound is:

Y o

[0046] In certain embodiments, provided herein is the method of rotating plane polarized light
of the second aspect, wherein the first wavelength is between about 250 nm to about 350 nm.
[0047]  In certain embodiments, provided herein is the method of rotating plane polarized light
of the second aspect, wherein the fluorescence of the compound is greater in the solid state than in
solutions comprising the compound.

[0048] In a third aspect, provided herein is a circularly polarized-organic light-emitting diode

(CP-OLED) comprising a compound selected from the group consisting of:

,and

[0049]  wherein Y is CH or N;

[0050] R! and R' are independently selected from the group consisting of alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*)uR>;

[0051] R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*)uR>;

[0052] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*)mR>, -CH=C(CN)2, -N(Ar?)2, and -Ar'-N(Ar?)y;

[0053]  Ar!is an optionally substituted phenyl;
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[0054]  each occurrence of Ar? is independently an optionally substituted phenyl;

[0055] each instance of m is independently selected from a whole number selected from 1-20;
[0056]  each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[0057] each instance of R® is independently selected from the group consisting of hydrogen,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, wherein the
compound exhibits a molar ellipticity ([®]) that is less than or greater than zero and aggregation-
induced emission.

[0058] In certain embodiments, provided herein is the CP-OLED of the third aspect, wherein
the compound is achiral.

[0059] In certain embodiments, provided herein is the CP-OLED of the third aspect, wherein
R? and R? or R? and R are not hydrogen.

[0060] In certain embodiments, provided herein is the CP-OLED of the third aspect, wherein
the compound is achiral and R!, R', R?, and R? are independently selected from the group
consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, and -(CR*)mR?, wherein
R* is hydrogen and R? is amino, hydroxyl, or thiol.

[0061] In certain embodiments, provided herein is the CP-OLED of the third aspect, wherein
the compound is achiral and R* and R are independently selected from the group consisting of
alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, -(CR*)mR>, -CH=C(CN),, -N(Ar?)2,
and -Ar'-N(Ar?),, wherein

Ar'is §_®—§, R*is hydrogen, and R is amino, hydroxyl, or thiol.

[0062]  In certain embodiments, provided herein is the CP-OLED of the third aspect, wherein
the compound has Formula I or II; and R!, RY, R% R?, R® and R are independently C1-Cs alkyl
or C1-Ce alkoxy.

[0063] In a fourth aspect, provided herein is a fluorescent probe comprising a targeting agent

and a compound selected from the group consisting of:
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[0064] wherein Y is CH or N;

[0065] R! and R! are independently selected from the group consisting of alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*2)mR?;

[0066] R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*2)mR?;

[0067] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*2)mR’, -CH=C(CN)s, -N(Ar?)2, and -Ar!-N(Ar?);

[0068]  Ar!is an optionally substituted phenyl;

[0069]  each occurrence of Ar” is independently an optionally substituted phenyl;

[0070]  each instance of m is independently selected from a whole number selected from 1-20;
[0071]  each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[0072] each instance of R is independently selected from the group consisting of hydrogen,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, wherein the
compound exhibits a molar ellipticity ([®]) that is less than or greater than zero and aggregation-
induced emission.

[0073] In certain embodiments, provided herein is the fluorescent probe of the fourth aspect,
wherein the compound is achiral.

[0074]  In certain embodiments, provided herein is the fluorescent probe of the fourth aspect,

wherein R? and R or R? and R are not hydrogen.
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[0075] In certain embodiments, provided herein is the fluorescent probe of the fourth aspect,
wherein R? and R? or R? and R* are not hydrogen and R!, R, R? and R? are independently
selected from the group consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro,
and -(CR*)mR’, wherein R* is hydrogen and R’ is amino, hydroxyl, or thiol.

[0076] In certain embodiments, provided herein is the fluorescent probe of the fourth aspect,
wherein R? and R? or R? and R?” are not hydrogen and R* and R*" are independently selected from
the group consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, -(CR*)umR?, -
CH=C(CN)s, -N(Ar*)2, and -Ar'-N(Ar*)>, wherein

Ar'is @, R*is hydrogen, and R is amino, hydroxyl, or thiol.

[0077] In certain embodiments, provided herein is the fluorescent probe of the fourth aspect,
wherein the compound has Formula T or IT; and R, RY, R%, R?, R? and R? are independently C;-
Cs alkyl or C;-Ce alkoxy.

[0078] In certain embodiments, provided herein is the fluorescent probe of the fourth aspect,

wherein the targeting agent is an antibody, an antibody fragment, or a small molecule.
BRIEF DESCRIPTION OF FIGURES AND TABLES

[0079]  The above and other objects and features of the present disclosure will become apparent
from the following description of the invention, when taken in conjunction with the accompanying

drawings, in which:

[0080] Figure 1 depicts an exemplary synthetic route to (F)-1,2-bis(2,4,5-
trimethylphenyl)ethane (DPE-TM).

[0081]  Figure 2 depicts an exemplary synthetic route to 2,2",4,4".5,5"-hexamethyl-1,1":4",1"-
terphenyl (TPh-TM).

[0082]  Figure 3 depicts the 'H NMR spectrum of DPE-TM in CDCls. The solvent peaks are

marked with asterisk.

[0083]  Figure 4 depicts the '>*C NMR spectrum of DPE-TM in CDCls. The solvent peaks are

marked with asterisk.
[0084]  Figure S depicts the high resolution mass spectrum (HRMS) spectra of DPE-TM.

[0085]  Figure 6 depicts the 'H NMR spectrum of TPh-TM in CDCls. The solvent peaks are
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marked with asterisk.

[0086]  Figure 7 depicts the *C NMR spectrum of TPh-TM in CDCls. The solvent peaks are

marked with asterisk.
[0087]  Figure 8 depicts the HRMS spectra of TPh-TM.

[0088] Figure 9 depicts the crystal structures of compounds 1,2-diphenylethylene (DPE)
(Cambridge Crystallographic Data Centre (CCDC) No. 1522065) and DPE-TM (CCDC No.
1481602).

[0089]  Figure 10 depicts the crystal structures of compounds p-terphenyl (TPh) (CCDC No.
1522066) and TPh-TM (CCDC No. 1522067).

[0090] Figure 11 depicts the A) photoluminescence (PL) spectra of compound DPE in
tetrahydrofuran (THF)/water mixture with different water fractions between 0-90%; and B) the
plot of I/I, versus different water fraction between 0-90%. ¢ = 10> M, Jex = 290 nm.

[0091]  Figure 12 depicts the A) PL spectra of compound TPh in THF/water mixture with
different water fraction. B) The plot of I/ly versus different water fraction between 0-90%. ¢ = 10

3 M, ﬂex = 270 nm.

[0092]  Figure 13 depicts the A) PL spectra of compound DPE-TM in THF/water mixture with
different water fraction between 0-90%; and B) The plot of I/l versus different water fraction

between 0-90%. c= 10> M, Aex = 290 nm.

[0093]  Figure 14 depicts the A) PL spectra of compound TPh-TM in THF/water mixture with
different water fraction between 0-90%; and B) the plot of I/ly versus different water fraction

between 0-90%. c¢= 107 M, Aex = 270 nm.

[0094]  Figure 15 depicts the circular dichroism (CD) spectra of compound DPE in THF/water
mixture with fw = 0 and 90%.

[0095]  Figure 16 depicts the CD spectra of compound TPh in THF/water mixture with f =0
and 90%.

[0096]  Figure 17 depicts the CD spectra of compound DPE-TM in THF/water mixture with

different water fractions between 0-90%.

[0097]  Figure 18 depicts the CD spectra of compound TPh-TM in THF/water mixture with
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different water fraction between 0-90%.

[0098]  Figure 19 depicts the A) CPL, B) PL. and C) emission dissymmetry factor (gem) spectra
of compound DPE-TM in THF/water with fw = 0, 70, 80 and 90%. c= 10* M, Aex = 300 nm, CD =
Ii-Ir, DC = IL+1R, gem = 2(IL-IR)/(IL +1R).

[0099]  Figure 20 depicts the A) CPL, B) PL and C) gem spectra of compound TPh-TM in
THF/water with fw, = 0, 70, 80 and 90%. c= 10 M, Aex = 270 nm, CD = I1-Ir, DC = L +IR gem =
2(IL-IR)/(ILL+1R).

DETAILED DESCRIPTION OF THE INVENTION

[00100] The present disclosure provides chiral AIE materials and methods of preparing and uses
thereof. The chiral AIE materials provided herein can comprise achiral compounds, which

ordinarily would not be expected to exhibit chiroptic properties, such as circular dichroism.
Definitions

[00101] The definitions of terms used herein are meant to incorporate the present state-of-the-
art definitions recognized for each term in the chemical and semiconductor fields. Where
appropriate, exemplification is provided. The definitions apply to the terms as they are used
throughout this specification, unless otherwise limited in specific instances, either individually or

as part of a larger group.

[00102] The term "heteroatom" is art-recognized and refers to an atom of any element other than
carbon or hydrogen. Illustrative heteroatoms include boron, nitrogen, oxygen, phosphorus, sulfur

and selenium.

[00103] The term "alkyl" is art-recognized, and includes 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 30 or fewer carbon atoms in its backbone (e.g.,
C1-C3p for straight chain, Cs3-Cso for branched chain), and alternatively, about 20 or fewer.
Likewise, cycloalkyls have from about 3 to about 10 carbon atoms in their ring structure, and

alternatively about 5, 6 or 7 carbons in the ring structure.

[00104] Unless the number of carbons is otherwise specified, "lower alkyl" refers to an alkyl
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group, as defined above, but having from one to about ten carbons, alternatively from one to about
six carbon atoms in its backbone structure. Likewise, "lower alkenyl" and "lower alkynyl" have

similar chain lengths.

[00105] The term "aralkyl" is art-recognized and refers to an alkyl group substituted with an aryl

group (e.g., an aromatic or heteroaromatic group).

[00106] The terms "alkenyl" and "alkynyl" are art-recognized and refer to unsaturated aliphatic
groups analogous in length and possible substitution to the alkyls described above, but that contain

at least one double or triple bond respectively.

[00107] The term "aryl" is art-recognized and refers to 5-, 6- and 7-membered single-ring
aromatic groups that may include from zero to four heteroatoms, for example, benzene,
naphthalene, anthracene, pyrene, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, triazole,
pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like. Those aryl groups having
heteroatoms in the ring structure may also be referred to as "aryl heterocycles" or
"heteroaromatics." The aromatic ring may be substituted at one or more ring positions with such
substituents as described above, for example, halogen, azide, alkyl, aralkyl, alkenyl, alkynyl,
cycloalkyl, hydroxyl, alkoxyl, amino, nitro, sulfthydryl, imino, amido, phosphonate, phosphinate,
carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, sulfonamido, ketone, aldehyde, ester,
heterocyclyl, aromatic or heteroaromatic moieties, -CF3, -CN, or the like. The term "aryl" also
includes polycyclic ring systems having two or more cyclic rings in which two or more carbons
are common to two adjoining rings (the rings are "fused rings") wherein at least one of the rings is
aromatic, e.g., the other cyclic rings may be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or

heterocyclyls.

[00108] The terms ortho, meta and para are art-recognized and refer to 1,2-, 1,3- and 1,4-
disubstituted benzenes, respectively. For example, the names 1,2-dimethylbenzene and ortho-

dimethylbenzene are synonymous.

[00109] The terms "heterocyclyl”, "heteroaryl”, or "heterocyclic group" are art-recognized and
refer to 3- to about 10-membered ring structures, alternatively 3- to about 7-membered rings,
whose ring structures include one to four heteroatoms. Heterocycles may also be polycycles.

Heterocyclyl groups include, for example, thiophene, thianthrene, furan, pyran, isobenzofuran,



WO 2018/137558 PCT/CN2018/073359

chromene, xanthene, phenoxanthene, pyrrole, imidazole, pyrazole, isothiazole, isoxazole,
pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine,
quinolizine, isoquinoline, quinoline, phthalazine, naphthyridine, quinoxaline, quinazoline,
cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, pyrimidine, phenanthroline,
phenazine, phenarsazine, phenothiazine, furazan, phenoxazine, pyrrolidine, oxolane, thiolane,
oxazole, piperidine, piperazine, morpholine, lactones, lactams such as azetidinones and
pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring may be substituted at one or
more positions with such substituents as described above, as for example, halogen, alkyl, aralkyl,
alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfthydryl, imino, amido, phosphonate,
phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, ester, a

heterocyclyl, an aromatic or heteroaromatic moiety, -CF3, -CN, or the like.

[00110] The term "optionally substituted" refers to a chemical group, such as alkyl, cycloalkyl
aryl, and the like, wherein one or more hydrogen may be replaced with a with a substituent as
described herein, for example, halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl,
hydroxyl, alkoxyl, amino, nitro, sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl,
carboxyl, silyl, ether, alkylthio, sulfonyl, sulfonamido, ketone, aldehyde, ester, heterocyclyl,

aromatic or heteroaromatic moieties, -CFs, -CN, or the like

[00111] The terms "polycyclyl" or "polycyclic group" are art-recognized and refer to two or
more rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which
two or more carbons are common to two adjoining rings, e.g., the rings are "fused rings". Rings
that are joined through non-adjacent atoms are termed "bridged" rings. Each of the rings of the
polycycle may be substituted with such substituents as described above, as for example, halogen,
alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde,

ester, a heterocyclyl, an aromatic or heteroaromatic moiety, -CFs, -CN, or the like.

[00112] The term "carbocycle" is art-recognized and refers to an aromatic or non-aromatic ring

in which each atom of the ring is carbon.

[00113] The term "nitro" is art-recognized and refers to -NO»; the term "halogen" is art-
recognized and refers to -F, -Cl, -Br or -I; the term "sulfhydryl" is art-recognized and refers to -

SH; the term "hydroxyl" means -OH; and the term "sulfonyl" and “sulfone” is art-recognized and
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refers to -SO»-. "Halide" designates the corresponding anion of the halogens.

[00114] The terms "amine" and "amino” are art-recognized and refer to both unsubstituted and

substituted amines, e.g., a moiety that may be represented by the general formulas:

RS0 RS0
§—N §—N-R53
R51 R52

wherein R50, R51 and R52 each independently represent a hydrogen, an alkyl, an alkenyl, -
(CH2)mR61, or R50 and R51, taken together with the N atom to which they are attached complete
a heterocycle having from 4 to 8 atoms in the ring structure; R61 represents an aryl, a cycloalkyl,
a cycloalkenyl, a heterocycle or a polycycle; and m is zero or an integer in the range of 1 to 8. In
other embodiments, R50 and R51 (and optionally R52) each independently represent a hydrogen,
an alkyl, an alkenyl, or -(CH2)mR61. Thus, the term "alkylamine" includes an amine group, as
defined above, having a substituted or unsubstituted alkyl attached thereto, i.e., at least one of R50

and R51 is an alkyl group.

[00115] The term "amido" is art-recognized as an amino-substituted carbonyl and includes

a moiety that may be represented by the general formula:

0]
%)LN,RM
R51
wherein R50 and R51 are as defined above.
[00116] The term "carboxyl" is art-recognized and includes such moieties as may be
represented by the general formulas:
o o}

.R55
§)LX1 §\ng R56

wherein X is a bond or represents an oxygen or a sulfur, and R55 and R56 represents a hydrogen,
an alkyl, an alkenyl, -(CH2)mR61 or a salt, R56 represents a hydrogen, an alkyl, an alkenyl or -
(CH2)mR61, where m and R61 are defined above. Where X is an oxygen and R55 or R56 is not
hydrogen, the formula represents an "ester”. Where X is an oxygen, and R55 is as defined above,

the moiety is referred to herein as a carboxyl group, and particularly when R55 is a hydrogen, the
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formula represents a "carboxylic acid". Where X is an oxygen, and R56 is hydrogen, the formula
represents a "formate". In general, where the oxygen atom of the above formula is replaced by
sulfur, the formula represents a "thiolcarbonyl" group. Where X is a sulfur and R55 or R56 is not
hydrogen, the formula represents a "thiolester.” Where X is a sulfur and R55 is hydrogen, the
formula represents a "thiolcarboxylic acid." Where X is a sulfur and R56 is hydrogen, the formula
represents a "thiolformate." On the other hand, where X is a bond, and RS55 is not hydrogen, the
above formula represents a "ketone" group. Where X is a bond, and R55 is hydrogen, the above

formula represents an "aldehyde" group.

[00117] The terms "alkoxyl" or "alkoxy" are art-recognized and refer to an alkyl group, as
defined above, having an oxygen radical attached thereto. Representative alkoxyl groups include
methoxy, ethoxy, propyloxy, tert-butoxy and the like. An "ether" is two hydrocarbons covalently
linked by an oxygen. Accordingly, the substituent of an alkyl that renders that alkyl an ether is or
resembles an alkoxyl, such as may be represented by one of -O-alkyl, -O-alkenyl, -O-alkynyl, -
(CH2)mR61, where m and R61 are described above.

[00118] The term "sulfonyl" is art-recognized and refers to a moiety that may be represented by

the general formula:

§—S-Rs8
o
in which R58 is one of the following: hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,

aryl or heteroaryl.

[00119] Compounds of the present disclosure can include a “divalent group” defined herein as a

linking group capable of forming a covalent bond with two other moieties.

[00120] The representation “}” as used herein in connection to chemical a group or moiety is
intended to represent the covalent bond that the aforementioned chemical group or moiety is

covalently bonded to another chemical group or moiety.

[00121] At various places in the present specification, substituents of compounds are disclosed
in groups or in ranges. It is specifically intended that the description include each and every

individual sub-combination of the members of such groups and ranges. For example, the term “C.
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salkyl” is specifically intended to individually disclose C1, Ca, C3, C4, Cs, Cs, C1-Cs, C1-Cs, Ci-
C4, C1-C3, C1-Cs, C2-Cg, C2-Cs, C2-Cs, C2-Cs3, C3-Cg, C3-Cs, C3-C4, C4-Cs, C4-Cs, and Cs-Ce alkyl.
By way of other examples, an integer in the range of 0 to 40 is specifically intended to individually
disclose 0, 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, and 40, and an integer in the range of 1 to 20 is
specifically intended to individually disclose 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, and 20. Additional examples include that the phrase “optionally substituted with 1-4
substituents” is specifically intended to individually disclose a chemical group that can include O,

1,2,3,4,04,0-3,0-2,0-1, 14, 1-3, 1-2, 2-4, 2-3, and 3-4 substituents.

[00122] The term “Aex” as used herein refers to the excitation wavelength.

[00123] The term “Aem” as used herein refers to the emission wavelength.

[00124] The phrase “aggregation-caused quenching” or “ACQ” as used herein refers to the
phenomenon wherein the aggregation of a fluorescent compound decreases the fluorescence
intensity of the compound. The aggregate formation is said to “quench” light emission of the
fluorescent compound.

[00125] The phrase “aggregation-induced emission” or “AIE” as used herein refers to the
enhancement of light-emission by a fluorescent compound upon aggregation in the amorphous or
crystalline (solid) states of the fluorescent compound, whereas the fluorescent compound exhibits
weak or substantially no emission in dilute solutions.

[00126] The phrase “good solvent” as used herein refers to a solvent in which a given amount of
a compound of Formula I, II, III, or IV is soluble or substantially soluble (e.g., greater than 98%,
99%, 99.5%, or 99.9% of the compound is soluble). In certain embodiments, a compound of
Formula I, II, III, or IV has solubility of greater than 1 g/L, greater than 2 g/L, greater than 3 g/L,
greater than 4 g/L, greater than 5 g/L, greater than 6 g/L, greater than 7 g/L, greater than 8 g/L,
greater than 9 g/L, greater than 10 g/L, greater than 15 g/L, greater than 20 g/L, greater than 30
g/L, greater than 40 g/L, greater than 50 g/L, greater than 60 g/L, greater than 70 g/L, greater than
80 g/L, or greater than 100 g/L in the good solvent. Examples, of good solvent include, but are not
limited to, tetrahydrofuran, tetrahydropyran, 1,4-dioxane, dichloromethane, dichloroethane,
acetone, 2-butanone, chloroform, acetonitrile, toluene, benzene, N,N-dimethylformamide,
dimethyl sulfoxide, and the like. In certain embodiments, the good solvent is miscible or

substantially miscible with water.
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[00127] The chiral AIE material can comprise one or more compounds selected from the group

consisting of compounds of Formula L, II, III, and I'V:

R?
R! RZ
A S0
NS O
R1 Rzl R1.
2
R 1 , n
R R? R' R?
R3 R =Y,
— N\ ,
@ @ R3' N / R3
R2' R1' RZ' R1'
v

n ,and

[00128] or a conjugate acid or base thereof;

[00129] wherein Y is CH or N;

[00130] R! and R' are independently selected from the group consisting of alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*2)mR?;

[00131] R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*)uR>;

[00132] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*2)mR>, -CH=C(CN)2, -N(Ar?)2, and -Ar'-N(Ar?)2;

[00133] Ar!is an optionally substituted phenyl;

[00134] each occurrence of Ar” is independently an optionally substituted aryl;

[00135] each instance of m is independently selected from a whole number selected from 1-20;
[00136] each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[00137] each instance of R is independently selected from the group consisting of hydrogen,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, exhibits a
molar ellipticity ([@]) that is less than or greater than zero and aggregation-induced emission.

[00138] In certain embodiments, the chiral AIE material comprises the compound of Formula I:
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[00139] wherein R! and R!" are independently selected from the group consisting of alkyl, aryl,
heteroaryl, alkoxy, thioether, and -(CR*)mR>;

[00140] RZand R? are independently selected from the group consisting of hydrogen, alkyl, aryl,
heteroaryl, alkoxy, thioether, and -(CR*)mR>;

[00141] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, alkoxy, thioether, -(CR*)nR’, -CH=C(CN),, -
N(Ar?),, and -Ar'-N(Ar?)s;

[00142] Ar!is an optionally substituted phenyl;

[00143] each occurrence of Ar? is independently an optionally substituted aryl;

[00144] each instance of m is independently selected from a whole number selected from 1-12;
[00145] each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[00146] each instance of R is independently selected from the group consisting of hydrogen,
alkoxy, and thioether.

[00147] The central double bond of the compound of Formula I can either be a cis or a trans
double bond. In certain embodiments, the compound of Formula I can exist as a mixture of cis and
trans compounds.

[00148] In certain embodiments, R! and R!" are independently C;-Cg alkyl.

[00149] In certain embodiments, R*> and R? are independently, Ci-Cs alkyl, aryl, heteroaryl,
alkoxy, or thioether.

[00150] In certain embodiments, R? and R?" are independently C1-Cs alkyl.

[00151] In certain embodiments, R? and R? are independently covalently bonded at either the

ortho, meta, or para position relative to the double bond as shown below:
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[00152] In certain embodiments, R* and R* are independently hydrogen, alkyl, aryl, heteroaryl,
alkoxy, thioether, -(CR*)mR>, -CH=C(CN),, -N(Ar?)2, and -Ar!-N(Ar?),.
[00153] In certain embodiments, Ar! can represented by the moiety shown below:

4

™
wherein the phenyl ring is covalently bonded to the compound of Formula I at the ortho, meta, or
para position. In certain embodiments, the phenyl ring is covalently bonded to the compound of
Formula I at the para position.
[00154] In certain embodiments, each instance of Ar” is independently selected from optionally
substituted phenyl, optionally substituted napthyl, optionally substituted anthracenyl. In instances
where Ar? is an optionally substituted napthyl, the napthyl can be attached at any position of the
napthyl ring position (valence permitting), e.g., atthe 1, 2, 3, 4, 5, 6, 7 or 8 position of the napthyl
ring system. In instances where Ar?is an optionally substituted anthracenyl, the anthracenyl can
be attached at any position of the anthracenyl ring position (valence permitting), e.g., at the 1, 2,
3,4,5,6,7,8,9, or 10 position of the anthracenyl ring system.
[00155] In certain embodiments, R', R', R?, R?, R? and R? are independently C;-Ce alkyl, C;-
Cs alkyl, C1-Ca alkyl, C1-Cs alkyl, or C1-Cz alkyl.
[00156] In certain embodiments, R', R', R% R?, R? and R* are independently C;-Ce alkyl, C;-
Csalkyl, C1-Caalkyl, C1-Csalkyl, or C1-Cz alkyl; and the compound of Formula I has the following

structure:

[00157] In certain embodiments, the chiral AIE material comprises the compound of Formula II:

R2

[00158] R'andR! are independently selected from the group consisting of alkyl, aryl, heteroaryl,
alkoxy, thioether, and -(CR*)umR>;
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[00159] RZ?and R? are independently selected from the group consisting of hydrogen, alkyl, aryl,
heteroaryl, alkoxy, thioether, and -(CR*)mR>;

[00160] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, alkoxy, thioether, -(CR*)nR’, -CH=C(CN),, -
N(Ar?),, and -Ar'-N(Ar?)s;

[00161] Ar!is an optionally substituted phenyl;

[00162] each occurrence of Ar? is independently an optionally substituted aryl;

[00163] each instance of m is independently selected from a whole number selected from 1-12;
[00164] each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[00165] each instance of R® is independently selected from the group consisting of hydrogen,
alkoxy, and thioether.

[00166] In certain embodiments, R' and R!" are independently C;-Cs alkyl.

[00167] In certain embodiments, R*> and R? are independently, Ci-Cs alkyl, aryl, heteroaryl,
alkoxy, or thioether.

[00168] In certain embodiments, R? and R?" are independently C;-Cs alkyl.

[00169] In certain embodiments, R* and R are independently covalently bonded at either the

ortho, meta, or para position relative to the bond to the central phenyl as shown below:

R R R RZ .
R3 R3 R1 @ R2
A7 E-O4) SO
2' 1 ' '
R’ R R? R! @ R? R
Para Meta Ortho .

[00170] In certain embodiments, R* and R* are independently hydrogen, alkyl, aryl, heteroaryl,
alkoxy, thioether, -(CR*)mR>, -CH=C(CN)2, -N(Ar?)2, and -Ar'-N(Ar?)z.
[00171] In certain embodiments, Ar' can be represented by the moiety shown below:

ArZ
T
wherein the phenyl ring is covalently bonded to the compound of Formula II at the ortho, meta, or

para position. In certain embodiments, the phenyl ring is covalently bonded to the compound of

Formula II at the para position.
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[00172] In certain embodiments, each instance of Ar” is independently selected from optionally
substituted phenyl, optionally substituted napthyl, optionally substituted anthracenyl. In instances
where Ar?is optionally substituted napthyl, the napthyl can be attached at any position of the
napthyl ring position (valence permitting), e.g., atthe 1, 2, 3, 4, 5, 6, 7 or 8 position of the napthyl
ring system. In instances where Ar?is optionally substituted anthracenyl, the anthracenyl can be
attached at any position of the anthracenyl ring position (valence permitting), e.g., at the 1, 2, 3, 4,
5,6,7,8,9, or 10 position of the anthracenyl ring system.

[00173] In certain embodiments, R!, R', R% R?, R?, and R are C;-Cs alkyl, C1-Cs alkyl, C1-Ca
alkyl, C1-Cs alkyl, or C1-Cz alkyl.

[00174] In certain embodiments, R', R', R?, R?, R? and R* are independently C;-Ce alkyl, C;-
Cs alkyl, Ci-C4 alkyl, Ci-Cs alkyl, or C;-C; alkyl; and the compound of Formula II has the

R! R?
RZ' R1 ! .

[00175] In certain embodiments, the chiral AIE material comprises the compound of Formula

I11:

following structure:

R R?
R3 .
E= R
R R"
m

[00176] wherein R! and R! are independently selected from the group consisting of alkyl, aryl,
heteroaryl, alkoxy, thioether, and -(CR*)uR>;
[00177] RZ?and R? are independently selected from the group consisting of hydrogen, alkyl, aryl,
heteroaryl, alkoxy, thioether, and -(CR*)uR>;
[00178] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, alkoxy, thioether, -(CR*)mR’, -CH=C(CN),, -
N(Ar?),, and -Ar'-N(Ar?)s;
[00179] Ar!is an optionally substituted phenyl;
[00180] each occurrence of Ar? is independently an optionally substituted aryl;

[00181] each instance of m is independently selected from a whole number selected from 1-12;
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[00182] each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[00183] each instance of R® is independently selected from the group consisting of hydrogen,
alkoxy, and thioether.

[00184] In certain embodiments, R' and R!" are independently C;-Cs alkyl.

[00185] In certain embodiments, R*> and R? are independently, Ci-Cs alkyl, aryl, heteroaryl,
alkoxy, or thioether.

[00186] In certain embodiments, R? and R?" are independently C1-Cs alkyl.

[00187] In certain embodiments, R* and R are independently covalently bonded at either the

ortho, meta, or para position relative to the bond to the central alkyne as shown below:

R R? R! R? R! @ RZ
R =) =<
R? RY R? R RZ R"

Para Meta Ortho

[00188] In certain embodiments, R* and R* are independently hydrogen, alkyl, aryl, heteroaryl,
alkoxy, thioether, -(CR*)mR>, -CH=C(CN),, -N(Ar?),, and -Ar'-N(Ar)a.
[00189] In certain embodiments, Ar! can be represented by the moiety shown below:

ol

H
wherein the phenyl ring is covalently bonded to the compound of Formula III at the ortho, meta,
or para position. In certain embodiments, the phenyl ring is covalently bonded to the compound of
Formula IIT at the para position.
[00190] In certain embodiments, each instance of Ar” is independently selected from optionally
substituted phenyl, optionally substituted napthyl, optionally substituted anthracenyl. In instances
where Ar?is optionally substituted napthyl, the napthyl can be attached at any position of the
napthyl ring position (valence permitting), e.g., atthe 1, 2, 3, 4, 5, 6, 7 or 8 position of the napthyl
ring system. In instances where Ar?is optionally substituted anthracenyl, the anthracenyl can be
attached at any position of the anthracenyl ring position (valence permitting), e.g., at the 1, 2, 3, 4,
5,6,7,8,9, or 10 position of the anthracenyl ring system.
[00191] In certain embodiments, R', R', R%, R*, R? and R* are independently C;-Ce alkyl, C;-
Cs alkyl, C1-Ca alkyl, C1-Cs alkyl, or C1-Cz alkyl.
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[00192] In certain embodiments, R!, R", R?, R*, R?, and R* are independently C;-Ce alkyl, C;-
Cs alkyl, C1-C4 alkyl, C;-Cs alkyl, or C1-C; alkyl; and the compound of Formula IIT has the

R! R?
RZ' R1 ! .

[00193] In certain embodiments, the chiral AIE material comprises the compound of Formula

IV:

following structure:

[00194] wherein Y is CH or N;

[00195] R'andR! are independently selected from the group consisting of alkyl, aryl, heteroaryl,
alkoxy, thioether, and -(CR%)mR>;

[00196] RZ?and R? are independently selected from the group consisting of hydrogen, alkyl, aryl,
heteroaryl, alkoxy, thioether, and -(CR*)uR>;

[00197] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, alkoxy, thioether, -(CR*)mR>, -CH=C(CN),, -
N(Ar?),, and -Ar'-N(Ar?)s;

[00198] Ar!is an optionally substituted phenyl;

[00199] each occurrence of Ar? is independently an optionally substituted aryl;

[00200] each instance of m is independently selected from a whole number selected from 1-12;

[00201] each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[00202] each instance of R is independently selected from the group consisting of hydrogen,
alkoxy, and thioether.

[00203] In certain embodiments, R' and R!" are independently C;-Cs alkyl.

[00204] In certain embodiments, R?> and R? are independently, Ci-Cs alkyl, aryl, heteroaryl,
alkoxy, or thioether.

[00205] In certain embodiments, R> and R? are independently C1-Cs alkyl.
y y



WO 2018/137558 PCT/CN2018/073359

[00206] In certain embodiments, R* and R are independently covalently bonded at either the

ortho, meta, or para position relative to the bond to the central heteraromatic ring as shown below:

R! R? R! R? .

R3 =Y, R3 —v . R Ry R2

R? R" R? RY @ - N o
Para Meta Ortho .

[00207] In certain embodiments, R* and R* are independently hydrogen, alkyl, aryl, heteroaryl,

alkoxy, thioether, -(CR*)mR>, -CH=C(CN)2, -N(Ar?)2, and -Ar'-N(Ar?)z.

[00208] In certain embodiments, Ar' can represented by the moiety shown below:

ol

H
wherein the phenyl ring is covalently bonded to the compound of Formula IV at the ortho, meta,
or para position. In certain embodiments, the phenyl ring is covalently bonded to the compound of
Formula IV at the para position.
[00209] In certain embodiments, each instance of Ar” is independently selected from optionally
substituted phenyl, optionally substituted napthyl, optionally substituted anthracenyl. In instances
where Ar?is optionally substituted napthyl, the napthyl can be attached at any position of the
napthyl ring position (valence permitting), e.g., at the 1, 2, 3,4, 5, 6, 7, or 8 position of the napthyl
ring system. In instances where Ar?is optionally substituted anthracenyl, the anthracenyl can be
attached at any position of the anthracenyl ring position (valence permitting), e.g., at the 1, 2, 3, 4,
5,6,7,8,9, or 10 position of the anthracenyl ring system.
[00210] In certain embodiments, R!, R", R?, R*, R?, and R* are independently C;-Ce alkyl, C;-
Cs alkyl, C1-Ca alkyl, C1-Cs alkyl, or C1-Cz alkyl.
[00211] In certain embodiments, R!, R", R?, R*, R?, and R* are independently C;-Ce alkyl, C;-
Cs alkyl, C1-C4 alkyl, C;-Cs alkyl, or C1-Cs alkyl; and the compound of Formula IV has the

following structure:

RZ' R1
[00212] Conjugate acids of the compounds of Formula I, IT, III, and IV can comprise the

Formula I, I1, ITI, and I'V having a charge of +1, +2, +3, or +4. Conjugate acids of the compounds

of Formula L, I, III, and IV can comprise any anion. Exemplary anions include, but are not limited
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to CI, Br, I', NOs, POs*, PO4*, SO+, BFs, BPhs', CH3CO>", HCO,, MeS0,0", CF3S0:0,
PhSO>0" or combinations thereof.

[00213] Conjugate bases of the compounds of Formula I, II, III, and IV can comprise the
Formula I, II, III, and I'V having a charge of -1, -2, -3, or -4. Conjugate bases of the compounds
of Formula I, II, III, and IV can comprise any cation. Exemplary cations include, but are not
limited to Li*, Na*, K*, Rb*, Cs*, Mg?*, Ca’*, Sr**, Ba®*, NH4", NEts*, or combinations thereof.
[00214] In certain embodiments, the compound of Formula I, IL, II, or IV is achiral. In certain
embodiments, the compound of Formula I, I, II, or IV is achiral in its good solvent. In certain
embodiments, the good solvent is THF.

[00215] In other embodiments, the achiral compound of Formula I, IL, ITI, or I'V is modified to
further comprise a chiral moiety. In these embodiments, the achiral compound of Formula I, II,
III, or IV innately exhibits a molar ellipticity ([®]) that is less than or greater than zero and a chiral
moiety can be added to modify the optical, chemical, and/or physical properties of the compound.
[00216] The chiral AIE material comprising one or more compounds selected from the
compound of Formula I, I, III, and IV can be a particle or a thin film. The particle can be in
amorphous or crystalline form.

[00217] The particle can be any microscopic particle or particle population having a mean
diameter of about 50 to about 1,000 nanometers (nm). In certain embodiments, the particle has a
mean diameter of less than about 900 nm; less than about 800 nm; less than about 700 nm; less
than about 600 nm; less than about 500 nm; less than about 400 nm; less than about 300 nm; less
than about 200 nm; less than about 100 nm; less than about 90 nm; less than about 80 nm; less
than about 70 nm; less than about 60 nm; less than about 50 nm in diameter; or having a mean
diameter of from 1 nm to less than 100 nm; from 10 nm to less than 100 nm; from 20 nm to less
than 100 nm; from 30 nm to less than 100 nm; from 40 nm to less than 100 nm; from 50 nm to less
than 100 nm; from 10 nm to 90 nm; from 20 to 80 nm; or having a mean diameter of from 30 to
70 nm.

[00218] The chiral AIE material comprising the compound of Formula I, II, III, or IV can
exhibit little or substantially no luminescence when in the solution state (e.g., substantially
dissolved in a solvent), but can exhibit an increase in luminescence in the aggregate state (e.g., in

the solid state).
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[00219] Chiral AIE material comprising the compounds of Formula I, II, III, or IV can
surprisingly exhibit circular dichroism even in the absence of chiral moieties in the compounds.
Consequently, the compounds of Formula I, II, III, and IV can exhibit aggregate induced
circularly polarized luminescence (CPL).

[00220] Without wishing to be bound by theory, it is believed that when the compounds of
Formula I, II, III, and IV form particles (i.e., aggregates) in solution, that they adopt a chiral
conformation in their lowest energy conformation, in which intramolecular rotation is restricted,
and this conformation seeds a crystallization and/or aggregation process in which subsequent
compounds that join the aggregate adopt the same chiral conformation.

[00221] The particles comprising the compounds of Formula I, II, III, and IV exhibited
excellent chiroptical properties. For example, their molar ellipticity can achieve up to 10°
mdeg-L-mol'-cm™, which is comparable to the helicene derivatives.

[00222] The CPL performance of the particles comprising the compound of Formula I, II, III,
or I'V was also extraordinarily high, the emission dissymmetry factor (gem) was almost the highest
among their similar pure organic chiral compounds, which was around 0.015.

[00223] Advantageously, the Cotton effect for some compounds could easily be tuned by the
solvent fraction, without switching the enantiomer or the solvent system. This effect is depicted in
the Figure 18

[00224] The CD spectra of comparative compounds DPE and TPh in their solution and
aggregation state in THF/water were measured (Figure 15 and 16), but no signal was detected as
expected, which can be ascribed to their symmetric structures. The CD spectra of DPE-TM and
TPh-TM in THF/water mixture with different water fractions was also measured (Figure 17 and
18). Figure 17 indicates that DPE-TM is CD-silent when fw = 0-60%, whereas unexpected and
strong CD signal with three strong peaks were achieved at 70, 80 and 90% water fraction. With
the increase of water fraction in the range of fw = 70-90%, molar ellipticity ([®]) of peaks located
at 211 and 270 nm decreased, but the peak at 245 nm increased. At the same time, the maximum
[@] could achieve to almost 1x10° mdeg-L'-mol™-cm™!, which is comparable to helicene, and
reached the highest level of [@] among all of the similar pure organic chiral materials.

[00225] Comparative compounds DPE and TPh exhibited typical aggregation-caused quenching
(ACQ) effect (Figure 11 and 12) in THF/water mixtures. The maximum emission (dem) in the free-

state located at about 356 and 341 nm, respectively. Once DPE and TPh formed aggregates formed,



WO 2018/137558 PCT/CN2018/073359

Aem showed bathochromic shift to 366 and 361 nm. At the same time, compared with their
photoluminescence (PL) intensity (/) at 0% water fraction (fw), the intensity at fw = 90% decreased
to 0.04 Ip and 0.29 Iy, respectively.

[00226] In contrast, DPE-TM exhibits typical AIEgen (Figure 13), and the aggregation state Aem
exhibited bathochromic shift to 396 nm, which could be ascribed to the hyperconjugation effect of
the methyl substituted phenyl rings.

[00227] TPh-TM could effectively inhibit the fluorescence quenching in the aggregation state.
However, it was an atypical AIE system (Figure 14). The larger twist angle between the side phenyl
rings and the middle benzene in its crystal resulted in hypochromatic shift of Aem compared to TPh
(Table 1).

[00228] The configuration of DPE-TM in the gas phase was simulated using the Gaussian
B3LYP/6-31+g method, the results indicated that the double bond and two phenyl rings are in a
coplanar conformation, which could explain the reason why this compound is CD-silent in the free
state of fw = 0-60%.

[00229] The crystal structure of DPE-TM (Figure 9) indicates that the twist angle between the
phenyl ring and the plane of the double bond is 27.16° indicating that the molecule exists in a chiral
conformation in the solid state.

[00230] TPh-TM had different chiroptic properties as compared to DPE-TM. Figure 18 indicates
that TPh-TM was chiral even in the free-state during fw = 0-60%, there was one positive peak
around 250 nm when fw = 0%, and the peak generated bathochromic shift from 0% to 60% (265
nm). Meanwhile, the [@] also increased more than two fold. Two negative peaks at 245 and 298
nm were obtained at fw = 70%, and the maximum [®] continued to increase. Unexpected results
occurred when the water fraction increased to 80 and 90%, the whole CD spectra almost inversed
and the maximum [@®] increased around two fold to 1.6x10° mdeg-L'-mol !-cm™.

[00231] The configuration of TPh-TM in the gas phase was simulated using the Gaussian
B3LYP/6-31+g method. The results indicated that the twist angle between the terminal side phenyl
rings and the middle phenyl was 54.02° in the gas phase. The different configuration can be used
to explain why DPE-TM and TPh-TM showed totally different CD spectra in the range of fw = 0-
60%. The same twist angle for TPh-TM in its crystal state was 59.24°. However, the maximum [Q]
in the aggregation state (fw = 70-90%) was much stronger than that in the free state (fw = 70-90%),

which should be ascribed to the free rotation of the phenyl rings in the free state, then partial
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racemization will be induced (See, e.g., Figure 18). These results indicated that the molecular
molar ellipticity could be easily tuned only through changing the water fraction. The tuning aimed
at not only the intensity of the [®@] but also the Cotton effect. It was the first time to report that one
optical pure molecule exhibited two Cotton effects simultaneously, which was in the same solvent
system. This effect was termed as solvent fraction controlled cotton effect (FCCE).

[00232] The CPL spectra of DPE-TM and TPh-TM in solution and aggregation states were
measured (Figure 19 and 20).

[00233] Figure 19 demonstrates that no CPL signal could be detected at fw = 0% for DPE-TM.
In the aggregation state, DPE-TM exhibited extremely strong positive CPL signal in the range of
w = 70-90%. In accordance with its [@] at 270 nm, the CPL intensity decreased from 80 to 30
mdeg with the increasing of water fraction from 70 to 90%.

[00234] Similarly, no CPL signal was observed for TPh-TM at f» = 0%. However, a positive
signal was obtained both at fi = 80 and 90%, but the intensity was lower than the DPE-TM at the
same water fraction, which was consistent with their CD performance.

[00235] Interms of the CPL dissymmetry factors { gem = 2(/1.-Ir)/(IL+Ir) }, DPE-TM was an order
of magnitude higher than the TPh-TM. The maximum gem of DPE-TM reached 0.015, which is
comparable with some inorganic materials.

[00236] Photophysical properties and simulation results of DPE, DPE-TM, TPh, and TPh-TM

are summarized in Tables 1-3 below.

Table 1.
Aem (nm)°
Compounds Aab a (nm)

(nm) solu aggr cry

DPE 309 356 366 383

DPE-TM 318 381 396 397

TPh 277 341 361 370

TPh-TM 260 340 345 337

[00237] “: Maximum absorption wavelength in THF. °: Maximum emission wavelength, solu: in
THF solution, agg: in the aggregation state, THF/water mixture, f,, = 90%, cry: in crystal state.
Table 2.
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Ervomo  Erumo

Compounds ¢ ¢ B ”
(eV) (eV) (eV)

DPE -5.799  -1.706  4.093
DPE-TM 5318 -1.49 3.828
TPh -6.081 -1.305 4.776

TPh-TM -5.873  -0.86 5.013
[00238] <: Energy of the highest occupied molecular orbital. °: Energy of the lowest unoccupied

molecular orbital. °: Egup = Erumo - Enomo

Table 3.
Compounds Twistangle ()¢ @r (%)
GP cry v
DPE 0 4.5 53
DPE-TM 0 27.2 85
TPh 39.6 2 91
TPh-TM 52.7 59.9 59

[00239] 7: Twist angle between the side phenyl ring and middle double bond or benzene ring,
GP: simulated result in the gas phase, cry: in the crystal. 8: quantum yield in the crystal state.

[00240] In view of the observed chiroptic properties of the compounds of Formula I, II, III, and
IV, the compounds can be used in methods of rotating plane polarized light comprising the step

of: exposing a compound selected from the group consisting of:

m ,and

[00241] wherein Y is CH or N;
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[00242] R! and R' are independently selected from the group consisting of alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*2)mR?;

[00243] R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*)uR>;

[00244] R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*2)mR>, -CH=C(CN)2, -N(Ar?)2, and -Ar'-N(Ar?)2;

[00245] Ar!is an optionally substituted phenyl;

[00246] each occurrence of Ar” is independently an optionally substituted phenyl;

[00247] each instance of m is independently selected from a whole number selected from 1-20;
[00248] each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[00249] each instance of R is independently selected from the group consisting of hydrogen,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, wherein the
compound exhibits a molar ellipticity ([®]) that is less than or greater than zero and aggregation-
induced emission; to plane polarized light having a first wavelength thereby rotating the plane of
the plane polarized light and forming plane polarized light having a second wavelength, wherein
the second wavelength is greater than the first wavelength.

[00250] In certain embodiments, the ellipticity ([@]) of the compound of Formula I, IT, III, and
IV is positive or negative. In certain embodiments, the ellipticity ([®]) of the compound of
Formula I, IT, IIT, and IV is 1.6x10° mdeg-L‘l-mol'l-cm'1 or less.

[00251] In certain embodiments of the method for rotating plane polarized light, the compound
of Formula I, IL, II1, and IV is achiral. In certain embodiments, the compound of Formula I, II,
II, or IV is achiral in its good solvent. In certain embodiments, the good solvent is THF.

[00252] In other embodiments of the method for rotating plane polarized light, the achiral
compound of Formula I, I, III, or IV is modified to further comprise a chiral moiety. In these
embodiments, the achiral compound of Formula I, IL, III, or IV innately exhibits a molar ellipticity
([®]) that is less than or greater than zero and a chiral moiety can be added to modify the optical,

chemical, and/or physical properties of the compound.
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[00253] In certain embodiments of the method for rotating plane polarized light, the first
wavelength is between about 250 nm to about 400 nm. In certain embodiments, the first
wavelength is between about 260 nm to about 300 nm, about 270 nm to about 300 nm, or about
270 nm to about 290 nm. In certain embodiments, the first wavelength is between about 300 nm
to about 400 nm, about 320 nm to about 400 nm, about 320 nm to about 380 nm, about 300 nm to
about 350 nm, or about 350 nm to about 400 nm. In certain embodiments, the first wavelength is
about 250 nm to about 300 nm, about 280 nm to about 330 nm, or about 330 nm to about 350 nm.
[00254] In certain embodiments of the method for rotating plane polarized light, the second
wavelength is the visible range, i.e., between about 390 nm to about 700 nm.

[00255] In certain embodiments of the method for rotating plane polarized light, the second
wavelength is between about 300 nm to about 800 nm. In certain embodiments, the wavelength is
between about 260 nm to about 300 nm, about 270 nm to about 300 nm, or about 270 nm to about
290 nm. In certain embodiments, the second wavelength is about 350 nm to about 380 nm, about
380 nm to about 420 nm, or about 420 nm to about 450 nm.

[00256] When the compounds of Formula I, IL, III, or IV are used for AIE applications, their
excitation wavelength can be between about 250 to about 350 nm and their emission wavelength
can be about 250 to about 450 nm. In certain embodiments, the excitation wavelength is about 250
nm to about 300 nm, about 280 nm to about 330 nm, or about 330 nm to about 350 nm. In certain
embodiments, the emission wavelength is about 350 nm to about 380 nm, about 380 nm to about
420 nm, or about 420 nm to about 450 nm.

[00257] The compound of Formula I, II, III, or IV can be used as fluorescent dyes capable of
rotating plane polarized light in circularly polarized-organic light-emitting diodes (CP-OLEDs).
The compound of Formula I, II, IIL, or IV can also be used as the light-emitting layer and/or
electron transporting layer in CP-OLEDs.

[00258] The CP-OLED can comprise a compound selected from the group consisting of:
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m ,and

[00259] wherein Y is CH or N;

[00260] R! and R! are independently selected from the group consisting of alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*)uR>;

[00261] R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*2)mR?;

[00262] R? and R* are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*)mR’, -CH=C(CN), -N(Ar?)2, and -Ar!-N(Ar?);

[00263] Ar! is an optionally substituted phenyl;

[00264] each occurrence of Ar? is independently an optionally substituted phenyl;

[00265] each instance of m is independently selected from a whole number selected from 1-20;
[00266] each instance of R* is independently selected from the group consisting of hydrogen and
alkyl; and

[00267] each instance of R® is independently selected from the group consisting of hydrogen,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, wherein the
compound exhibits a molar ellipticity ([®]) that is less than or greater than zero and aggregation-
induced emission.

[00268] In certain embodiments, the CP-OLED comprises an achiral compound of Formula I,
II, II1, or IV. In certain embodiments, the compound of Formula I, II, II, or IV is achiral in its
good solvent. In certain embodiments, the good solvent is THF.

[00269] In other embodiments of the CP-OLED, the achiral compound of Formula I, IT, III, or

IV is modified to further comprise a chiral moiety. In these embodiments, the achiral compound
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of Formula I, II, IIT, or IV innately exhibits a molar ellipticity ([@]) that is less than or greater
than zero and a chiral moiety can be added to modify the optical, chemical, and/or physical
properties of the compound.

[00270] The wavelength of emission of the compound of Formula L, IT, III, or IV can be adjusted
by the appropriate chemical modification of the structure of the compound (e.g., addition of
electron withdrawing or donating groups and/or extension of the conjugated pi system). The
appropriate modification of the structure of the compound of Formula L, IL, III, or IV is well within
the skill of a person skilled in the art.

[00271] Depending on the imaging application, the wavelengths for excitation and emission of
the fluorescent probe can be modified accordingly, Excitation and emission wavelengths can be
modified within the range of 300 nm to 2,500 nm. In certain embodiments, the emission
wavelength of the compound of Formula I, II, III, or IV is between about 300 to about 2,500 nm.
[00272] In certain embodiments, the excitation and emission wavelengths are between 300 to
about 700 nm.

[00273] In certain embodiments, the excitation and emission wavelengths are in the near infrared
(NIR) region, i.e., between about 700 nm and about 2,500 nm. NIR fluorescent probes are useful
for in vivo imaging.

[00274] The compound of Formula I, II, III, or IV can also be used as fluorescent probes
comprising a targeting agent and the compound of Formula I, IT, III, or IV.

[00275] The targeting agent can be an antibody, an antibody fragment, or a small molecule.
[00276] The compound of Formula I, IT, III, or IV can be directly attached to a targeting agent
or by a chemical linker. In instances where the compound of Formula I, II, III, or IV is attached
to the targeting agent via a linker, any linker in the art can be used to attach the compound of
Formula L, IL, III, or IV and the targeting agent. The selection of the linker is well within the skill
of a person skilled in the art. Exemplary linkers include, but are not limited to polyethylene glycol
linkers, alkyl amides, alkyl esters, alkyl sulfonamides, alkyl sulfones, alkanes, aryl amides, aryl
esters, aryl sulfonamides, aryl sulfones, aryl, and combinations thereof.

[00277] The linker can be covalently attached to the targeting agent by an amide bond, ester
bond, sulfone bond, urea bond, ether bond or the like.

[00278] Also provided herein are methods of preparing the chiral AIE materials comprising the
compound of Formula I, II, III, or IV. The chiral AIE materials can be prepared by dissolving the
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compound of Formula I, II, IIT, or IV in their good solvent thereby forming a solution of the
compound of Formula I, II, ITI, or IV in their good solvent. The solution of the compound of
Formula I, II, III, or IV in their good solvent is then contacted with water thereby forming the
chiral AIE material.

[00279] The step of contacting the solution of the compound of Formula L, II, ITI, or IV in their
good solvent with water can comprise adding water to the solution the compound of Formula I, II,

III, or IV or adding the solution the compound of Formula I, II, ITI, or I'V to water.
Synthesis and Characterization of Exemplary Embodiments

Preparation of (£)-1,2-bis(2.4.5-trimethvlphenvl)ethane (DPE-TM))(Figure 1)

[00280] Bromo-2,4,5-trimethyl-benzene (1) (10.00 g, 50.23 mmol) was added into a two-necked
flask. The reaction vessel was degassed and refilled with nitrogen three times and then 120 mL of
distilled THF was added. The flask was cooled to -78 °C and n-butyllithium (25.00 mL, 2.40 M in
hexane) was added dropwise. After stirring at -78 °C for 2 h, 7.80 mL of dimethyl formamide was
added dropwise. The mixture was allowed to react for another 6 h at -78 °C and was then warmed
to room temperature.

[00281] Saturated NH4Cl aqueous solution was added to quench the reaction. The mixture was
extracted with dichloromethane (DCM). The organic layer was separated, washed with deionized
water and brine, and dried over anhydrous sodium sulfate. After filtration, the filtrate was
evaporated under reduced pressure and the crude product was purified by silica gel column
chromatography using hexane/DCM (5/1, v/v) as eluent. 6.30 g of 2,4,5-trimethyl-benzenaldehyde
(2) was obtained as white powder in 85.0% yield. 2 (2.00 g, 13.50 mmol) and zinc dust (2.65 g,
40.50 mmol) were added into a two-necked flask with a reflux condenser. The reaction vessel was
degassed and refilled with nitrogen three times and then 100 mL of THF was added into the flask.
The mixture was cooled to =78 °C and TiCls (2.23 mL, 20.25 mmol) was added dropwise by
syringe. The mixture was slowly warmed to room temperature. After stirring for 1 h, the mixture
was refluxed for another 24 h.

[00282] The reaction was quenched with 4% aqueous HCI solution and filtered. The mixture was
extracted with DCM. The organic layer was collected, washed with deionized water and brine, and

dried over anhydrous sodium sulfate. After filtration, the filtrate was evaporated under reduced
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pressure and the crude product was purified by silica gel column chromatography using

hexane/DCM (5/1, v/v) as eluent. 1.43 g of DPE-TM was obtained as white powder in 80.3% yield.

Preparation of 2,2".4.4".5.5"-hexamethvl-1,1":4",1"-terphenvyl (TPh-TM) (Figure 2)

[00283] Bromo-2,4,5-trimethyl-benzene (1) (2.64 g, 13.26 mmol), benezene-1,4-diboronic acid
(3) (1.00 g, 6.03 mmol) and a catalytic amount of tetrakis(triphenylphosphine)palladium(0) (0.10
g, 0.08 mmol) were added into a two-necked flask fitted with an Allihn condenser. The system
was degassed and refilled with nitrogen three times. Then, 60 mL of distilled THF was injected,
followed with an aqueous solution of potassium carbonate (0.15 g, 20 mL). After stirring at 85 °C
for 24 h, the mixture was extracted with DCM. The organic layer was collected and washed with
deionized water and brine, and dried over anhydrous sodium sulfate. After filtration, the filtrate
was evaporated under reduced pressure, and the crude product was purified by silica gel column
chromatography using hexane/DCM (5/1, v/v) as eluent. A white powder of TPh-TM was obtained
in 75.3% yield (1.42 g, 4.52 mmol).

Preparation of Aggregates

[00284] 2.6 mg DPE-TM was dissolved in 10 mL of THF. Then, 5 mL of the prepared DPE-TM
THF solution was added into another 5 mLL THF thereby preparing a 100 uM mother liquor
solution of DPE-TM.

[00285] Ten vials were labelled with 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 1 mL of DPE-TM
mother liquor was added to each of the vials. Then, 9, 8,7, 6, 5,4, 3,2, 1,0 mL THF and 0, 1, 2,
3,4,5,6,7, 8,9 mL deionized water were dropped into the vials labelled with 0, 10, 20, 30, 40,
50,60 ,70, 80, 90, respectively. The solution with different water fraction was prepared. All the

solution PL, CD and CPL measurement was operated with the cuvette.
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CLAIMS
We claim:
1. A particle comprising a compound selected from the group consisting of:
RY
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wherein

Y is CHorN;

R' and R' are independently selected from the group consisting of alkyl, heterocycloalkyl,
cycloalkyl, aryl, heteroaryi, araalkyl, hydroxyl, halide, thiol, amino, alkoxy, thioether, cyano, nitro,
and -(CR*)uR>;

R? and R?Y are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryi, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and ~(CR*)mR>;

R’ and R are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hvdroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*)uR>, -CH=C(CN)2, -N(Ar?)z, and -Ar'-N(Ar);

Ar' is an optionally substituted phenyl;

each occurrence of Ar? is independently an optionally substituted phenyl;

each instance of m is independently selected from a whole number selected from 1-20;

each instance of R*is independently selected from the group consisting of hydrogen and alkyl; and
each instance of R® is independently selected from the group consisting of hydrogen, cycloalkyl,
aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thicether,

wherein the compound is achiral, exhibits a molar ellipticity ([®]) that 1s less than or greater than
zero and aggregation-induced emission.

2. The particle of claim 1, wherein R? and R? or R* and R are not hydrogen.
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3. The particle of claim 1, wherein R, RY, R? and R? are independently selected from the
group consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, and -(CR*)mR?,
wherein R* is hydrogen and R’ is amino, hydroxyl, or thiol.

4. The particle of claim 2, wherein R* and R*" are independently selected from the group
consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, -(CR*)mR?, -CH=C(CN)y,
-N(Ar?),, and -Ar'-N(Ar?),, wherein

Ar'is § C i, R*is hydrogen, and R is amino, hydroxyl, or thiol.
5. The particle of claim 2, wherein the compound has Formula I or II; and R, R",R% R?,

R? and R?* are independently C;-Cg alkyl or C;-Cs alkoxy.

6. The particle of claim 1, wherein the compound is:
or .
7. A method of rotating plane polarized light comprising the step of exposing a compound

selected from the group consisting of:

m ,and

wherein

YisCHorN;

R! and R! are independently selected from the group consisting of alkyl, heterocycloalkyl,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy, thioether, cyano, nitro,
and -(CR*»)uR>;

R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,

thioether, cyano, nitro, and -(CR*)uR>;



WO 2018/137558 PCT/CN2018/073359

R* and R¥ are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*2)mR’, -CH=C(CN)s, -N(Ar?)2, and -Ar!-N(Ar?);

Ar'! is an optionally substituted phenyl;

each occurrence of Ar? is independently an optionally substituted phenyl;

each instance of m is independently selected from a whole number selected from 1-20;

each instance of R* is independently selected from the group consisting of hydrogen and alkyl; and
each instance of R® is independently selected from the group consisting of hydrogen, cycloalkyl,
aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, wherein the compound
exhibits a molar ellipticity ([®]) that is less than or greater than zero and aggregation-induced
emission;

to plane polarized light having a first wavelength thereby rotating the plane of the plane polarized
light and forming plane polarized light having a second wavelength, wherein the second

wavelength is greater than the first wavelength.

8. The method of claim 7, wherein the compound is achiral.
9. The method of claim 7, wherein R? and R or R? and R? are not hydrogen.
10. The method of claim 9, wherein R!, R, R?, and R? are independently selected from the

group consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, and -(CR*)mR?,
wherein R* is hydrogen and R’ is amino, hydroxyl, or thiol.

1. The method of claim 9, wherein R* and R*" are independently selected from the group
consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, -(CR*%)uR?, -CH=C(CN),,
-N(Ar?),, and -Ar'-N(Ar?),, wherein

Ar'is E C E, R*is hydrogen, and R is amino, hydroxyl, or thiol.
12. The method of claim 7, wherein the compound has Formula I or II; and RL, RY, R% R?,
R? and R?* are independently C;-Cg alkyl or C;-Cs alkoxy.

13. The method of claim 7, wherein the compound is:

oY pog
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14. The method of claim 7, wherein the first wavelength is between about 250 nm to about
350 nm.
15. The method of claim 7, wherein the fluorescence of the compound is greater in the solid

state than in solutions comprising the compound.
16. A circularly polarized-organic light-emitting diode (CP-OLED) comprising a

compound selected from the group consisting of:

m ,and

wherein

YisCHorN;

R! and R! are independently selected from the group consisting of alkyl, heterocycloalkyl,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy, thioether, cyano, nitro,
and -(CR*)uR";

R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, and -(CR*2)mR?;

R? and R® are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*)mR>, -CH=C(CN)2, -N(Ar?)2, and -Ar'-N(Ar?)y;

Ar! is an optionally substituted phenyl;

each occurrence of Ar? is independently an optionally substituted phenyl;

each instance of m is independently selected from a whole number selected from 1-20;

each instance of R*is independently selected from the group consisting of hydrogen and alkyl; and
each instance of R® is independently selected from the group consisting of hydrogen, cycloalkyl,

aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, wherein the compound
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exhibits a molar ellipticity ([®]) that is less than or greater than zero and aggregation-induced

emission.

17. The CP-OLED of claim 16, wherein the compound is achiral.

18. The CP-OLED of claim 16, wherein R? and R or R* and R?” are not hydrogen.

19. The CP-OLED of claim 17, wherein R!, R!", R% and R are independently selected from

the group consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, and -(CR%)umR?,
wherein R* is hydrogen and R’ is amino, hydroxyl, or thiol.

20. The CP-OLED of claim 17, wherein R? and R®" are independently selected from the
group consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, -(CR?)mR, -
CH=C(CN),, -N(Ar?),, and -Ar'-N(Ar?),, wherein

Ar'is §_®_§, R*is hydrogen, and R’ is amino, hydroxyl, or thiol.
21. The CP-OLED of claim 16, wherein the compound has Formula I or IT; and R}, R", R?
R?, R? and R?" are independently C;-Cs alkyl or C;-Cs alkoxy.

22. A fluorescent probe comprising a targeting agent and a compound selected from the

group consisting of:

wherein

YisCHorN;

R!' and R' are independently selected from the group consisting of alkyl, heterocycloalkyl,
cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy, thioether, cyano, nitro,
and -(CR*)uR";

R? and R? are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,

thioether, cyano, nitro, and -(CR*)uR>;
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R* and R¥ are independently selected from the group consisting of hydrogen, alkyl,
heterocycloalkyl, cycloalkyl, aryl, heteroaryl, araalkyl, hydroxyl, halide, thiol, amino, alkoxy,
thioether, cyano, nitro, -(CR*)mR’, -CH=C(CN), -N(Ar?)2, and -Ar!-N(Ar?);

Ar'! is an optionally substituted phenyl;

each occurrence of Ar? is independently an optionally substituted phenyl;

each instance of m is independently selected from a whole number selected from 1-20;

each instance of R* is independently selected from the group consisting of hydrogen and alkyl; and
each instance of R® is independently selected from the group consisting of hydrogen, cycloalkyl,
aryl, heteroaryl, araalkyl, hydroxyl, thiol, amino, alkoxy, and thioether, wherein the compound

exhibits a molar ellipticity ([®]) that 1s less than or greater than zero and aggregation-induced

emission.

23. The fluorescent probe of claim 22, wherein the compound is achiral.

24. The fluorescent probe of claim 22, wherein R? and R? or R? and R*" are not hydrogen.
25. The fluorescent probe of claim 24, wherein R!, RY, R? and R? are independently

selected from the group consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro,
and -(CR*;)mR®, wherein R* is hydrogen and R’ is amino, hydroxyl, or thiol.

26. The fluorescent probe of claim 24, wherein R and R are independently selected from
the group consisting of alkyl, halide, dialkylamino, alkoxy, thioether, cyano, nitro, -(CR*)mR’, -
CH=C(CN),, -N(Ar?),, and -Ar'-N(Ar?),, wherein

Ar'is §_®—§, R*is hydrogen, and R is amino, hydroxyl, or thiol.

217. The fluorescent probe of claim 22, wherein the compound has Formula I or IT; and R,
R', R% R?, R? and R¥ are independently C;-Cg alkyl or C;-Cs alkoxy.

28. The fluorescent probe of claim 22, wherein the targeting agent is an antibody, an

antibody fragment, or a small molecule.
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