PRODUCTION OF SUBSTITUTED PHENYLENE AROMATIC

DIESTERS
PRIORITY CLAIM

[0001] ‘This application claims priority to U.S. provisional patent application serial no.
61/141.959 filed on December 31, 2008, the entire content of which is incorporated by

reference herein.

BACKGROUND
[0002] The present disclosure relates to substituted 1.2-phenylene aromatic diesters.
[0003} A known synthesis for unsubstituted phenviene divenzoate is esterification of

catechol with benzoyl chloride in a liquid medium. Substituted phenylene dibenzoate shows
promisc as a component in improved catalyst systems for the production of olefin-based
polymers having improved properties. Consequently, the art recognizes the nced for
improved processes for the production of substituted phenylene aromatic diesters and the

resultant compositions.

SUMMARY
j0004] The present disclosure is directed to substituted 1,2-phenylene aromatic
diesters.
[0005) In an embodiment, a process for producing a diester is provided. The process

includes reacting a substituted aromatic diol with an aromatic carboxylic acid or derivative
thercof under reaction conditions. The reaction forms a substituted 1,2-phenylene dibenzoate
of the structure (11}

an

wherein R;-Ryz are the same or different. At least one of R;-Ry4 is selected from an
unsubstituted hydrocarby! group having 2 to 20 carbon atoms and a substituted hvdrocarbyl
group having 2 to 20 carbon aioms. Each of the other R groups of R;-R4 is hydropen. Each

of Rs-Ryg is selected from hydrogen, an unsubstituied hydrocarbyl group having 1 to 20




carbon atoms, a substituted hydrocarbyl group having 1 to 20 atoms, an alkoxy group having
[ to 20 carbon atoms, a halogen, and combinations thereof.

[0006] In an embodiment, the process includes selecting a substituted catechol
wherein neither Ry nor Rs is a methy! group when cach of the other R groups of R; -Ru4
groups is hvdrogen.

{0007} The disclosure provides another process for producing a diesier. In an
embodiment, a process for producing a diester includes reacting a substituted aromatic diol
with a substituted aromatic acyl halide under reaction conditions. ‘The reaction forms a
substituted 1,2-phenylene dibenzoate of the structure (IT) wherein R;-Ry4 are the same or
different. At least onc of R-R.. at least one of Rs-Rg , and at least onc of Rye-Rys is selecied
from an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a halogen, and combinations thercof.

[60B8] The disclosure provides another process for producing a diester. 1In an
embodiment, a process for producing a diester includes reacting an aromatic diol with a di-
substituted carboxylic acid or derivative thereof under reaction conditions. The reaction
forms a substituted 1,2-phenylence dibenzoate of the structure (1) wherein Rj-R4 are the
same or different. At least two of Rs-Re, and at least two of R;0-Ri4 are selected from an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted hydrocarbyl
group having 1 10 20 carbon atoms, an alkoxy group having i to 20 carbon atoms, & halogen,
and combinations thereof.

[0009] The disclosure provides another process for producing a diester. In an
embodiment, a process for producing a diester includes reacting an aromatic diol with a first
aromatic carboxylic acid or derivative thereof and a second aromatic carboxylic acid or
derivative thereof under reaction conditions. The reaction forms a substituted 1,2-phenylene
dibenzoate of the structure (II) wherein Rj-R 4 are the samé or different. Each of R;-Ry is
sclected from hydrogen, a substituted hvdrocarbvl group having 1 to 20 carbon atoms, an
unsubstituted hvdrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having § to
20 carbon atoms, a halogen, and combinations thereoi. At least one of Re-Rg 1s different than

its respective R.¢-Ry4 mate.
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[0016] The disclosure provides another process for producing a diester. In an
embodiment, a process for producing a diester includes reacting a dihyvdroxynaphihalene with
a carboxylic acid or derivative thereof under reaction conditions. The reaction forms a
substituted 1,2-phenylene dibenzoate wherein R;-Rys are the same or different. In an
embodiment, R: and Rz are members of & Cg aromatic ring. In a further embodiment, at
lzast one R group of R;-R4 is not hvdrogen.
[6011] The disclosure provides another process for producing a diester. In an
cmbodiment, a process for producing a diester includes reacting an aromatic diol with a
naphthoyl halide under reaction conditions. The reaction forms a substituted 1,2-phenylene
dibenzoate {1I) wherein any two consecutive R groups in Re-Ry and/or any iwo consecutive R
groups in R;¢-R 4 are members of a C, aromatic ring.
[0012] The disclosure provides a composition. In an embodiment, a substituted
phenylene aromaiic diester is provided having the structure (II):
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wherein R;-Rj4 are the same or different. R, is not an isopropyl group or a tertiary
alkyl group. Each of R; and R; is sclected from an unsubstituied alkyl group having 1 1o 20
carbon atoms, an alkenyl group having 1 to 20 carbon atoms, a halobydrocarbyl group. a
halogen, a silicon-containing hydrocarby! group, and combinations thereof. Each of Ra. Ry,
and Re-Ry4 is selected from hydrogen, an unsubstituted hvdrocarbyl group having 1 to 20
‘carbon atoms, a halohydrocarbyl group, a halogen, and combinations thereof.
[0013] The present disclosure provides another composition. In an embodimen, a
substituted phenviene aromatic diester of the structure (1) is provided. Ry-Rys are the same
or different. R. is an unsubstituted nydrocarbyl group having 1 to 20 carbon atoms. Each of

R2-Ry is selected from hydrogen, an unsubstituted hydrocarbyl group having 1 to 20 carbon
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atoms, a halohydrocarbyl group, a halogen, a silicon~oontaining hydrocarbyl group; and

'combinations thereof. Bach of Rs-Ry, is selected from an unsubstituted hydrocarby! group
~ having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing
hydrocarbyl group, and combinations thereof.
[0014) ~ The present disclosure provides another composition. In an embodiment, a
substituted phenylene aromatic diester of the structure (II) is provided. R;-Ry4 are the same
or different. R, is an alkyl group having 2 to 20 carbon atoms, Each other R group of Ry-R4
is hydrogen. Each of Rs-Ryq is selected from hydrogen, an unsubstituted hydrocarbyl group
having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing
hydrocarbyl group, and combinations thereof. The R groups Ry, Ry, and Ry, are
simultaneously not a t-butyl group.
[0015] The present disclosure provides another composition. In an embodiment, a
substituted phenylene aromatic diester with the structure (II) is provided. R;-Ri4 are the
same or different. Each of Ry, Rs, Ry is hydrogen. R is a hydrocarbyl group having 1 to 20
carbon atoms. At least one of R; and Ry, is a halogen. Each of Rs-Rs , Rg-Ri1 and Rjz-Ryg
is selected from hydrogen, an uhsubstitui‘ed hydrocarbyl group having 1 to 20 carbon atoms,
a halohydrocarbyl group, a halogen, a silicon-containing hydrocarbyl group, and
combinations thereof.
[0016] The disclosure provides another composition. In an embodiment, a

substituted phenylene aromatic diester is provided having the structure (II). R;-Ry4 are the
| same or different. Each of Ry, R3, Ry is hydrogen. R;is a hydrocarbyl group having 1 to 20
carbon atorns. Each of Rs-Ry4 is selected from hydrogen, an unsubstituted hydrocarbyl group
having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing
hydrocarby!l group, and combinations thereof. At least one of Rs-Rg, Rg-R1; and Ry3-Ry; is
selected from a C;-Cq alky! group, a halogen, and combinations thereof.
[6017] The disclosure provides another composition. In an embodiment, a
substituted 1,2-phenylene aromatic diester of the structure (II) is provided. R;-Ry; are the
same or different. Ry isnot a secondary alkyl group or a tertiary alkyl group. Each of Ry and
Ry is selected from an unsubstituted alkyl group having 1 to 20 carbon atoms, an alkenyl
group having 1 to 20 carbon atoms, a halohydrocarby! group, a halogen, a silicon-containing

hydrocarbyl group, and combinations thereof. Each of Ry-R3 and each of Rs-Ry. is selected



from hydrogen, unsubstituted hvdrocarby! group having ! to 20 carbon atoms, a
halohydrocarbyl group, a halogen, a silicon-containing hvdrocarbyl group, and combinations
thereof.

[0018] Another composition is provided. In an embodiment, a substitutec phenylene
aromatic diester of the structure (I1) is provided. R;-Ry4 are the same or different. Fach of
R;-Rys is selected from hvdrogen, an unsubstituted hydrocarbyl group having 1 te 20 carbon
atoms, a halohydrocarbyl group, a halogen, a silicon-containing hydrocarbyl group, and
combinations thereof. At least one of Rs-Ry is different than its respective Rye-Ry4 mate,
10019} Another composition is provided. In an embodiment, a substituted phenvlene

aromatic diester is provided with the structure (IV) below.
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[0020] Ry, Rg and Rz.y4 are the same or different. Fach of Ry and Ry is hydrogen. At

least one of Rs-Ry41s selected from an unsubstituted hydrocarby! group having 1 10 20 carbon
atoms. a halohydrocarbvl group, a halogen, a silicon-containing hydrocarbyl group, and
combinations thereof, Ry and Rz are simultaneousls not a methyl group.
[0021] An advantage of the present disciosure is 1he provision of substituie
phenylene aromatic diester compounds with improved properties.
[0022] An advaniage of the present disclosure is the provision of improved
substituted phenylene aromatic diester suitable for use in procatalyst andior catalyst
compositions for the production of olefin-based poivmers.

DETAILED DESCRIPTION
[0023] The present disclosure is directed to the production of substituted 1.2-

phenviene aromatic diesters.
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[06024] In an embodiment, a process for producing a diester is provided. The process
includes reacting a subsiituted aromatic diol with an aromatic carboxviic acid or derivaiive
thereof. The reaction forms a substituted phenylene aromatic diester.

[0025] As used herein, an “aromatic diol” is 2 compound containing at least onc
benzene ring with at least two adjacent hydroxyl groups. It is understood that the aromatic
diol may be a monocyclic structure or a polycvelic structure.  Nonlimiting examples of
suitable aromatic diols include benzencdiols such as 1,2-benzencdiol (catechol), 1.2-
dihydroxynaphthalene, 2,3-dihydroxvnaphthalene, and 1.8-dihydroxynaphthalene.

{0026} The term “substituted aromatic diol,” as used herein, refers to an aromatic diol
whereby at least one (or two, or three, or four) of the benzene-ring substituents (other than
the two hydroxyl groups) is e substituied hydrocarbyl group having I to 20 carbon atoms, an
unsubstituted hydrocarbyvl group having 1 to 20 carbon atoms, an alkoxy group having 1 o
20 carbon atoms, a heteroatom, and combinations thereof, As used herein, the term
"hydrocarbyl” and “hydrocarbon” refer to substituents containing only hydrogen and carbon
atoms, including branched or unbranched, saturated or unsaturated, cvclic, polvevelie, fused,
or acyelic species, and combinations thereof. Nonlimiting examples of hydrocarby! groups
inciude alkyl-, cycloalkyl-, alkenvl-, alkadienyl-, cycloalkenyl-, ecycloalkadienyl-, aryl,
aralkyl, alkylaryl, and alkynyl- groups.

[0027] As used herein, the ierms “substituted hyvdrocarbvl” and “substituted
hydrocarbon™ refer to a hydrocarbyl group that is substituted with ons or more
nonhydrocarbyl substituent groups. A nonlimiting example of a nonhydrocarbyl substituent
group is a heteroatom. As used hercin, a “heteroatom” refers to an atom other than carbon or
hyvdrogen. The heteroatom can be 2 non-carbor atom from Groups [V, V, VI and VII of the
Periodic Table. Nonlimiting examples of heteroatoms include: halogens (F, Cl, Br, I), N, O,
P, B, S, and Si. A substituted hydrocarbyl group also includes a halohydrocarbyl group
and/or a silicon-containing hydrocarbyl group. As used herein, the term “halohydrocarbyl
group” refers 10 a hydrocarbyl group that is substituted with one or more halogen atoms. As
used herein, the term “silicon-containing hvdrocarbyi group™ is a hydrocarbyl group that is
substituted with one or more silicon atoms. The silicon atom(s) may or may not be in the

carbon chain.
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[0028] An aromatic carboxylic acid, or a derivative oi an aromatic carboxylic acid, is
another reactant in the present process. As used herein, an “aromatic carboxylic acid” is a
compound containing at least onc benzene ring with at least one carboxyl group directly
bonded to the benzene ring. It is understood that the aromatic carboxylic acid may be a
monocyelie structure or a polveyclic structure. The aromatic carboxylic acid may be a
mono- ot a4 polv-carboxyvlic acid.  Nonlimiting examples of suitable aromatic carboxylic
acids include benzoic acid, I-naphthoic acid, 2-naphthoic acid, 6H-phenalene-2-carboxylic
acid, anthracene-2-carboxvlic acid, phenanthrene-2-carboxylic acid, and phenanthrene-3-
carboxylic acid.

[0029] A “derivative of an aromatic carboxylic acid” or “an aromatic carboxylic acid
derivative,” as used herein, refers to an aromatic acyl halide, an aromatic anhydride, an
aromatic carboxylate salt, or any combination thereof. Tt is understood that the derivative of
the aromatic carboxylic acid may be a monocyciic structure or a polveyelic structure,
Nonlimiting examples of suitable aromatic acy] halides include halides of any of the aromatic
sarboxylic acids disclosed above (i.e., a halide of one or more of the following: benzoic acid,
I-naphthoic acid, 2-naphthoic acid, 6H-phenalene-2-carboxylic acid, anthracene-2-
carboxylic acid, phenanthrene-2-carboxylic acid, and/or phenanthrene-3-carboxylic acid).
Further nonlimiting examples of suitable aromatic acyl halides include benzoyl chloride,
benzoyl fluoride, benzoyl bromide, and benzoyl iodide, naphthoyl chloride, naphthoyl
fluoride, naphthoyl bromide, naphthoy! iodide, and any combination of the foregoing
aromatic acy! halides,

[0030} Nonlimiting examples of suitable aromatic anhvdrides include anhydride of
the aromatic carboxylic acids disclosed above. (i.e., an anhydride of one or more of the
foliowing: benzoic acid, 1-naphthoic acid, 2-naphthoic acid, 6F1-phenalene-2-carboxylic acid,
anthracene-2-carboxylic acid, phenanthrene-2-carboxvlic acid, and/or phenanthrene-3-
carboxylic acid). Further nonlimiting examples of suitable aromatic anhydrides include
benzoic anhydride and any combination of the foregoing aromatic anhvdrides.

{0031} Nonlimiting examples of suitable aromatic carboxvlate sals  include
potassium, sodium, or lithium salt of the aromatic carboxyvlic acids disclosed above (i.c.. sal's
of one or more of the following: benzoic acid, l-naphthoic acid, 2-naphthoic acid, 6}-

phenaicne-2-carboxylic acid, anthracene-2-carboxylic acid, phenanthrene-2-carboxylic acid,




and/or phenanthrene-3-carboxylic acid). Further nonlimiting examples of suitable aromatic
carboxylate salts include potassium benzoate, sodium benzoate, lithium benzoate, potassium
2-naphthoate, sodium 2-naphthoate, and any combination of the foregoing aromatic
carboxylate salts.

[60632] The aromatic carboxylic acid, or derivative thereof may be substituted. The
term “substituted aromatic carboxylic acid or derivative thereof,” as used herein, refers to an
aromatic carboxylic acid, or derivative thereof, whereby at least one of the benzene-ring
substituents (other than the carboxyl group) is a substituted hydrocarbyl group having 11020
carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy
group having I to 20 carbon atoms, a heteroatom, and combinations thereof. Thus, the term
“substituted aromatic carboxylic acid or derivative thereof” includes substituted aromatic
carboxylic acid, substituted aromatic acyl halide, substituted aromatic anhydri&e,' and/or
substituted aromatic carboxylate salt.

[0033] In an embodiment, the present process includes reacting the substituted
aromatic diol with the aromatic carboxylic acid (or derivative thereof) under "féaci;iqri
conditions to form a substituted phenylene aromatic diester. “Reaction conditions,” as used
herein, refer fo temperature, pressure, reactant ‘concentrations, solvent concentrations,
reactant mixing/addition parameters, and/or other conditions that influence the properties of |
the resulting product. '

[0034] Thé characteristics of the phenylene moiety are determined by the substituted
aromatic diol. For example, a substituted 1,2-benzenediol yields a substituted 1,2-phenylene
aromaﬁc diester. In an embodiment, the substituted aromatic diol is a substituted catechol.

The substituted catechol has the structare (I):
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wherein at least one, or two, or three, or four R group(s) of Rj-R4 is selected from a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a

heteroatom, and combinations thereof. Each of R;-R4 may or may not be hydrogen. The



process includes reacting the substituted catechol with an aromatic acyl halide, such as a
benzoyl halide. This reaction forms a substituted 1,2-phenylene dibenzoate of the structure
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wherein R)-Ry are the same or different. At least one of Ry-Ry is selected from a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a
heteroatom, and combinations thereof. Any of R;~R4 may also be hydrogen.

[6035] ~ Inan emBodiment, each R group of R;-R4 that is not ﬁydrogen is an aikyl
group having 1.to 20 carbon atoms.

{0036} In an embodiment, the process includes reacting a substituted aromatic diol,
such as a substituted catechol, with an unsubstituted or substituted aromatic acyl halide under
reaction conditions. At least one of R;-Rs of the substituted catechol is selected from an
unsubstituted hydrocarbyl group having 2 to 20 carbon atoms or a substituted hydrocarbyl
group having 2 to 20 carbon atoms. Each of the other R groups of R;-R4 is hydrogen. The
process includes forming a substituted phenylene aromatic diester of structure (II) wherein
R;j-Ry4 are the same or different. One of R;-Ry of structure (II) is a substituted hydrocarbyl
group having 2 to 20 carbon atoms or an unsubstituted hydrocarbyl group having 2 to 20
carbon. atoms. Each of the other R;-Rs substituents is hydrogen. Each of Rs-Rys is
hydrogen. In another embodiment, each R;-R4 group(s) that is not hydrogen is an alkyl
group having 2 to 20 carbon atoms.

[0037] In an embodiment, only one of Ri-R4 is substituted with the remaining Ri-Rg
being hydrogen.



{0038] In an embodiment, the process includes selecting a substituted catechol such
that neither R; nor Ry is 2 mcthyl group when each of the other R groups of Ry -Ris is
hydrogen.

[0639] In an embodiment, the process includes reacting the substituted catechol with
a substituted aromatic acy] halide under reaction conditions. The substituted catechol
includes one (or two, or three, or four) R proups of R;-Rs selscted from an
unsubstituted/substituted hvdrocarbyl group having 2 to 20 carbon atoms and the remaining
R groups of R:-R4 being hydrogen.

[0040] In an embodiment, the substituted aromatic acyl halide is a substituted
henzoyl halide of the structure (I1I):

' (1

wherein X is a halogen atom (F, ClL, Br, I). At least onc (or two, or three, or four, or
five) A group(s) of A:-As 1s selected from a substituted hydrocarbyl group having 1 to 2
carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, an atkoxy
group having 1 to 20 carbon atoms, a heteroatom, and combinations thereof. Any of Aj-As
may aiso be hydrogen. A nonlimiting example of a suitable substituted aromatic acyl halide
is a substituted benzoyl chloride.
[0041] The reaction between the substruted catechol and the substituted aromatic
acyl halide (III) forms a substituted 1,2-phenylene dibenzoate of the structure (1) wherein
R:-Rs are the same or different. One of R;-Rs is selected from an unsubstituted or a
substituted hydrocarbyl group having 1 to 20 carbon atoms. Each of the other of Rj-Ry is
hvdrogen. Rs-Ry4 are the same or different. Fach of Rs-Ry. is selected from hydrogen, a
substituted or unsubstituted hvdrocarbyi group having 1 to 20 carbon atoms, an atkkoxy group
having 1 to 20 carbon atoms, a halogen, and combinations thereof. In a further embodiment,
each R group of R)-Ry4 that is not hvdrogen is an alky] group having 1 to 20 carbon atoms.
10042} The disclosure provides another process. [n an embodiment. a process for

producing a diester is provided which includes reacting a substituted aromatic diol with a

g
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substituted aromatic acyl halide under reaction conditions and fonning a substituted 1,2-
phenylene dibenzoate of structure (11):
(In

wherein Rj-Ry4 are the same or different. At least one (or two, or three, or four) R
| group(s) of R;-Ry, at least one (or two, or three, or four, or five) R group(s) of Rs-Ry, and at
least one (or two, or three, or four, or five) R group(s) of R;o-Rys is selected from a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl
_ group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a
heteroatom, and combinations thereof. Each of R17R14‘ may or may not be hydrogen. Ina
further embodiment, each R;-Ry4 group(s) that is not hydrogen is an aiiéyl group having 1 to
20 carbon atoms.

[0043] In an embodiment, the process includes reacting a substituted catechol with a
substituted benzoyl halide to form the substituted 1,2-phenylene dibenzoate of structure (II)
wherein at least one of R;-Ry, at least one of Rs—Rg, and at least one of Ryjp-Ry4 is substituted
(i.e., not hydrogen) as disclosed above. In a further embodiment, each R;-Ry4 group(s) that is |
not hydrogen is an alkyl group having 1 to 20 carbon atoms.

[6044] The disclosure provides another process. In an embodiment, a process is
provided which includes reacting an aromatic diol with a di-substituted (or tri-, or tefra-, or
penta-substituted) aromatic carboxylic acid or derivative thereof under reaction conditions.
The aromatic diol may be substituted or unsubstituted. The process includes forming a

substituted 1,2-phenylene dibenzoate of the structure (II):
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wherein R;-R4 are the same or different. At least two of Rs-Rg and at least two of
Rjo-Ri4 is selected from an unsubstituted hydrocarbyl group having ! to 20 carbon atoms, a
substituted hydrocarby! group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20
carbon atoms, a halogen, and combinations thereof. In a further embodiment, each R;-Ry4
group(s) that is not hydrogen is an alkyl group having 1 to 20 carbon atoms.
[0045]  In an embodiment, the process includes reactihg a catechol with a di-
substituted (or tri-, or tetra-, or penta-substituted) aromatic acyl halide and forming a
substituted 1,2-phenylene dibenzoate of the structure (II) wherein each of R;-Ry is hydrogen,
and at least two of Rs-Ro and at least two of R;¢-Ry4 are substituted as disclosed above. Ina
further embodiment, each R;~Rj4 group(s) that is not hydrogen is an alkyl group having 1 to
20 carbon atoms.
[0046] In an embodiment, the process includes reacting a substituted aromatic diol
with a di-substituted (or tri-, or tetra-, or penta-substituted) aromatic acyl halide to form a
substituted phenylene dibenzoate of structure (II) wherein at least one of R;-Ry is selected
from an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, and a halogen. At least two of Rs-Ro and at least two of Ryo-Riy4 are substituted as
disclosed above. In a further embodiment, each R group of Ry-Ry4 that is not hydrogen is an
alky! group having 1 to 20 carbon atoms. v »
[0047] The ester groups extending from the phenylene moiety of structure (II) may be
considered mirror images of eaéh other. In this sense, a symmetry may exist between the
ester groups such that the individual substituents Rs-Ro correspond to or otherwise mirror

respective individual substituents Rjo-Ris. As used herein, the term “mated” or “a respective
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mate” or similar term(s) refers to the following relationships or pairings between substituents
Rs-Rg and substituents R;p-Ris: Rs is mated/paired with Ry, Re is mated/paired with Ry, Ry
is mated/paired with Ry, Rg is mated/paired with Ri3, and Ry is mated/paired with Ry4.

[0648] ~ The disclosure provides another process. In an embodiment; a process for
producing a diester is provided which includes reacting an aromatic diol with a first aromatic
carboxylic acid or derivative thereof and a second aromatic carboxylic acid or derivative
thereof under reaction conditions. The aromatic diol may be substituted or may be
unsubstituted. The second aromatic carboxylic acid or derivative thereof is different than the
first aromatic carboxylic acid or derivative thereof. The process forms a substituted 1,2-

phenylene dibenzoate of the structure (I1):

()
R,\ m/ﬁ,
m—/— \)--R1
o o

Rie Fo
\!//” I ~Ria
i
Rﬂ/‘\l/‘\a’ :*'/\
L

wherein R;-R 4 are the same or different. Each of R;-Ry4 is selected from hydrogen, a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, a substituted hydrocarbyl group having 1 to 20 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations thereof.
At least one of Rs-Ry is different than its respective Rjo-Ri4 mate. Ina fmjther embodiment,
each R group of R;-Ri4 that is not hydrogen is an alkyl group having 1 to 20 carbon atoms.
[0049} The reaction between the aromatic diol and the first aromatic carboxylic acid
(or derivative thereof) and the second aromatic carboxylic acid (or derivative thereof) may be
reacted in any order as desired. In one embodirnent, the aromatic diol is reacted with a first
aromatic 'acyl halide. Then a second aromatic acyl halide is added to this diol/acyl halide
mixture under reaction conditions. The reaction proceeds to form a substituted 1,2-
phenylene dibenzoate wherein at least one of Rs-Re is different than its respective Ryg-Rj4

mate.-
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[0050] ~ In an embodiment, the process includes reacting the aromatic diol with the
first aroniatic,acyl halide and the second aromatic acyl halide different than the first aromatic
acyl halide simultaneously, or substantially simultaneously. The process forms a mixture
which contains a substituted 1,2 ~phenylene diester of structure (II) wherein at least one of
Rs-Rg is different than its respective Ry¢-Ry4 mate. The mixiure may or may not be separated
and used in a catalyst synthesis proCedﬁEre. ‘

[0651] In another nonlimiting example, the first aromatic acyl halide may be a

benzoyi halide of structure (III} wherein one substituent, such as substituent A is substituted.

D
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[6652] The second aromatic acyl halide may be a benzoyl halide of structure (II[)

wherein a substituent other than A; (As for example) is substituted. The process includes
reacting the aromatic diol with the first aromatic acyl halide and the second aromatic acyl
halide to form a substituted 1,2-phenylene dibenzoate wherein at least one of Rs-Ry is
different than its respective Ryo-Rj4 mate. For example, ‘the reaction may yield a substituted
1,2-phenylene dibenzoate wherein R is not the same substituent as Ry and/or Ry is not the
same substi"tuent- as Rjs.

[6653] = In any of the foregoing processes the aromatic diol may be a
dihydroxynaphthalene. The dihydroxynaphthalene may be substituted or unsubstituted.
- Similarly, the carboxylic acid derivative of any of the foregoing processes may‘be a
-naphthoy! halide. The naphthoyl halide may be substituted or unsubstituted.

[00654] The present disclosure provides another process for producing a diester. In an
embodiment, a process for producing a diester is provided which includes reacting a
dihydroxynaphthalene with a carboxylic acid or derivative thereof under reaction conditions.
The  dihydroxynaphthalene may be  1,2-dihydroxynaphthalene  and/or  2,3-
dihydroxynaphthalene.  The reaction forms or otherwise produces a 1,2-phenylene

dibenzoate of the structure (II):
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wherein R:-Ry, are the same or different. Any consecutive R groups in R:-Rs are
members of a Cq aromatic ring. Each of R;-Ry4 may or may not be hydrogen. In a further
embodiment, the dihydroxynaphihalene is an unsubstituted or a substituted 2,3-
dihydroxynaphthalene. Each of Rs-Rys is hvdrogen. In another embodiment, the
dihvdroxynaphthalene is a substituted 1,2-dihvdroxvnaphthalene, Each of Rs-Rys is
hydrogen. In an cmbodiment,'at least one R group of Rj-Ris that i¢ not a part of a Cq
aromatic ring is not hydrogen.
[0055] In an embodiment, the process includes reacting an unsubstituted or a
substituted 2,3-dihydroxynaphthalene with an aromatic acy! halide and forming a 1,2-

phenylene dibenzoate of the structure (IV) below.
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[0056] The aromatic acyl halide may be substituted or unsubstituted. R; and Ry are

the same or different and each is selected from hydrogen, an unsubstituted hydrocarbyl group
having 1 to 20 carbon atoms, a substituted hydrocarbyl group having 1 to 20 carbon atoms,
an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations thereof. In a
further embodiment, the aromatic acy! halide is substituted and at least one of Rs-Rys is

selected from an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted
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aydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a halogen, and combinations thereof.
{06057} In an embodiment, the process includes reacting an unsubstituted or
substitated 1 2-dihvdroxynaphthalene with an aromatic acyl halide and forming & 1.2-
phenylene dibenzoate of the structure (V) below.

V)

[0058] In an embodiment, the 1,2 dihvdroxynaphthalenc may be selected such that Rs
and Ry are the same or different and each is selected from hydrogen, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, a substituted hydrocarbyl group having 1 10
20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms. & halogen, and combinations
thereof. The aromatic acyl halide may be substituted such that at lcast one of Rs-Rys is
selected from an unsubstiluted hydrocarbyl group having 1 to 20 carbon atoms, a substituted
hydrocarbyl group having ! to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a halogen, and combinations thereof.

[0059] In an embodiment. the process includes reacting a dihvdroxynaphthalenc with
a naphthovl halide. The dihvdroxyvnaphthalene mayv be any dihydroxvnaphthalene disclosed
herein and may be substituted or unsubstituted. The naphthoy! halide mayv be anv naphthoyl
halide disclosed herein and may be substituted or unsubstituted. The reaction forms or
otherwise produces a naphthalene dinaphthoate.

10060} ‘The present disclosure provides another process for producing a diester. Inan
embodiment, a process for producing a diester is provided which includes reacting &
aromatic diol with a naphthoyl halide under reaction conditions. The aromatic diol and/or
the naphthoyl halide may or may not be substituted. The naphthoyl halide may be a 1-
naphthoyl halide and/or a 2-naphtov] halide. The reaction forms or otherwise produces a 1,2-

phenviene dibenzoate of the structure (111
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wherein each of R;-Ris may be hvdrogen. Any consecutive R groups in Rs-Ry and/or
in Rjo-Ry4 are members of a Cy aromatic ring.
[0061] In an embodiment, the process includes reacting an aromatic diol with a 2-
naphthoyl] halide under reaction conditions and forming a 1,2-phenylene dibenzoate of the
structure (VI1).
(VD)

[06062] In an embodiment, the process includes reacting an aromatic diol with a 1-
naphthovl halide and forming a {.2-phenylene dibenzoate of the structure {VII).
(Vi)

[0063] In an embodiment, Rj-R4 are the same or different and each 1s selected from
hydrogen, an unsubstituied hydrocarbyl group having 1 to 20 carbon atoms, & substituted
hvdrocarby] group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon

atoms, 2 halogen, and combinations thereof.




[6064] " In another embodiment, the process includes reacting a dihydroxynaphthalene
with a naphthoyl halide to form a naphthalene dinaphthoate.

[0065] In an embodiment, any process disclosed herein may include introducing a
catalyst into the reaction (or reaction mixture) to assist the reaction between the aromatic diol
and the aromatic carboxylic acid or derivative thereof. In one embodiment, the process
includes reacting (i) an aromatic diol (substituted or unsubstituted), (ii) an aromatic acyl
halide (substituted or unsubstituted), and (iii) the catalyst, and forming or otherwise
producing a phenylene aromatic diester, Not wishing to be bound by any particular theory, it
is believed that the catalyst promotes esterification between the aromatic diol and the
aromatic carboxylic acid (or derivative thereof). Nonlimiting examples of suitable catalysts
are metal triflaies (trifluoromethanesulfonate) such as bismuth triflate and/or inorganic acids
such as sulfuric acid. |
[0066] In an embodiment, the reaction between the substituted/unsubstituted aromatic
carboxylic acid (or derivative thereof) and the substituted/unsubstituted aromatic diol as
described above is performed in the presence of a base such as an amine and/or a nitrogen-
containing heterocyclic aromatic compound. In one embodiment, the base is triethylamine. In
another embodiment, the base is pyridine.

[0067] In an embodiment, any of the reactions disclosed herein are performed in a
liguid medium. Nonlimiting examples of suitable solvents for the liquid medium may be
selected from pyridine, tetrahydrofuran, a halohydrocarbon (aliphatic and/or aromatic),
hydrocarbon, alcohol, ether, ap‘d any combination thereof. In a further embodiment, the
liquid reaction medium is a non-aqueous liguid.

J0068] In an embodiment, any of the processes disclosed herein may include
removing a reaction product from the liguid medium. The reaction product includes any of
the substituted phenylene aromatic diesters disclosed herein. Removal of the reaction
product from the liguid medium may include one or more of the following procedures:
extracting with a different solvent, precipitating, filtrating, concentrating the filtrate,
evaporating the liquid medium, crystallizing the substituted phenylene aromatic diester,
recrystallizing the substituted phenylene aromatic diester, complexing with a metal salt, and
any combination of the foregoing.

160697 - Any process may comprise two or more embodiments disclosed herein.
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{0070} The disclosure provides a composition. In an embodiment, a substituted

phenylene aromatic diester of the structure (II) is provided:

(i

[6071] wherein R;-Ry4 are the same or different. R, is not an isopropyl group or a
tertiary alkyl group. Each of R and Rj is selected from an unsubstituted alkyl group having
1 to 20 carbon atoms, an unsubstituted alkenyl group having 1 to 20 atoms, halohydrocarbyl
group, a halogen, a silicon-containing hydrocarbyl group, and combinations thereof. Each of
Ry, Ry, and Rs-Ry4 is selected from hydrogen, an unsubstituted hydrocarbyl group having 1 to
20 carbon atoms, a halohydrocarbyl group, a halogen, and combinations thereof.

10072] The term “prinﬁary alkyl group,” as used herein, refers to an alkyl group
having 1 to 20 carbon atoms with a ‘carbon atom bonded to a phenyl ring (i.e., a “C—Ph
bond™), the carbon atom bonded to one other carbon atom other than the C—Fh bond. A
“secondary alkyl group,” as used herein, refers to an alkyl group having 1 to 20 carbon atoms
with a carbon atom bonded to a phenyl ring, the carbon atom bonded to two other carbon
atorzs, other than the C—Ph bond. A “tertiary alkyl group,” as used herein, refers to an alky}
group having 1 to 20 carbon atoms with a carbon atom bonded to a phenyl ring, the carbon
atom bonded 1o three other carbon atoms, other than the C-—Ph bond.

[0073] In an embodiment, only étoms selected from C, H, Si, and/or a halogen are

bonded to the phenyl moieties at substituent points Rj-Ry4 of structure D).

[0074] In an embodiment, each of Ry and R4 is hydrogen. In another embodiment,
each of Ry, Ry, and Rs-Ryy is hydrogen. '

[0075] In an embodiment, R; is a methyl group and R is a branched alkyl group.
[0076] In an embodiment, each of R; and Rj is selected from a hydrocarbyl group

having 2 to 20 carbon atoms.
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{0077} In an embodiment, any R group of R;-Ri4 that is not a hydrogen is an alkyl
group having 1 to 20 carbon aioms.

[0078] In an embodiment, each of R; and Rj is selected from a C-Cy aikyl group.
Rs-R: are the same or different and cach of Rs-RM is selected from hvdrogen, a C;-Cyq alkyl
group, and a halogen. Nonlimiting examples of suitable C:-Cg alkyl groups include methyl,
ethyl, n-propyl, isopropvl, n-butvi, i-butyl, and t-butyl, n-pentyl, i-pentyl, neopentyl, t-pentyl,
n-hexyl, and 2,4,4-trimethylpentan-2-yl. In a further embodinient, at least one 0f Re-Rigis a
C;-Cyg alkyl group or a halogen.

[0079] In an embodiment, structure (II) includes R, that is a methy] group and R; that
is a t-butyl group. Each of Ra, R; and Rs-Ry4 is hydrogen.

[0080] In an embodiment. structure {II) includes R; and R;, each being an isopfopy]
eroup. Each of Ry, Rz and Rs-Rj4 is hydrogen.

{0081] In an embodiment, structure (II) includes each of R;, Rs, and Ry as a methyl
group and Rz is a t-buty! group. Fach of Rz, Ry, Re-Rg and Ry;-Ry4 is hydrogen.

[0082] In an embodiment, structure (IT) includes each of R;, Rs, and Ry as a methyl

group and Rz is a t-butyl group. Each of Ra, R4, Rs, Ry, Ry, Re. Ryp, Ry, Rz, and Rys is

hydrogen.
[0083] In an embodiment, structure (I1) includes R as a methyl group and Ry 1s a t-

butyl group. Each of R» and Ry, is an ethyl group. Each of Rs, Ry, Rs, Rs, Ry, Ro, Rug, Ruy,
Ry3, and R,z is hydrogen.

[0084} In an cmbodiment, siructure (IT) includes each of Ry, Rs. Ra, Re, Ryg, Ryg, and
Ri¢ as a methyi group and R; 1s a t-butyl group. Each of Rz, Rs, Re, Rg‘, Rii, and Ria s
hvdrogen.

[0085] In an embodiment, structure (11) includes R; as a methyl group and Rs is a -
butyl group. Each of Rs. Ry, Rg, Rig, Riz, and R4 is an i-propyl group. Each of Ry, Ry, R,
Rg, R“l, and Rs s hydrogen.

{6086} In an embodiment, slrucluxé (IT) includes R; that is a methyl group and R3 is a
t-butyl group. Each of R, and Ry, is an ethoxy group. Each of Rz, Ry, Rs, Re, Rs. Rs, Ryg,

R] 1s RIS: and R.].; is hydmgen.
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{0087] In an embodiment, structure (I1) includes R; that is a methyl group and Rz isa
t-buty] group. Each of R- and R;- is a fluorine atom. FEach of Rs, Ry, Rz, Rs. Rg, Rg, Ris. Rus,
Ry, and Ry« is hydrogen.

[0088] In an embodiment, structure (II) includes R; that is a methyl group and Ry isa
t-butyl group. Fach of R» and Ry is a chlorine atom. Each of Ra, R4, Rs. R, Ry, Ry, Rig, Ry,
Ry3. and Ry is hydrogen, ‘
[0089] In an embodiment, structure (II) includes R; that is a methyl groupand Ry is a
t-butyl group. Fach of Ry and Rz 1s a bromine atom. Fach of Rz, Rs, Rs, Re, Ra. Ra. Ryg,
Ryj, Ryz, and R4 1s hydrogen.

[4090) In an embodiment, structure (II) includes R; that is a methyl groupand Ry is a
t-butyvl group. Each of R; and Ry is an iodine stom. Each of Ra, Rs, Rs, Re, Rg. Re, Rug, Ry,
R)3, and Ry4 1s hydrogen.

10091} In an embodiment, structure (II) includes R, that is a methyl groupand R is a
t-butyl group. Lach of Rg, R+, Ry:, and Ry; is a chlorine atom. Each of Ra, Rs, Rs, Rg, Ro,
R4 Ris, and Ry4 s hvdrogen.

10092] In an embodiment, structure (I includes R, that is a methyl groupand Ry isa
i-butyl group. Each of Re, Rg, Ryy, and Ryz is a chlorine atom. Each of Ry, R4, Rs, Ry, Ry,
Ry Ryz, and Ry4 1s hydrogen.

[0093] In an embodiment, structure {IT) includes R, that is 2 methy] groupand Rais a
t-butyl group. Each of is Ry and Ry 15 hydrogen. Fach of Rs-R . is a {luorine atom,

[0094] In an embodiment, structure (IT) includes R, that is a methyl groupand Rz isa
t-butyl group. Each of R; and Ry; is a trifluoromethyl group. Each of Ra, Ry, Rs, Re, Rs, Re,

Rio. Riy, Rz, and Ry4 is hydrogen.

o

{0095} I an embodiment, structure (11) includes R; that is a methy] group and Rz is a
t-butyl group. Each of R; and Ry» is an ethoxycarbonyl group.. Each of Ry, Rs, Rs, Re, R,
Rg. Ryg, Ry1, Ris, and Ryq is hydrogen.,

10096] Inan cmbodimenl, structure (IT) includes R, that is a methyl group and R is a
t-buty! group. Each of Ry and R,z is a diethylamino group. Each of Rz, Ra. Rs, R, Rg, R,
Rig, Ri1, R:s, and Ry is hvdrogen. ,

0697} In an embodiment, structure (IT) includes Ry that is a methyl group and Ry is a

2.4.4-trimethyipentan-2-vl group. Each of Ry, Rs and Rs-Ry4 is hydrogen.



[0098] In an embodiment, structure (I1) includes R: and Rx, each of which is a sec-

butyl group. Fach of Ry, R4 and Rs-Ry4 1s hydrogen,

[0099] In an embodiment, structure (II) includes Rj is that a 2,4,4-trimethylpentan-2-
vl group.
[00160] In an embodiment, structure (IT) includes one of R+ and Ryz is an alky] group

having 1 1o 6 carbon atoms or 4 balogen atom.

[00101]) In an embodiment, structure (IT) includes cach of R~ and Ry; is @ methyl group
and each of Rs — Ry, Ry - Ryy, and Rz -+ Rys Is hydrogen,

[60102] In an embodiment, structure (1) includes each of R~ and Ry; s a fluorine atom
or a chlorine atom and each of Rs — Rg, Ry Ryj, and R:3 — Ryq 1s hvdrogen.

[60103] Nonlimiting examples of suitable substtuted 1,2-phenylene dibenzoate
include the following compounds as well as their derivatives with R:-Ry4 substitution(s) as
defined above:  3,5-dimethyl-1,2-phenylene dibenzoate; S5-ethyl-3-methyl-1,2-phenylene
dibenzoate;  3-methyl-3-propyvl-1,2-phenyiene  dibenzoate;  3-isopropyl-3-methyl-1,2-
phenylene dibenzoate; S-butyl-3-methyl-1,2-phenylene dibenzoate; 3-isobutvl-3-methyi-1,2-
phenyicne dibenzoate; 3-tert-butyl-3-methyl-1.2-phenylenc  dibenzoate; 3-cyclopentyl-3-
methyl-1,2-phenylene  dibenzoate; S-cyclohexyl-3-methvl-1,2-phenylenc  dibenzoate; 3-
methyl-5-(2.4,4-trimethylpentan-2-yl)-1.2-phenvlene dibenzoate; S-methyvibiphenyl-3,4~div]
dibenzoate;  3-ethyl-S-methyl-1.2-phenylene  dibenzoate;  3,5-diethyl-1,2-phenylene
dibenzoate; 3-ethyl-5S-propyl-1.2-phenviene dibenzoate: 3-ethyl-S-isopropyl-1.2-phenviene
dibenzoate; S-butyl-3-ethyl-1,2-phenylene dibenzoate; 3-ethyl-5-isobutyl-1,2-phenylene
dibenzoate:  S-tert-buiyl-3-ethyl-1.2-phenvlene  dibenzoate;  S-cvclopemyl-3-ethvl-1.2-
phenylene dibenzoate; 3S-cyclohexyl-3-cthyl-1,2-phenylene dibenzoate; 3-ethyl-5-(2,4,4-
irimethvlpentan-2-vIi-1.2-phemviene  dibenzoate; S~ethylbipheny}-3,-‘+~di‘_§fl dibenzoate; 5-
m.ethyl«?«,-pmpyiwl,2-phcnylénc dibenzoate; S-ethyl-3-propyl-1,2-phenyiene dibenzoate; 3,5-
dipropyi-1.2-phenvlene dibenzoate; S-isopropyl-3-propvi-1.2-phenviene dibenzoate; 3-butyl-
3-propyl-1,2-phenylene  dibenzoate; S-isobutyl-3-propyl-1,2-phenylene dibenzoate; 3-tert-
butvl-3-propyl-1,2-phenylene dibenzoate; S-cyclopentyl-3-propyl-1.2-phenviene dibenzoate:;
S-cyciohexyl-3-propyl-1,2-phenylene  dibenzoate:  3-propyl-3-(2,4. 4-irimethylpentan-2-vi)-
. 1,2-phenylene dibenzoate; S-propylbiphenyi-3 4-divl dibenzoate; 3-isopropyl-3-methvl-1,2-

phenylene dibenzoate; S-cthyl-3-isopropyl-1,2-phenylene dibenzoaie; 3-isopropyl-5-propyl-
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1.2-phenylene dibenzoate; 3,5-diisopropyl-1,2-phenviene dibenzoate; and/or 35-butvl-3-
isopropyl-1,2-phenyiene dibenzoate; 3S-isobutvl-3-isopropvl-1,2-phenviene dibenzoate; 3-
tert-butyl-3-isopropyvl-1.2-phenylene  dibenzoate; S-cyclopentyl-3-isopropyl-1,2-phenylene
dibenzoate;  S-cyclohexyl-3-isopropyi-1,2-phenylene  dibenzoate;  3-isopropyl-5-(2,4,4-
trimethylpentan-2-y1)-1,2-phenylene dibenzoate; 3-isopropylbipheny!-3,4-diyl dibenzoate; 3-
butyl-S-methyl-1,2-phenylene  dibenzoate; 3-butyl-5-ethyl-1,2-phenylene  dibenzoate; 3-
butyl-5-propyl-1,2-phenylene dibenzoate; 3-butyl-S-isopropyl-1,2-phenylene  dibenzoate;
3,5-dibutyl-1,2-phenylene dibenzoate; 3-butyl-5-isobuiyl-1,2-phenylene dibenzoate; S-tert-
butyl-3-butyl-1,2-phenylene dibenzoate:; 3-butyl-3-cyclopentyl-1,2-phenviene dibenzoate; 3-
butyl-S-cyclohexyl-1.2-phenylene  dibenzoate; 3-butyl-5-(2.4.4-tnimethylpentan-2-vi)-1,2-
phenylene  dibenzoate;  S-butvlbiphenvl-3,4-divl  dibenzoate; 3-isoburyl-5-methyi-1.2-
phenyvlene dibenzoate; S-cthvl-3-isobutvi-1,2-phenylene dibenzoate; 3-isobutvl-3-propyl-1,2-
phenylene dibenzoate; 3-isobutyl-3-isopropyvl-1,2-phenvienc dibenzoate; S-butyl-3-isobutyl-
1,2-phenylene dibenzoate; 3,5-diisobutyl-1,2-phenylene dibenzoate; S-teri-butvl-3-isobutyl-
1,2-phenylene dibenzoate; S-cyclopentyl-3-isobutyl-1,2-phenylene dibenzoate; 5-cvclohexyl-
3-isobutyl-1,2-phenylenc dibenzoate; 3-isobutyl-5-(2,4,4-trimethylpentan-2-y1)-1,2-
phenylene dibenzoate; S-isobutylbiphenyl-3,4-divl dibenzoate; 3-cvclopentyl-5-methyl-1.2-
phenylene dibenzoate; 3-cyclopentyl-S-ethyl-1.2-phenviene dibenzoaie; 3-cyclopentyl-5-
propyl-1,2-phenylene dibenzoate; 3-cyclopentyl-S-isopropyl-1.2-phenylene dibenzoate; 5-
butyi-3-cyclopentyl-1.2-phenvlene  dibenzoate;  3-cyclopentyl-3-isobutvi-1,2-phenylene
dibenzoate; S-tert-butvl-3-cvclopenivl-1,2-phenyviene dibenzoate:  3.5-dicyclopentyvi-1,2-
phenylene dibenzoate; 3-cvclohexyl-3-cveiopentyl-1,2-phenviene dibenzoate; 3-cyvclopentyl-

5-(2,4. 4-trimethylpentan-2-v1}-1.2-phenvlene  dibenzoate;  S-cvclopentylbiphenyl-3,4-diyl
dibenzoate; 3-cyclohexvl-5-methyl-1,2-phenylene dibenzoate. 3-cvclohexvl-3-ethyl-1,2-
phenylene dibenzoatc; 3-cyclohexyl-5-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-5-
isopropyl-1,2-phenylene dibenzoute; 5-butyl-3-cyclohexyl-1,2-phenylene dibenzoate; 3-
cvclohexyl-5-isobutyl-1,2-phenylene  dibenzoate; S-tert-butyi-2-cyclohexyl-1,2-phenyiene

dibenzoate; 3-cyclohexyl-3-cyclopentyl-1,2-phenylene dibenzoate, 3.3-dicyclohexyvi-1,2-

phenylene dibenzoate; 3-cvclohexyl-53-(2,4.4-irimethylpentan-2-v1)-1.2-phenylene
diberzoate; S-cvclohexylbiphenyl-3,4-diy] dibenzoate; S-methyvlbipheny!-2.3-divi

dibenzoate; S-ethylbiphenvl-2,3-diyl dibenzoate; S-propyibiphenyl-2 3-divl dibenzoate; 3-
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isopropvlbiphenyl-2,3-diyl  dibenzoate;  S-butylbiphenyl-2.3-divl - dibenzoate;  3-
isobutvibiphenyl-2,3-divl  dibenzoate;  3-tert-butvlbiphenyl-2.3-divl  dibenzoate;  3-

cyclopentylbiphenyl-2,3-diyl dibenzoate; S-cvclohexylbiphenyl-2,3-diyl dibenzoate; 5-
(2,4,4-trimethylpentan-2-yl)biphenyl-2,3-divl dibenzoate; and/or 3,5-diphenyl-1,2-phenyiene
dibenzoate.
160104} The present disclosure provides another composition. In an embodiment, a
substituted phenylene aromatic dicster of the structure (11) is provided ;

(1)

wherein Rj-R)s are the same or different, R» is an alkyl group having 2 to 20 carbon
atorms and each of the other R groups of R1-R4 is hydrogen. Each of Rs-Ry4 is selected from
hydrogen, an unsubstituted hydrocérbyl group having 1 to 20 carbon atoms, a
halohydrocarbyl group, a halogen, a silicon-containing hyvdrocarbyl group, and combinations
thereo?. Each of Rz, R~, and R:» 1s siultaneously not a t-buty] group.
[00105] In an embodiment, Rz is selected from of a4 t-butyl group and a 2,44-
trimethylpentan-2-yl group.
[00106] In an embodiment, one of R+ and Ry is an alkyi group having 1 to 6 carbon
atoms or a halogen aton:.
[00107] In an embodiment, each of R» and R is methyl group and each of Rs ~ R, Rg
~ Ry, and Ryz ~ Ry4 is hydrogen.
[00108] In an embodiment, each of R+ and Rz is fluorine or chiorine. Each of R« — Ry,
Rg — Ry:, and Ryz — Ry« 1s hvdrogen.
[60109] The present disclosure provides another composition. In an embodimeni, &

substituted phenylene aromatic diester of the structure (11) is provided:
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wherein R;-Rj4 are the same or different. Each of R;, Rs, Ry is hydrogen, Ry is a
hydrocarbyl group having 1 to 20 carbon atoms. At least one of Ry and Ry, is a halogen or a
primary or secondary hydrocarbyl group having 1 to 20 carbon atoms which may optionally
be substituted with halogen, silicon, or an alkoxy group. Each of Rs-Rg, Rg-Ry; and Ry3-Rys
is selected from hydrogen, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms,

a halohydrocarbyl group, a halogen, a silicon-containing hydrocarbyl group, and

combinations thereof.
{00110] In an embodiment, R; is an alky] group having 1 to 20 carbon atoms.
[66111] In an embodiment, each of R, and Ry is & halogen or an alkyl group having 1

to 6 carbon atoms.

[60112] In an embodiment, R, is a methy! group. Each of Ry and Ry, is a halogen or
methyl group. The remaining R grouns are hydrogen.

[00113] In an embodiment, each of R, and Ry is a methyl group. Each of Ry and Ryy is
a halogen or a methy! group. The remaining R groups are hydrogen.

[00114] The present disclosure provides another composition. In an embodiment, a

substituted phenylene aromatic diester of the structure (II) is provided:

an



wherein Ry-R;; are the same or different. R; is an unsubstituted hivdrocarbyl group
having 1 to 20 carbon atoms. R;-R, are sclected from hydrogen, an unsubstitied hydrocarbyl
group having 1 to 20 carbon atoms, & halohvdrocarbyl group, a halogen, a silicon-containing
hydrocarbyl group, and combinations thereof. Each of Rs-Rys is selected from an
unsebstitured hvdrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a
halogen, a silicon-containing hydrocarbyl group, and combinations thercof. '
[00115] " The present disclosure provides another composition. In an embodiment, a

substituted phenylence aromatic diester of the structure (II) is provided:
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wherein Ri-Ryq are the same or different. Ry is an alkyl group having 2 to 20 carbon

atoms. Fach other R group of R;-Rs is hydrogen. Each of Rs-R 4 1s selected from hydrogen,
an unsubstituted hydrocarby! group having 1 to 20 carbon atoms, a halohydrocarbyl group, a
halogen, a silicon-containing hydrocarbyl group, and combinations thercof. R, R, and Rz
are not simultaneously a i-butyl group. In other words, when R: is a t-buiy] group Rz and Ris
are not a 1-putyl group (or when R- is a --butvl group, R- and Ry are not a t-butyl group; or

wher Ri: is a t-butyv! group, R; and R- are not a t-butyl group).

[00116] In an embodiment, structure (II) inciudes Ra that is ethyl and cach of Rs-Ry; is
hydrogen.

[00117] In an embodiment, structure (II) includes R that is {-butyl and each of Rs-Ry4
is hydrogen.

{00118] In an embodiment, structure (If) includes R, that is 2,4, 4-trimethylpentan-2-yl

and each of R:-R4 is hvdrogen.
{00119} Nonlimiting examples of suitable substituied 1.2-phenylene dibenzoate

inciude 4-ethvl-12-phenviene dibenzoate; 4-propyl-1,2-phenviene dibenzoate; 4-isopropyl-




1,2-phenylene dibenzoate; 4-butyl-1,2-phenylene dibenzoate; ' 4-isobutyl-1,2-phenylene
dibenzoate; 4-cyclopentyl-1,2-phenylene dibenzoate; 4-cyclohexyl-1,2-phenylene
dibenzoate; 4-(2,4,4-trimethylpentan-2-yl)-1,2-phenylene dibenzoate; and/or biphenyl-3,4-
diyl dibenzoate.

[00120] In an embodiment, two or more of R;-R4 are substituted. Each of the
substituted R groups of Ri-Ry is selected from an unsubstituted hydrocarbyl group having 2
to 20 carbon atoms. R; is not a tertiary alkyl group.

[66121] The present disclosure provides another composition. In an embodiment, a
substituted phenylene aromatic diester is provided. The substituted 1,2-phenylene aromatic

diester has the structure (II) below.

(1)
Ry Ra
e
N "~ 2
R\D\\)\\/RM Ry
X /gi
R‘; Ro
[00122] Ri-Ri4 are the same or different. Each of R}, Rs, Ry is hydrogen. R;isa

: hydrocarbyl group having 1 to 20 carbon atoms. At least one of R; and Ry is a halogen.
Each of Rs-R¢, Rg-Ry; and Ry3-Ry4 is selected from hydrogen, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing
hydrocarbyl group, and combinations thereof. .

[60123] In an embodiment, only atoms selected from C, H, Si, and/or a halogen are

bonded to the phenyl groups at substituent points R;-Ry4 of structure (II).

\{00 124} In an embodiment, R; is an alkyl group having 1 to 20 carbon atoms.
[06125] In an embodiment, each of R; and R;; is a halogen. In a further embodiment,

each of Rs, R7, R 0s and Riz 1sa ha]ogen.
[00126] In an embodiment, structure (1) includes R, that is methyl and Ry and Ry, that

are chlorine. Each other R-group of R;-Ry4 groups is hydrogen.
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[06127] In an embodiment, structure (IT) includes R; that is t-butyl and R; and R; that
are chlorine. Eack other R-group of R;-R,: groups is hyvdrogen.
[04128] The disclosure provides another composition.  In an embodimen:, a

substituted phenylene aromatic diester is provided having the structare (11):

(ID)
Ry N
\ /
\\ .
7N
/f‘ AN
R— N -
- /7
N/
e
o /N e
RN Do

wherein R;-Ry. are the same or different. Fach of Ry, Rs, Ry is hydrogen. Raisa
hydrocarbyl group having 1 1o 20 carbon atoms. Each of Rs-Rys is selected from hydrogen,
an unsubsiituted hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarby! group, a
halogen, a silicon-comaining hvdrocarbyl group, and combinations thereof. At least one of
Rs-Rg, Rg-Ry: and Rya-Rya 1s selected from a C;-Cy alkyl group, a halogen, and combinations
thereof,
[06129] In an embodiment, only atoms sclected from C, H, Si, and/or a halogen are

bonded to the phenyl groups at substituent points Rj-Ryy of structure (11).

[00130] In an embodiment, Ry is an alkyl group having 1 to 20 carbon atoms.
[00131] In an embodiment, each of R; and Ry, is a methyl group. In a further

embodiment. each of Rs, R7, Ry, and R;; is a methyl group.

[00132] In an embodiment, structure (IT) includes cach of Ry, R+ and Ry as a methyl
aroupn. Each other R group of R;-Ry4 is hvdrogen.

j00133] In an embodiment, structure (I1) includes R, that is t-buty] group and each of
Rerand Riy is 2 methyl group. Fach other R group of Ri-Ry4 is hydrogen. |
[00134] In an embodiment, structure (II) includes R, that is a methyl group and each
of R- and Ry: is a dimethvlamino group. Each other R group of R;-R 54 is hvdrogen.

{00135] In an embodiment, structure (II) includes R, that is a t-buty] group and each of

R~ and Ryz 15 a dimethylamino group. Each other R group of R:-Ry; is hvdrogen.




[{60136] Nonlimiting exampiés of suitable substituted 1,2-phenylene dibenzoate
include 3-ethyl-1,2-phenylene dibenzoate; 3-propy!-1,2-phenylene dibenzoate; 3-isopropyl-
1,2-phenylene dibenzoate; 3-butyl-1,2-phenylene dibenzoate; 3-isobutyl-1,2-phenylene
dibenzoate;  3-cyclopentyl-1,2-phenylene  dibenzoate; .  3-cyclohexyl-1,2-phenylene
dibenzoate; 3-cyclohexyl-1,2-phenylene dibenzoate; 3-(2,4,4-trimethylpentan-2-y1)-1,2-
phenylene dibenzoate, and/or biphenyl-2,3-diyl dibenzoate. '

[00137] The disclosure provides another composition. In an embodiment, a

substituted 1,2-phenylene aromatic diester of the structure (If) is provided:

m

R R,

R, J_\<\\“‘—Rl

=

N

J. L
Rus Rf‘f Re
1)
R,,/.S/kn,:s ﬁ/\ﬁs

Rey Ry

wherein R;-Ry4 are the same or different. R, is not a secondary alkyl group or a
tertiary alkyl group. Each of R; and Ry is selected from an unsubstituted alkyl group having
2 to 20 carbon atoms, an unsubstituted alkenyl group having 2 to 20 carbon atoms, a
halohydrocarbyl grbup, a halogen, a silicon-containing hydrocarbyl group, and combinations
thereof. Each of Ry-R; and each of Rs-Rys is selected from hydrogen, unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a
silicon-containing hydrocarbyl group, and combinations thereof.

[60138] In an embodiment, structure (IT) includes R; and R; that are each a hydrogen.
[60139] = Inan embodiment, structure (II) includes R, R3, and R4, each of which is an i-
propyl group. Each of Ry, Rs-Ro and Ry¢-Ry4 is hydrogen.

[00140] Nonlimiting examples of suitable substituted 1,2-phenylene dibenzoate
include the following compounds as well as their derivatives with Rs-R,4 substitution(s) as
defined above: 3-ethyl-6-methyl-1,2-phenylene dibenzoate; 3-methyl-6-propyl-1,2-
phenylene dibenzoate; 3-buty].;6-met11y’l-l,2-phenylene dibenzoate; 3-isobutyi-6-methyl-1,2-
phenylene dibenzoate; 3-cyclopentyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-
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methyl-1,2-phenylene dibenzoate; 4~methy1biphényl~2,3~diyl dibenzoate; 3,6-diethyl-1,2-
phenylene dibenzoate; 3-ethyl-6-propyl-1,2-phenylene dibenzoate; 3-ethyl-6-isopropyl-1,2-
phenylene dibenzoate; 3-butyl-6-ethyl-1,2-phenylene dibenzoate; 3-ethyl-6-isobutyl-1,2-
phenylene dibenzoate; 3-cyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-
ethy1-1,2-phenyle~ne‘ dibenzoate; 4-ethylbiphenyl-2,3-diyl dibenzoate; 3,6-dipropyl-1,2-
phenylene dibenzoate; 3-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-butyl-6-propyi-1,2-
phenylene dibenzoate; 3-isobutyl-6-propyl-1,2-phenylene dibénzoate; 3-cyclopentyl-6-
propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-propyl-1,2-phenylene dibenzoate; 4-
propylbiphenyl-2,3-diyl dibenzoate; 3,6§diiso§ropyl-i,2~phenylene dibenzoate; 3-butyl-6-
isopropyl-1,2-phenylene dibenzoate; 3-isobutyl-6-isopropyl-1,2-phenylene dibenzoate; 3-
cyclopentyl-6-isopropyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-isopropyl-1,2-phenylene
dibenzoate; 4-isopropylbiphenyl-2,3-diyl dibenzoate; 3,6-dibutyl-1,2-phenylene dibenzoate;
3-butyl-6-isobutyl-1,2-phenylene dibenzoate; | 3-butyi-6—cyciopentyi~l,2~phenyiene
dibenzoate;  3-butyl-6-cyclohexyl-1,2-phenylene  dibenzoate; 4-butylbiphenyl-2,3-diyl
dibenzoate; 3,6-diisobutyl-1 .2-phenylene dibenzoate; 3-cyclopentyl-6-isobutyl-1,2-phenylene
dibenzoate; 3-cyclohexyl-6-isobutyl-1,2-phenylene dibenzoate; 4-isobutylbiphenyl-2,3-diyl
dibenzoate; 3,6-dicyciopentyl-1,2-phenylene dibenzoate; ' 3-cyclohexyl-6-cyclopentyl-1,2-
phenylene dibenzoate; 4-cyclopentylbiphenyl-2,3-diyl dibenzoate; 3,6-dicyclohexyl-1,2-
phenylene dibenzoate; 4-cyclohexylbiphenyl-2,3-diyl dibenzoate; and/or 3,6-phenyl-1,2-
phenyierie dibenzoate.

[00141] The disclosure provides another éomposition. In an embodiment, a

substituted 1,2-phenylene aromatic diester of the structure (II) 1s provided:

ﬁﬂ/
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wherein Ry-Ry. are the same or different. Fach of R, Rs, and Ry is selected from an
alkyl group having 2 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon atoms, a
halohydrocarbyl group, a silicon-containing hydrocarbyl group, and combinations thereof.
Fach of Rs-Ry4 is selected from hvdrogen, an unsubstituted hydrocarby] group having 1 to 20
carbon atoms, a halohydrocarbyl group, a halegen, a silicon-containing hydrocarbyl group,
and combinations thereof.
100142] In an embodiment, each of Ry, Rz, and Ra 1s selected from an alkyl group

~

having 2 to 20 carbon atoms. an alkenyl group having 2 to 20 carbon atoms, a
halohydrocarbyl group, a silicon-containing nydrocarby! group, and combinations thereof.
[00143) In an embodiment, R; is hyvdrogen. Each of Ry, Ry, and R, is selected from a
hydrocarbon group having 2 to 20 carbon atoms. Each of Ry and R is not a tertiary alkyl
group. Bach of Rs-R4is selected from hydrogen, an unsubstituted hydrocarbyl group having
1 10 20 carbon atoms, a halohvdrocarby! group, a halogen, a silicon-containing ivdrocarbyl
group, and combinations thereof.

o]
L

[00144] Nonlimiting examples of suitable substituted 1,2-phenylene dibenzoate
include the follewing compounds as well as their derivatives with Rs-Ryy substitution(s) as
defined above: 3.4,6-trimethyl-1,2-phenvienc  dibenzoate; 3-ethyl-4,6-dimethyl-1.2-
phenyviene  dibenzoate; 4.6-dimethyl-3-propyl-1.2-phenviene dibenzoate; 3-isopropyi-4.6-
dimethyl-1.2-phenylene dibenzoate; 3-butyl-4,6-dimethyl-1,2-phenylene dibenzoate; 3-
isobutvl-4.6-dimethvi-1,2-phenviene dibenzoate; 3-cvclopentyl-4.6-dimethyl-1,2-phenyiene
dibenzoate; 3-cyclohexyl-4,6-dimethyl-1.2-phenylene dibenzoate; 4,6-dimethylbiphenyl-2.3-
divl dibenzoate; 4-cthyl-3.6-dimethyl-1,2-phenvlene dibenzoate; 3.4-diethyl-6-methyi-1.2-
phenylene  dibenzoate;,  4-ethyvl-6-methyi-3-propyl-i,2-phenviene  dibenzoate:  4-ethyi-3-
isopropyl-G-methyl-1.2-phenylene  dibenzoate;  3-butyi-4-ethyl-6-methyl-1.2-phenyicne
dibenzoate; 4-ethyl-3-isobuyl-6-methvl-1.2-phenviene dibenzoate: 3-cvelopentyi-4-ethyl-6-
methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4-ethyl-6-methyl-1,2-phenylenc dibenzoate;
o-cthyl-4-methvlbiphenvi-2.3-divl dibenzoate; 3,6-dimethyl-4-propyi-1.2-phenylene
dibenzoate; 3-ethyl-6-methyl-4-propyi-1.2-phenylene dibenzoate; 6-methyi-3,4-dipropyl-1.2-
phenyiene dibenzoate: 3-isopropyl-6-methyl-4-propvl-1.2-phenylene dibenzoate: 3-butvl-6-
methyl-4-propyl-1.2-phenylene  dibenzoate;  3-isobuivi-6-methyl-4-propyl-1.2-phenylene

dibenzoate: 3-cyclopentyl-6-methyl-4-propyl-1.2-phenylene  dibenzoate; 3-cvclohexyl-6-




methyl-4-propyl-1,2-phenylene dibenzoate; 4-methyl-6-propylbiphenyl-2,3-diyl dibenzoate;
4-isopropyl-3,6-dimethyl-1,2-phenylene  dibenzoate;  3-ethyl-4-isopropyl-6-methyl-1,2-
phenylene dibenzoate; 4-isopropyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 3,4-
diisopropyl-6-methyl-1,2-phenylene dibenzoate; 3-butyl-4-isopropyl-6-methyl-1,2-phenylene
dibenzoate; 3-isobutyl-4-isopropyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclopentyl-4-
isopropyl-6-methyl-1,2-phenylene  dibenzoate;  3-cyclohexyl-4-isopropyl-6-methyl-1,2-
phenylene dibenzoate; 6-isopropyl-4-methylbiphenyl-2,3-diyl dibenzoate; 4-butyl-3,6-
dimethyl-1,2-phenylene dibenzd‘ate; 4-butyl-3-ethyl-6-methyl-1,2-phenylene dibenzoate; 4-
- butyl-6-methyl-3-propyl-1,2-phenylene  dibenzoate;  4-butyl-3-isopropyl-6-methyi-1,2-
phenylene dibenzoate; 3,4-dibutyl-6-methyl-1,2-phenylene dibenzoate; 4-butyl-3-isobutyl-6-
methyl-1,2-phenylene dibenzoate; 4-butyl-3-cyclopentyl-6-methyl-1,2-phenylene dibenzoate;
4-butyl-3-cyclohexyl-6-methyl-1,2-phenylene  dibenzoate;  4-butyl-6-methyl-3-(2,4,4-
trimethylpentan-2-yl)-1,2-phenylene dibenzoate; 6-butyl-4-methylbiphenyl-2,3-diyl
dibenzoate; 4-isobutyl-3,6-dimethyl-1,2-phenylene dibenzoate; 3-ethyl-4-isobutyl-6-methyl-
1,2-phenylene dibenzoate; 4-isobutyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 4-
isobutyl-3-isopropyl-6-methyl-1,2-phenylene dibenzoate; 3-butyl-4-isobutyl-6-methyl-1,2-
phenylene dibenzoate; 3,4-diisobutyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclopentyl-4-
isobutyl-6-methyl-1.2-phenylene dibenzoate; 3-cyclohexyl-4-isobutyl-6-methyl-1.2-
phenylene dibenzoate; 6-isobutyl-4-methylbiphenyl-2,3-diyl dibenizoate; 4-tert-butyl-3.6-
dimethyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-ethyl-6-methyl-1,2-phenylene dibenzoate;
4-tert-butyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-isopropyl-6-methyl-
1,2-phenylene dibenzoate; 4-tert-butyl-3-butyl-6-methyl-1,2-phenylene dibenzoate; 4-tert-

butyl-3-isobutyl-6-methyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-cyclopentyl-6-methyl- .

1,2-phenylene dibenzoate; 4-tert-butyl-3-cyclohexyl-6-methyl-1,2-phenylene dibenzoate; 4-
cyclopentyl-3,6-dimethyl-1,2-phenylene  dibenzoate; 4-cyclopentyl-3-ethyl-6-methyl-1,2-
phenylene dibenzoate; 4-cyclopentyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 4-
cyclopentyl-3-isopropyl-6-methyl-1,2-phenylene - dibenzoate;  3-butyl-4-cyclopentyl-6-
methyl-1,2-phenylene dibenzoate; 4-cyclopentyl-3 —isobutyl-é—methyl»l .2-phenylene
dibenzoate;  3,4-dicyclopentyl-6-methyl-1,2-phenylene  dibenzoate;  3-cyclohexyl-4-
cyclopentyi-(i—methyl-l,Z-phenylene dibenzoate; 6-cyclopentyl-4-methylbiphenyl-2,3-diyl
dibenzoate; 4-cyclohexyl-3.6-dimethyl-1,2-phenylene dibenzoate; 4-cyclohexyl-3-ethyl-6-
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methyl-1,2-phenylene | dibenzoate; 4-cyclohexyl-6-methyl-3-propyl-1,2-phenylene
dibenzoate;  4-cyclohexyl-3-isopropyl-6-methyl-1,2-phenylene  dibenzoate; 3-buty1»4~‘
cyclohexyl-6-methyl-1,2-phenylene  dibenzoate;  4-cyclohexyl-3-isobutyl-6-methyl-1,2-
phenylene dibenzoate; 4-cyc10hexy1«3~cyclopentyi-6-methy].—1,2-phenyléne dibenzoate; 3,4-
dicyclohexyl-6-methyl-1,2-phenylene dibenzoate; 6~cycIohexyi—4—methylbipheny1—2,3-diyi
dibenzoate; 2,5-dimethylbiphenyl-3,4-diyl dibenzoate; 2-ethy1—5-methylbiphenyl—3,4~diy1
dibenzoate; S-methyl-2-propylbiphenyl-3,4-diyl dibenzoate; 2-isopropyl-5-methylbiphenyl-
| 3,4-diyl  dibenzoate;  2-butyl-5-methylbiphenyl-3,4-diyl  dibenzoate;  2-isobutyl-5-
methylbiphenyl-3,4-diyl dibenzoate; 2-cyclopentyl-5-methylbiphenyl-3,4-diyl dibenzoate; 2-
cyclohexyl-S-methylbiphenyl-3,4-diyl  dibenzoate;  3,4-phenyl-6-methyl-1,2-phenylene
dibenzoate;  6-ethyl-3,4-dimethyl-1,2-phenylene  dibenzoate;  3,6-diethyl-4-methyl-1,2-
phenylene dibenzoate; 6-ethyl-4-methyl-3-propyl-1,2-phenylene dibenzoate; 6-cthyl-3-
isopropyl-4-methyl-1,2-phenylene  dibenzoate;  3-butyl-6-ethyl-4-methyl-1,2-phenylene
- dibenzoate; 6-ethyl-3-isobutyl-4-methyl-1,2-phenylene dibenzoate; 3wcyclopentyi-6-ethyi-4-
methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-ethyl-4-methyl-1,2-phenylene dibenzoate;
4-ethyl-6-methylbiphenyl-2,3-diyl ~ dibenzoate; 4,6-diethyl-3-methyl-1,2-phenylene
dibenzoate; 3,4,6-riethyl-1,2-phenylene dibenzoate; 4,6-diethy}-3—propyl-1,2-phenylene
dibenzoate; 4,6~diethyl-3-isopropyl-1,2-phenyiene dibenzoate;  3-butyl-4,6-diethyl-1,2-
phenyiene dibenzoate; 4,6~diethyl~3-isobuty1-1,2-phenylcne dibenzoate; 3-cyclopentyl-4,6-
diethyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4,6-diethyl-1,2-phenylene dibenzoate; 4,6-
diethylbiphenyl-2,3-diyl dibenzoate; 6-ethyl-3-methyl-4-propyl-1,2-phenylene dibenzoate;
3,6-diethyl-4-propyl-1,2-phenylene dibenzoate; 6-ethyl-3,4-dipropyi-1,2-phenylene
dibenzoate; 6-ethyl-3-isopropyl-4-propyl-1,2-phenylene  dibenzoate, 3-butyl-6-ethyl-4-
propyl-1,2-phenyiene dibenzoate; 6-ethyl-3-isobutyl-4-propyl-1,2-phenylene dibenzoate; 3-
cyclopentyl-6-ethyl-4-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-ethyl-4-propyl-1,2-
phenylene dibenzoate; 4-ethyl-6-propylbiphenyl-2,3-diyl dibenzoate; 6-cthyl-4-isopropyl-3-
methyl-1,2-phenylene  dibenzoate; 3,6~-diethyl-4-isopropyl-1,2-phenylene dibenzoate; 6-
ethyl-4-isopropyl-3-propyl-1,2-phenylene dibenzoate; 6-ethyl-3,4-diisopropyl-1,2-phenylene
dibenzoate; 3-butyl-6-ethyl-4-isopropyl-1,2-phenylene dibenzoate; 6-ethyl-3-isobutyl-4-
isopropyl-l,.?»?henylene dibenzoate;  3-cyclopentyl-6-ethyl-4-isopropyl-1,2-phenylene
dibenzoate;  3-cyclohexyl-6-ethyl-4-isopropyl-1,2-phenylene cﬁbenzoate; 4-ethyl-6-
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isopropylbiphenyl-2,3-diyl dibenzoate; 4-butyl-6-ethyl-3-methyl-1,2-phenylene dibenzoate;
4-butyl-3,6-diethyl-1,2-phenylene  dibenzoate;  4-butyl-6-ethyl-3-propyl-1,2-phenylene
dibenzoate; 4-butyl-6-ethyl-3-isopropyl-1,2-phenylene dibenzoate; 3,4-dibutyl-6-ethyl-1,2-
phenylene dibenzoate; 4-butyl-6-ethyl-3-isobutyl-1,2-phenylene dibenzoate; 4-butyl-3-
cyclopentyi«G-ethyLI,2»phenyiene dibenzoate; 4-butyl-3-cyclohexyl-6-ethyl-1,2-phenylene
dibenzoate; 6-butyl-4-ethylbiphenyl-2,3-diyl dibenzoate; 6-ethyl-4-isobutyl-3-methyl-1,2-
phenylene dibenzoate; 3,6-diethyl-4-isobutyl-1,2-phenylene dibenzoate; 6-ethyl-4-isobutyl-3-
propyl-1,2-phenylene dibenzoate; 6-ethyl-4-isobutyl-3-isopropyl-1,2-phenylene dibenzoate;
3-butyl-6-ethyl-4-isobutyl-1,2-phenylene dibenzoate; 6-ethyl-3,4-diisobutyl-1,2-phenylene
dibenzoate; 3-cyclopentyl-6-ethyl-4-isobutyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-
ethyl-4-isobutyl-1,2-phenylene dibenzoate; 4-ethyl-6-isobutylbiphenyl-2,3-diyl dibenzoate;
4-tert-butyl-6-ethyl-3-methyl-1,2-phenylene dibenzoate; 4-teﬁ-buty]-3,6—diethyl-} 2=
phenylene dibenzoate; 4-tert-butyl-6-ethyl-3-propyl-1,2-phenylene dibenzoate; 4-tert~bzﬁyl~ -
6-ethyl-3-isopropyi-1,2-phenylene  dibenzoate; 4-tert-butyl-3-butyl-6-ethyl-1,2-phenylene
dibenzoéte;‘ 4-tert—buty1—6—ethyl—3-isoijutyl-l,2-phenylene dibenzoate; | 4-tert-butyl-3-
cyclopentyl-6-ethyl-1,2-phenylene  dibenzoate; 4-tert-butyl-3-cyclohexyl-6-ethyl-1,2-
phenylene dibenzoate; 4-cyclopentyl-6-ethyl-3-methyl-1,2-phenylene  dibenzoate; 4-
cyclopentyl-3,6-diethyl-1,2-phenylene  dibenzoate;  4-cyclopentyl-6-ethyl-3-propyi-1,2-
phenylene dibenzoate; 4—cyclopenty1-6-vethy1-3 -isopropyl-1,2-phenylene dibenzoate; 3-butyl-
4-cyclopentyl-6-ethyl-1,2-phenylene  dibenzoate;  4-cyclopentyl-6-ethyl-3-isobutyl-1,2-
phenylene dibenzoate; 3,4-dicyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4-
- cyclopentyl-6-ethyl-1,2-phenylene dibénzoate; 6-cyclopentyl-4-ethylbiphenyl-2,3-diyl
dibenzoate; 4-cyclohexyl-6-ethyl-3-methyl-1,2-phenylene dibenzoate; 4-cyclohexyl-3,6-
diethyiv-l,}phenyiene dibenzoate; 4-cyclohexyl-6-ethyl-3-propyl-1,2-phenylene dibenzoate;
4-cyclohexyl-6-ethyl-3-isopropyl-1,2-phenylene dibenzoéte; 3-butyl-4-cyclohexyl-6-ethyl-
1,2-phenylene dibenzoate; 4-cyclohexyl-6-ethyl-3-isobutyl-1,2-phenylene dibenzoate; 4~
cyclohexyl-3-cyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 3,4-dicyclohexyl-6-ethyl-1,2-
phenylene dibenzoate; 6-cyclohexyl-4-cthylbiphenyl-2,3-diyl  dibenzoate; 5-ethyl-2-
methylbiphenyl-3,4-diy]l dibenzoate; 2,5-diethylbiphenyl-3,4-diyl dibenzoate; S-ethyI-Q-
propylbiphenyl-3,4-diyl di‘oenzoate;-s -¢thyl-2-isopropylbiphenyl-3,4-diyl dibenzoate; 2 -
butyl-5-ethylbiphenyl-3,4-diyl dibenzoate; S-ethyi-2-isobutylbiphenyl-3,4-diyl dibenzoate; 2-
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cvclopentyl-3-cthylbiphenyl-3,4-diyl  dibenzoate;  2-cyclohexyl-5-ethylbipheryl-3,4-diyl
dibenzoate,  S-cthyl-2-(24 4-trimethylpentan-2-yD)biphenyi-3,4-diyl  dibenzoate;  3,4-
diphenyl-6-ethyl-1,2-phenylene dibenzoate; 3.4-dimethyl-6-propyl-1,2-phenylene
dibenzoate; 3-ethyl-4-methyl-6-propyl-1,2-phenvlene dibenzoate; 4-methyl-3,6-dipropyvl-1,2

phenylene dibenzoate; 3-isopropyl-4-methyl-6-propyl-1.2-phenylene dibenzoate; 3-butyl-4-
methyl-6-propyl-1,2-phenylene  dibenzoate;  3-isobutyl-4-methyl-6-propyl-1,2-phenviene
dibenzoate; 3-cyclopentyl-4-methvl-6-propyl-1,2-phenylene  dibenzoate; 3-cyclohexyl-4-

"\

methyl-6-propyl-1.2-phenylene dibenzoate; 6-methyl-4-propyibiphenyl-2,3-diy]l dibenzoate:
4-ethyl-3-methyl-6-propyl-1,2-phenylene  dibenzoate; 3 ,4-diethyl-6-pmpyl-1 .2-phenylene
dibenzoate; 4-ethy!-3,6-dipropyl-1,2-phenylence  dibenzoate; 4-ethyl-3-isopropyl-6-propyl-
1,2-phenylene dibenzoate; 3-butvl-4-cthyl-6-propyl-1,2-phenvlene dibenzoate; 4-cthyl-3-
isobutvi-G-propyl-1,2-phenviene  dibenzoate; 3-cvclopentyl-4-ethyi-6-propyl-1,2-phenyiene
dibenzoate; 3-cyclohexyl-4-ethyl-6-propyi-1,2-phenylene dibenzoate, 6-cthyl-4-
propylbiphenyvl-2,3-divl dibenzoate; 3-methyl-4.6-dipropyi-1,2-phenylene dibenzoate; 5-
ethyl-4.6-dipropyl-1,2-phenylene dibenzoate; 3,4,6-tripropyl-1,2-phenylene dibenzoate; 3-
1sopropyl-4,6-dipropyl-1.2-phenylene  dibenzoate; 3-butyl-4,6-dipropyl-1.2-phenyiene
dibenzoate; 3-isobutyl-4,6-dipropvi-1.2-phenviene dibenzoate; 3-cvelopentyl-4,6-dipropyl-
1,2-phenylene  dibenzoate; 3-cyclohexyl-4,6-dipropyl-1.2-phenyiene  dibenzoate;  4.6-
dipropylbiphenyl-2,3-divl dibenzoate: 4-isopropyl-3-methyl-6-propyl-1,2-phenylene
dibenzeate;  3-ethyl-4-isopropyl-6-propyvl-1.2-phenylene  dibenzoate;  4-isopropyvi-3.6-
dipropvl-1,2-phenylene dibenzoate; 3,4-diisopropyl-6-propyl-1,2-phenylene dibenzoate; 3-
buryl-4-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-isobutyl-4-isopropyl-6-propyl-1.2-
phenylene dibenzoate; 3-cyclopentyl-4-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-
cyelohexyl-4-1sopropyl-G-propvl-1,.2-phenylene  dibenzoate; 6-isopropyi-4-propylbiphenyl-
2,3-diyl dibenzoate; 4-butyl-3-methyl-6-propyl-1.2-phenylene dibenzoate; 4-butyl-3-ethyl-6-
propyl-1,2-phenylene dibenzoate; 4-butvl-3 6-dipropyl-1,2-phenvlene dibenzoate; 4-butyl-3-
isopropyl-6-propyl-1.2-phenylenc dibenzoate; 3. 4-dibutyl-6~-propyl-1,2-phenylenc
dibenzoate: 4-butyl-3-isobutvl-G-propvi-1.2-phenvlene dibenzoate: 4-butyl-2-cvelopentyl-6-
propyl-1.2-phenylene dibenzoaic; 4-butyl-3-cyclohexyl-6-propyl-1.2-phenyiene dibenzoate;
6-butyl-d-propylbiphenvl-2.3-divl  dibenzoate; 4-isoburyl-3-methyl-6-propyl-1.2-phenvienc

dibenzoate; 3-ethyl-4-isobutyl-6-propyl-1,2-phenvlene dibenzoate; 4-isobutyl-3,6-dipropyi-
Y Propyi- o1 ¥ 3 p
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1,2-phenylene dibenzoate; 4-isobutyl-3-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-
butyl-4-isobutyl-6-propyl-1,2-phenylene dibenzoate; 3,4-diisobutyl-6-propyl-1,2-phenylene
dibenzoate; 3-cyclopentyl-4-isobutyl-6-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4-
isobutyl-6-propyi-1,2-phenylene dibenzoate; 6-isobutyl-4-propylbiphenyl-2,3-diyl
dibenzoate; 4-tert-butyl-3-methyl-6-propyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-ethyl-6-
propyl-1,2-phenylene dibenzoate; 4-tert-butyl-3,6-dipropyl-1,2-phenylene dibenzoate; 4-tert-
butyl-3-isopropyl-6-propyl-1,2-phenylene  dibenzoate;  4-tert-butyl-3-butyl-6-propyl-1,2-
phenylene dibenzoate; 4-tert-butyl-3-isobutyl-6-propyl-1,2-phenylene dibenzoate; 4-tert-
butyl-3-cyclopentyl-6-propyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-cyclohexyl-6-propyl-
1,2-phenylene dibenzoate; 4-cyclopentyl-3-methyl-6-propyl-1,2-phenylene dibenzoate; 4-
cyclopentyl-3-ethyl-6-propyl-1,2-phenylene  dibenzoate; 4-cyclopentyl-3,6-dipropyl-1,2-
phenylene dibenzoate; 4-cyclopentyl-3-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-
butyl-4-cyclopentyl-6-propyl-1,2-phenylene dibenzoate; 4-cyclopentyl-3-isobutyl-6-propyl-
1.2-phenylene dibenzoate; 3,4-dicyclopentyl-6-propyl-1,2-phenylene  dibenzoate; 3-
cyclohexyl-4-cyclopentyl-6-propyl-1,2-phenylene dibenzoate; 6-cyclopentyl-4-
propylbiphenyl-2,3-diyl dibenzoate; 4-cyclohexyl-3-methyl-6-propyl-1,2-phenylene
dibenzoate; 4-cyclohexyl-3-ethyl-6-propyl-1,2-phenylene dibenzoate; 4-cyclohexyl-3,6-
dipropyl-1,2-phenylene ~ dibenzoate;  4-cyclohexyl-3-isopropyl-6-propyl-1,2-phenylene
dibenzoate; 3-butyl-4-cyclohexyl-6-propyl-1,2-phenylene  dibenzoate; 4-cyclohexyl-3-
isobutyl-6-propyl-1,2-phenylene  dibenzoate;  4-cyclohexyl-3-cyclopentyl-6-propyl-1,2-
phenylene dibenzoate; 3,4-dicyclohexyl-6-propyl-1,2-phenylene dibenzoate; 6-cyclohexyl-4-
propylbiphenyl-2,3-diyl dibenzoate; 2-methyl-5-propylbiphenyl-3,4-diyl dibenzoate; 2-ethyl-
5-propylbiphenyl-3,4-diyl  dibenzoate; 2,5-dipropylbiphenyl-3,4-diyl dibenzoate; 2-
isopiopyl«5»propy1biphenyl-3,4~diy1 dibenzoate; 2-butyl-5-propylbiphenyl-3,4-diyi
dibenzoate; 2-isobutyl-5-propylbiphenyl-3,4-diyl dibenzoate; 2-cyclopentyl-5-
propylbiphenyl-3,4-diyl dibenzoate; 2-cyclohexyl-5-propylbiphenyl-3,4-diyl dibenzoate;
and/or 3,4-diphenyl-6-propyl-1,2-phenylene dibenzoate.

[060145] Another composition is provided. In an embodiment, a substituted phenylene

aromatic diester of the structure (II) is provided:
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wherein R;-Ry4 are the same or different. Each of Ri-Ris 1s selected from hydrogen,
an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a halohyvdrocarby! group, a
halogen, a silicon-containing hvdrocarbyl group, and combinations thereof. At least one of
Rs-Ry is different than its respective Rje-Ri4 mate.
[00146} In an embodiment, at least one of R;-R; is substituted and is selected from an
unsubstituted hvdrocarby! group having 1 to 26 carbon atoms, a substituted hydrocarbyl
group having 1 to 20 atoms. and a halogen.
{00147] Another composition is provided. In an embodiment, a substituted phenviene

aromatic diester is provided with the structure (IV) below.
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[06148] Rs.1¢ are the same or different. Each of Ry, R and Rs-Rys is selected from

hydrogen, an unsubstituted hydrocarbyl group having 1 1o 20 carbon atoms, a substituted
hydrocarbyl having 1 to 20 atoms, a halohydrocarbyl group, a halogen, a silicon-containing
hydrocarbyl group, and comnbinations thereof, |

[00149] In ar embodiment, any R group of Ry, Rs and Rs.i4 that is not hydrogen is an
unsubstituted hydrocarbyl group. In a further embodiment. the hvdrocarbyl group is an alkyl
group.

{00150} In an embodiment, cach of R; and K. is hvdrogen. Rs.jq are the same or
different. At lcast one of Rs-Ry. is selected from an unsubsututed hydrocarbyl group having

I to 20 carbon atoms, a halohydrocarbyl group, a halogen. a silicon-containing hydrocarbyl
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group, 'and combinations thereof. R; and Rj; are not simultaneously a methyl group. In
other words, Ry is not a methyl group when Ry, is a methyl group (and vice versa).

[00151] The 2,3-naphthalene moiety may or may not be substituted. In one
embodiment, the 2,3-naphthalene moiety may be substituted with one or more Cy — Cag alkyl
groups or more than 2 methyl groups. In another embodiment, the 2,3-naphthalene moiety is
unsubstituted (i.e., R; and Ry are hydrogen). .

[00152] In an embodiment, each R group of R5-Ry4 is a non-cyclic structure.

[001531. Any of the compositions disclosed herein may include two or more
embodiments disclosed herein.

[00154] Any of the compositions disclosed herein may be made by one or more
processes disclosed herein.

[00155] In an embodiment, one, some, or all of the foregoing compositions include no
substituent that contains an active hydrogen. Nonlimiting examples of substituents With an
active hydrogen include a hydroxyl group and a carboxylic acid group. Not mshng to be
bound by any particular theory, it is believed that the active hydrogen(s) may redct with TiCly
and/or other catalyst components during catalyst synthesis and impair the performance of the
resultant catalyst. It is also preferred to minimize the number of electron donating groups in
the Ry — Ry substituents. It is believed that extra electron donating group(s) may poison

~ catalyst active sites.

[00156] The present compositions may comprise two or more embodiments disclosed
herein.
[00157] The present substituted phenylene aromatic diester(s) may be used in

procatalyst compositions and/or catalyst compositions for the polymerization of olefin-based
polymers. For example, the present substituted phenylene aromatic diester(s) may be used as
an internal electron donorb and/or an external electron donor in a Ziegler-Natta catalyst
system. Provision of the present substituted phenylene aromatic diester(s) in catalyst systems
advantageously enhances catalyst stereoselectivity and catalyst activity. Catalyst systems
which include the present substituted phenylene aromatic diester(s) advantageously produce
olefin-based polymers (and propylene-based j)olyiners in particular) with broad molecular

weight distribution and high catalyst activity.
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[00158] Any of the substituted phenylene aromatic diesters disclosed herein may be a
component of a procatalyst composition and/or a catalyst composition as disclosed in U.S.
Patent Application No. 61/141,902 filed on December 31, 2008, (Attorney Docket No.
67797), the entire content of which is incorporated by reference herein.

{00159] DEFINITIONS

[60160) All references to the Periodic Table of the Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 2003. Also,
any references to a Group or Groups shall be 10 the Groups or Groups reflected in this
Periodic Table of the Elemems using the [UPAC system for numbering groups. Unless
stated to the confrary, implicit from the context, or customary in the art, all parts and percents
are based on weight. For purposes of United Swates patent practice, the contents of any
patent, patent application, or publication referenced herein are hereby incorporated by
reference in their entirety (or the equivalent US version thereof is so incorporated by
reference), cspecially with respect to the disclosure of synthetic techniques, definitions (to
{he extent not inconsistent with any definitions provided herein) and general knowledge in
the art.

00161} The term “comprising,” and derivatives thereo, is not intended to exclude the
presence of any additional component, siep or procedure, whether or not the same ig
disclosed herein. In order to avoid any doubt, all compositions claimed herein through use of
the term “comprising”™ may include any additional additive, adjuvant, or compound whether
polymeric or otherwise, unless stated io the contrary. In contrast. the term, “consisting
essentially of” excludes from the scope of any succeeding recitation any other component,
step or procedure. cxcepung those that are not essential to operability. The terin “consisting
of” excludes any component, step or procedure not specifically delineated or listed. The term
“or”, unless ‘stated otherwise, refers to the listed members individually as well as in anv
combination.

[00162] Any numerical range recited herein, includes all values from the lower value to
the upper value, in increments of one unit, provided that there is a separation of at least 2
units befween any Jower value and any higher value. As an éxamplc, if it is stated that the
amount of & componens, or a value of 2 compositional or @ physical property, such as, for

example, amount of a blend component, softening temperature, melt index, etc., 1s between 1




and 100, it is intended that all individual values, such as, 1, 2, 3, etc., and all subranges, such
as, 1 to 20, 55 to 70, 197 to 100, etc., are expressly enumerated in this specification. For
values which are less than one, one unit is considered to bé 10.0001, 0.001, 0.01 or 0.1, as
appropriate. These are only examples of what is specifically intended, and all possible
combinations of numerical values between the lowest value and the highest value
enumerated, are to be considered to be expressly stated in this application. In other words,
any numerical range recited herein includes any value or subrange within the stated range.
Numerical ranges have been recited, as discussed herein, reference melt index, melt flow
rate, and other properties.
[60163] The terms “blend” or “polymer blend,” as used herein, is a blend of two or
more polymers. Such a blend may or may not be miscible (not phase separated at molecular
level). Such a blend may or may not be phase separated. Such a blend may or may not
contain- one or more domain configurations, as determined from transmission electron
spectroscopy, light scattering, x-ray scattering, and other methods known in the art.
[00164] The term "composition,” as used herein, includes a mixture of materials which
comprise the composition, as well as reaction products and decompositioh products formed
from the materials of the composition.
{00165} The term "polymer" is a macromolecular compound prepared by polymerizing
monomers of the same or different type. "Polymer" includes homopolymers, copolymers,
terpolymers, interpolymers, and so on. The term "interpolymer" means a polymer prepared
by the polymerization of at least two types of monomers or comonomers. It includes, but is
not limited to, copolymers (which usually refers to polymers prepared from two different
types of monomers or comonomers, terpolymers (which usually refers to polymers prepared
from three different types of monomers or comonomers), tetrapolymers (which usually refers
to polymers prepared from four different types of monomers or comonomers), and the like.
[00166] The term “olefin-based polymer” is a polymer containing, in polymerized
form, a majority weight percent of an olefin, for example ethylene or propylene, based on the
total weight of the polymer. Nonlimiting examples of olefin-based polymers include
ethylene-based polymers and propylene-based polymers.
[00167] The term, “propylene-based polymer,” as used herein, refers to a pg)lymer that

comprises a majority weight percent polymerized propylene monomer (based on the total
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amount of polymerizable monomers), and optionally may comprise at least one polymerized
comonomer.

[00168] The term "alkyl," as used herein, refers to a branched or unbranched, saturated
or unsaturated acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals
include, for example, methyl, ethyl, n-propyl, i-propyl, 2~prop¢ny1 (or allyl), vinyl, n-butyl, t-
butyl, i-butyl (or 2-methylpropyl), etc. The alkyls have 1 and 20 carbon atoms.

[00169] The term "substituted alkyl," as used herein, refers to an alkyl as just described
in which one or more hydrogen atom bound to any carbon of the alky! is replaced by another
group such as a halogen, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heterocycloalkyl, substituted heterocycloalkyl, halogen, haloalkyl, hydroxy, amino,
phosphido, alkoxy, amino, thio, nitro, and combinations thereof. Suitable substituted alkyls
include, for example, benzyl, trifluoromethyl and the like.

[00170] The term "aryl," as used herein, refers to an aromatic substituent which may be
a single aromatic ring or multiple aromatic rings which are fused together, linked covaleﬁtly,
or linked to a common group such as a methylene or ethylene moiety. The aromatic ring(s)
may include phenyl, naphthyl, anthracenyl, and biphenyl, among others. The aryls have 1 and
20 carbon atoms.

100171} By way of example and not by limitation, examples of the present disclosure
will now be provided.

[00172] 1. Synthesis of 1,2-phenylene aromatic diester.

[00173] Method A: A 250-ml round-bottom flask is charged with catechol (0.025
mol), pyridine (0.05 mol, 1.0 equiv.), and dichloromethane (50 ml). The flask is cooled in an
ice-water bath, and acyl chloride (0.05 mol, 1.0 equiv.) is added dropwise. Upon completion
of addition, the reaction mixture is warmed up to room temperature and stirred overnight.
The mixture is diluted with additional dichloromethane, and washed with saturated
NH4CI/IN HCl, water, saturated sodium bicarbonate, and brine consequently. The organic
layer is collected and dried over magnesium sulfate. After filtration, the filtrate is
ccmcentréted, and the residue is dried in vacuo. Most of the crude products are pure enough,
which can also be further purified by recrystallization from ethanol (for solid) or by

distillation in vacuo to yield the product as white to yellow solid/liquid.
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{00174} Method B: To 250-ml round-botiom flask was charged with catechol (68.0
mmol, 1.0 equiv.), pyridine (0.14 mol, 2.0 equiv.) and 50 ml of methylene chloride. The
flask is cooled to 0°C in ice-water bath, and acyl chloride (0.14 mol, 2.0 equiv.) is added
dropwise. The reaction mixture is stirred overnight at room temperature. The solvent is
removed under vacuum residue is dissolved in 200 ml of ether, and filtered to remove solid.
The filtrate is washed successively with 100 ml of 0.1 N HCL water and brine, dried over
Na;SO4.  After filiration, the filirate is concentrated to give the crude product, which is
purified by recrystallization in cthanol to vield final product.

{00175] Method C: A 250-ml round-bottom flask is charged with 4-terr-butvlbenzene-
1,2-dio} (0.03 mol), benzyl chloride (0.066 mol, 2.2 equiv.), bismuth triflate (.05 mmol,
0.035 equiv.) and dichloromethane (100 ml). The reaction mixture is strred overnight at
room temperature. The solvent is removed via evaporation under vacuum. The residue is
dissolved with ethyl acetate, and washed with aqueous K;COs;, water, and brine
consequentiy. The organic layer is collected and dried over sodium sulfate. After {iltration,
the filtrate 1s concentrated. The crude product is purified by recrystallization from ethyl ether
and hexanes.

[60176] Method D: A 250-ml round-bottom flask is charged with 5-rert-butyl-3-
methvlbenzene-1,2-diol (.02 mol), acyl chioride (0.044 mol, 2.2 equiv.), bismuth triflate
(0.7 mmol, 0.035 equiv.) and dichloromethane (100 mi). The reaction mixture is stirred
overnight at room temperature. The solvent is removed via cvaporation under vecuum. The
residue is dissolved with ethvl acetate, and washed with agueous K;COjs, water, and brine
consequently. The organic layer is collected and dried over sodium suifate. After filiration,
the filtrate is concentrated. The crude product is purified by recrvsialiization from cthyl ether
and hexanes.

[00177] Noniimiting examples of compounds produced by way of the foregoing

o

synthesis are provided in Table | below.
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Table 1

Compound

_Synthesis
‘Method

Structure

"H NMR (500 MHz,
_ CDCI3, ppm)

’ 1,2-phenyiene dibenzoate

A

8.08 (dd, 4H), 7.54
(1, 2F1), 7.34-7.43
{m, 8H).

3-methyl-S-tert-butyi-1,2-
phenylene dibenzoate

8.08 (dd, 2H), 8.03
(dd, 2H), 7.53 (1,
1H), 7.50 (1, 1D,

7.38(t, 2H), 7.34 (¢,
2H), 721 (d, 1H),

7.19 (d, 1HD), 2.28 (s,
3H), +:34-(s, 9H).

3-tert-butyl-5-methyl-1,2-
phenylene dibenzoate

8.08 (dd, 211), 793
(dd, 2H), 7.53 (1,
1H), 7.43 (t, 1H),
7.38.(¢, 2H), 7.25 (3,
2H), 7.16 (d, 1H),
7.11 (4, 1H), 2.41 (s,
3H), 1.38 (s, OH).

3,5-di-tert-butyl-1,2-phenylene

dibenzoate

Qe
Qe

8.08 (dd, 2H), 7.94
(dd, 2H), 7.52 (i,
1H), 7.44 (t, 1H),
7.36-7.40 (m, 3H),
7.23-7.27 (m, 3H),

1.40 (s, 9H), 1.38 (s,

OH).

3,3-diisopropyl-1,2-phenyiene

dibenzoate

8.08 (dd, 2H), 7.00
(dd, 2H), 7.53 (tt,
1H), 7.48 (tt, 1H),
7.39 (1, 2H), 731 {t,
2H), 7.11 (4, 1H),
7.09 (d, 1H), 3.11
(heptat, 1H), 2.96
(neptat, 1H), 1.30 (d,
6H), 1.26 (d, 6H).

3,6-dimethyl-1,2-phenylene
dibenzoate

8.08 (d, 2H), 7.51 (1,
1H), 7.34 (d, 2H),
7.1 (s, 2H), 2.23 (s,
6H).




Compound

4-t-buryl-1,2-phenylene dibenzoate

4-methyl 1,2-phenylens dibenzoatc

' Synthesis | Suucture

THNMR (500 MHz,
CDCI3, pom)

R

|
t
i
¢

8.07 {dd, 4K}, 7.54
(m, 2H), 7.30-7.40
(m, TH), 1.37 {3,
SH).

B

/
9 —
! | ¢ N
f ] ; )
l b
]
3

8.07(d, 48), 7.54
(t, 2H, 7.37 1, 4H),
7.27 (4, 1H), 7.21 (s,

1H), 7.15 (d, 1H),

2.42 (s, 3H).

1.2-naphthaiene dibenzoate

821-8.24 (m, 211),
8.08-8.12 (m, 2H),
7.96-7.96 (m, 2H),
7.86 (d, 1H), 7.60
(m, 1H), 7.50-7.33
(m, 4HD), 7.46 (t,
2H), 7.37 (& 2H).

2,5-naphthalene dibenzoate

8.08-8.12 (m, 4H),

7.86-7.9C (m, 4H),

7.51-7.58 (m, 4H),
7.38 (t, 410)

J-methyl-S-teri-buty]-1.2-
phenyiene di{4-methvibenzoaie)

B
|

: I Ii
S I N, N
; < O

- 2.38 (s, 3H), 2.36 (s,

798 {d, 26}, 7 93

(d, 2H), 7.18 (¢,
41, 7.15 (d, 2H).

3H), 2.26 (5, 3H),
135 (s, 9H).

3-methyi-5-tert-buiyi-1,.2-

- phenyiene di(2,4,6-
i trimethyvlbenzoate)

[ 725(s, IH), 721 (5,

1H), 6.81 (g, 4H),

{236 (s, 3H), 2,30 (d,

6H), 2.25 {5, 6H),

2.23 (s, 683, 1.36 {x,

9H).
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{ Compound

Synthesis
Method

Structure

CDCI3, ppm)

*H NMR (500 MHz,

- 3-methyl-S-tert-butyl-1,2-
' phenyiene di(d-flucrobenzoaie)

H

D

78 8.07 (m, 4H), 7.21

{1
7,04 (m, 41, 2.27

| (s, 3H), 1.34 (s, 910)

D, 717 (s, T,

- dibenzoate

‘ :
" 3,6-dichiore-1,2-phenylene ‘ 1 8.10(d, 2H). 757 (1, |
- - UH), T4L{d,2H),
[ N 2 7.49 (s, 2H).
LN N4 AN :
1Ny Y

;
]
H
i
i

: 3-methyl-5-tert-butyi-1,2- D i .98 (dd, 4H). 736
: phenylene di(4-chlerobenzoate) i / (dd, 4H), 7.21 (s,
(ED12) =~ 1H), 7.17 (5, 15),

3-methyi-3-tert-butvi-1.2~
phenylene di{1-naphthoate)

B

9H).

1 B

i i

A A

T s
N

2.26 (s, 3H), 1.34 (s,

3 methyl-S-tert-butyl-1,2- { B ‘
phenviene di(2-naphthoate) i i
- !

, E
3-methyl-5-tert-butyl-1,2- ' B 8 8.02 (d, 2H),
phenvlene di(4-ethoxyoenzoate) | N 7.97(d, 2H). 7.17

(m, 2H), 6.83(d,

ZH), 6.79(d, 2H).
4,04 (m, 4H), 2.23
(s, 3H), 1.41 (m,

6H), 1.33 (s, 9H)




Compound Synthesis ' Structure T NMR (500 MHz,
Method » ) o CDCI3, ppm)

_ “w-m‘*th\u-i—u., .%mmctn»lp:ntan- i B 3 5.09 ¢, 2H), 8.03
i 2-vl)-1,2-phenyiene dibenzoate ' (d, 2 [) 7.50 {m,
i 2H), 738, 2H),

7.33¢, 21{} 7.19 (s,
2H), 2 2 27 (s, 3H),

1.75 (s, -II) 1 40 (s,
!6HD), 0.81 (¢, 9H)

—

TAluore-1,2-phenyicne dibenzoate | D ; ' T 5810 (d, 2H), §.07

: P ©(d, 2H). 7.56 (m,
. P 7N ¢ 28D, 7.40 (m, 1L})
2 \ 7/ ° "
N AN Z 731 (m, 1), 7
: I \‘%k,/"-\._./,o’ "ﬁ-‘.__r,/""iv/l . (‘m= -H)
i ' d i

4-tort-butvi-1,2-phenylene di{2- n ! & 8.04 (d, 1), 8.60
methvibenzoate) ' (d. 1H), 7.39 (m,
i ! 3Hj, 7.34 (m, IH')
"23 (d, 1H), 7.2
i f/ i i H) 7 I/fm,
i ' ”H) 2.57 (s. 6H),
: ; 1.36 ( 5, OH)
|
4-methyi-1,2-phenylene di(2- D : I 6 8.01 (d, 2113, 7.59
methylbenzoate) : \_ i (m, 2H), 7.22 (m,
‘ ’ j 2N ¢ 3H), 705 (m, 4H),
{ A A : Fis, 3110, 2.36 (s,
i ,""-“( ,L ! . 2.42(s, 3H)
| -tert-by uv[-l.z-vncm'km D . .
di2,4,6-rimethylbenzoate) i ' hvd
i Ay
| N s NS R )
: e |
S l/ S |
4. mclh\ I-1,2-phe nvk,ne di(2,4,6- D i 8729 (c‘ ‘, 722
' t:imetlz);oﬂn,“(m") ' {m, 13, '.'.14 im,

1H), 6.83 (m. 3H),
242 (s, 31, 2.29 (5,
6H), 2.25 (s, 6H),
2.24 (s. 6H)
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i Compound {"Synthesis | Structure 1 NMR {506 MHz,

| Method o i CDCI3, ppm)
1,2-phenylene di(2,4,6- D 1 8 7.43 (m, 2H),7.35 |
" trimethylbenzoate) ! (m,2H), 6.84 5, |
‘ NN 4H), 229 (s, 6H),

2.25 (s, 12H..

[00178] It is specifically intended that the present disclosure not be limited to-the
embodiments and illustrations contained herein, but include modified forms of those
embodiments including portions of the embodiments and combinations of elements of

- different embodiments as come within the scope of the following claims.




CLAIMS

1. A substituted phenylene aromatic diester of the structure (II):
an

Rip Rs

wherein R;-R 4 are the same or different, R, is an alky! group having 2 to 20 carbon atoms
and each of the other R groups of Rj-Ry is hydrogen;

each of Rs-Ry4 is selected from the gfoup consisting of hydrogen, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-
containing hydrocarbyl group, and combinations thereof; and

each of Ry, Ry, and R; is simultaneously not a t-butyl group.

2. The substituted phenylene aromatic diester of claim 1, wherein R; is selected from the group

consisting of a t-butyl group and a 2,4,4-trimethylpentan-2-yl group.

3. The substituted phenylene aromatic diester of any of claims 1-2, wherein one of Ry and Ry, is

an alkyl group having 1 to 6 carbon atoms or a halogen atom.

4, The substituted phenylene aromatic diester of any of claims 1-3, wherein each of RyandRy;

is a methyl group and each of Rs-Rs, Rg-Ry; and Ry3-Ry4 is a hydrogen.
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5. The substituted phenylene aromatic diester of any of claims 1-3, wherein each of R; and R,

is a fluorine or chlorine.

6. The substituted phenylene aromatic diester of claim 5, wherein each of Rs-Rs, Rg-Ry; and

Ri3-Rys is a hydrogen.

7. The substituted phenylene aromatic diester of claim 1, wherein R; is ethyl and each of Rs-Ry4

is hydrogen.

8. The substituted phenylene aromatic diester of claim 1, wherein R is t-butyl and each of Rs-

Ry4 is hydrogen.

9. The substituted phenylene aromatic diester of claim 1, wherein R; is 2,4,4-trimethylpentan-2-
yl and each of Rs-Ry4 is hydrogen.
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