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(54) Title: HIGHLY PHOTO-STABLE BIS-TRIAZOLE FLUOROPHORES

(57) Abstract: This disclosure is related to photo-stable chromophores which are usetul in various applications. Chromophores dis-
closed herein include a bis-triazole core, two electron-donors at C-4 and C-8, and two groups derived from pentaerythritol (R = OR*)
or 1,1,1-tris(hydroxymethyl)methane (R = H) at N-2 and N-6. Such structures have been proven to have greater then five times high -
er photo-stability than their analogs with simpler alkyl groups at N-2 and N-6.
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HIGHLY PHOTO-STABLE BIS-TRIAZOLE FLUOROPHORES

BACKGROUND
Field

6601} This disclosure generally relates to photo-stable highly lumimescent chromophores

which are uselud in various applications.

Description of the Related Art

[6G62] In recent years, with the need for new optical light collection systems,
fluorescence-based solar collectors, {luorescence-activated displays, and single-molecule
spectroscopy, various approaches for preparing luminescent chromophores have been

explored. However, many technical issues have yet to be overcome.

[3G03] One of the useful properties of fluorescence {or photo-luminescent) dves is that
they have the ability to absorb light of a particular wavelength and re-enmt light of a different
wavelength. This phenomenon also makes them useful in the photovoltaic industry. There
has been very little work reported on the use of photo-luminescent organic mediums for
efficiency fmprovements in photovoltaie devices. The use of an organic medium, as opposed
to an mnorganic medium, 15 attractive in that organic materials are typically cheaper and easier
1o use, making them a better economical choice. However, most of the currently available
organic luminescent dyes are typically not photo-siable for long periods of time, and
therefore wnusable in photovoltaic applications which require consistent performance for

maore than 20 years.

16G04] The use of luminescent dyes in greenhouse roofing materials to alter the incident
solar spectrum planis are exposed to within a greenhouse has also been attempied. However,
the disclosed systems lack efficiency and stability. For instance, current sysiems lose a large
amount of the enutted light to the polymeric or glass matrix which encapsulates the dyes.
Also, the stability of the dves is poor and the dves often degrade quickly, especially when

exposed o UV light.
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[6605] Because of high cost and low efficiency/stability, there remaing an unmet need for
dyes that improve plant growth, are photostable, and can be used fo improve solar energy

harvesting simultaneously.
SUMMARY

16006] MNovel compounds of bis-triazole fluorophores are disclosed. These compounds

are highly photo-stable ffuorophores that absorb green and emit red light.

[B087] Some embodiments imclude compound represented by Formula (I

R2
R1
R3
6 —
2
5

N

\
5N

R6

R4

(1

wherein: D is optionally substituted phenyl or optionally substituted beteroarvl; and RY, R,
R’, R®, R, and R® are independently optionally substituted phenyl. optionally substituted
naphthyl, or optionally substituted heterocyclyl. These compounds may be used in
wavelength conversion materials, films, or lavers for use or conversion of solar energy, such

as conversion of solar energy into electricity, or use in greenhouses or other buildings.

[GOO8] Further aspects, features and advantages of this disclosure will become apparent

from the detailed description of the preferred embodiments which follow,

DETAILED DESCRIPTION
{6609 Bis-iriazole chromophores having a unique combination of pentaervthritol and
phenols photo-protective groups may have increased the photostability up 1o ten fold higher

than without the photoprotective groups.

b2
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[6618] Chromophore structures of formuda 1 have been shown to have up o ten times
higher photo-stability than their analogs with simpler alkyl groups at N-2 and N-6. Spectral
data (red shifts of the absorption and emission bands) and shifis of the NMR signals indicate
that there may be strong inferaction by p-p stacking between the chromophore core and
aryloxy groups attached to the pentaerythrityl hinker. This may allow shielding of the core
against harmful radicals formed during exposure of the material to visible light. Depending
on the environment and nature of the groups X, the equilibrium shown below may be shifted
more or less to the right. For example, in glass encapsulated PVEB matrix, some of these
chromophores showed no degradation at all at up to 1000 h exposure time to light with
intensity of 1 sun. This allows use of these chromophores in wavelength conversion films for
numercus applications, including solar cell energy harvesting and agriculiure {greenhouse

roofling) matenals, building and vehicle matenials, etc.

6011] One of the useful properties of fluorescent {or photo-luminescent) dyes is that they
have the ability to absorb light of a particular wavelength, and re-emit light at a different
wavelength, This phenomenon also makes them useful in several applications, mcluding the
photovoltaic industry and agriculture industry.  In order for organic chromophores to be
useful in these industries they require high quanium vyield and good phoiostability.
Surprisingly, the inventors have discovered chromophores comprising a benzotriazole system
using unigue combination of pentaervthritol and phenols that increase the photostability ten-
fold higher than without the photoprotective groups. The fluorophores, as disclosed herein,
can absorb green light at about 450 1o about 600 nm and emit red light at about 600 to about

700 nm.
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[6G12] The chromophores represented by general formuda 1 are useful for absorbing green
light and emuting red hight These chromophores are useful as fluorescent dyes in various

applications, including in wavelength conversion films.

16613] The term “alkyl” refers to a branched or straight fully saturated acyclic aliphatic
hydrocarbon group (i.e., composed of carbon and hvdrogen containing no double or triple
bonds). Alkvls include, but are not huted to, methyl, ethyl, propyl, isopropyl, butvl,

isobutyl, tertiary butvl, pentyl, hexyl, and the like,

6614} The term “aryl” used herein refers to homocyclic aromatic moiety whether one
ring or multiple fused rings. Examples of arvi groups include, but are not limited to, phenyl,

naphthyl, phenanthrenyl, naphthacenyl, fluorenyl, pyvrenvl, and the like.

phenvl naphthyl
H
N

carbazolvl

[6615] Further examples include:
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tgift

naphthalen-i-vi naphthalen-2-y1 anthracen-1-~vl anthracen-2-vi anthracen-9-v1
pyrene-1-yl perylen-3-yl 9H-fluoren-2-yl

[6G16] The term “hetercaryl” used herein refers to an aromatic group comprising one or
more heteroatoms, whether one ring or multiple fused rings. When two or more heteroatoms
are present, they may be the same or different. In fused ring svstems, the one or more
heteroatoms may be present in only one of the rings. Examples of heteroaryl groups include,
but are not himited to, benzothiazyl, benzoxazyl, guinazolinyl, quinolinyl, isoquinolinyl,
quinoxalinyl, pyridinyl, pyrrolyl, oxazolyl, indolvl, thiazyl and the ke, Further examples of

substituted and unsubstituted heteroaryl rings include:

pyridin-2-vi pyﬁdin-é&-‘vi Z-cyanopyridin-3-yl  pyrdazin-3-vI  pyndazin-4-vi

~0 OO H@N

W
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pyrimidin-2-y1 pyrimidin-4-v1 pyrazin-2-y1 friazin-2-yi
g W
A
8\ r_g g / |
gquinolin-2-v1 quinolin-4-vy qumolm -6-vl isogquinolin-1-y1 quinazolin-2-v1

N N—N
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guinazolin-4-vl  phthalazin-I-vl  quinoxalin-2-y} naphthindin-4-vt  9-H-purin-6-vi

&&&@Q{

1-H-pyrrol-2-y  furan-2-yl thiophen-2-v! indol-2-y1 indol-3-y1

o g “\z

O
benzofuran-2-yi benzathiophen-2-vl 9H-carbazol-2-vl dibenzofuran-4-yi
O
NH
q () ’

S

dibenzothiophene-4-yl 1,3-dioxoisoindolin-5-yl

[
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6617} As used herein, a substituted group 13 related to an wmsubstituted parent structure
in that one or more position of the parent group that are normally occupied by one or more
hydrogen atoms are instead occupied by a substituent. A substituent may be any organic
group including organic groups having a molecular weight of about 15 to about 500 Da,
about 13 to about 300 Da, about 15 to about 200 Da, about 15 to about 150 Da, about 15 io
about 100 Da, about 15 to about 50 Da, or any other molecular weight bound by these values;
and/or organic groups representied by a formula such as ConoHoaiMNo-sOo.1050-5Po-3F0-16C 0.
sBroa, CoasHoa7NowGo-sFosCloe, CoaHoosNooQo-sFo.sClow, CozHoosFooi0, CooHo-2s002F0-
100 Co20Hoa1No.sOp.s, CooHo.e100.s, 0of CooHo2s00.0Chos, provided that at least 1 non-

hydrogen atom is present in each substituent.

[GG18] In some embodiments, a substituent group 1s C;-Cas alkyl, Cr-Cys alkenyl, Cr-Cos
alkvovl, Cs-Cos cyeloalkyvl {optionally substituted with a motety selected from the group
consisting of halo, alkyl, alkoxy, alcohol, carboxyl, haloalkvl, CN, OH, —-SO;-alkyl, —CF;,
and ~OCF;), cvcloalkyvl genunally attached, C-Cjs heteroalkyl, (5-Cs5 heterocycloalkyvi (e g,
tetrahydrofuryl) (optionally substituted with a moiety selected from the group consisting of
halo, alkyl, alkoxy, alcohol, carboxyl, CN, -80;-alkyl, —CF;, and —OCF;), aryl (optionally
substituted with a moiety selected from the group consisting of halo, alkyl, arylalkyl, alkoxy,
alcohol, aryloxy, carboxyl, amino, imido, amido {carbamoyi}, optionally substituted cyclic
wmido, cylic amido, CN, -NH-C(=0}-alkyl, —-CF;,~OCF;, and aryl optionally substituted with
Ci-Cys alkyl), arvialkyl (optionally substitted with a moiety selected from the group
consisting of halo, alkyl, alkoxy, alcohol, arvl, carboxyl, CN_ -80;-atkyl, —~CF;, and —~OCF;),
hetercary! {optionally substituted with a moiety selected from the group consisting of halo,
alkyl, alkoxy, alcohol, arvi, heteroarvl, aralkyl, carboxyl, CN, —SOz-alkyvl, —CF;, and —OCF;),
halo (e.g., chloro, bromo, iodo and fluoro), cyvano, hvdroxy, optionally substituted cvclic
tmido, amino, wmido, amido, —~CFy, C-Cys alkoxy (optionally substituted with halo, alkvi,
alkoxy, aryl, carboxyl, CN, OH, -8G»-alkyl, —CF;, and —-OCF;), arvloxy, acyloxy, sulthydiyl
{mercapto), halo(C-Celalkyl, C;-Cs alkylthio, arylthio, mono- and di-(Cy-Celalkyl anuno,
guaternary ammonium salts, amino{C,-Celalkoxy, hydroxy(C;-Celalkyiamino, amino{(-
Celalkylthio, cvanoamino, nifro, carbamoyl, keto {oxy), carbonyl, carboxy, acvl, glycolyl,
glveyl, hydrazino, guanyl, sulfamyl, sulfonyl, sulfinyl, thiocarbonyl, thiocarboxy,

sulfonanude, ester, C-amide, N-amide, N-carbamate, O-carbamate, urea or a combination

~2
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thereof. Wherever a substituent is described as “optionally substituted” that substituent can

he substituted with the above substituents.

Formula (1)

6019} Some compounds are represented by Formuda ¢I):

@

166206} With respect to any relevant compound or structural representation herein, such as
Formula (I}, D may be hydrogen, optionally substituted alkoxy, optionally substituted arvioxy,
optionally substituted acyloxy, optionally substituled alkvl, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted anuno, amido, cyclic anudo. cyclic
imido, ~aryl-NR'R”, ~ary-arvl-NR'R”, and -heteroaryl-hetercaryi-R’; wherein R* and R” are
independently selected from the group consisting of optionally substituted alkvl, optionally
substituted alkenyl, and optionally substituted aryl. Tn some embodiments, D 1s optionally
substituted phenyi or optionally substituted hetercaryi (such as optionally substituted

carbazolyl}.

16621} With respect to any relevant compound or structural representation herein, such as
Formula (I}, in some embodiments, I is optionally substituied phenyl, including optionally

substituted 4-(diphenyDamino phenyl, such as optionally substituted:
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[6622] With respect to any relevant compound or structural representation herein, such as
Formula (1), in some embodiments, D is optionally substituted carbazolvl, including
optionally substituted 9H-carbazol-2-vl. In some embodiments, the carbazolyl, such as 9H-
carbazol-2-vi, has i, 2, or 3 substituents, wherein each substituent is independently €. alkyvi
(such as methyl, ethvl, C; alky] such as propyl, Cq alkyl, Cs alkyl, or Cs alkyl); Ci ~O-alkyl
(such as ~O-methyl, -O-ethyl, -0-{C; alkyl] such as ~-G-propyl, -O-{Cy alkyl], -0-[Cs alkyl],
or —~0-{C¢ alkyl]}; or phenyl optionally substituted with Ci alkyl or Ci.s -O-altkyl In some

embodiments, D

is ) . ofr
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[6023] With respect to any relevant compound or structural representation herein, such as
Formula (1), in some embodiments, R', R°, R’, R®, R’, and R® are independently selected
from the group consisting of optionally substituted alkyl, optionally substituied alkenyl,
optionally substituted cveloalkyl, optionally substitited heteroalkyl, optionally substituted
aryl, optionally substituted heteroarvl, optionally substituted alkoxvalkyl, optionally
substituted heteroalkenvyl, optionally substituted arylalkvl. optionally substituted heteroarvi,
oplionally substituted cvcloalkenyl, optionally subslituied cvcloheteroalkyl, optionally
substituted cvcloheteroalkenyl, optionally substituted amino, optionally substituted anudo,
optionally substituted cychic amido, optionally substituted cyclic imido, optionally substituted
alkoxy, and optionally substituted carboxy, optionally substituted carbonyl, optionally
substituted ether, optionally substituted ketone, optionally substituted sulfone, and optionally
substituted sulfonanude; or R 1s an optionally substituted polveyclic ring systern, wherein

each ring 1s independently cycloalkyl, arvl, heterocvcloalkyl, or heteroarvl.

[6624] With respect to any relevant compound or structural representation herein, such as
Formula (1), in some embodiments, R' and Rd'; R’ and R RI, R2, Ri and RS; R’ and R® or
R RY R RN R, and R® are independently optionally substituted phenyl. In some
embodiments, R’ and R*; R” and R™; R', R”, R*, and R”; R’ and R®; or R, R*, R*, R*, R’, and
R® are independently 1,3-dioxoisoindolin-5-yl. For any of these embodiments, each phenyl
or each ,3-dioxoiscindolin-S-yl has 1, 2, or 3 substituents, wherein each substituent is
independently R", -OR®, -C(0,-R®, -CO,-CH,CH,O-RY, F, CF;, -CN, phenyl, -phenyl-RY, -
phenyl-OR® or -phenyl-CO2-R®, wherein R” is Cy.p; alkyl, such as methvl, ethvl, C; alkyl, Cy
alkvi, Cs alkyl, Cg alkyl, C; alkyl, Cg alkyl, Co alkyl, Cyp alkyl, €y alkyl, Cip alkyl, ete. In

10
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some embodiments, each 1.3-dioxoisoindolin-5-y1 has 1, 2, or 3 subsiituents, wherein each
substituent is independently R”, -OR® In some embodiments, each pheny! has 1, 2, or 3
substituenis, wherein each substituent is independenily R® -OR®, -CO,-R®, -CO»-CH,(H,0-
RY F, CFs;, -CN, phenyl, -phenyl-R? -phenyl-OR® or -phenyl-C(,-R* wherein R® is Ci.p
alkvl

a
o R O/\/O\ Ra

Ra
7~
L oS O
-CO,-RY -CO:-CH,CH,0-R? -phenyl-C(,-R*

66251 With respect to any relevant compound or structural representation herein, such as
Formula (1), in sorme embodiments (for example when R’ and R® are different from R', R®, R®,
and R’) R and R® are independently phenyl having 1, 2, or 3 substituents, wherein each
substifuent is independently R®, -OR® -C0,-R* -CO--CHLO-R® F, CF;, -CN, or phenyl,
wherein R is C.p» alkyl such as methyl, sthyl, C; alkyl, Cy alkyl, Cs alkyvl, Cs alkyl, C5 alkyl,
Cgq atkyi, Co alkyl, Oy alkyl, Cyy alkyl, Cy; alkyl, ete.  In some embodiments, R’ and R® are
imdependently phenvl having 1, 2, or 3 substituents, wherein each substituent is
independently F or CFs. Ta some embodiments, R and R® are independently phenyl baving 1,
2, or 3 substituents, wherein each substituent is independently F. In some embodiments, R’
and R® are independently phenyl having 1. 2, or 3 substituents, wherein each substituent is

ndependently F.

[3626] In some embodiments, D 15 optionally substituted phenyl or optionally substituted
heteroarvl, and RY, R%, R’ R, R”, and R® are independently optionally substituted phenyl,

optionally substitited naphthvl, or optionally substituted heterocvceiyl.

11
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[6G27] In some embodiments, D is selected from furan, thiophene, pyrrole, benzofuran,

henzothiophene, ndole, carbazole, dibenzofuran, or dibenzothiophene.

16628] In some embodiments, R', R RY, R*, R, and R® are independently selected from

O
O
O
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[6629] In some embodiments, the structure 1$ any one of the following:

[u—
W
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, OF
16030} Some embodiments provide a chromophore having the structure of Formula (1),

wherein D is optionally substituted phenyl or optionally substituted heteroarvl, and R', R%, R,
RY, R’ and R® are independently optionally substituted phenyl, optionally substituted
naphthyl, or optionally substituted heterocvelyl, and wherein R, R, R’ RY, R’ and R® do
not comprise fluorine. In some embodiments, D 13 selected from furan, thiophene, pyrrole,

benzofuran, benzothiophene, indole, carbazole, dibenzofuran, or dibenzothiophene. In some
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embodiments, D 1s , , OF

Y

6031} In some embodiments, R', R*, R, R, R, and R® are independently selected from

NS
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16632] In some embodiments, the structure 1s any one of the following:

30
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or
[6G633] The following embodimenis are specifically contemplated:

Embodiment 1. A compound represented by formula b

34
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R® (0
wherein:
D is optionally substituted phenyl or optionally substituted heteroarvl; and
R, R R’ RY, R, and R® are independently optionally substituted phenyl, optionally

substituted naphthy!, or optionally substituted heterocyclyl

Embodiment 2. The compound of Embodiment 1, wherein each substituent of D, R,
R R’ RY R’ and RO if present, has a molecular weight of abowt 15 Da to about 500 Da and
is represented by a formula CoaoHo.41No-s0¢.1080-5P.5F0-10C10.sB10.3, provided that at least 1

non-hydrogen atom is present in each substituent.

Embodiment 3. The compound of Embodiment 1 or 2, wherein D is optionally

substituted phenvi, optionally substituted furanyl, optionally substituted thiophenyl,

optionally substituted pyrrolvl, optionally substituted benzofuranyl, optionally substituted
benzothiophenyl, optionally substituted indolyl, optionally substitiied carbazolvi, optionally

substituted dibenzofuranyl, or opticnally substituted dibenzothiophenyl.

Embodiment 4. The compound of Embodiment 3, wherein D is optionally substituted
phenyl.
Embodiment 5. The compound of Embodiment 3, wheremn the D is optionally

substituted 4-(diphenviamino)phenyl.

G2
W
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Ernbodiment 6. The compound of  embodiment 3, wherein D s

Embodiment 7. The compound of Embodiment 3, wherein 13 15 optionally substituted
carbazolyl.
Embodiment &, The compound of Embodiment 3, wherein 1 is optionally substituted

SH-carbazol-2-v1.

Embodiment 9. The compound of Embodiment, 7 wherein the carbazolyl has 1, 2, or 3
substituents, wherein each substituent is independently €y alkyl, Cis -O-alkyl, or phenyl

optionally substitited with Cy ¢ alkyl or U4 -O-alkyl

2

Embodiment 10. The compound of Embodiment 3, wheren D s
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~

Embodiment 1 1. The compound of Embodiment 3, whersin D is

0

G2
~3
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~

Embodiment 12, The compound of Embodiment 3, whersin D is

w e

, or
Embodiment 13, The compound of Embodiment 1, 2, 3, 4,5, 6,7, 8 9, 10, 11, or 12,
wherein R' and R* are independently optionally substituted phenyl.

Embodiment 14. The compound of Embodiment 13, wherein R* and R’ are
independently optionally substituied phenvl.

Embodiment 5. The compound of Embodiment 14, wherein R’ and R® are
imdependently optionally substituted phenyl.

Embodiment 16. The compound of Embodiment 1, 2, 3, 4. 5,6, 7,8, 9,10, 11, or 12,

wherein R’ and R* are independently optionally substituted 1,3-dioxoisoindolin-5-y1.

38
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Erobodiment 17. The compound of Ewmbodiment 16, wherein R™ and R are

independently optionally substituted 1,3-dioxoisoindolin-3-y1.

Erobodiment 18. The compound of Embodiment 17, wherein R® and R® are

independently optionally substituted 1,3-dioxoisomdolin-5-vi

Embodiment 19 The compound of Embodiment 13, 14, 16, or 17, wherein each phenyl
or each 1,3-dioxotsoindolin-5-y1 has 1, 2, or 3 substituents, wherein each substituent is
independently R® -OR®, -C(O»-R*, -CO-CHLCHLO-R?, F, CF;, -CN, phenvl, ~-phenyl-R?, -
phenyl-OR® or -phenyl-CO»-R? wherein R*is C ., alkyl.

Embodiment 20. The compound of Embodiment 19, wherein each 1,3-dioxoiscindolin-

5-ylhas 1, 2, or 3 substituents, wherein each substituent is independently R® -OR®

Erobodiment 21. The compound of Embodiment 19, wherein each phenyl has 1, 2, or 3
substituents, wherein each substituent is independently R* -OR®, -C(O,-R®, -CO,»-CHCHO-
R, F, CF;, -CN, phenyl, -phenyl-R?, -phenvi-OR", or -phenyl-CO,-R®, wherein R is Ci.qp
atkvl.

Embodiment 22. The compound of Embodiment 15 or 21, wherein R* and R® are
mdependently phenyl having 1, 2, or 3 substituents, wherein each substituent is
independently R, -OR®, -C(0»-R®, -C0»-CoH,O-RY F, CF;, -CN, or phenyl, wherein R%is C1.
12 atkyl.

. o . . . , . 3 6
Embodiment Z3. The compound of Embodiment 15 or 21, wherein R’ and R’ are
mdependently  phenyl having 1, 2, or 3 substituents, wherein each substituent is

independently F or CF;.

Erobodiment 24. The compound of Embodiment 15 or 21, wherein R’ and R" are
independently phenyl having 1, 2, or 3 substituents, wherein each substituent is

ndependently F.

‘ - , o , . p
Embodiment 25, The compound of Embodiment 15 or 21, wherein R and R™ are
independently phenyl having 1, 2, or 3 substituents, wherein each substituent is

independently CFs.

Embodiment 26. The compound of Embodiment 14, wherein R‘, Rﬂ R"i'ﬁ and R’ are:
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AN
0]
OW
Embodiment 27. The compound of Embodiment 14, wherein R R’ Ri and R’ are:
(VA VAVl
O
O
Embodiment 28. The corapound of Embodiment 14, wherein R', R*, R*, and R are:
[VaVaVaVa)
0
o)
Embodiment 29. The compoutempnd of Embodiment 14, wheremn Ri, Rz, R4, and R” are:
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o o TN

Embodiment 30. The compound of Embodiment 14, wherein R, R, R®, and R are:

0 o/\/h

Embodiment 31. The compound of Embodiment 14, wherein RUR? R and R are:
Ao
O
O
Ok
Embodiment 32. The compound of Embodiment 14, wherein R R% R* and R are:
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[VaVaVav
0 0]
Embodiment 33. The compound of Embodiment 14, wherein RJ, Rz, R* and R are:
NS
F
Embodiment 34, The compound of Embodiment 14, wherein R', R”, R, and R’ are:
[VaVaVavy
F.
Embodiment 35. The compound of Embodiment 14, wherein RU R R and R are:
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[V aVaVaVal
F
F
Embodiment 36. The compound of Embodiment 14, wherein RURL R and R are:
DN
F
F
Embodiment 37 The compound of Embodiment 14, wherein RL R R® and R are:
A
F F
Embodiment 38, The compound of Embodiment 14, wherein R R2 Ri and R are:
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Embodiment 39. The compound of Embodiment 14, wherein Rl, Rq R{ and R’ are:

VaVaVaVy

Embodiment 40. The compound of Embodiment 14, wherein R! B2 R* and R are:

Embodiment 41, The compound of Embodiment 14, wherein RJ, Rz, R* and R are:
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NV Va V)
CF3
Embodiment 42. The compound of Embodiment 14, wherein RURE R and R are:
NNANN
F

o o >N

Embodiment 43. The compound of Embodiment 14, wherein R], RZ, Rﬁ and R” are:
[V aVaVaVol
F
0] (@]
Embodiment 44, The compound of Embodiment 14, wherein RURYRY and R are:

HaN
W
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[VaVaV,AV )
0
F 0
Embodiment 45. The compound of Embodiment 14, wherein R' R R and R’ are:
[Va¥aVaVol
O
F 0]
Embodiment 46. The compound of Embodiment 14, wherein RU R R and R are:
[VaVaVa¥ol
O
F O
Embodiment 47, The compound of Embodiment 14, wherein RU R R and R are:



WO 2016/112220 PCT/US2016/012535

o O/\/\/\.

Embodiment 48, The compound of Embodiment 14, wherein RJ, Rz, R* and R are:

?

Embodiment 49. The compound of Embodiment 18, wherein RLRYL R R R and R®

are:
(VaVaVaVy
@)
N
0

Embodiment 50 The compound of Embodiment 1, 2, 3. 4, 5,6, 7, 8, 9, 10, 11, or 12,

wherein R', R, R’ R* R, and R® are mdependently:

N
<3
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N

Oi EO/\/\ | N

5

0
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Na¥a¥a¥s VaVaVaVal

N VYoV
F
F
F F F 9

NN
< i ~ O
F Fo 3 3

[VaVaVaVvy O
O N
0O

F ¢}

j\ ’ CFs; ,

B
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AN [VaVaVaVal
[V aVaV Vol
@)
F
F F (0]
0] (@]
0 SRR : : :
[VaVaVaVyl
[VaVaVaVyl
0]
(0]
F 0]
F (0]
, OF
Embodiment 51. The compound of Embodiment 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, or 12,
wherein R), R R*, R, R, and R® do not comprise fluorine.
Embodiment 52. The compound of Embodiment 1, 2, 3, 4, 5, 6,7, 8,9, 10, 11, or 12,

wherein R', R%. B’ R*, R, and R® are independently:
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[VaAVAVA V)

O O
2 O O 2
[VaVaVAVy, NN
(VaAVAV AV,
0]
N
o)
| i
, Of .

Embodiment 53. A compound represented by a formula:

W
b2
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Embodiment 54. The compound of Embodiment 18, wherein R, R?, R*, and R’ are;
()
O~
O

Waveleneth Conversion Luminesceni Medium

16634] The chromophores disclosed herein are useful and may be suitable for providing a
fluoresence film for use in improving wavelength conversion efficiency and provide high
fluorescence quantum efficiency. The chromophores can provide a wavelength conversion
lununescent medium that provides excellent light conversion effects.  The wavelength
conversion luminescent medium receives as input at least one photon having a first
wavelength, and provides as output at least one photon having a second wavelength which is

longer (higher} than the {irst wavelength.

16035] The wavelength conversion lununescent mediurn comprises an  optically
transparent polymer matrix and at least one organmic luminescent dye comprising a
chromophore disclosed herein.  In some embodiments, the polymer matrix is form from a
substance selected from the group consisting of polvethvlene terephthalate, polymethyl

methacryvlate, polvvinyl butvral, ethylene wvinyl acetate, ethylene tetrafluoroethviene,

78
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polyimude, amorphous polycarbonate, polystyrene, siloxane sol-gel, polyurethane,

polvacrvlate, and combinations thereof.

16636] In some ernbodiments, the luminescent dye 15 present in the polvmer matrix in an
amount in the range of about 0.01 wi% to abowt 3 wit%; about 0.03 wit% to about 2
wt%,.about 0.05 wt% to about 1 wit%s; about 0.1 wt% to about 0.9 wi; or about 0.2 wi% to
about 0.7 wit%. In some embodiments of the medium, the luminescent dye is present in the

polymer matrix in an amount of about 0.3 wt%.

{6837} In some embodiments, the refractive index of the polymer matrix material is in the
range of about 1.4 to about 1.7, about 1.45 to about 1.65, or about 1.45 to about 1.55. In

some embodimetns, the refractive index of the polymer matrix material is about 1.5

16638 In some embodiments, a wavelength conversion lununescent medium is fabricated
into a thin film structure by (i} preparing a polymer solution with dissolved polymer powde
in a solvent such as tetrachloroethylene (TCE), cyclopentanone, dioxane, etc., at a
predetermined ratio; (1) preparing a tuminescent dve containing a polvmer mixhure by mixing
the polvmer solution with the luminescent dyve at a predeternuned weight ratio to obtain a
dve-containing polymer solution; {111} forming a dve/polymer thin film by directly casting the
dye-containing polvmer solution onto a glass substrate, then heat treating the substrate from
room temperature up to 100 °C in 2 hours, completelv removing the remaining solvent by
further vacuum heating at 130 °C overnight; (iv) peeling off the dye/polymer thin film under
the water and then drving out the free-standing polvmer film before use: and {v) the film
thickness can be controlled by varying the dye/polvmer sohution concentration and

evaporation speed.

[6G39) The luminescent thin film thickness may vary over a wide range. In some
embodiments, the luminescent thin film thickness is between about 0.1 pm to about 1 mm,
about 0.5 m to about 1 mm, about 1 {m to abowt 0.8 mmm, or any other thickness bound by
these ranges. In some embodiments, the luminescent thin film thickness is between about 5

wm to about 0.5 mm.

16040] Wavelength conversion mediums are useful in various applications, such as
optical light collection systems, fluorescence-based solar collectors, fluorescence-activated

displays, and single-molecule speciroscopy, to name a few., The use of the organic
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wavelength down-shifting luminescent medium as disclosed herein, sigmficantly enhances
the photoelectric conversion efficiency of photovoltaic devices or solar cells by greater than
.5% when applied directly to the light incident surface of the device or encapsulated directly
into the device during fabrication. The use of the wavelength conversion film as disclosed

herewn, may significantly enhance plant growth when applied as a greenhouse roofing film.
EXAMPLES

0041} The embodiments will be explained with respect to preferred embodiments which
are not imtended to limit the any embodiment in general. In the present disclosure, the listed
substituent groups include both further substituted and unsubstituted groups unless specified
otherwise. Further, in the present disclosure where conditions and/or siructures are not
specified, the skilled artisan in the art can readily provide such conditions and/or structures,
in view of the present disclosure, as a matier of routine experimentation guided by the present

disclosure.

[B042] For each example compound, the maximum absorption and Huorescence emission
wavelength were measured in an ethvlene-vinyl acetate (EVA) filrn. For exanple, in a EVA
film (having 03 wit% chromophore} comprising Compound 1 {(4,8-bis(4-
{diphenylamino)phenyi}-2,6-bis(3~{3~{ethoxy carbonyphenoxy 3-2,2-bis((3-
{ethoxycarbonyDphenoxy ymethyDpropy-2H-benzol 1,2-d:4,5-d"|bis{] 1 2,3 Jinazole)-6-1um-
S5-ide}, the maximum absorption of the chromophore was 553 nm and the maximum
fluorescence emission was 634 nm upon 553 nm light illumination. The ability to absorb
green wavelengths and convert into red wavelengths 1s an improved property that 1s useful for
new optical light collection systems, particularly agriculature based applications {greenhouse

roofing materials).

&0
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Example Svothesis and Spectral Data

Compound A

OMe

N, MeO

BrHsN,  NH3'Br N" NH
NaNO; TSA cat.
—>» Br Br
R . 48% HBr /IR toluene 7

‘BriHsN  NH3 Br N. .N mol.sieves N. N

N 125°C N’

a ’C + other isomers

b

OMe
E,h ¢ OMe
N
Ph” N,
o e
B(OH)2

o MeSOsH 8
O — N N
Pd(PPh,), cat. N o — W, N, toluene .—H & )

NN 125°C NN

toluene/EtOH
Na,CO,

I=

A

MeO' + other isomers
c

Step 1

[6G3:43] A solution of 1,2 4 5-benzenetetraanune tetrahydrobromide (2.3 g, 5 mmol) in 50
mL of 48% HBr was placed in a 500 mL round bottomed flask, and it was stirred and cooled
i an ice~water bath (approx.0-5 °C}). A solution of NaNG; (5.25 g in 100 mL of water) was
added dropwise over a period of 2 h.  After the addition, the reaction mixture was kept at
0 °C for an additional 1 h and then removed from the cooling bath and heated at 90-100 °C
for 3 h. The mixture was set aside overnight for slow crystallization. The grayish-brown
solid was separailed, washed with water and dried 1o give Compound a, 4,8-dibromo-1,6-

dihvdrobenzol1,2-d:4,5-d'This([ 1.2 3}triazole), (1.39 g, 86% vield).

Step 2

16044] A mixture of Compeund a (13.4 g, 42 mmol), 4-methoxvbenzyi alcohol {17.5 ¢,
126 mmol, 3 eq.) and 4-toluenesul{onic acid (200 mg} in toluene was healed at reflux under
Dean-Stark trap for 16 h. Afier cooling, the toluene solution was decanted from an oily laver
formed on the flask bottom.  The oily laver was triturated first with hexane and then with

methanol to wash out an excess of benzyi alcohol. The brown solid obtained was separated,

&1

Ph
Ph
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washed with methanol and dissolved i DCM {as little as possible (o get clear solution).
Diethyl ether was then added portion wise, while stirring, untill crvstals started to form, and
the mixture was left for crystallization. The obtained veliow solid was separated, washed
with ether and dried to give Compound b, 4,8-dibromo-1,6-bis{4-methoxvbenzyl}-1.6~
dihydrobenzol1,2-d:4,5-d'Ths({ 1,2, 3{triazole), (20.50 g, 87% vield) as a mixture of Bt-2-Bt-2

and Bt-2-Bi-1 isomers.

Step 3

{6045] Compound b (6.7 g 12 mmol} in a mixture of soivents (toluene/EIOH/2M-
MNapCGs, 3:2:1 by volume, total volume 150 mbl) was treated with 4-
{diphenylanuno)phenviboronic acid (10.4 g, 35 mmol) and tetrakis-triphenviphosphine-Pd{0)
(2.00 g, 1.75 mmol} and heated with stirring at 100 °C. Progress of the reaction was
monitored by TLC. When all the starting material was consumed (about 2 h), the mixture
was cooled down to room terperature and transferred to a separator funnel. The top organic
layer was separated, dried over anhvdrous Na,80; and subjected directly to fast colunm
chromatography — “wash trough™ 2 1 of stlica gel in a 3.5 in diameter column. DCM was
used as solvent. The first few fractions with blue fluorescence have been discarded, and only
red and orange colored fractions with sirong fluorescence have been collected (approx. 1.5 L).
After evaporation of the solvent, red solid (7.50 g, 70% vield) consisting of three 1somers of
Compound €, 4,4'-(1,6-bis(4-methoxybenzyi)-1,6-dihyvdrobenzol1,2-d:4,5-
d'1bis({1,2.3triazole)-4, 8-diviyhs(N, N-diphenylamline), was obtamed.

Step 4

{0846} A solution of Compound ¢ (7.50 ¢, 8.4 mmol), 1 3-dimethoxybenrzene (6.0 mL)
and methanesuifonic acid (3.0 mL) in toluene (50 mL} was heated at 125 °C (temp. of oil
bath) for 30 min.  After cooling, the dark toluene laver was decanted, and the sticky aily
residue was triturated with water. Soon brownish solid was formed. The solid was separated,
stirred with methanol (20 mbL}, filtered off, washed with methanol, and dried to give
Compound A, 4,4-(1.6-Dihydrobenroll,2-d:4,5-d'Tbis{]1,2.3 [trtazole)-4,8-divbis(N,N-
diphenylamline), as orange-brown sohid (4.6 g, §3% vield) that was used for derivatization
without further purification. "H NMR (400 MHz, DMSO-dg): § 8.0-8.2 {bs, 2H), 7.93 (s, 4H),
7.26-7.30 (m, 8H), 7.17(d, 1= 8.8 Hz, 4H), 7.13(d, J = 7.7 Hz, 8H), 7.04 (. J = 7.3 Hz, 4H).

Compound A2
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OMe

OMe
o
oy B(OH)2
Br >

i Pd(PPhs), cat.

'\LN'N toluene/EtOH

@) Na,CO, @)
MeO + other isomers MeO + other isomers
b

c2

Br

OMe

OMe
MeSO3H
E —
toluene

125°C

Step 1

160471 A mixture of Compound b (2.23 ¢, 4.0 mmol}, (S-ethyi-9H-carbazol-3-yliboronic
actd (2.4 ¢, 10 mmol}, tetrakis(iriphenviphosphine)palladium(0} catalyst (600 mg}, ZM
NazCOs (12 mbL), toluene (36 mL ), and ethanol (24 mL) was stirred under nitrogen at 110 °C
for 5 h. After TLC confirmed that the starting material was consumed, the reaction mixture
was cooled and extracted with ethyl acetate (100 mL). The extract was washed with water
{100 mL), dried over anhydrous MgSQOy, and the solvent was removed under reduced
pressure to give 4.0 g of a glassy orange material, which was purified by column
chromatography  to  give Compound ¢2, 3.3'-{1 6-hig{4-methoxvbenzyi)-1,6-
dihydrobenzo|1.2-d:4,5-d'jbis(} 1.2, 3 }triazole)-4, 8-divi}bis{9-ethyl-OH-carbazole), (2.10 g, 67%

yield) as a mixiure of two tsomers {Bi-2-Bt-2 red color and Bt-2-Bt-1 orange color).

Step 2

[GG45] Compound ¢2 (2,10 g, 2.7 mmol} was reacted with methanesulfonic acid (1.0 mL)
in a mixture of toluene (20 mL) and 1.3-dimethoxybenzene (2.0 ml} at 125 °C for 30 min.

Afier cooling, the reaction mixiure was poured into saturated NaHCO; (100 mL) and stirred

for 15 mom. The obtained solid was separated by filtration, dried and purified by coluron

chromatography (BCM —DCM-2.5%EA} to give pwe Compound AZ, 33-(1,6-

&3
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Dihydrobenzof 1,2-d:4,5-d'this{({ 1.2, 3nazole)-4,8-divbis(9-cthy-OH-carbazole), (420 mg,
30%;.

Compound 43

\(\OT 1) n-BuLi
S
2) B(OMe
Ro v N L
. DMF 1) -78°C
100°C K( 2)rt.
24 h
b
—_—
Pd(PPh)4
toluene/EtOH
Na,CO,

+ other isomers

c3

Step 1

16049] 3.6-Dibromocrbazole (32,5 g, 100 mumol) was reacted with isobuiyl tosylate (22.8
g, 100 mmol) in DMF (100 mL) in the presence of K,CQ3(27.6 g, 200 mmol) at 100 °C for
24 h. The reaction mixture was poured into water (500 mL) o give white precipitate. The
solid was filtered off, washed with water (100 mL) and recrystallized from methanol to give
pure 3,6-dibromo-9-isobutvi-9H-carbarole (32.5 g, 85% yield). 'H NMR (CDCL): 8 8.12 {d,
J=18Hz 2H), 7.54 (dd, J= 1.8 and 8.8 Hz, 2H), 7.25 (4. J = 8 8 Hz, 2H), 4.02 d (J =73 Hz,
2H), 2.29 (m. 1H). 0.94 (d, J = 6.6 Hz, 6H).

Step 2
16050] 3, 6-Dibromo-9-isobutvi-9H-carbazole (7.6 g, 20 mmol) was reacted with 4-

]

isobutoxv-phenylboronic  acid (388 g 20 mmol) in  the presence  of
tetrakis(triphenyiphosphine)-palladium{0} 1 a mixture of toluene, ethanol and 2M Na;CO;
{(60-40-20 mL) at 110 °C for 16 h.  After cooling, the reaction mixture was exiracted with
ethyi acetate (300 mL), washed with water (200 mL), dried (Na,S0y), and the solvent was

removed under reduced pressure. Colunmm chromatography of the residue with BCM/hexane

a4
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(1:3) afforded 3-bromo-6-(4-isobutosyphenyl}-9-1sobutyl-OH-carbazole as white powder (1.8
g, 20% vield). '"H NMR (CDCL): 8§ 8.23 (d. J = 1.8 Hz, 1H), 8.18 (d, J = 1.8 Hz, 1H), 7.66
(dd, J=18Hzand 8.4 Hz 1H),7.59(d, J=84Hz 2H), 7.52(dd, =18 Hzand 8.4 Hz, 1H),
7.41(d, I=84Hz, 1H). 7.27 (d, I = 8.4 Hz, 1H). 7.00(d, J = 8.8 Hz. 2H), 4.07 (d, } = 7.7 Hz,
2H), 378 (d. I = 6.6 Hz, 2H), 2.37 ¢m, 1H), 2.12 (m. 1H), 1.05 (4, J = 6.6 Hz, 6H), 0.97 (d, ]
= 6.6 Hz, 6H).

Step 3

6051} The boronic acid was prepared under standard conditions: first lithiation of 3-
bromo-~6-(4-isobutoxyphenvi}-9-isobutyl-9H-carbazole in THF with n-BuLi (1.6 M solution
in hexane, 1.05eq) at -78 °C and then reaction with {rimethyi borate (1.1 eq, also at -78 °C).
The reaction mixture was left overnight {0 warm-up to room temperature, and then it was
treated with 3M HCL Iml/lmmol and stitred for 30 min.  Exiraction with ethyl acetate,
drving (MgS8Q,) and removal of the solvent under reduce pressure gave a glassy product, 6-
{4-Isobutoxyphenyl)-9-isobutyl-9H-carbazol-3-v}boronic acid, that was used directly for the

next step without purification.

Step 4

6652} Reaction of 4 8-dibromo-1,6-bis{4-methoxybenzyl}-1,6-dihydrobenzof,2-d:4,5-
d'lbis{{1,2.3ltriazole} (Compound b, 560 mg 1 mmol) was treated with (6-(4-
isobutoxvphenyl-S-isobutyi-9H-carbazoi-3-vi}boronic acid (1.25 g 3 mmol} and
tetrakis(triphenyl-phosphingjpatiadiom(0) (150 mg) under Suzuki coupling conditions at
110 °C for 4 h. Work-up with water and DCM. Colunm chromatography on silica gel using
a mixture of CM and hexane as a mobile phase (1:1— 2:1— DCM) allowed to separate Bi-
2-Bt-2 isomer as the first fraction, dark red color solid {50 mg). A mixiure of other isomers
was isolated as the second fraction, dask orange color solid Compound <3, 6,6'-(1,6-Bis(4-
methoxybenzyii-1,6-dihydrobenzo{l,2-d:4,5-d"|bis({1,2, 3 ltriazole)-4 8-divi}bis(3-(4-

isobutoxyvphenyl-S-isobutyi-9H-carbazole), {620 mg).

Step 8

[BG53] Compowund ¢3 (2.1 g, 2.6 mmol) was treated with methanesutfonic acid (1.0 mL)
n a mixture of toluene (20 mb) and 1,3-dimethoxybenzene (2.0 mL) at 125°C for 30 mun.
After cooling, the mixture was stirred with saturated NaH{CO; (20 mL) 1o provide crude A3

as an orange solid (1.18 g}, which was further purified by column chromatography (DCM,

o)
W
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DCM-2.5%EA)}Y 1o give puwre Compound A3 6,6-(1,6-Dihvdrobenzofi,2-d:4,5-
d'his({1,2.3{triazole)-4, 8-divDbis(3-(4-isobutoxyphenvl}-9-1sobutvl-9H-carbazole), (420 mg,

30% vield).

Compound B1

10054} A mixture of pentaerythrityl tetrabromide (7.75 g 200 nmol), ethyl 3-
hydroxybenzoate {10.8¢ g, 65 mmol), potassium carbonate (13.80 g, 100 mmol) and DMF
(50 mb} was stivred under argon and heated at 110 °C for 20 h.  After cocling (o room
ternperature, the mixture was poured info ice/water (200 mb.) and extracted with hexane/ethyl
acetate {1:1, 400 mL). The extract was washed with waier {200 mlL}, dried over magnesium
sutfate, and the solvent was removed under reduced pressure. The crude product was purified
by column chromatography using silica gel and hexane/sthy! acetate (9:1) as an eluent to give
pure Compound Bi, digthyl 3,3 -{(2-(bromomethy }-2-((3-
(ethoxvcarbonyphenoxy ymethyDpropane-1,3-divi)bis(oxy })dibenzoate, {5.22 g, 40% vield).
'H NMR (400 MHz, CCCly); 6 764 (d, T = 80 Hz, 3H), 757 (dd, J = 1.8 and 2.6 Hz, 3H),
732, J=81Hz 3H),7.10(ddd, 1=08, 2.6 and 8.1 Hz, 3H), 436 (g, I =74 Hz, 6H), 430
(s, 6HD), 3.89 (s, 2H), 1.39 (. J = 7.3 Hz. 9H).

Compound B2
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16655] A wmixture of pentaervthrityl tetrabronude (3.87 g, 10.0 nunol), propyl 3-
hydroxvbenzoate {630 g, 35 mmol}, potassium carbonate {690 g, 50 mmol) and DMF (20
mL) was stirred under argon and heated at 100 °C for 4 h.  After cooling to room temperature,
the mixture was poured mio 1wce/water (200 mL) and extracted with hexane/ethyl acetate (1:1,
200 mL). The extract was washed with water (2 x 200 ml), dried over magnesium sultate,
and the solvent was removed under reduced pressure. The crude product was purified by
column chromatography using silica gel and hexane/DCM/ethyl acetate (48:30:2) as an
eluent to give pure Compound B2, dipropyl 4.4-((2-(bromomethyl)-2-({4-
{propoxycarbonyljphenoxyimethyDpropane-1,3-divlybis{oxy idibenzoate, (1.59 g 23%
vield). 'H NMR (500 MHz CCCLu 67994{d, J=90Hz 6H}, 694 (d, J=90Hz 6H), 432
(s, 6H), 4.24 (1, J = 6.5 Hz, 6H), 3.88 (s, 2H), 1.77 (sextet, J = 7.5 Hz, 6HD), 1.02 (t, J = 7.5 Hx.
oH).

Compound B3

xR
~3
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16056} Starting from buty] 4-hydroxybenzoate and applying a procedure analogous to that
of Bi gave Compound B3, dibutyl 4,4'-((2-(bromomethy1}-2-({4-
(butoxy carbonylphenoxy ymethy Dpropane-1,3-divibis(oxy}ydibenzoate, (7.10 g. 49%). 'H
NMR (500 MHz, CCCLY: 8§ 7.98 (4, J = 8.5 Hy, 6H), 6.93 (d, J = 8.5 Hz, 6H), 4.32 (s, 61,
429 (t, J = 6.5 Hz, 6H), 3.8% (s. 2H), 1.75 (quintet, J = 6.5 Hz, 6H). 1.47 (sextet, § = 7.0 Hz,
6H), 0.97 (1, J = 7.5 Hz, 9H).

Compound B4

16657} Starting from isobutyl 4-hydroxybenzoate and applving a procedure analogous to
that of Compound Bl gave Cempound B4, dusobutyl 44'-((2-(bromomethy!}-2-((4-
(isobutoxvycarbonyphenoxy ymethylipropane-1,3-diyviybis{oxy )dibenzoate, (6.74 g 46%
vield). 'H NMR (500 MHz, CCCl)y: 6 7.99 (d, J = 8.5 Hz, 6H), 6.94 (d. J = 8.5 Hz, 6H), 432
(s, 6HD, 4.07 (d. J = 7.0 Hz. 6H), 3.88 (s. 2H), 2.06 (m, 3H), 0.98 (d. § = 7.0 Hz, 18H).
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Compound BS

GOS8 A mixture of pentaerythrtyl tetrabromide (3.87 g, 10 mmol), 4-phenoxvphenol
(7.44 g, 40 mmol), potassium carbonate (8.28 g, 60 mmol), and DMF (15 ml) was stured
under argon and heated at 110 °C for 24 h.  After cooling, the reaction mixture was poured
mto water (200 mL) and extracied with ethyl acetate/toluene (200 + 300 mL). The extract
was washed with water (200 mb), and the volatiles were removed under reduced pressure.
Column chromatography of the residue (silica gel. hexane/toluene, 1:1) afforded Compound
BE, 4, 4'-((2-( Bromomethy1)-2-((4-phenoxy phenoxy)methypropane-1,3-
diyhbis(oxy))bis{phenoxybenzene), (3.71 g, 53% vield). "H NMR (400 MHz, CCCly): § 7.29
(m, 6H), 7.04 (t. § = 7.3 Hz, 3H), 6.9-7.0 (m, 18H). 4.24 (5, 6H). 3.90 (s, 2H).

Compound B6

[THESY A mxture of pentaerythrityl tetrabromide (3.88 mg 10 mmol), 4-tert-

butylphennol (6.00 g, 40 mmol), potassium carbonate (8.28 g, 60 mmol}, and DMF (20 mL)
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was stirred under argon and heated at 90 °C for 16 h. Aqueous work-up like for Compeound
BS and chromatography (stlica gel, hexane/toluene, 4:1) afforded Compound B6, 4,4'-((2-
(Bromomethy!}-2-((4-(tert-butv])phenoxy ymethy propane-1,3-divibis{oxv }ibis(tert-

butylbenzene}, (3.10 g, 52% vyieid}.

Compound Bil
H
i-BuOH
—_—
H,SO,

B11

[GG60] A muixture of 3-hydroxybenzoic acid (6.90 g, 50 mmol}, 1sobutanol (50 mL} and
20% oleum (0.5 mL) was heaied at 110 °C for 20 h.  The volatiles were removed under
reduced pressure. A solution of the residue in ethyl acetate/hexane (1.1, 200 mL) was
washed with brine (100 mL) and dried over anhvdrous sodium sulfate. The solvent was
removed under reduced pressure. Obtained isobutyl 3-hvdroxyhenzoate was directly used in

the next step without purification.

[BG61] A mixture of the obtained ester, pentaeryihrity] tetrabromide (5.82 g, 15 mmol),
potassium carbonate (10.35 g, 75 mmol), and DMF (40 mL) was stirred under argon and
heated at 110 °C for 24 h.  After cooling, the mixture was poured into ice/water (200 mL) and
extracted with hexane/ethyl acetate {200 + 200 mL}. The extract was washed with water (200
ml.), dried over anhydrous magnestum sulfate, and the solvent was removed under reduced
pressure. Column chromatography of the residue (silica gel — hexane/ethyl acetate, 9:1) gave
Compound BiL, diisobutyi 3,3 -((2-(bromomethy1)-2-((3-
(isobuloxy carbony Dphenoxy ymethy Dpropane-1,3-divDbis(oxy ydibenzoate, (4.27 g 39%
vield), 'H NMR (500 MHz, CCCly): § 7.65 (d, 1 = 8.0 Hz. 3H), 7.59 (m. 3H), 7.33 (1. § = 8.0
Hz. 3H) 7.11 (dd, J = 2.0 and 7.5 Hz, 3H), 4.31 (s, 6H). 4.10 (d, 1 = 6.5 Hz, 6H), 3.90 (s, ZH),
2.08 (m, 3H), 097 {d, J =6.5 Hz, 18H).

Compound Bi2

S0
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16662} Using n-butanol and following the procedure for Compound BIi1 gave
Compound Biz, dibutyl 3,37 -{{2-(bromomethy1}-2-({3-

{butoxycarbonyphenoxyymethyDpropane-1,3-diyDibis{oxy)dibenzoate, (5.67 g, 52% vield).

Compound 813
H
EtOCH,CH,OH
—>
H,SO,

[0063] Using Z-ethoxvethanol and following the procedure for Compound B11 gave
Compound B13, bis{2-ethoxyethyl) 3.3-((2-(bromomethv3-2-({3-((2-
ethoxyethoxy ycarbonyphenoxy ymethyDpropane-1,3-diviybis{oxy y}dibenzoate, {3.82 g, 35%
yield). "H NMR (500 MHz, CCClyy 8 7.67 (d, J = 7.5 Hz, 3H), 7.60 (dd, J = 1.8 and 2.6 Hz,
3H), 7.33 (1, J=8.0Hz 3H). 711 (dd. J =2.0 and 8.0 Hz, 3H), 4,46 (1, ] = 5.0 Hz, 6H), 431
(s, 6H), 3.89 (s, 2H}, 3.76 (t. J =50 Hz, 6H), 3.57 (q. J =70 Hz, 6H), 1.22 (1, J=7.0 Hz,
SH).

Compound Bi4
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i-BUOH
H,SO0,

B14

[6664] By a procedure simmiar to that for Compound B11, 4-fluoro-3-hydroxybenroic
actd was converied (o pentaerythrityl Compound B14, dusobutyl 5,5'-<{((2~(bromomethyl}-2-
({(4-fluoro-3-(isobutoxvcarbonviphenoxy ymethy Dpropane-1,3-diyDbis{oxy ) )bis(2-
fluorobenzoate), with 24% vield. "H NMR (400 MHz, CCCly): 8 7.42 (m, 3H). 7.03 (m, 6H),
422 (s, 6H), 411 (d, J=67Hz, 12H), 3.83 (5, 2H}, 2.06 (m, 3H), 0.98 (d, J = 7.0 Hz, 18H).

Compound B15

oy 1205 J_/ /I RWJ\/

CO,H 2 BuNH, K2003
DMF

o=\ 0

B15

Step £,

{6065] 4-Hydroxyphthalic acid (10.0 g, 55 mmol) was heated under argon at 200 °C for
16 h. After cooling, toluene (100 mL), butylamine (6.9 mb, 70 mmol) and molecular sieves
44 (30 g) were added, and the obtained muxture was heated at reflux for 24 h. The reaction
mixiure was poured into water (300 mbL) and extracted with ethyi acetate (2 x 300 mL). The
extract was washed with water {200 mbL), dried over sodium sulfate, and the volatiles were
removed under reduced pressure. The restdue was crystallized from methanol/water (1:1) to

give pure 2-butyl-5-hydroxyisoindoline-1,3-dione (7 24 g, 60% vield).

Step 2.
16066] A mixtwre of 2-butyl-S-hvdroxvisomndoline-13-dione (7.00 g 32 mmol},

pentaerythniyl tetrabromide (3.87 g, 10 mmol), potassium carbonate (6.90 g, 50 mmol), and
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DMF {15 mL) was stirred under argon and heated at 110 °C for 24 b and poured onto crushed
ice (200 g). When the ice melted. the obtained precipitate was filtered off, washed with water
(200 mbL) and dried. The crude product was purified by column chromatography (silica gel,
DCM/ethvl acetate, 95:5) 1o give Compound B15, 5,5'-{({(2-{bromomethy1}-2-(((2-butyi-1,3-
dioxoisoindolin-5~yhosy ymethyDpropane-1,3-divDbis{oxy )bis(2-butylisoindoline-1,3-dione),
(1.96 g, 24% vield). 'H NMR (400 MHz, CCCl3): § 7.73(d, J = 8.5 Hz, 3H), 7.35(d, J = 2.2
Hz, 3H), 7.16 (dd, J = 2.2 and 8.0 Hz, 3H), 4.38 (s, 6H), 3.86 (s, 2H), 3.64 (1, J = 7.3 Hz, 6H),
1.60 (m, GH). 1.33 {m, 68, 0.92 (, I = 7.3 Hz, OH).

Compound B16

16067] Starting from hexy! 4-hydroxvbenzoate and applying a procedure analogous to
that of Compouvnd Bi gave Compound BI1S, dihexyl 4,4 -((2-(bromomethyl}-2-{(4-
{{hexyloxy)carbonyliphenoxy ymethvipropane-1,3-divhbis(oxy)dibenzoate, (6.83 g, 50%
vield)., 'H NMR (400 MHz, CCCI3Y. § 7.97 (d, 1 = 8.5 Hz, 6H), 6.93 (d, ] =8.5 Hz, 6H), 4.31
(s, 6H), 4.27 (. § = 6.5 Hz, 6H), 3.87 (s, ZH). 1.74 (quintet, J = 6.5 Hz, 6H), 1.42 (m,
6H),1.33 (m, 12H), 0.88 (1, J = 7.0 Hz, 9H).

ompound B17
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6668 Starting from hexy! 4-hydroxyvbenrzoale and applying a procedure analogous to
that of Compound Bl gave Cempound B17. diheptvl 4.4°-((2~(bromomethy!)-2-({4-
({heptyloxycarbonvl)phenoxy ymethyypropane-1,3-divhbis{oxy)dibenzoate, (6.54 g 46%
vield). 'H NMR (400 MHz, CCCI3). §7.97 (d. J = 8.5 Hz, 6H), 6.93 (d, J = 8.5 Hz, 6H), 4.31
(s, 6H), 4.27 (&, § = 6.5 Hz, 6H), 3.87 (s, 2H), 1.74 {quintet, J = 6.5 Hz, 6H), 1.40 (m,
6H),1.34 {m, 6H). 1.29 (m, 12H), 0.88 (¢, J = 7.0 Hz, 9H).

Compound B18

[3G69] By a procedure analogous to that of Compoosund B, reaction of isopentyl 4-
hydroxvbenzoate (10.41 g, 50 munol} with pentaerythrity! tetrabromide (6.46 g, 16.66 mmol)
gave Compund BiR, diisopentyl 4, 4'-{(2-(bromomethy1}-2-{{4-
{(isopentyloxy ycarbonylyphenoxy ymethyDpropane-1,3-diylbis(oxy))dibenzoate (6.64 g, 32%
yield}. 'H NMR (400 MHz, CCCI3) 6796(d, J=85Hz, 6H), 692 (d, I =8.5 Hz, 6H), 4.31
(s, 6H). 431 (1. ] = 6.5 Hz, 6H), 3.87 (5. 2H), 1.77 (m, 3H), 1.63 (g, J = 7.0 Hz, 6H), 0.95 (d,
J = 6.6 Hz, 18H).

Compound B19

HO. : f O@\/?\{)/\
H
HQSO4 K2C03

DMF

{66761 By a procedure analogous fo that of Compoand B11, reaction of 2-ethvibutyl 2-
fluoro-3-hydroxybenzoate (8.00 g, 33 mmol) with pentaerythrityl tefrabromide (4.65 g, 12
mmoly  gave Cempound B1Y9,  bis(Z-ethvibuwyly 5,5 -(2-bromomethy)-2-((3-((2-
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ethylbutoxyjcarbony)-4-flucrophenoxy ymethyDpropane-1,3-diyDbis(oxy Jbis(2-
fluorobenzoate) {4.61 g, 48% vield). 'H NMR (400 MHz, CCCI3): & 7.42 (m, 3H), 7.03 {(m,
6H), 4.25(d. 1 = 5.8 Hz, 6H), 4.22 (s, GH), 3.82 (5. 2H), 1.64 (m, 3H), 1.43 (quintet, J = 7.3
Hz, 12H), 0.92 {1, J = 7.5 Hz, 18H).

Compund B26

H H HO NN H
——
H,SO,

16671] Bv a procedure analogous to that of Bll, reaction of butyl 2-fluoro-5-
hyvdroxybenzoate (6.79 g, 32 mmol) with pentaerythritvl tetrabromide (4.65 g, 12 mmol) gave
Compound B21G, dibutvl 5.57-(2-bromomethy 1 }-2-({3-{(2-butoxvcarbonvl}-4-
fluorophenoxy ymethyl}propane- 1, 3-divhbis{oxyybis(2-fluorobenzoate), (3.13 g, 33% vield).
'H NMR (400 MHz, CCCI3): § 7.41 (m, 3H), 7.03 (m, 6H), 433 (1, ] = 6.6 Hz, 6H), 4.22 (s.
6H), 3.83 (s, 2H), 1.64, 1.72 (quintet, J= 8.0 Hz, 6H), 1 47 (sextet, J = 7.3 Hz, 6H), 0.96 (1, J
= 7.3 Hz. 9H).

Compound 821

H T H

H,SO,

16672} By a procedure analogous to that of Compound B11, reaction of butyl 2-fluoro-4-
hydroxvbenzoate (6.37 g, 30 mmol} with pentaervthrityl tetrabromide (3.87 g, 10 mmol) gave
Compound B2, dibuiyl 4,4°«{{2-bromomethyl}-2-({4-buloxycarbony}-3-

fluorophenoxy ymethvDpropane-1,3-divDbis{oxyyms(2-fluorchenzoate), (3.24 g, 41% vield).

el
(i
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' NMR. (400 MHz, CCCI3): 6 7.88 (1, T = 8.60 He, 3H). 6.72 (dd, J = 8.8 and 2.2 Hz, 31,
6.65 (dd, J = 12.1 and 2.6 Hz, 3H), 4.29 (. 1 = 7.0 Hz, 6H), 4.26 (s, 6H), 3.81 (s, 2H). 1.72
(quintet, J = 8.0 Hz, 6H), 1.46 (sextet, J = 7.3 Hz, 6H), 0.95 (. J = 7.3 Hz, oH).

Compound B22

16673] Bv a procedure analogous to that of Compoeund Bi1 reaction of iscbuty! 2-
fluoro-4-hydroxybenzoate (6.37 ¢, 30 mmol} with pentaerythrityl tetrabromide (3.87 g, 10
mmol) gave Compound B22  dusobutyl  4.4°-((2-bromomethyi}-2-((3-fluoro-4-
isobutoxycarbonyl}phenoxy ymethy Dpropane-1,3-divibis{oxy)bis(2-fluorobenzoate) (3.10 g,
40% vieid). "H NMR {400 MHz, CCCI3): 6 790 (&, ] = 8.6 Hz, 3H), 6.73 (dd, J = .16 and
2.6 Hz, 3H), 6.65 (dd. J = 12.4 and 2.6 Hz, 3H), 4.26 (s, 6H), 4.07 (d, I = 6.6 Hz, 6H), 3.81 (5,
2H), 2.04 (. 3H). 0.99 (d, J =6.6 Hz, 18H).

Compound B23

H,S0,
—>
H i-BuOH H

(6074} A mixture of 3-fluoro-4-hydroxybenzoic acid (5.00 g, 32 mmol}, n-butanol (50
mb) and 20% oleum (0.5 ml.) was heated at 110 °C for 16 h. The volatiles were removed

under reduced pressure. A solution of the residue in hexane/EA (1:1, 300 mL} was washed



WO 2016/112220 PCT/US2016/012535

with water (2 x 200 mL), dried over sodium suifate, and the solvent was removed under

reduced pressure (o give butyl 3~-fluoro-4-hvdroxybenzoate (6.50 g, 96% vield).

16675] A solution of the obtained ester and pentaervthrityl tetrabromude (4.65 g, 12 mmol)
in DMF (20 mL} was treated with potassium carbonate (6.90 g, 50 mmol), and the obiained
mixture was stirred under argon and heated at 110°C for 6 h. The reaction mixture was
poured into ice/water (300 mb), neutralized with 3N HCI and extracted with
hexane/toluene/EA (200 + 200 + 100 ml). The exiract was washed with water (200 mL},
dried over magnesium sulfate, and the volatiles were removed under reduced pressure.
Column chromaiography of the residue (silica gel, hexane/toluene/EA, 45:50:5) gave
Compound B23, dibutyi 4,4°-((2~(bromomethy}}-2-((4-(butoxycarbonyl}-2-
fluorophenoxy ymethypropane-1,3-diyDibis(oxy }ybis(3-fluorobenzoate), (3.24 g, 41% vield).
'H NMR (400 MHz, CCCI3): 8 7.79 (d, J = 8.8 Hz, 3H), 7.71 (m. 3H), 7.03 (. J = 8.6 Hz,
3H), 4.40 (5, 6H), 4.28 {t. J = 6.6 Hz, 6H). 3.92 (s, 2H). 1.72 {quintet, J = 6.6 Hz 6H), 1.44
(sextet, J = 7.3 Hz, 6H), 0.96 (¢, ] = 7.3 Hz, 9H).

Compound B24

Compound B24

[66G76] A mixture of 4-hydroxy-{1,1'-biphenvi]-4-carboxylic acid (1620 g, 75 mmol),
isobutanol (100 mL) and 20% oleum (1.0 mL) was heated at 110 °C for 7 b, After the
mixture was set aside at room femperature overnight, the product was separated as colorless
crystals. The cryvstals were washed with methanol and dried in a vacuum oven to give pure

isobutyl 4'-hydroxy-{1,1'-biphenvi}-d-carboxylate (16.13 g, 80% vield).

16877} A mixture of isobutyl 4'-hvdroxy-{1,1-biphenvij-4-carboxylate (16.00 g, 59

mmol), pentaervthrityl tetrabromide (9.70 g, 25 mmol), potassium carbonate (13.80 g, 100

N
2
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mnol), and DMF (50 mL) was stirred under argon and heated at 110 °C for 24 h.  After
cooling, the mixture was poured into ice/water (300 mbl), neutralized with 3N HCI, and
extracted with toluene/ethyl acetate {1:1, 500 mL}. The extract was washed with water (200
mL), dried over magnesium suifate, and the volatiles were removed under reduced pressure.
The restdue was chromatographed (silica gel, hexane/toluene/ethyl acetate, 44:50:6) 1o give
Compound B24 (10.00 g 42% vield). 1H NMR (400 MHz CDCI3) 6 807 {d, J = 8.4 Hz,
6H), 7.59 (d, J = 8.4 Hz, 6H), 7.55 (d, J = 8.8 Hz, 6H). 7.03(d, J = 8.8 Hz, 6H), 4.34 (s, 6H),
4.11 (4. J = 6.6 Hz, 6H), 3.94 (s, ZH), 2.07 (m, 3H), 1.02 (4, ] = 6.6 Hz, 18H).

Compound €1

3-FCgH,OH
K,COs5

16678] A mixture of Compound B2A (side product from the preparation of Compeound
B2, 240 g, 4.1 mmol), 3-fluorophenol {(0.45 mL., 5.0 mmol}, potassium carbonate (1.38 g, 10
mmol), and DMF (15 mb} was stirred under argon and heated at 100 °C for 20 h.  After
cooling, the mixture was poured inio ice/water (200 mL) and extracted with toluene/ethy!
acetate {1:1, 100 mL). The extract was washed with waier {200 mlL}, dried over magnesium
sulfate, and the solvent was removed under reduced pressure to give crude Compound C1,
dipropvl 4. 4'~((2-(bromomethy1}-2-((3-fluorophenosy ymethylpropane-1,3-
divisbis{oxy dibenzoate, of purity 75% (2.44 g 74% vyield) that was used in the next step

without punfication.
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Compound 1

6079} A muxture of pentaervthrityl tetrabromide (7.75 g, 20 mmol}, 4-fluorophenol (7.84
g, 70 mumol}, potassium carbonate (13.80 g, 100 mmol), and DMF (40 mL) was stirred under
argon and heated at 100 °C for 68 h.  After aqueous work-up, the reaction roixiure was
chromatographed (silica gel, hexane/DUM, 3:1) to give Compound Fi, 4.4'-((2-
{bromomethyD-2-((4-fuorophenoxy ymethyhpropane-~1,3-divDbis(oxy)bis(fluorobenzene),

(3.92 ¢, 41% yield)

Compound F2

H H TsCl
o e
H H  Pyridine

[608¢] Pentaervthritol (13.6g, 100 mmol) was reacted with 4-toluenesuifonyvl chlonde
{72.0 g, 0.4 mol} in dry pyrnidine {100mL) for 16 h at room temperatiwe.  After the reaction
was accomplished, 500 mL of ice-cold water was added while the mixtore was stirred
vigorously. The white precipiiate thal formed was {iltered off and rinsed five times with
water to remove pyridine. Drying of the product in a vacuum oven gave pure pentaerythrityl
tosylate (PETS, 67.0 g, 89%) as a white solid. "H NMR (400 MHz, CDCL): § 7.67 (d, I =84
Hz, 8H), 7.35 (d. J = 8.04, 8H), 3.80 (s, SH), 2.46 (s, 12H).

[6681] PETS (11.4 g, 15 mumol) was reacted with 3-fluoropheno! (5.9 g, 53 mmol, 3.5 eg)
in the presence of anhydrous K,CO5 (10,4 g, 100 munol, S eq.) m diy DMF (25 mL) at 110°C

99



WO 2016/112220 PCT/US2016/012535

for 21 b under nitrogen. The reaction was monitored by TLL., After tri-subslituied product
becare the major one in the reaction mixture, it was poured into 200 ml of ice-cold water
and neutralized with 1M HCl Extraction with DCM, washing of the organic laver with water,
drying over anhydrous MgSQGy, and evaporation of the solvent afforded 11.2g of the crude
product as a yellowish oil.  Purification by column chromatography using hexane/ethyl
acetate (4:1) as a mobile phase gave Compound F2, 3-(3-fluorophenoxy)-2,2-bis((3-
fluorophenoxy ymethyi}propvl 4-methylbenzenesulfonate, as the second fraction (5.0 g, 58%
vield). 'H NMR (400 MHz, CDCly): 8 7.68 (d, I = 6.8 Hz, 2H). 7.15-7.22 (m, 5H), 6.67 (id, J
= 6.4 and 1.6 Hz, 3H), 6.60 (dd. I = 6.4 and 1.6 Hz. 3H), 6.50 (dt, § = 8.8 and 1.6 Hz, 3H),
4.38 (s, ZH), 4.11 (s, 6H), 2.36 (s, 3H).

Compound ¥3

{6682 A muxture of PETS (103 g, 13.6 mmol}, 2.4-difluorophenol (6.2 g, 48 mmol),
KoCOs (9.4, 68 mmol), and dry DMF (25 mL) was heated at 110 °C for 22 h under nitrogen.
Work-up simailar to that of Compound ¥F2. Purification by column chromatography using
hexane/ethy] acetate (5:1) as a mobile phase afforded Compound F3, 3-(2.4-
diftuorophenoxy)-2,2-bis{(2. 4-difluocrophenoxy ymethy ipropyi 4-methvibenzenasuifonate,
{3.2 g, 35% vyield} as white solid. 'H NMR {400 MHz, CDChL) 8 7.73 (d, }=6.8 Hz, 2H), 7.20
(d, J7=6.4 Hz, 2H), 6.82-6.88 (m, 3H). 6.76-6.81 (m, 5H), 4.41 (s, 2H), 4.18 (5, 6H), 2.36 (s,
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Compound ¥4

16683 A reaction of PETS with 3.4-difluorophenol under conditions similar to those for
Compound F2 and purification of the crude product by column chromatography using
hexane/ethyl acetate (5:1) as a mobile phase afforded Compouvnd F4, 3-(34-
difhuorophenoxy 3-2,.2-bis{(3.4-difluorophenoxy)methyvDpropyl  4-methyvibenzenesulfonate,
(4.0 g 47% vield) as a white solid. "H NMR (400 MHz, CDCls): 8 7.69 (d. T = 6.8 Hz, 2H),
720(d J =64 Hz 2H), 7.04 (dd. J = 15.2 and 7.2 Hz, 2H), 6.58-6.62 (m. 3H), 6.50-6.53 (m.
3H), 4.34 (s, 2H), 4.18 (s, 6H), 2.36 (s, 3H).

Compound 5

6084} A mixture of pentaerythrityl tetrabromude (7.75 g, 20 mmol}, 3,5-difluorophenol
(8.45 g, 65 mmol}, potassium carbonate (13.80 g, 100 mmol), and DMF (50 mL) was stirred
under argon and heated at 100 °C for 16 h. After cooling, the nuxture was poured into water
{300 mL) and extracted with toluene/ethyl acetate {1:1, 300 mL). The exiract was washed
with water (300 mbL), dned over magnesiom sulfate, and the solvent was removed wnder

reduced pressure. Column chromatography of the residue (silica gel, hexane/DCM, 9:1)
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afforded Compound F8, 3-(3,5-difluorophenoxy }-2,2-bis{((3,5-

difluorophenoxy ymethylpropvl 4-methylbenzenesulfonate, of purity 80% (5.16 g, 39% vield).

Compound T3

H H TsCl
O G
H H Pyridine

16685] PETS (15.0 g 20 momol) was reacted with 3-(trifluoromethyiphenol (11.3 g, 70
mmol) in the presence of anhydrous K,COs (13.8 g, 100 mmwol} in dry DMF (25 mb) at
115 °C for 16 h under nitrogen protection. After TLC indicated mainly tris- and bis-
substituted products present, the reaction nuxture was poured into 200 mi of ice-cold water
and neutralized with 1M HCL Extraction with BPCM, washing of the organic layer with water,
drying over magnesium sulfate, and evaporation of the solvent afforded 14.7 g of the crude
oily product, which soon became almost solid. Purification by colurn chromatography using
hexane/ethyl acetate (61} as a mobile phase afforded Compeund T1, 3-(3-
{Trifluoromethyphenoxy }-2,2-bis{(3-{trifluoromethy phenoxy ymethy propyl 4-
methyibenzenesulfonate, (4.4 g, 30% vield) as a solid. "H NMR (400 MHz, CDCL): 8 7.68 (d.
J= 6.8 Hz, 6H), 7.38 (m, 9H), 7.23 (4, J = 6.0Hz, 9HD, 7.15 (d, T = 6.8 Hz, 6H), 7.03 (s, OH),
7.00(d, I = 6.8 Hz. OH), 442 (5. 2H). 4.20 (5. 6H), 2.32 (5. 3H).

Compound T2

[6086] A solution of Compound T1A (a side product from preparation of Compound

T1, 147 g, 2.0 mmol} was treated with 3-fluorophenct (270 mg, 2.4 mmol} and K,CG; (560
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mg, 4 mmol), and the mixture was heated under nitrogen at 110 °C for 9h. Work-up with ice
cold water and extraction with DCM afforded a crude product that was purified by colurn
chromatography using hexane/ethyl acetate (6:1} to give pure Compound T2, 3-(3-
fluorophenoxy}-2,2-bis{({3-{triflucromethy}phenoxy ymethvDpropyl 4-
methyvibenzenesulfonate, (0.78 g, 58% vield) as colorless oil. "H NMR (400 MHz, CDCL): 8
768 (4, J=6.8 Hz, 2H), 7.38 (1, ] = 6.4 Hz, 2H). 7.17-7.24 (m, 3H), 7.15(d, ] = 6.8 Hz, 2H).
7.03 (s, 2H), 6.99 (d, | = 6.8 Hz, 2H), 6.68 (m, 1H), 6.60 (m, 1H), 6.51 (m, 1H), 4.40 (s, 2H),
4.19 (s, 4H), 4.14 (s, 2H), 2.32 (s, 3H).

Compound T3

F3 H

16687] A nuxture of 3,5-bis(trifluoromethyDphenol (15.2 mi., 100 ramol), pentaerythrityl
tetrabromide {(11.63 g, 30 mmol), potassium carbonate (27.60 g, 200 mmol}. and DMF (50
mL} was stirred under argon and heated at 110 °C. Progress of the reaction was monttored by
NMR. After 3 h, the reaction mixture was poured mto ice/water (400 mbL), neutralized with
3N HCI, and extracted with EA/toluene/hexane (1:1:1, 300 mL). The exiract was washed
with water (300 mL), dried over magnesium sulfate, and the volatiles were removed under
reduced pressure. The product was purified by recrystallization from toluene/hexane to give
Compound T3, 3,5 -((2~((3.5-bis(influoromethviyphenoxy ymethy1)-2-
(bromomethyhpropane-1_3-divlbis{oxy Nbis(1,3-bis(trifluoromethvlybenzene)y (12.0 ¢ of
purity 65%, 48% vield). 'H NMR (400 MHz, CDCl3): 8 7.51 (s, 3H), 7.34 (s, 6H), 435 (s,
6H), 3.87 (s. 2H).

Compound T4
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G088 A mixture of 4-hvdroxybenzomtrile (1539 g, 129 mmol), peotaeryvthrityl
tetrabromide (11.63 g, 30 mmol), potassium carbonate (27.60 g, 200 mmol), and DMF (50
mL) was stirred under argon and heated at 110 °C. Progress of the reaction was monitored by
MNMR. After 3 h, the reaction mixture was poured into ice/waler {400 mb), acidified with 36%
HCI to pH 1, and stirred for 15 min. The precipitate was filtered off, washed with water and
dried in air. Column chromatography of the crude product (silica gel. hexane/toluene/ethyl
acetate, 30:60:100) gave pure Compound T4, 4.4-(2-(bromomethyl}-2-((4-
cyanophenoxy ymethylypropane-1,3-divDbis(oxy })dibenzonitrile. (6.04 g 40% vield). 'H
NMR (400 MHz, CDCI3): § 7.59 (d, J = 8.8 Hz, 6H). 6.98 (d, J = 9.0 Hz, 6H). 4.29 (s, 6H),
3.84 (s, 2H).

Compound TS

089 A mixture of 4,.4°-((2,2-bis(bromomethvpropane-1,3-diviibis(oxy ))dibenzonitrile
280 g 47 mmol, a side product from preparation of Compeand T4) 3.5-
bis(trifluoromethyiphenol (0.91 mL, 6 mmol), potassium carbonate {1 3% g, 10 mmol), and
DMF (2¢ mL) was stirred under argon and heated at 110 °C for 20 h. The reaction mixture

was poured mto ice/water (200 ml), neutralized with 3N H{I and extracted with ethyl
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acetate/toluene (111, 300 mL) The extract was washed with water {200 ml), dried over
magnesium sulfate and the volatiles were removed off under reduced pressure. The residue
was chromatographed (silica gel, hexane/ethvl acetate, 8:2) to give Compound T5, 4 4°-((2-
((3,5-bis(trtfluoromethyiphenoxy ymethyl}-2-(bromomethy)-propane-1,3-
diyDbis(oxy)dibenzonitrile, {2.16 g, 75% vield). "H NMR (400 MHz, CDCI3): §7.52(d, § =
8.8 Hz, 4H). 7.49 (5. 1H), 7.32 (s, 2H),6.98 (d, J = 8.8 Hz. 4H), 434 (s, 2H), 4.30 (s, 4H),
3.85 (s, 2H).

Compound T6

Fs

H KoCOs
DMF

G398 A mixture  of 4-fluoro-3-(influoromethvliphenol (9.00 g 50 mmol),
pertaerythrityl tetrabronude (6.46 g, 16.6 nunol), potassium carbonate (13.80 g, 100 mmol),
and DMF (40 ml) was stirred under argon and heated at 110 °C for 16 h. The reaction
mixture was poured into ice/water {400 mb), acidified with 3N HCI (o pH 1 and extracted
with EA/toluene/hexane (1:1:1, 300 mL). The extract was washed with water (300 ml),
dried over magnesium sulfate, and the solvent was removed under reduced pressure.
Chromatography of the residue (silica gel, hexaneg/toluene/EA, 65:33.2) gave Compound 16,
4.4 -{(2-Bromomethy -2-({4-fluoro-3-{trilluoromethyphenoxy ymethy -propane-1,3-
divDbis(oxy ) ybis(1 -fluoro-2-(irifluororethylbenzene, (427 g 37% vield). 'H NMR {400
MHz, CDCI3Y. § 7.11 (m, 9H), 4.22 (s, 6H), 3.83 (s, 2H).

Compound
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{0691} A mixture of Compound A (388 mg, 0.6 mmol), Compound Bi (2.20 g 34
mnol), polassium carbonate (690 mg, 5.0 mwmol), and avhydrous DMF (6 mL) was stirred
under argon and heated at 90 °C for 16 h. After cooling, the reaction mixture was poured into
ice/water (200 mL} and extracted with ethyl acetate/toluene (2:1, 300 mL). The exiract was
washed with water (200 mlL), dried over sodium sulfale and concentraied under reduced
pressure.  The crude product was purified by column chromatography (silica gel -
hexane/D{M/ethyl acetate, 37:60:3} and recrvstallization from acetone/methanol to give
Compound ¥, 4.8-bis(d-(diphenviaminojphenyl}-2,6-bis(3-(3-{ethoxvearbonyiphenoxy)-
2,2-bis{{3~{ethoxy carbony Dphenoxy yoethyvpropyh-2H-benzo[1,2-d:4,5-

d'{bis({1,2.3 Jtriazole)-6-ium-5-ide, (325 mg, 30% vield). 'H NMR (benzene-Dq): & 8.29 (d, J
=88 Hz 4H}, 756 (s, 6H), 742 (d, J =73 Hz, 6H}, 7.12 (m, 8H), 7.02 {d, J = 7.7 Hz, 8H),
694 (1, I=69 Hz 4H}, 6.86 (m, 12H}, 6.67 (d, J = 9.1 Hz, 4H), 5.11 (s, 4H), 406 (m, 24H),
LOS(t, J=7.6 Hz, 18H). UV-vis spectrum {(EVA) Apmax = 553 nm. Fluonimetry (EVA) Amax

=634 nm.

Compound 2
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{6692 A mixture of Compound A (323 mg, (.5 mmol), Compouvnd Bi12 (145 ¢, 2.0
mmol), potassium carbonate (1.38 g, 10 muwol), and DMF (12 mL) was stirred under argon
and heated at 110 °C for 6 h. After cooling, the reaction muxture was poured nto ice/water
(300 mbL), newtralized with 1N hydrochloric acid and extracted with ethyl acetaie/hexane (1:1,
300 mL). The exiract was washed with water {200 mL), dried over magnesiom sulfate, and
the volatiles were removed under reduced pressure. Columm chromatography of the residue
{(silica gel, hexane/ethyl acetate, 85:15) and recrystallization of the product from
acetone/methanol afforded Compound 2, 4,8-bis(4-(diphenylamino)phenyi)-2,6-bis{3-(3-
{butoxy carbonylphenoxy}-2,2-bis{(3-(butoxy carbonyphenoxy ymethv Bpropy -2H-

benzo|1,2-d:4,5-d'}bis({1,2.3]triazole)-6-ium-5-ide, (200 mg, 21% vield). 'H NMR (400
MHz, CDCL): 8 8.14 (d, ] = 8.8 Hz, 4H), 7.51 (s, 6H), 7.43(d, J = 6.9 Hz, 6H), 7.32 (m, 6H),
7.06 (m, 26H), 6.61 (d, I = 8.1 Hz, 4H). 5.41 (s, 4H), 4.38 (s, 12H), 4.22 (1. § = 7.0 Hz, 12H),
1.68 (quintet, J = 7.5 Hz, 12H), 1.40 (sextet, J = 7.7 Hz, 12H), 0.93 (. J = 7.6 Hz, 18H). UV~

vis spectrum (EVAY, Apa = 551 nm. Fluorimetry (EVAY. Augax = 645 nim.
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Compound 3

{6893} A mixture of Compound A (480 mg, 0.74 mmol). Compound Bi1 {145 g 20
mmol}, potassium carbonate (690 mg, 5.0 mumol), and DMF {12 mL) was stirred under argon
and heated at 120 °C for 20 h.  After cooling, the mixture was poured into 1ce/water (200 md.}
and extracted with hexane/toluene/ethyl acetate (1:1:1, 300 mL}) The extract was washed
with water {200 mL), dried over magnesium sulfate, and the solvent was removed under
reduced pressure. Colummn chromatography (silica gel, hexane/toluene/ethyl acetate, 40:50:10)
and recrystaliization from  acetone/methancl  afforded Compound 3, 4.8-bis(4-
{diphenviamino)phenyl}-2,6-bis(3-(3-{isobutoxycarbonvljphenoxy }-2.2-bis{((3~
{isobutoxycarbonyliphenoxy ymethyDpropy1)-2H-benzo{1,2-d:4,5-d' bis({ 1,2,3 |iriazole}-6-
ium-5-ide, (75 mg, 5% vield). 'H NMR. (500 MHz, CeDo): 6 8.74 (d, I = 9.0 Hz, 4H). 7.90 (s,
6H), 7.70 (d, T = 7.5 Hz, 6H), 7.15 (m, 14H), 7.03 (d, J = 8.5 Hz. 4H), 6.95 (m, 4H). 6.90 (m,
6H), 6.85 (m, 8H), 5.05 (5, 4H), 412 (s, 12H), 397 (4, J = 6.5 Hz, 12H), 1.82 {m, 6H), 0.77
{d, J = 6.5 Hz, 36H). UV-vis spectrum {(EVA), Apa = 5353 nm. Fluonimetry (EVA) hpax =

637 nm.
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Compound 4

16694} A procedure analogous to that for Compound 2 was applied to give Compound 4,
2,6-bis(3-{4~(butoxy carbonyliphenoxy }-2,2-bis({4-(butoxy carbony Hphenoxy ymethy Dpropy -

4, 8-bis{4~{diphenylamuino)pheny-2H-benzof 1,2-d:4,5-d' Tbis(} 1,2, 3 Jinazole)-6-tum-5-ide,

(191 mg, 20% vield). 'H NMR (400 MHz, CDCls): 5829 (d. J =88 Hz, 4H), 7.84 (4, J =838

Hz, 12H), 7.31 (1, 3= 7.7 Hz, 8H), 7.15(d, T = 8.0 Hz, 8F), 7.09 (1. J = 7.3 Hz, 4H), 6.91 (d. J
=8 5Hz 4H), 6.84 (d, J=8.8 Hz, 12H). 5.41 (s, 4D, 4.44 (s, 12H), 4.24 (. J= 6.8 Hz, 12H),
169 (quintet, J = 7.5 Hz, 12H). 1.41 (sextet, J = 7.7 Hz, 12H), 0.93 (1 I = 7.31 Hz, 18H).

UV-vis speciram (EVA} A = 551 nm. Fluorimetry (EVA): Agax = 633 nm.

Compound 5
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[3395] A mixture of Compound A (517 mg, 0.8 mmol), Compound B2 (1.59 g, 23
mmol), potassivm carbonate (552 mg, 4.0 mmmol), and DMF (15 mL) was stirred under argon
and heated at 110 °C for 16 h. After cooling, the nuxture was poured info ice/water (200 mL)
and extracted with foluene/ethyl acetate {1:1, 200 mi} The extract was washed with water
{200 mL), dried over magnesium sulfate, and the solveni was removed under reduced
pressure. The residue was chromatographed using silica gel and hexane/DCM/ethy] acetate
(35:60:5), and the obtained product was crystallized from acetone/methanol to give
Compound 8§, 4 8-bis(4-(diphenviamino)phenyl)-2.6-bis(3-(4-(propoxycarbonyljphenoxy)-
2. 2-bis({4-(propoxycarbonyDphenoxy ymethyhpropyD-2H-benzol 1,2-d:4,5-

d'ois(]1,2.3triazole)-6-tum-5-ide, (220 mg, 15% vield). "H NMR (500 MHz CoDe): § 8.86
(d. 1 =85 Hz 4H), 8.06 (d. J = 8.5 Hz, 12H). 7.25 (d, § = 8.5 Hz, 4H), 7.22 (m, 16H), 7.02
{(m, 4H) 664 (4, J=85Hz 12H), 511 (5, 4H), 4. 16 (s, 12H, 411 (¢, I=7.0Hz, 12H), 1.50
(sextet, J= 7.0 Hz, 12H), 0.77 (1, I = 7.5 Hz, 18H). UV-vis spectrum (EVA}, hpax = 556 nm.

Fluorimetry {(EVAY: i,y = 643 nm.

Compound 6

110



WO 2016/112220 PCT/US2016/012535

[6G96] A muxture of Compound A (760 mg, 1.17 mmol), Compound B13 (3.80 g 49
mmol}, potassium carbonate (690 mg, 5.0 mmol), and DMF (15 mL) was stirred under argon
and heated at 100 °C for 4 h.  After cooling, the mixture was poured inio ice/water (300 mL)
and extracted with hexane/ethy] acetate (1:1, 300 mL). The extract was washed with water
(300 mL), dried over magnesium sulfate, and the solvent was removed under reduced
pressure.  Column chromatography of the residue (silica gel, hexane/ethvl acetate, 1:1)
afforded Compound 6, 4,8-bis{4-(diphenylamino)phenyl)-2,6-bis(3-(3-((2~
ethoxyethoxy yearbonyliphenoxy -2, 2-bis{(3-{{2-ethoxyethoxy yearbony Dphenoxy )-

methvhpropyl-2H-benzof1,2-d:4,5-d'Ibis([1,2.3 liriazole)-6-tum-5-ide, (295 mg, 12% viald).
'H NMR (500 MHz CeDe)y 6874 (d, J= 9.0 Hy, 4H), 787 (s, 6H), 7.72(d, I = 7.5 He, 6H},
7.09 {m, 6H), 7.00 {m, 12H), 6.88 (m, 18H), 5.03 (s, 4H), 4.31 (m, 12H), 4.05 (s, 12H), 3.35
(m, 12H), 3.20 (q. § = 7.0 Hz, 12H), 1.01 (1, } = 7.0 Hz, 18H). UV-vis spectrum (EVA): Amax

=555 nm. Fluorimetry (EVA) Apa = 673 nm.

Compound 7
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{6097} A mixture of Compound A (485 mg, 0.75 mmol), Compound B4 (146 ¢ 20
mmol}, potassium carbonate (414 mg, 3.0 munol), and DMF {12 mL) was stirred under argon
and heated at 110 °C for 24 h. The reaction mixture was poured into ice/water (300 mL),
acidified with 3N HCI to pH 1 and extracted with hexane/toluene/ethyl acetate (1:1:1, 300
mL). The extract was washed with water {200 mL), dried over magnesium sulfale, and the
volatiles were removed under reduced pressure.  Chromatography of the residue (silica gel,
hexane/DCM/ethyl acetate (35:60:5) and crystallization of the separated product from
acetone/methanol afforded pure Compound 7, 4 8-bis{4-(diphenylamino)phenvi)-2,6-bis(3-
{4-(isobutoxy carbonyl-phenoxy 3-2,2-bis{{4-(isobutoxy carbonyyphenoxy ymethy i ypropvi)-

2H-benzof1,2-d:4,5-d'bis(]1,2.3}iriazole)-6-ium-5-1de, (90 mg, 3% vield). 'H NMR
(benzene-De). § 8.46 (d, J = 8.8 Hz, 4H), 7.82 (d, J = 8.8 Hz, 12H), 6.90-7.20 (m, 24H), 6.62
(d,J=88Hz 12H), 5.14 (5, 4H). 415 (s,12H), 3.89 {d, J = 6.6 Hr, 12H), 1.83 (m, 6H}, .82
{d, J = 7.0 Hz 36H). UV-vis spectrum (EVA), Ama = 5350 nm. Fluonimetry (EVA) hpax =

654 nm.

Compound 8§

112



WO 2016/112220 PCT/US2016/012535

F1

K,COs
DMF

16098] A mixture of Compound A (323 mg, 0.5 mmol), Compound F1 (962 mg, 2.0
mmol), polassium carbonate (690 mg, 3.0 mmol), and DMF (5 mL) was stirred under argon
and heated at 120 °C for 3 h.  After cooling. the reaction mixture was poured into water (200
mb) and extracted with petroleum ether/toluene/ethy! acetate (1:1:1, 200 mL). The exiract
was washed with water (200 mbL}, and the volatiles were removed wnder reduced pressure.
Column chromatography of the residue (silica gel, hexane/toluene, 1:2) afforded Compound
8, 4 8-his(4-(diphenylamino)phenvi)-2, 6-bis(3-(4-fluorophenoxy -2, 2-bis((4-
Hluorophenoxy ymethyDpropyli-2H-benzof 1,2-d:4,5-d'{bis(] 1,2,3 jiriazole)-6-tum-5-ide, {444
mg, 61% vield). 'H NMR (benzene-Dg): & 8.86 (d. J = 8.8 Hz, 4H), 7.17 (d, J = 8.8 Hz, 4H),
715 (m, 16H), 6.99 (m, 4H), 6.64 (m, 12H), 6.53 (m., 12H), 5.15 (5, 4H), 4.08 (s, 12H). UV-

vis spectrum (EVAY, Apa = 558 nm. Fluorimetry (EVAY. Aigax = 638 nm.

Compound 9
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F2

®
=0
J

K,COs3
DMF

H
A

(6699 A mixture of Compound A (323 mg, 0.5 mmol), Compeund F2 (858 mg, 1.5
mmol), potassium carbonate (690 mg, 5.0 romol), and DMF (10 mbL) was stirred under argon
and heated at 110 °C for 22 h. After cooling, the reaction mixture was poured into water (100
mL) and exitracted with tolnene/ethyl acetate (1:1, 100 mL). The extract was washed with
waler (2x100 ml), and the volaliles were removed under reduced pressure.  Columm
chromatography of the residue (silica gel, DCM/Hexane, 2:3) afforded Compound 9, 4.8-
bis{4-(diphenviamino}phenyi}-2,6-bis(3-(3-fluorophenoxy)-2,2-bis{(3~

fluorophenoxy ymethyDpropvi}-2H-benzol1,2-d:4,5-d'[bis(] 1,2, 3 }trntazole)-6-1um-5-1de, (410
mg. 56% vield). 'H NMR (500 MHz, benzene-D): § 8.86 (d, J = 8.8 Hz, 4H), 7.14 {m. 16H),
7.07 (4, J = 8.8 Hz, 4H), 6.95 (m, 4H), 6.74 {m, 6H), 6.52 (m,6H). 6.47 (m, 6H), 6.42 (m, 6H),
5.05 (s, 4H), 3.98 (s, 1ZH). UV-vis spectrum (EVA) lmax = 563 nm. Fluorimetry (EVA)

Popax = 640 nm.

Compound 10
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H
“+
P h F3
i ¢ .
<‘ K2CO3
DMF
H
A

[66160] A muxture of Compound A (323 mg, 0.5 mwmol}, Compound F3 (940 mg, 1.5
mmol), potassium carbonate (690 mg, 5.0 romol), and DMF (10 mbL) was stirred under argon
and heated at 110 °C for 18 h. After cooling, the reaction mixture was poured into water (100
mL) and exitracted with tolnene/ethyl acetate (1:1, 100 mL). The extract was washed with
waler (2x100 ml), and the volaliles were removed under reduced pressure.  Columm
chromatography of the residue (silica gel, DCM/Hexane, 1:1) atforded Compound 10, 2.6-
bis(3-(2.4-difluorophenoxy )-2,2-bis{{2 4-diflusrophenoxy ymethy1}-propviy-4,8-bis(4-
{diphenylamino)phenyi}-2H-benzo[1,2-d:4,5-d"bis(] 1,2 3jinazole}-6-1um-5-ide, {310 mg, 38%
vield). 'H NMR (500 MHz, benzene-Do): 5 8.88 (d. § = 9.0 Hz, 4H), 7.22 (d, I = 9.0 Hz, 4H),
7.15 (m, 16H). 6.97 (m, 4H). 6.46 (m. 12H), 6.32 (m, 6H), 5.20 (s, 4H), 4.16 (s, 12H). UV-

vis spectrum (EVAY, Jupa = 360 nm. Fluorimetry (EV A): Ay = 641 nm

Compound 11
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F4

K,COj3
N DMF

H
A

66161} A muxture of Compound A (162 mg, 0.25 mmol), Compound ¥4 (410 mg, 0.65
mmol), potassium carbonate (345 mg, 2.5 mmol), and DMF (5 mL) was stirred under argon
and heated at 110 °C for I8 h. After cooling, the reaction mixture was poured into water {50
mL) and extracted with toluene/ethyl acetate (1.1, 2x50 mL}. The extract was washed with
water (2x3¢ ml), and the volatiles were removed under reduced pressure.  Columm
chromatography of the residue (silica gel, DCM/Hexane, 1:1) afforded Compound 11, 2,6-
bis(3-(3,4-diflucrophenoxy }-2,2-bis{(3,4-difluorophenoxy ymethy j-propyi}-4,8-bis(4-
{diphenylaminojphenyl}-2H-benzo|1,2-d:4.5-d"ibis(] 1,2, 3 jiriazole)-G-tum-S-ide, {120 mg, 30%
vield). "H NMR (500 MHz. benzene-D¢): & 8.84 (d. J = 8.5 Hz, 4H), 7.16-7.24 (m. 20H),
6.99 (t, J = 7.00 Hz, 4H), 6.55 (m. 6H), 6.40 (m, 6H), 6.18 (d, J = 8.0 Hz, 6H). 5.01 (s, 4H),

Compound §2
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3162} A muxture of Compound A (388 mg, 0.6 mmol), Compound FS (80%, 1.44 g,
2.15 mmol), potassium carbonate (690 mg, 5.0 mmol), and anhvdrous DMF (6 mL) was
stirred under argon and heated at 90 °C for 18 h. Work-up and pwrification was similar to
those for Compound & which gave Compound 12, 2.6-bis(3-(3.5-difluorophenoxy}-2,2-
bis((3,5-difluorophenoxy ymethy D-propyl)-4,8-bis(4-(diphenviaminophenyi}-2H-benzo{ 1,2-

d:4 5-d'Ihis{{ 1,2 3ltriazole)-6-itum-5-ide, {335 mg, 36% vield). UV-vis spectrum (EVA) Agax

= 566 nm. Floorimetry (EVA) hypa = 650 nm,

Compound I3

16103] A mixture of Compound A (517 mg, 0.8 mmol}, Compound BS (1.65 g, 2.3

mnol), potassium carbonate (690 mg, 5.0 mmmol), and DMF (8 mL) was stirred under argon

117



WO 2016/112220 PCT/US2016/012535

and heated at 120 °C for 4 . The reaction mixture was poured inio water (300 mL) and
extracted with toluene/ethvl acetate {2:1, 300 mL). The extract was washed with water (200
mbL), and the volatiles were removed under reduced pressure. Chromatography of the residue
(silica gel, toluene) followed by crystallization from acetone/methanol gave Compound 13,
4,8-bis(4-{diphenvlamino)pheny!)-2,6-bis(3-(4-phenoxy phenoxy }-2,2-bis({(4-

phenoxy phenoxy ymethyDpropy)-2H-benzof 1,2-d:4 5-d'This{]1,2,3}trazole}-6-tum-5-ide,

(524 mg, 34% vield). '"H NMR (benzene-Dg). § 8.92 (d, J = 8.8 Hz, 4H), 7.30 (d, J = 8.8 Hz,
4H), 7.07 {m, 28H), 6.91 (m, 12H). 6.84 (m, 10H), 6.77 (d, J = 8.7 Hz, 12H), 6.65 (4, ] = 8.7
Hz, 128), 5.20 (s, 4H), 4.23 (s, 12H). UV-vis spectrum (EVAY, g = 553 nm. Fluonmetry
(EVA) hpax = 636 nm,

Compound 14

B6

K,COs
DMF

[6104] A mixture of Compound A (258 mg, 0.4 mmol), Compound B6 (542 mg, 0.91
mmol), potassiom carbonate (690 mg, S mumol), and DMF (S mb) was stirred under argon
and heated at 120 °C for 4 h.  Work-up was simlar to Compeund 13, colunm
chromatography (stlica gel, hexane/toluene, 1:2) and crystallization from acetone/methans!
afforded Compound i4, 2.6-bis(3-{4-(tert-butyDphenoxy -2, 2-bis({4-{tert-
butyDphenoxy ymethyhpropyvi)-4,8-bis(4-(diphenviamino)phenyl}-2H-benzof1,2-d:4,5-

d'Ibis({1,2.3 triazole)-6-lum-3-ide, (88 mg, 13% vield). 'H NMR (benzene-D): § 8.65 (m,
4F1), 7.17 (m, 20H), 7.11 (d, J = 8.8 Hz, 12H), 6.94 (m, 4H), 6.82 (4, J = 8.8 Hz, 12H), 5.34
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(s, 4H}, 4.37 (s, 12H), 1.20 (s, 54H). UV-vis spectram (EVA) Apax = 5336 nm. Fluorimetry
(EVA) Apax = 621 nm,

Compound 15

3105} A mixture of Compound A (517 mg, 0.8 mmol), Compound C1 (75%, 2.44 mg,
3.0 mmol), potassium carbonate (552 mg, 4.0 mmol), and DMF (12 rmol) was stirred under
argon and heated at 110 °C for 18 h.  After cooling, the mixture was poured into ice/water
{200 mbL) and extracted with ethyl acetate/toluene {1:1, 400 mL). The extract was washed
with water (200 mbL), dned over magnesiom sulfate, and the solvent was removed wnder
reduced pressure.  Column chromatography of the residue (silica gel, hexane/DCM/ ethvl
acetate, 48:50:2) and recrystailization from acetone afforded Compound 15, 2.6-bis(3-(3-
chlorophenoxy3-2,2-bis{(d-(propoxycarbonyiyphenoxy }-methy Hpropyl -4, 8-bis{4-
{diphenylammmoiphenyl-2H-benzo|1,2-d:4,5-d"Tbis(] 1,2, 3 Jirazole)-6-1um-5-ide, (235 mg, 17%

yield). UV-vis spectrum (EVA), Agay = 558 nm. Fluorimetry (EVA): ey = 641 nm

19
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Compound 16

[6106] A mixture of Compound A (485 mg, 0.75 mmol). Compound Bi4 (150 g 19
mnol), potassium carbonate (414 mg, 3.0 mmol}, and DMF (12 mL) was stirred under argon
and heated at 110 °C for 24 h. The reaction mixture was poured into ice/water (300 mL),
acidified with 3N HCI to pH 1 and extracted with hexane/toluene/ethyl acetate (1:1:1, 300
mL). The extract was washed with water {200 mL), dried over magnesium sulfale, and the
volatiles were removed under reduced pressure. Chromatography of the residue (silica gel,
hexane/DCM/ethyl acetate, 48:530:2) and crystallization of the separated product from
acetone/methanol afforded pure Compound 16, 4, 8-bis{4-(diphenylamino)pheny)-2,6-bis(3-
{4-fluoro-3-{iscbutoxycarbonyl jphenoxy }-2,2-bis{{4-fluoro-3-{isobutoxycarbonylyphenoxy }-

methvDpropyD)-2H-benzof 1,2-d:4,5-d'[his([ 1.2, 3 inazole)-6-1um-5-ide, (331 mg, 22% vield).
'H NMR (benzene-Dg): 6 8.37 (d, J = 8.8 Hz, 4H), 7.34 (dd, J = 3.3 and 5.2 Hz, 6H), 7.00-
7.20 (m, 16H), 6.92 (m, 8H), 6.65 (dt, J = 9.0 and 3.3 Hz, 6H), 6.55 (¢, ] = 9.3 Hz, 6H), 5.08
(s, 4H), 4.04 (s. 12H), 3.88 (d, J = 6.6 Hz, 12H), 1.81 (m. 6H), 0.78 (d, J = 6.6 Hz. 36H).

UV-vis spectrum {EVAY, Jpax = 550 nm. Fluorimetry (EVA) b = 651 nm

Compound 16A
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{3167} A mixture of diisobutyi 5.5°~((2,2-bis(bromomethy}propane-1,3-
diyhbis{oxv )bis(2-fluorobenroate) {a side product from preparation of Compound Bid,
0.98 g, 1.50 mmol}, 4-fluorophenol {196 mg, 1.75 mmol), potassium carbonate (414 mg, 3.0
mnol), and DMF (S mb) was stirred under argon and heated at 100 °C for 16 h, and then at

110 °C for additional S h.

16108] Compound A (323 mg, 0.5 mmol), potassium carbonate (414 mg, 3.0 mmol} and
DMF (5 ml) were added to the reaction mixiure, and the whole was stirred and heated at
110 °C for 16 b The mixture was poured into ice/water (200 b}, acidified to pH 3 with IN
HCI and extracted with toluene/EA (1:1, 200 mL). The extract was washed with water {100
mlL), dried over magnesium sulfate, and the solvent was removed under reduced pressure.
The residue was chromatographed (stlica gel’hexane/toluene/EA, 45:50:5) to afford
Compound 16A, 4,8-bis(4-(diphenylaninojphenvi)-2,6-bis(3-(4-fluoro-3-
(isobutoxycarbonyDphenoxy }-2-{(4-fluoro-3-(isobutoxy carbonyiyphenoxy ymethy13-2-({4-

Hluorophenoxy ymethyDpropyli-2H-benzof 1,2-d:4,5-d" bis(} 1.2, 3 jiriazole}-6-ium-S-ide, {250
mg, 18% vield) as a glassy material. 'H NMR {(benzene-D6): & 885 (m, 4H), 7.34 (m, 4H),
7.00-7.20 (m, 16H), 6.92 (m, 8H). 6.65 (m, 8H), 6.55 (m, 8H), 5.06 (s, 4H), 4.04 (5. RH). 3.97
(d. J = 6.6 Hz, 8H), 1.83 (m, 4H), 0.80 (4, J = 6.6 Hz, 24H). UV-vis spectrum (PVBY. hpax =

550 nm. Fluorimetry (PVB) Apa = 641 nm

{ompound 168
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168

16109] Following a procedure from Compound 164, dusobutvl 4.4°-((2,2-
bis(bromomethy!)propane-1 3-divi}bis{oxvidibenzoate (2.00 g 3.25 mmol) was treated
consecutively with 4-fluorophenol (448 mg, 4.0 mmol} and Compound A (435 mg, 0.75
mmol). The crude product was purified by columm chromatography  (silica gel,
hexane/toluene/EA, 35:50:15) to give Compound 16B, 4.8-bis(4-(diphenvlarmmnophenyvi)-
2.6-bis(3-{4-fluorophenoxy }-2,2-bis((4-(isobutoxy carbonyphenoxy ymethy ipropyl }-2H-

benzol1,2-d:4,5~d"|bis{[1,2,3 |inazole}-G-tum-5-ide, (472 mg, 16% yield). 'H NMR (benzene-
D6y 3866 (d, J =84 Hz, 4H), 8.06 (d. J=8.8 Hz. 4H), 7.92 (d, J = 8.8 Hz, 8H). 6.90-7.20
(m, 24H), 6.50-6.80 (m, 12H}, 5.13 (s, 4H), 4.15 (s,12H), 3.90-4 20 (m, 20H), 1.83 {m, 4H),
(.81 (d, J=7.0 Hz, 24H). UV-vis spectrum (PVB): Anar = 351 nm. Fluorimetry (PVB} Aax

=651 nm.

Compound 17

@,
3

{|

H
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{6116 A solution of Cempound A (325 mg, 0.5 mmol) in dry DMF (15 ml) was treated
with Compound 17 (1.10 g 1.5 mmol) and K;CO; (560 mg, 4 mmol), and the reaction
mixture was stirred under nitrogen and heated at 125 °C for 16 h. Work-up with ice-cold
water, neutralization with 1M HCl, extraction with ethyl acetate (100 mL) containing small
amount of THF (5 mL), washing the organic layer with water and drving with MgSQO,
afforded 1.3 g of a glassy material. which was subjected to column chromatography using
DCM/Hex {1:1-3:2) as a mobile phase. The separated product was crystallized from
acetone/methanol to give Compound 17, 4,8-bis(d-(diphenylamino)phenyl}-2,6-bis{3-(3-
(trifluoromethyiphenoxy}-2, 2-bis{{3-(trifluoromethylphenoxy ymethvDpropyl)-2H-

benzol1,2-d:4,5-d'Ibis({1,2.3jtriazole)-6-1um-53-ide, as purple crystals (247 mg, 28% vield).
'H NMR {500 MHz, CsHe): 8 867 (d, ] = 9.0 He, 4H), 7.16-7.12 (m, 2ZH), 6.95-6.92 (m,
14H), 6.79 (m, 6H), 6.71 (d, J = 8.0 Hz, 6H), 5.04 (s, 4H), 4.00 (s, 12H). UV-vis spectrum

Compoundg 18

6111} Starting from Compound T2 and applying conditions simular to those for
Compound 17, Compound 18,  4.8-bis(d-(diphenvlaminoyphenyl}-2,6-bis(3-(3-
Huorophenoxy }-2, 2-bis({3~{trifluoromethyDphenoxy ymethy Dpropy-2H-benzof{ 1,2-d:4,5-

d'bis(i1,2.3]triazole)-6-ium-5-ide, was obtained. "H NMR (400 MHz, CH,): § 8.69 (d, J =
8.0 Hz, 4H), 7.96 {m, 12H), 7.12-7.35 {m, 20H}, 6.74-6.79 (m, 6H}, 6.66-6.68 (m, 4H}, 6.40-
6.55 (m, GH), 5.03 (5, 4H). 3.98 (s, 8H}, 3.96 (s, 4H). UV-vis spectrum {FVA) ey = 560

nm. Fluorimetry (EV A} Aypax = 650 nm,
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Compound 19

B4
K,CO3

DMF

6112} Compound AZ (280 mg, 0.5 mmol} in 20 mL of dry BMF was treated with
Compound B4 (1.15 g, 3 eq.) and potassium carbonate (700 mg, 5.0 mrmol} under nitrogen
protection at 110 °C for 18 hours. Work-up with water and ethy! acetate. After drying of the
extract over magnesiuim sulfaie, the solvent was removed, and the residue was subjected to
colummn  chromatography using first DCM  and later 2.5% ethyl acetate in DCM.
Recrystallization of the obtained product from acetone/MeOH provided pure Compound 19,
4 8-bis(9-ethyvl-9H-carbazol-3-v1}-2.6-bis{3-(4-(isobutoxy carbonyi)-phenoxy 3-2,2-bis({4-
(isobutoxycarbonyi)phenoxy ymethy propy)-2H-benzo| 1,2-d:4,5-d"[bis{] 1,2, 3}triazole)-6-
ium-3-ide, of purple color (355 mg, 38% vield).'H NMR (benzene-Ds): 8 9.8 (s, 2H), 8.97 {m,
2H), 8.18 (m, ZH). 8.05 (m, 14H). 8.18 (m, 2H), 7.44 (m. 2H), 7.32 (m, 2H), 680 (d, J = 8.8
Hz, 2HD, 6.71 (m, 12H), 5.20 (bs, 4H), 4.21 (m, 12 H), 4.0 (m, 12H), 1.80-1.87 (m, 6H), 1.20-
1.26 {m, 6H}, 0.79 {m, 36 H). UV-vis specirum (EVA), Apa = 335 nm. Fluorimetry (EV A):

Fumax = 631 nm.

Compound 20
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G113} A solution of Compound A3 (330 mg, 0.36 mmol) in DMF (10 mL} was treated
with Compound B4 (916 mg, 1.28 mmol) and potassium carbonate (500 mg, 3.6 mmol) and
heated for 14 h at 110 °C. The reaction mixture was poured into water (100 mL). The
precipitate was filtered off, washed with water, followed by MeOH, and dried i a vacuum
oven. Column chromatography of the crude product using a mixture of hexane/DCM/ethyl
acetate (37:60:3) provided pure Compound 20 as a purple solid (92 mg, 129% vield). 'H
NMR (400 MHz, CDCl:): 8 9.24 (s, 2H), 839 (d, J=85 He, ZH), 821 (5, 2H), 799 {d, J =
9.0 Hz 12H), 781 (d, J =920 Hz 4H), 757(d, J=85Hz 2H), 746 (d, J = 8.5 Hz, ZH),
7324, J=90Hz ZH), 697 (4, J =85 Hz, 12H}, 692 (4, } =90 Hz 4H), 553 (s, 4H), 4.51
(s, TOH). 4.32 (s, 8H), 4.13 (d, J = &5 Hz, 4H). 4.07 (4. J = 7.0 Hz, 8H), 4.01 (d. ] = 7.0 Hz.
12H), 3.78 (d. J = 6.5 Hz, 4H), 243 (m, 2H), 1.98-2.09 (m, 8H), 1.04 (d, J = 7.0 Hz, 6H),
1.00 (d, J = 6.5 Hz, 6H), 0.96(d, J = 6.5 Hz, 36H).

e
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Compound 21
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6114} A mixiure of Compound A (400 mg, 0.62 mmol), Compound BI15 (196 g 24
mmol), potassium carbonate {552 mg, 4.0 mumol), and NMP (12 mL) was stirred under argon
and heated at 110 °C for 5 h. The reaction mixture was poured into ice/water {300 mL} and
extracled with toluene/ethyl acetate {1:2, 300 mL). The extract was washed with water (200
ml.), dried over magnesium sulfate, and the volatiles were removed under reduced pressure.
Chromatography of the residue (silica gel, hexang/ethyl acetate, 2:1} afforded Compound 21,
2-{3-{{2-butvi-1,3-dioxoiscindolin-3-y1oxy 32, 2-bis({{2-butyl-1,3-dioxoisoindolin-5-

vioxy ymethy Dpropy D-6~(3-({(2-butyl-1,3~dioxoisomndohn-5-yHoxy }-2-(((2-butyl-1,3~
dioxoisoindolin-S~yhosy ymethy1}-2~(((1.3~dioxo-2~propylisoindolin-5-
vhoxy)ymethyUpropyii-4, 8-bis(4-(diphenylaminoypheny!}-2H-benzof 1,2-d:4,5-
d'1bis({1,2, 3 ltriazole)-6-tum-S-ide, {120 mg, 9% yield}. " NMR (benzene-Dy): 8 849 (d, I =
8.1 Hz 4H), 731 (d, I =80 Hz, 68), 6.90-7.20 {(m, 30H), 6.67 (in, 6H), 5.03 (s, 4H), 4.12 (s,
12H3, 343 (1, J=7.0Hz, 12H), 1.46 {(quintet, ] = 7.3 Hz, 12H}. 114 (sextet, J =73 Hz, 12H),
(.76 (t, 1 = 7.3 Hz, 18H). UV-vis spectrum (EVA) Jpax = 550 nm. Fluonmetry (EVAY Auax

= 657 nm.
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Comparative Example Compound 22

{32

[G115] Comparative Example Compound 22 (CE-22) was prepared using similar methods
to those described in International Patent Application PCT/US2014/010226, which is hereby

incorporated by reference m its entirety.

Compound 22

,..,
B2
<
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Compound B24

L% OO

Compound 22

3116} In a procedure analogous to the above, 4,8-bis(4-(diphenviamino)phenyl)-2H-
benzof1.2-d:4,5-d'fbis({ 1.2, 3 [triazole}-6-1um-S-ide (647 mg. 1.0 mmel) reacted with
Compound B24 (190 g 2 mmol} and potassium carbonate {552 mg. 4.0 mmol) to give
Compound 22 (1.20 g, 50% vield). 'H NMR (400 MHz, CDCI3): 8 8.20 (d, J = 8.8 Hz, 4H),
B01{d,J=84Hz 12H), 745{(d, J=84Hz 12H), 737(d, J=88Hz i2H), 715, 1 =773
Hz, 8H), 6.99 (m. 12H). 6.96 (4. J = 8.8 Hz, 12H), 6.84 (d. ] = 8.8 Hz, 4H), 5.47 (s, 4H), 4.45
(s, 12H), 4.11 (d, J = 6.6 Hz, 12H), 2.09 (m. 6H), 1.02 (d. J = 6.6 Hz, 36H). UV-vis specirum
(PVBY Amax = 5354 nm. Fluonimetry (PVB): S = 659 nim.

Compound 23
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6117} A mixture of 2-fluoro-4-hydroxybenzoic acid (10.00 g, 64 mmol), n-butanol (&0
mL) and 20% oleum {1 ml) was heated at 100°C for 20 h. The mixture was diluted with
toluene {100 mb}, and the volatiles were removed under reduced pressure. A solution of the
residue in ethyl acetate {200 mL) was washed with brine (2 x 100 mbl), dried over
magnesium sulfate, and the solvent was removed under reduced pressure to give pure n-butyl

2-fluoro-4-hydroxybenzoate (13.02 g, 96% vield).

[311§] A mixture of n-butyl 2-fluoro-4-hydroxybenzoate (637 g 30 wmol),
pentaerythrityl tetrabronude (3.87 g, 10 mmol), potassium carbonate (7.68 g, 60 nmunol), and
DMF (20 mL) was stirred under argon and heated at 100 °C for 16 h. The reaction mixture
was poured into ice/water {300 mL), acidified to pH 2 with 3N H{CI and extracted with ethyl
acetate/hexane (200 + 100 mLl). The extract was washed with water (200 mL), dred over
magnesium sulfate, and the volatiles were removed under reduced pressure. Column
chromatography of the residue (silica gel, hexane/ethvl acetate, 80:20) afforded pure

Compound B22 (3.24 g, 41% vield).

[6119] A mixture of Compound A (485 mg, 0.75 mmol), Cempound B22 (1 S6g, 2.0

mmol), potassium carbonate (690 myg, 5 mmel), and DMF (S mb) was stirred under argon
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and heated at 100 °C for 20 h. After cooling, the reaction mixture was poured inlo ice/water
(200 ml), acidified to pH 1 with 3N HCI, and extracted with hexane/ethyl acetate (1.2, 300
mb). The extract was washed with water (200 mL), dried over magnesium sulfate, and the
volatiles were removed under reduced pressure. The residue was subjected to column
chromatography (silica gel, hexane/ethyl acetate, 2:1) to give crude product Compound 23
that was further purified by recrystallization from acetone/methanol o afford pure
Compound 23 (115 mg, 7% vield). 'H NMR (400 MHz, benzene-ds): 5 8.61 (d, J = 8.8 Hz,
4H), 7.77 (1, J = 8.8 Hz, 6H), 6.90-7.20 (m, 20 H), 6.34 (m, 16H), 4.96 (5, 4H), 4.14 (1, ] =
6.6 Hz, 18H), 3.90 (5, 12H). 1.50 {quintet, J = 6.6 Hz, 12H). 1.25 (sextet, I = 7.3 Hz, 12H).

.....

= 668 nm.

Compound 24

B21

—_——
KoCO3, DMF

6126} A mixture of Compound A (485 mg, 0.75 mmol), Compound B21 {1.56 g, 2.0
mnol), potassium carbonate (690 mg, 5.0 mmol), and DMF (5 mL) was stirred under argon
and heated at 100 °C for 20 h. The reaction mixture was poured info ice/water (200 mL),
acidified to pH 1 with 3N HCI and extracted with hexane/EA (1:2, 300 mL}. The exiract was
washed with water {2060 mL), dried over magnesium sulfate, and the solvent was removed
under reduced pressure. The crude product was purified by columm chromatography (silica
gel, hexane/EA, 2:1) and recrvstallization from acetone/methanol to afford pure Compound

24, 2,6-bis(3-{4-{ butoxy carbonvi)-3-flucrophenoxy -2, 2-bis{({4-(butoxycarbonyl}-3-

130
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fluorophenoxy ymethyDpropvi)-4,8-bis(4-{ diphenylamino)phenvi}-2H-benzol 1,2-d:4,5-

dbis(] 1,23 Jtriazole)-6-ium-5-ide (200 mg, 13% vield). 'H NMR (500 MHz, C6D6): & 8.61
(d, ¥ = 8.8 Hz. 4H). 7.76 (m, 6H), 7.16 (m. 20H), 6.98 (m. 4H), 6.34 (m. 12H), 4.96 (s, 4H),
413 (L, J=7.0 Hz, 12H), 3.99 (s, 12H), 1.48 (sextet, J = 7.0 Hz, 12H), 1.26 {m, 12H), 0.79 (¢,
J =75 Hz, 18H). UV-vis spectrum (PVB), Amax = 3534 nm. Fluonmetry (PVB), Apax = 668

o

Compoung 25

B20

——-
K,COs3, DMF

G121} A mixture of Compound A (647 mg, 1.0 mmol), Compound B20 (234 g, 3.0
mmol), potassium carbonate {620 mg, 5.0 mmol), and DMF (15 mbL) was stirred under argon
and heated at 110 °C for 20 h. The reaction mixture was poured into ice/water {300 mL),
actdified to pH 1 with 3N HCI and extracted with hexane/FA (1:1, 300 mL}. The extract was
washed with water (300 mL), dried over magnesium sulfate, and the solvent was removed
under reduced pressure. The crude product was purified by column chromatography (silica
gel, hexane/toluene/EA, 45:50:5) and recrystallization from toluene/hexane to afford pure
Compound 25, 2,6-Bis(3~{3~(butoxycarbonyi}-4-fluorophenoxy)-2,2-bis{(3-
{butoxy carbonyl}-4-flucrophenoxy ymethy Dpropyi)-4,8-bis{(4-{diphenylamino)pheny}-2H-

benzof1,2-d:4,5-d'bis{}1,2,3 [inarole}-6-ium-5-ide, (252 mg, 12% vield). "H NMR (benzene-
D6Y: §8.25 (d, J= 8.8 Hz, 4H), 7.35 (m, 14H), 7.16 (m. 8H), 7.13 (1, J = 7.4 Hz, 4H), 6.95 (d.
J=90and 3.3 Hz, 6H), 6.87 (d, J = 8.8 Hz, 4H). 6.79 (1, § = 9.3 Hz, 6H). 5.36 (s, 4H), 4.34
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(s, 12F1). 423 (1. T = 6.6 Hz, 12H). 1.67 (quintet, J = 6.6 Hz, 12H), 1.40 (sextet, J = 7.3 Ha,
12H), 0.92 (1, J =73 Hz, 18H). UV-vis spectrum (PVB)Y. Apee = 550 nm. Fluorimetry (PVB):

.....

Compound 26

B18

K,CO3, DMF

G122} A mixture of Compound A (452 mg 0.7 mmol}. Compound Bi8 (237 ¢ 3.1
mmol), potassium carbonate (1.38 g, 10 mmol}, and DMF (20 mL) was stirred under argon
and heated at 110°C for 20 h.  After cooling, the reaction mixture was poured mto ice/water
(300 mL), acidified to pH 1 with 3N HCI and extracted with hexane/toluene/EA (1:1:1, 300
mL). The extract was washed with water {300 mL), dried over magnesium sulfale, and the
solvent was removed under reduced pressure. The crude product was purified by columm
chromatography (silica gel, hexane/toluene/EA, 40:50:10) and recrystallization from
toluene/hexane to afford pure Compound 26, 4 8-bis{4-{diphenylamino)phenyi)-2 6-bis(3-
{4-fluoro-3-{{isopentyloxy)-carbonyiphenoxy -2, 2-bis{{4-fhioro-3-

{{isopentyloxy Jearbonyliphenoxy ymethy Hpropy}-2H-benzof 1,2-d:4,5-d'Ihis({ 1.2, 3 Hr1azole-
6-ium-5-ide, (504 mg, 25% vield). '"H NMR (400 MHz, CDCI3): 8 8.29 (d, ] = 8.8 Hz, 4H),
7.84(d, I=88 Hz, 12H), 7.31 (L J=7.7 Hz, 8H), 7.15 (4, J = 8.0 Hz, 8H), 7.09 (1, } = 7.3 Hz,
4H), 6.91 (d. J = 8.5 Hz, 4H). 6.84 ¢4, J = 8.8 Hz, 12F), 5.41 (s, 4H), 4.43 (s, 12F), 4.26 (1, ]
= 6.8 Hz, 12H), 1.74 (m, 6H), 1.60 (g, § = 7.0 Hz, 12H). 0.93 (d, J = 6.6 Hz 36H). UV-vis
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Compound 27

{31234 A mixture of Compound A (452 mg, 0.7 mmol), Compound B16 (236 g, 2.9
mmol), potassium carbonate (1.38 g, 10 mmol), and DMF (20 mL)} was stirred under argon
and heated at 110 °C for 20 h. Afier cooling, the reaction mixture was poured into ice/water
(300 mL), acidified to pH 1 with 3N HC! and extracted with hexane/toluene/EA (1:1:1, 300
mL). The extract was washed with water {300 mL), dried over magnesium sulfate, and the
solvent was removed under reduced pressure. The crude product was purified by colunn
chromatography (silica gel, hexane/toluene/EA, 44:50:6) and recrystalhization from
toluene/hexane to afford pure Compound 27, 4,8-bis(4-(diphenylamino)phenyl}-2,6-bis(3-
(4-((hexvloxv)carbonylyphenoxy}-2.2-bis{{4-((hexyioxy)carbonyDphenoxy)ymethy Dipropyvl}-

2H-benzof1.2-d:4.5-d'Ibis([ 12,3 triazole)-6-tum-3-ide, (639 mg, 31% vield). ). 'H NMR
(400 MHz, CDCI3): 5829 (d, J=8.8 Hz, 4H), 7.84 (4, J=8.8 Hy, 12H), 7.30 (L. =77 Hz,
8H), 7.15(d, T = 8.0 Hz, SH). 7.09 (t. 1 = 7.3 Hz, 4H), 6.91 (4. J = 85 Hz. 4H), 684 (d, J =
8.8 Hz, 12H), 5.41 (s, 4H), 4.44 (s, 12H), 424 (1. J = 6.8 Hz, 12H). 1.70 (quintet, J = 7.5 Hz,
12H), 1.39 (m. 12H), 1.29 (m, 24H), 0.88 (1. J = 7.2 Hz, 18H). UV-vis spectrum (PVB). Juma

= 560 nm. Fluorimetry (PVB). Apax = 666 nim,

Compound 28

133
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3124} A mixture of Compound A (452 mg, 0.7 mmol), Compound BI1% (230 g, 2.6
mmol), potassium carbonate (1.38 g, 10 mmol), and DMF (20 mbl) was stirred under argon
and heated at 110 °C for 16 h. After cooling, the reaction mixture was poured into ice/water
(300 mL}, acidified to pH 1 with 3N HC! and extracted with hexane/toluene/EA (1:1:1, 300
ml). The extract was washed with water (300 mL), dried over magnesium sulfate, and the
solvent was removed under reduced pressure. The crude product was purified by column
chromatography (silica gel, hexane/toluene/FA, 44:50:6) and recrystallization from
EA/hexane io afford pure Compound 28 (605 mg, 39% vield). 'H NMR (CDCI3): §8.24 (4,
J=Q8Hz 4H), 73 (m M4H), 716 (m, 8H), 711 (. J=7 4 Hz 4H), 695 {dt, ] =90 and 3.3
Hz, 6H). 6.87 (4. J = 8.8 Hz. 4H), 6.78 (1, ] = 9.3 Hz. 6H). 5.36 (s. 4H), 4.34 (s, 12H), 4,17 (L,
J=6.6Hz, 12H), 1.58 (m, 6H), 1.38 (quintet, § = 7.3 Hz, 12H), 0.88 (¢, } = 7.0 Hz, 18H).

UV-vis spectrum (PVB): Apa = 355 nm. Fluorimetry (PVB): Apax = 661 nm.

Compound 29
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[G125] A mixture of Compound A (452 mg, 0.7 mmol), Compound B17 (1.70 ¢, 2.0
mmol}, potassium carbonate (690 mg, 5 mmol}, and DMF (20 mL) was stirred under argon
and heated at 110 °C for 6 h. After cooling, the reaction mixture was poured into ce/water
(300 ml), acidified to pH 1 with 3N HCI and extracted with hexane/toluene/EA (1:1:1, 300
mb). The extract was washed with water (300 mL), dried over magnesium sulfate, and the
solvent was removed under reduced pressure. The crude product was purified by column
chromatography (silica gel, hexane/toluene/EA, 44:50:6) and recrystallization from
toluene/hexane to afford pure Compound 29, 4 8-bis(4-(diphenylamino)phenyl)-2.6-bis(3-
{4-((heptyloxyjearbonyl -phenoxy }-2,2-bis{{4-
{(heptyloxyearbony]iphenoxy ymethy Dpropyl-2H-benzo{ 1,2-d:4,5-d'|bis({ 1,2, 3 |riazole}-6-
jum-S-ide, (405 mg, 26% vield). 'H NMR (400 MHz CDCI3): 8 829 (d. J = 8.8 Hz, 4H),
784(d, J=88Hz 12H), 730 J=77Hz 8H), 715(d, J=80Hz 8H), 709, J=73 Hz,
4FD), 6.91 (d, T = 8.5 Hz, 4H), 6.84 (d, J = 8.8 Hz, 12H), 5.41 (s, 4H), 4.44 (s, 121, 4.22 (1, J
= 6.8 Hz, 12H), 1.70 (quintet, = 7.5 Hz, 12H), 1.27 (m, 48H), 0.87 ¢, I = 7.2 Hz, 18H). UV-

vis spectrum (PYVBY hma = 560 nm. Fluorimetry (PVBY: hpy = 666 nm.

Compoundg 30
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{6126} A mixture of Compound A (485 mg, 0.75 mmol), Compound B22 (1.56 g 2.0
mmol), potassium carbonate (690 mg, 5.0 mmol), end DMF (5 mL) was stirred under argon
and heated at 100 °C for 30 h. The reaction mixture was poured into ice/water {200 mL),
acidified to pH 1 with 3N HCI and extracted with hexane/EA (1:2, 300 mL). The extract was
washed with water (200 ml)}, dried over magnesium sulfate, and the solvent was removed
under reduced pressure. The crude product was purified by column chromatography (silica
gel, hexane/EA, 2:1) and recrystallization from acetone/methanol to afford pure Compound
36,  4.8-bis(4-(diphenylaminolphenyl}-2,6-bis{3-(3-fluoro-4-(isobutoxy-carbonyljphenoxy }-
2.2-bis{(3-fluoro-4-(isobutoxycarbony phenoxy ymethylipropyiy-2H-benzo| 1,2-d:4, 5~

d'Tois{]1,2.3ltnazole)-6-ium-3-ide, (36 mg, 2% yield). TH NMR (500 MHz, C6D6): 5 8.60 (d,
J =88 Hz, 4H), 7.77 (m. 6H), 7.16 (m, 20H), 6.98 (m. 4H), 6.34 (m, 12H), 4.97 (s, 4H). 3.99
(s, 12H), 3.95 (d, ] = 6.6 Hz. 12H). 1.84 (m, 6H), 0.82 (d, J = 8.6 Hz, 36H). UV-vis spectrum

(PVBY Zunax = 555 nm. Fluorimetry {(PVB): Apax = 662 nim,

Compound 31
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823

_——
KoCO4, DMF

G127} A mixture of Compound A (452 mg, (.7 mmol), Compouvnd B23 (182 ¢, 2.3
mmol), potassium carbonate (1.38 g, 10 mmol}, and DMF (20 mL) was stirred under argon
and heated at 100 °C for 7 h. After cooling, the reaction nuxture was poured nto ce/water
(300 mL), acidified to pH 1 with 3N HCI and extracted with hexane/toluene/EA (1:1:1, 300
mL). The extract was washed with water {200 mL), dried over magnesium sulfale, and the
solvent was removed under reduced pressure. The crude product was purified by columm
chromatography (silica gel, hexane/toluene/EA, 42:50:8) and recrystallization from
toluene/hexane to  afford puwre Compound 31, 2,6-bis(3-(4-(butoxvcarbonyl)-2-
fluorophenoxy 3-2.2-bis({(4-(butoxy carbony}-2-fluorophenoxy ymethvi}propyiy-4,8-bis(4-
{(diphenylanuno)phenvl}-2H-benzo[1,2-d:4,5-d"Tbis(] 1,2 3 jintazole)-6-tum-3-ide, (225 mg, 16%
vield). "H NMR (400 MHz, CDCI3): § 8.34 (d, J = 8.8 Hz, 4H), 7.63 (m, 12H), 7.31 (. I =
8.1 Hz, SH), 7.16 (d, J = 7.7 Hz, 8H), 7.09 (1. J = 7.3 Hz, 4H), 6.96 (m, 10H), 5.45 (s, 4H),
452 (s, 12H), 425 (t, J = 6.4 Hz, 12H), 1.67 {m. 12F), 1.43 (m, 12H), 0.94 (¢, J = 7.4 H,
18H). UV-vis spectrum (PVBY, Aupa = 564 nm. Fluonimetry (PVB) hypax = 672 nmu

Compoundg 32
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[6128] A mixture of dibutyi 4,4 -({2,2-bis(bromomethypropane-1,3-diy1ibis{oxy ) )bis(3-
fluorobenzoate) (a side products from preparation of Compound B23, 2.10 g, 3.2 mmol), 3-
fluorophenol (0.45 ml, 5.0 mumol), potassium carbonate (1 .38 g, 10 mmol}, and DMF (20 mL)
was stirred under argon and heated at 110 °C for S h. The reaction mixture was poured into
ice/waler (300 mb}, acidified to pH 1 with 3N HCI and extracted with hexane/loluene/EA
(1:1:1, 300 mL). The extract was washed with water {200 mL), dried over magnesium sulfate,
and the solvent was removed under reduced pressure. The crude product was treated with
Compound A (452 mg, 0.7 mmol), potassium carbonate (276 mg, 2.0 mmol) and DMF (12
ml), and the mixture was stirred under argon and heated at 110 °C for 16 h. Aqueous work-
up {(as above) gave crude Compound 32 that was purified by column chromatography (silica
gel, hexane/toluene/EA, 42:50:8) and crystallization from EA/methancl to afford pure
Compownd 32, 2,6-bis(3-(4-(butoxycarbony}-2-fluorophenoxy 3-2-((4-(butoxycarbony1)-2-
fluorophenoxy ymethy1}-2~((3-fluorophenoxy ymethy Dpropvi-4,8-his(4-
(diphenyiaminojphenyl}-2H-benzo|1,2-d:4,5-d"1bis(]1,2 3 jirtazole)}-6-1tum-5-ide, (145 mg, 11%
vield). 'H NMR (400 MHz, CDCI3): § 8.28 (d. J = 8.8 Hz, 4H), 7.63 (m. 8H), 732 (1. J = 8.1
He, 8H), 7.16{(d, J=77Hz 8H), 711 {(t, I =73 Hz, 4H), 696 (1. J =84 Hz, 8H), 6.85(d, J
=072 Hy. 4H), 6.64 (m, 2H), 6.57 (m, 2H). 6.42 (m, ZH). 5.43 (s, 4H), 4.50 (m. 8H), 4.34 (s,
4H), 4.25 (L J = 6.4 Hz, 12H), 1.67 (m, 12H), 1.43 (m, 12H), 0.94 (, J = 7.4 Hz, 18H). UV-

vis spectrum {PVB}) Anax = 564 nm. Fluonmetry (PVB): Jax = 667 nm.

Compound 33
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16129] A mixture of Compowund A (452 mg, 0.7 mmol}, Compound T6 (2.10 g, 3.1
mmol), potassium carbonate (1.38 g, 10 mmol), and DMF (20 mb} was stirred under argon
and heated at 110 °C for 16 b, Afier cooling, the reaction mixture was poured into ice/water
(300 mL), acidified to pH 1 with 3N HCI and exiracted with hexane/toluene/EA (3:1:1, 300
ml). The extract was washed with water {300 L), dried over magnesium sulfate, and the
solvent was removed under reduced pressure. The crude product was purified by colunmn
chromatography (silica gel, hexane/toluene/EA, 44:50:6) and recrystallization from methanol
to afford pure Cempound 33, 4,8-bis{4-(diphenviamino)phenyl)-2,6-bis(3-(4-fluoro-3-
(triffuoromethyjphenoxy)-2, 2-bis{({4-fluore-3-(trifluoromethy phenoxy ymethy Dpropvi)-2H-

benzof1,2-d:4,5-d'}bis(] 1,2, 3 [irtarole)-6-tum-5-ide, (680 mg, 52% vield). 'H NMR (CBCI3)
§825(d, J =88 He, 4H), 73 (1, I =8.04 Hy, 8H), 716 (d, J= 7.7 Hz, 8H), 713 (1, I = 7.4
Hz, 4H), 6.95 (m, 12H), 6.90 (t. J = 9.2 Hz. 6H), 6.84 (d, ] = 8.8 Hz, 4H). 5.35 (s, 4H), 4.35

.....

Compound 34
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[3130] A mixture of Compownd T4 (1.54 g, 3.06 mmol), Compound A (054 ¢, 083
mmol), potassium carbonate (1.38 g, 10 mmol), and DMF (20 mL) was stirred under argon
and heated at 110 °C for 6 h. After cooling to room temperature, the mixture was poured into
ice/water {300 mL}, neutralized with 3N H{I and exiracted with EA/toluene/THF {200 + 200
+ 100 mL). The extract was washed with water (200 mL}, dned over magnesiom sulfate, and
the volatiles were removed under reduced pressure. The crude product was purified by
colunmn chromatography (silica gel, toluene/EA, 88:12) and crystallization from
toluene/hexane to afford pure Compouwnd 34, 2.6-bis(3-(d-cyanophenoxy-2.2-bis((4-
cyanophenoxy yoethyDpropy)-4,8-bis(4-(diphenylaminoypheny!}-2H-benzol 1,2-d:4.5-
d'Ibis(]1,2,3 }triazole)-6-ium-3-ide, (370 mg, 30% yield). "H NMR (400 MHz, CDCI3): 5 8.18
(d, = 8.8 Hz, 4H), 7.40 (m, 20H), 7.22 (m, 12H), 6.87 (4, J = 9.2 Hz, 12H), 6.81 (4, J = 8.8
Hz, 4H), 5.37 (s, 4H), 4.43 (5, 12H). UV-vis spectrum (PVB). Jax = 5373 nm. Floorimetry
(PVBY: Agax = 676 nm.

Compound 35
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16131] A mixture of crude Compound T3 (3.0 g, punity 30%, 1.8 mmol), Compound A
(0.48 g, 0.74 mmol), potassium carbonate (0.67 g, 5.0 mmol}), and DMF (20 mL) was stirred
under argon and heated at 110 °C for 48 h. The reaction muxture was poured into ice/water
(300 mbL), neutralized with 3N HCI and extracted with EA/toluene/THF (200 + 200 + 100
mL). The extract was washed with water {200 mL), dried over magnesium sulfate, and the
volatiles were removed under reduced presswwre. The crude product was purified by column
chromatography (silica gel, hexane/tohuene, 1:1) and crystallization {rom toluene/hexane to
afford pure Compound 35 2 6-bis(3-(3,5-bis(irifluoromethylphenoxy)-2,2-bis{(3,5-
bis(trifluoromethyphenoxy)ymethylpropyi}-4. 8-bis(4-{diphenylamino)phenvi)-2H-

benzof1.2-d:4,5-d'bis({ 1.2 3triazolel-6-tum-S-ide (103 mg, 7% yield). 'H NMR (400 MHz,
CDCI3Y: 8 7.97 (d, J = 8.4 Hz, 4H), 7.30 (m, 26H), 7.10 (m, 12H), 6.48 (d. ] = 8.8 Hz, 4H),

= 667 i,

Compound 36
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132} A mixture of Compound TS (90%, 1.40 g, 2.0 mmol), Compoand A (0.50 g,
0.77 mmol), potassium carbonate (1 38 g, 10 mmol}, and DMF (20 mb) was stirred under
argon and heated at 110 °C for 24 h.  After cooling to room temperature, the mixture was
poured into ce/water (300 mb), neutralized with 3N HCI and extracted with EA/oluene/THF
(200 + 200 + 100 mL). The extract was washed with water (200 mL), dried over magnesium
sulfate, and the volatiles were removed under reduced pressure. The crude product was
purified by column chromatography (silica gel, toluene/EA, 95.5) and crystallization from
acetone/methanol to afford pure Compeound 36, 2,6-bis(3-(3,5-bis(trifluoromethyphenoxy -
2.2-tis{{4-cy anophenoxy yoethy Dpropyi)-4.8-bis(4~(diphenviamino)pheny!}-2H-benzo[ 1,2-

d:4.5-d'|bis([1.2.3}triazole}-6-ium-5-ide. (150 mg, 11% vield). 'H NMR (400 MHz, CDCI3):
58.15(d. J= 8.8 Hy, 4H), 7.38 (m, 18H), 7.30 (bs, 28D, 7.18 (m, 16H), 6.90 (d. J = 8.8 .,
8H), 6.74 (d, J = 8.8 Hz, 4H). 5.37 (s, 4H), 4.43 (s, 12H). UV-vis spectrum (PVBY. Amu =

566 nm. Fluorimetry (PVB): g, = 667 nm.
Compound 37
16133] Other compounds can be made by analogous methods to those detailed above.

Comparative Fxample 1 - Preparation of Waviength Conversion Filims

3134} In an embodiment, a wavelength conversion filmy which comprises a chromophore,
and an optically transparent polymer matrix, is fabricated by (i) preparing a 15 wi% Ethyl-

methyl methacrylate (EMMA) (from Sigma Aldrich, St Louis, MQO:; and used as received)
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polymer solution with dissolved polymer powder in covclopenianone; (31) preparing a
chromophore containing an EMMA matrix by nuxing the EMMA polymer solution with the
svnthesized CE-22 at a weight ratio (CE-22/EMMA) of 0.3 wt%, to obtain a chromophore-
containing polymer solution; (i1} stirring the solution for approximately 30 min; (v) then
forming the chromophore/polymer film by directly drop casting the dve-containing polymer
solution onto a substrate, then allowing the film to drv at room temperatire over night
followed by heat treating the film at 60 °C under vacuum for 10 min, to completely remove
the remaining solvent, and (v} hot pressing the dry composition under vacuum to form a

bubble free film with film thickness of approximately 200 Um.

Measurement of the Photostability

16135] The Comparative Example 1 wavelength conversion film, was exposed to
confinuous one sun {AMI1.5 G) nradiation at ambient temperature. The absorption peak of
the wavelength conversion film was measured using a UV-Vis spectrometer prior {0 exposure,
and then again after 100 h. The tnitial UV-Vis absorption data was normalized to its
absorption peak maximum so that at 0 hours, the peak intensity is 100%. The UV-Vis
measurements after exposure 1o one sun are then normalized 1o the initial ¢ hour data, and the
absorption peak intensity is reporled as the photostabilitv. Easily degraded {ilms typically
show a drastic decay of the absorption peak within a few hours of one sun wradiation. Films
with excellent photostability will maintain the peak absorption over a long time period of
exposure to one sun irradiation.  Table 1 shows the photostability of the wavelength
conversion films that were fabricated, where the data is normalized to the Comparative

Example 1 film.

Example 2

3136} A wavelength conversion film was prepared in the same wmanner as in
Comparative Examople | except that Compound 10 was used instead of CE-22. The
measured photostability of the wavelength conversion film was 3.3x higher than the

Comparative Example 1 film.

Example 3

16137] A wavelength conversion film was prepared in the same manner as i

Comparative Example | except that Compound 3 was used insiead of CE-22. The measured
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photostability of the wavelength conversion film was 12.4x higher than the Comparative

Example | film.

Table 1 Photostability of the example wavelength conversion films normalized to the
Comparative Example 1 data.

Example Chromphore Siabifity in
EMMA
Comparative 1

Example 1

{E-22
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i
43

Example 2

Compound 10

Example 3

Compeound 3

[6138] It has been discovered that the chromophore derivatives, as disclosed herein, can

be combined with a polymer matrix to form an organic down-shifting lununescent medium,

145




WO 2016/112220 PCT/US2016/012535

which 1s sigrificantly higher photostability compared to previously reported chomophores.
Surprisingly, the unigue combination of pentaervthritol and phenol substituents increase the
photostability greater than 2x, greater than 5x. or greater than 10x. This allows these

chromophores to be utilized in applications requiring long hifetimes.

[3139] Although the foregoing description has shown, described, and pointed out the
fundamental novel features of the present teachings, it will be understood that various
omissions, substitutions, and changes in the form of the detai! of the invention as itHustrated,
as well as the uses thereof, may be made by those skilled in the art, without departing from
the scope of the present ieachings. Consequently, the scope of the present teachings should
not be hmited to the foregoing discussion, but should be defined by the appended claims. All
patents, patent publications and other documenis referred to herein are hereby incorporated

by reference in their entirety.
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CLAIMS:
1. A compound represented by formula b
Iy
wherein:

D is optionally substituted phenyl or optionally substituted heteroaryl; and
R RE R R RS, and R® are independently optionally substituted phenyl, optionally

substituted naphthyl, or optionally substituied heterocyclyl.

2, The compound of Claim |, wherein each substituent of D, RY, R%, R’ R*, R, and R,
if present, has a molecular weight of 15 Da to 500 Da and is represented by a formula Co.
20H041MN0-5C0-1680-5P0-3F0-10ClosBros, provided that at teast 1 non-hydrogen atom is present in

gach substituent.
3. The compound of Clairn 1 or 2, wherein D 1s optionally substituted phenyl

4. The compound of Claim 3, wheremm the D 15 optionally substituted 4-

{diphenylaminojphenyl.

5. The compound of Claim 3, wherein R’ or R” is optionally substituted carbazolyl.
6. The compound of Claim 5, wherein D is optionally substituied 9H-carbazol-2-y1.
7. The compound of Claim 5 or 6, wherein the carbazolyl has 1, 2, or 3 substituents,

wherein each substituent is independently Ci¢ alkyl, Ci¢ -O-alkyl, or phenyl optionally

substituted with C.4 alkyl or €y ~O-alkylL

8. The compound of Claim 1, 2, 3, 4, 5, 6, or 7, wherein R! and R are independently

optionally substituted phenyl.
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9. The compound of Claim &, wherein R* and R’ are independently optionally

substituted phenvl.

10 The compound of Claims 9, wherein R’ and R are independently optionally

substituted phenvl.

1L The compound of Claim 1, 2, 3, 4, 5, 6, or 7, wherein R' and R* are independently

oplionally substituted 1,3-dioxoisoindolin-5-y1.

i2. The compound of Claim 11, wherein R* and R are independently optionally

substituted 1.3-dioxoiscindolin-5-v1.

i3 The compound of Claim 11, wherein R’ and R® are independently optionally

substituted 1,3-dioxoisoindolin-5-y1.

14, The compound of Claim 8, 9, 11, or 12, wherein each phenvl or each 13-
dioxoisoindolin-5-yt has 1, 2, or 3 substituents, wherein each substituent is independently R,
-OR?, -CO,-RY -CO-CHCHLO-RY, F. CF;, ~CN. phenyl, -phenvl-R?, -phenyl-OR® or -
phenyl-C0,-R? wherein R*is Cy.;; alkyl

15. The compound of Claim 14, wherein each 1,3-dioxoisoindolin-3-yl has 1, 2, or 3
substituents, wherein sach substituent is independently R", -OR*
i6. The compound of Claim 14, wherein each phenyl has 1, 2, or 3 substituents, wherein

sach substituent is independently R® -OR", -CO»-R® -CO,-CHCH,O-R®, F, CF;, -CN,
phenyl, -phenyi-R®, -phenvi-OR? or -phenyl-C0,-R’, wherein R is Cy.; alkyl.

17. The compound of Claim 10 or 13, wherein R’ and R® are independently pheny!
having 1, 2, or 3 substituents, wherein each substituent is independently R® -OR® -C(O,-R? -

CO:-CHO-RY F, CF5, -CN, or phenyl, wherein R is Cy.po alkyvl

18 The compound of Claim 10 or I3, wherein R’ and R® are independently phenyl

having 1, 2, or 3 substituents, wherein gach substituent is independently F or CF;.

19. A compound represented by a formula:
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