PRODUCTION OF SUBSTITUTED PHENYLENE AROMATIC DLESTERS PRIORITY CLAIM
[0001]The present application claims priority to U.S. provisional application no. 61/141,902 filed on
December 31, 2008 and U.S. provisional application no. 61/141,959 filed on December 31, 2008.
BACKGROUND [0002]The present disclosure relates to the production of substituted phenylene
aromatic diesters. [0003]Substituted phenylene aromatic diesters are used as internal electron donors
in the preparation of procatalyst compositions for the production of olefin-based polymers. In particular,

Ziegler-Natta catalysts containing 5-tert-butyl-3-methyl-1,2- y ' internal electron
donor show high %f&??&f%ﬂ%y%%é%ﬂﬁ@@%f WM@W?@%&%E%U% catalysts
produce olefin-based polymer (such as propylene-based polymer) with high isotacticity and broad
molecular weight distribution. [0004]The arthREeBhi2e§ telMeed for olefin-based polymers and

propylene-ygsag polviers it mpraveg propeies  Beaiied.are Gulipla andior aeale syathesis
pathways for thé produc idh of substitute pheny ené} aromatic diestet to ensure a cost-effective, and
reliable supplylef the2sHmieShavimARB (08083 Ehé Prespmtilisaldsielicetnear§ 10 HedpPddtdtion of

substituted Dg ﬁpe\élee eeragti%gg'diesters and 5-tert-butyl-3-methyl-1,2-phenylene dibenzoate in

h
particular. sclosed herein are synthesis pathways for the production of a precursor to the 5-tert-butyl-

3-methyl-1,2-phenylene dibenzoate, namely SieFEEaR thylcatechol. Provision of this precursor,
as presentesgjﬁréi is di éoﬁ‘?%&@&'x*é%f&g@QHl%bésSém&léf'gﬁ%@f&M&ipﬁ@iﬁmwd phenylene aromatic

S-tertbutyl-3-methyl-1,2-phenylene dibenzoate and enables large-scale production thereof with
common, in@¥stERsive starting materials.

[60063] Substituted phenylene aromatic diesiers are used as internal electron donors in the
preparation of procatalyst compositions for the production of olefin-based polymers. In
particular, Ziegler-Natta catalysts containing 5-tert-butyl-3-methyl-1,2-phenylene dibenzoate
as internal electron donor show high catalyst activity and high selectivity during
polymerization. In addition, such catalysts produce olefin-based polymer (such as
propylene-based polymer) with high isotacticity and broad molecular weight distribution.
[6004]  The art recognizes the need for olefin-based polymers and propylene-based
polymers with improved properties. Desired are multiple and/or alternate synthesis pathways
for the production of substituted phenylene aromatic diester to ensure a cost-effective, and
reliable supply of the same.
SUMMARY

[0605] The present disclosure is directed to the production of substituted phenylene
aromatic diesters and S5-tert-butyl-3-methyl-1,2-phenylene dibenzoate in particular.
Disclosed herein are synthesis pathways for the production of a precursor to the 5-tert-butyl-
3.methyl-1,2-phenylene dibenzoate, namely 5-tert-butyl-3-methylcatechol. Provision of this
precursor, as presented in this disclosure advantageously simplifies production of 5-tert-
butyl-3-methyi-1,2-phenylene dibenzoate and enables large-scale production thereof with

common, inexpensive starting materials.



[0005a] In one aspect, there is provided a process comprising:  reacting, under reaction conditions,
5-tert-butyl-3-methylcatechol (BMC) with triethylamine and a member selected from the group
consisting of an aromatic carboxylic acid and an aromatic carboxylic acid derivative; and forming
5-tert-butyl-3-methyl-1,2-phenylene dibenzoate (BMPD). [0006]The present disclosure provides a
process. In an embodiment, a process is provided which includes reacting, under reaction conditions,
5-tert-butyl {808eahincene amscirsT (10707851 2 PreFIEI SOBBSIBBE942 69507-WO-PCT (BMC) with an
aromatic carboxylie.agich of: R AQMRNCEaIRMNMIG asidideyvativan o éOHBINBMC) with
5-tert-butyl-3-methyl-1,2-phenylene dibenzoate (BMPD). [OOO?,;ThePgisclosuregprovige&fnother
process.In BiF&HBBHmEN adsBREsE e RO TR d SR THRIERRLHIS MR DIRAEF FEERSToH!L

conditions,
3-methylcathacphavithaemhuanabes jsehutylene,8nd; farming 5-tert-butyl-3-methylcatechol. [0008]The

disclosure provides another process, In a gogliﬁme t, a process isprovided
andincIudesoxidizfﬂﬂ%éﬁ‘@ﬁ&?&ﬁ?dmﬁ%ﬁg =" %Fﬁ(}?—g%g%ﬁ?/%ﬁ \ﬁ?
10006} The present disclosure provides a process. In an embodiment, a process is

provided which includes reacting, under reaction conditions, S-tert-butyl-3-methylcatechol

la



hydroxybenzaldehyde, and forming 5-tert-butyl-3-methylcatechol. [0009]The disclosure provides
another process. In an embodiment, a process is provided and includes oxidizing, under reaction
conditions, 4-tert-butyl-2-methylphenol, and forming 5- tert-butyl-3 -methylcatechol. 10010]The
disclosure pro%igE& % sther process. In an embodiment, a process is protfdetisaiy/itdiddes
hydrolyzing?WeW@é’c(ﬁBn conditions, 2-halo-4-tert-butyl-6-methylphenol, and forming
5-tert-butyl-3-methylcatechol. [0011]The disclosure provides another process. In an embodiment, a

process is pEvidpeaRdincidasiy HeseRalyZioE Widararstiancenditions, Sual tdatbdtde, and

aminomethylcatechol, and forming[ 5-tert-butyl-3-methylcatecho]. [0012]An advantage of the present

disclosure i&FRTHABrTERUb b ALE RS- the RIS O PE0BS: henylene aromatic diester, such
as 5-tert-bufgb@rmethpicl Zsoheoyepe dibenaoater [BRt3iAn advantagetokihepesenbdisclosure is

5-tert butyl A A R 0ATA i SR BT B BB s e peterioty o
plurality of $yrshelsis pabiatyiys.tandrivdndesS-tert-buiyi-Bmedthlgdatbehol.
[GO08] The disclosure provides another process. In an embodiment, a process is provided
and  includes oxidizing, wunder reaction conditions, S5-tert-butyl-3-methyl-2-
hydroxybenzaldehyde, and forming 5-tert-butyl-3-methylcatechol.
[0069] The disclosure provides another process. In an embodiment, a process is provided
and includes oxidizing, under reaction conditions, 4-tert-butyl-2-methyiphenol, and forming
5-tert-butyl-3-methylcatechol.
[0019] The disclosure provides another process. In an embodiment, a process is provided
and includes hydrolyzing, under reaction conditions, 2-halo-4-tert-butyl-6-methylphenol,
and forming 5-tert-butyl-3-methylcatechol. '
[0011]  The disclosure provides another process. In an embodiment, a process is provided
and  includes  hydrogenolyzing,  under reaction conditibns, S-tert-butyl-3-
aminomethylcatechol, and forming 5-tert-butyl-3-methylcatechol.
[0012] An advantage of the present disclosure is an improved process for the production
of substituted phenylene aromatic diester, such as 5-tert-butyl-3-methyl-1,2-phenylene
dibenZzoate.
[0013] An advantage of the present disclosure is the provision of a precursor to S-tert-
butyl-3-methy! 1,2-phenylene dibenzoate, namely, 5-tert-butyl-3-methylcatechol.
[0014]  An advantage of the present disclosure is the provision of a plurality of synthesis
pathways to produce 5-tert-butyl-3-methylcatechol.
[0015] An advantage of the present disclosure is the production of 5-tert-butyl-3-methyl-
1,2-phenylene dibenzoate using inexpensive starting materials.
[¢016] An advantage of the present disclosure is numerous synthesis pathways for the
production of substituted phenylene aromatic diester, such as S-tert-butyl-3-methyl-1,2-
phenylene dibenzoate, thereby ensuring a reliable supply of same for the production of

propylene-based polymers.
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[0015]A-n advantage of the present disclosure is the production of 5-tert-butyl-3-methyl- 1,2-phenylene
dibenzoate using inexpensive starting materials. 10016]An advantage of the present disclosure is
numerous sg’gthesis ?thways for the production of substituted phenylene aromatic diester, such as

5-tert-butyl- r%%?@;/é 8%—&phenylene dibenzoate, thereby ensuring a reIiaBFéTéI{Fﬁﬁ?ﬁf%@gﬁne for the
production 8P ptopYidie-Based polymers. WH016867784.1 WO 2010/078512PCT/US2009/069942

69507-WO-PCT [0017]An advantage of the present disclosure is a process for large scale production

of substitutgebphenylenedrematic diesier R SRR advangealthRikegertdisstosutads an
environmentally:safe, non-foxic productjon, process for substituted phenylene aromatic diester.
e oo e aliioans sty

[0019]An ad¥l %ﬁee iy %rr% LAREIES fe is the large scale production of substituted phenylene

aromatic di¢ées] An advantage of the present disclosure is an environmentally-safe, non-toxic
production process for substituted phenylene aromatic diester.
[0019] An advantage of the present disclosure is the large scale production of substituted
phenylene aromatic diester.
[0020] An advantage of the present disclosure is a simple, time-effective, and/or cost-
effective purification process for. substituted phenylene aromatic diester.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Figure 1 is a flowchart showing a process for producing a substituted phenylene
aromatic diester in accordance with an embodiment of the present disclosure.
[0022] Figure 2 is a flowchart showing a process for producing a substituted phenylene
aromatic diester in accordance with an embodiment of the present disclosure.
DETAILED DESCRIPTION |

[0023] The present disclosure is directed to the production of substituted phenylene
aromatic diester. S-tert-butyi-3-methylcatechol (orr “BMC™)is found to be an effective
precursor for the production of the substituted phenylene aromatic diester, S-tert-butyl-3-
methyl—l,Z—phenylene dibenzoate (or “BMPD”), BMPD is an effective internal electron
donor in Ziegler-Natia catalysts. The processes disclosed herein advantageously provide
gconomical (both time and monetary econemies}, simplified, up-scalable, synthesis pathways
to BMC with yields acceptable for commercial/industrial application thereof. Economical
access of BMC correspondingly contributes to economical production of 5-tert-butyl-3-
methyl-1,2-phenylene dibenzoate.
[6624] 5—tert-butj/1-3 -methylcatechol (BMC) has the structure (I) provided below.

@

[0025] In an embodiment, a process for producing BMC is provided. The process

includes alkylating 3-methylcathecol with tert-butano! or isobutylene under reaction
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100201An advantage of the present disclosure is a simple, time-effective, and/ or cost- effective
purification process for substituted phenylene aromatic diester. BRIEF DESCRIPTION OF THE
DRAWING igure 1 is a flowchart showing a process for producing a substituted phenylene
aromatic di%é%%@@%%ﬁidance with an embodiment of the present disclo%%’rrgff%%glﬂf&?éﬁre 2isa
flowchart s Ind a process for producing a substituted phenylene aromatic diester in accordance
with an embodiment of the present disclosure. DETAILED DESCRIPTION [0023]The present
disclosure isfifgetad iadtHerpiag ustenntdubsibttedphaoy @d @y qraitddiester. Rx 1), The

5-tert-butyl-3-methylcatechol (or \BMC") is foug&xt/ be an effective precursar for th prog(&c ion of the
substitutedtﬁlhnénng%%%glr%m%ic%ll{ g/l tel(r), -t&rt-Bu) ff%%(gnmre@ Ci/llgizl-spheeni/u[erﬁgu %’é}niae o;{E'BMPD").

BMPD is améitetiive mtemgahislectraonitdnonin ‘Zi@tépNattat@at&ysts:mbmimbc:es@emgbkﬁsed herein
advantageqyshy,arovids.seanamicat (hath fime,and mesetanasanomiesksinaliied phRsgralable,
synthesis pathways to BMC with yields acceptab_le for commercial/industrial application thereof
Economicaleaeeat s Brsmiati oo SRt RFEGHIABU Y H BRERFCA B BetikF 515 1B B utyl-3-

methyl-1,2-phenyigngisibensrate. L2 SrteitibuFuneibyieaiesh WtRbE hascHaersirusdure (1)

rovided below. (1) [0025]In an embodiment, a process for producing BMC is provided. The process
P formatgo)n [‘)f the ]resultant product. Inan cF:)m odiment, glkylat%ongoccurs v.rs1t€ tge afd?tlon of P

an inorganic acid (such as sulfuric acid) to a mixture of the 3-methylcatechol and the tert-
butano! in heptane.

[8026] In an embodiment, the process includes the preparation of the 3-methylcatechol.
The process includes oxidizing 2-hydroxy-3-methylbenzaldehyde under reaction conditions
and forming the 3-methylcatecho!l (Rx 2). In a further embodiment, the oxidizing agent is a
peroxide, such as hydrogen peroxide, which is added to the 2-hydroxy-3-methylaldehyde in
an aqueous basic solution. A
[6027] In an embodiment, the process includes the preparation of the 2-hydroxy-3-
methylbenzaldehyde (Rx 3). The process includes formylating o-cresol with
paraformaldehyde under reaction conditions, and forming 2-hydroxy-3-methylbenzaldehyde.
The term “formylating,” or “formylation,” or “formylation reaction” is a chemical reaction
whereby an organic compound is functionalized with a formyl group (-CH=0). The 2-
hydroxy-3- methylbenzaldehyde is subsequently oxidized to form the 3-methylcatechol.
[0628] The formylation reaction may occur by formylating the o-cresol with
paraformaldehyde, magnesium chloride (MgCly) and triethylamine (Et;N) in refluxing
tetrahydrofuran (THF). The reaction yields ortho-formylation of the o-cresol.  Another
suitable formylation reaction is the Reimer-Tiemann reaction (i.e., ortho-formylation of the
o-cresol in chloroform/sodium hydroxide).

[6029] in an embodiment, 3-methylcatechol is prepared directly from o-cresol. The
process includes oxidizing, under reaction conditions, o-cresol, and forming the 3-
methylcatechol (Rx 4). In a further embodiment, the oxidizing agent is a peroxide, such as
hydrogen peroxide. The process further includes alkylating the 3-methylcathecol and
forming the BMC as disclosed above.
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includes alkylating 3-methylcathecol with tert-butanol or isobutylene under reaction V14016867784.1
WO 2010/078512PCT/US2009/069942 69507-WO-PCT conditions, and forming
5-tert-butyl-3-methylcatechol (BMC) (Reaction 1 or Rx 1). The term "alkylating," or "alkylation," or
"alkylation reaction" is the introduction of an alkyl radical into an organic compound. An "organic
compound” is a chemical compound that contains a carbon atom. As used herein, "reaction
conditions," are temperature, pressure, reactant concentrations, solvent concentrations, reactant
mixing/add rameters Sez:tlr]ttd{or other gpgdltlloas nggln a rea on vetsel th@tlt)g) |(ngote reaction
between th regijents and Tormation of the resultant produétr% an én i) y‘gtlon occurs with
the addition of an inorganic acid (such as sulfurlc aC|d) to a mixture of the 3 -methylcatechol{ldnd the

condltlons a

g the §%ethylcat RX 2)-in afurthe bodimeritcthe oX agentis a
[ added TQ e 2- chyde’'i
aqueous basic ionk{@a27ke: an embodiment, the process in des the preparation of the
2-hydroxy-3- methylbenzaldehyde (Rx 3).The process includes formylating o-cresol w
paraformaldehyde under reaction conditions, and forming 2-hydroxy-3-methylbenzaldehyde. The term
"formylating,” or formylatlo]ﬁ Dr ‘formylation reaction” is 5’& emical reaction Whéreby an (Stbanlc
compound s furictionalized with a formyl group (-Cl-I1=0). The 2- hydroxy-3- methylbenzaldehyde is
subsequent ﬁ})g}(]dlzeé {6 RS ?ﬁé?ﬁ%’é’é?tédwfof@% ﬂ'ﬂ%ﬂPB’r‘?ﬁ 3/5}‘? [f¥%ction may occur by
formylating the o-cresol with paraformaldehyde, magnesium chloride (MgC12jiand triethylamine
(Et3N) in refluxing tetrahydggfuran (THF). The reaction yields ortho-f@mylation of the o-cresol. Another
suitable formylation reactlo is the Reimer-Tiemann reaction (i.e., ortho-forgyylation of the o-cresol in
chloroform/sodium h .[0029]In a ' Ft,&mmethy ' Aol is prepared directly from
o-cresol. The =

0] H,80;

Rx 4 Rxl M

[0032] In an embodiment, another process for producing BMC is provided. The process
includes oxidizing 5-tert-butyl-3-methyl-2-hydroxybenzaldehyde, under reaction conditions,
and forming 5-tert-butyl-3-methylcatechol (Rx 5). In a further embodiment, the oxidizing
agent is a peroxide, such as hydrogen peroxide.

[0033] In an embodiment, the process includes synthesis of the 5-tert-butyl-3-methyl-2-
hydroxybenzaldehyde. The process includes formylating, under reaction conditions, 4-tert-
butyl-2-methylphenol with paraformaldehyde and forming the 5-tert-butyl-3-methyl-2-
hydroxybenzaldehyde (Rx 6). Formylation may occur by way of any suitable formylation
reaction as disclosed herein.

[6634] In an embodiment, the process includes the synthesis of the 4-tert-butyl-2-
methylphenol. The process includes alkylating, under reaction conditions, o-cresol with
isobutylene or t-butanol to form 4-tert-butyl-2-methylphenol (Rx 7). Alkylation may occur
by way of any suitable alkylation reaction as disclosed herein. The compound, o-cresol,

surprisingly has been found as an advantageous starting material for the production of BMC.
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process includes oxidizing, under reaction conditions, o-cresol, and forming the 3- methylcatechol (Rx
4). In a further embodiment, the oxidizing agent is a peroxide, such as hydrogen peroxide. The
process further includes alkylating the 3-methylcathecol and forming the BMC as disclosed above.
WHD/68677 84 1 Rx 3Rx 2Rx 1(I) [0031]A representation of reaction 4 is provided in pathway (Il1)
below. (llI) Rx 4Rx1(l) [0032]In an embodiment, another process for producing BMC is provided. The
process includes oxidizing 5-tert-butyl-3-methy1-2-hydroxybenzaldehyde, under reaction conditions,
and formingS-terf: Butvla3smethylcetachiol R B uiher ambadineptathe Rridiang.cgent is a
peroxide, suc as}rlEydrog%n peroxideﬁ%%é]ln an rga)mbodiment, thedégraoc?ess in%de}é synthesis of the
5-tert-buty 1GHhsseny 10p sy aiorgBe ninsd dhpa© H iseopporeesirl el 6rRE RTA LIGHEE fPE 4Btion
conditions, 4siaiRHiyL-Srmeetiphanelwith-Rasaio maliehvde.and injiog.4be 5-terthmvyBanethy1-2-

hydroxybenzalde l%/de (Rx 6). Formylation ma})ll occur by way of any suitable formylation reaction as
disclosed Hegdiglphenol. The 4-tert-butyl-2-methylphenol 1s subsequently formylated, under reaction

conditions, to form the 5-tert-butyl-3-methyl-2-hydroxybenzaldehyde.
[6035] A representation of reactions 5, 6, and 7 is provided in pathway (IV) below.

(IV)
OH O [u} OH
oH MgCl,, BN
(CHOY, QM
t+-Butano! or Wm_fa;:_’ H
isobutylene H,0,
H* NaOH
Na
CHCL/NaOH
Reimer-Tiemann Rx
Rx 7 Rx 6 Rx 5 )

{0036] The present disclosure provides another process for producing BMC. In an
embodiment, a process is provided and includes oxidizing, under reaction conditions, 4-tert-
butyl-2-methylphenol, and forming 5-tert-butyl-3-methylcatechol (Rx 8). Oxidation may
occur by way of addition of a peroxide to the 4-tert-butyl-2-methylcresol in a basic aqueous
solution.

[06037] In an embodiment, the process includes synthesis of the 4-tert-butyl-2-
methylphenol. The process includes alkylating, under reaction conditions, o-cresol with tert-
butanol or isobutvlene, and forming the 4-tert-butyl-2-methylphenol (Rx 9). Alkylation may
occur by way of any suitable alkylation reaction as disclosed herein. The 4-tert-butyl-2-
methylcresol is subsequently oxidized to form the BMC.

{0038] A representation of reactions 8 and 9 is provided in pathway (V) below.

WHD/6867784.1 6



100341In an embodiment, the process includes the synthesis of the 4-tert-buty1-2- methylphenol. The
process includes alkylating, under reaction conditions, o-cresol with isobutylene or t-butanol to form
4-tert-buty1-2-methylphenol (Rx 7). Allcylation may occur by way of any suitable alkylation reaction as
disclosed herein. The compound, o-cresol, surprisingly has been found as an advantageous starting
material for the production of BMC. The compound o-cresol is inexpensive and provides a methyl
group directly adjacent to an -OH group on the aromatic ring. The -OH group of o-cresol is a strong
para-director for an electrophilic substitution reaction, enabling ready alkylation of o-gresol to
4-tert-buty1-2- methylphenol. The 4-tert-butyl-2-methylphenol is subsequently formyé@d, under
reaction conditions, to forff the 5-tert-butyl-3- ethy1-2-hydroxybnzalc(l)ghyde. [0035]A representation
.6RX 5(1) [0036]The present

5 irembodiment, the process includes
synthesis of the 4-tert-buty1-2- methylphenol. The process includes alkylating, under reaction

conditions, o-cresol withRerfbutanol or isobutylene B8 forming the 4-tert-butyl-2-methylphenol (Rx 9).
Alkylation may occur by way of any suitable alkylation reaction as disclosed herein. The 4-tert-buty1-2-

methylcresi118Bubseife itspakidizelptaroRPHEB IR0 BB 1 JRE siogitianeoBSctiofs® and 9 is
provided inpathWakAY )b QWss is provided and includes hydrolyzing, under reaction conditions, 2-

halo-4-tert-butyl-6-methylphenol, and forming 5-tert-butyl-3-methylcatechol (Rx 10). As
used herein, “hydrolyzing,” or “hydrolysis,” or “hydrolysis reaction” is a chemical reaction
whereby water splits into H+ and OH- ions and the OH- ion replaces a functional group.
The term “halo” is a halogen atom—F, CI, Br, . In an embodiment, the halogen atom is
bromine yielding 2-bromo-4-tert-butyl-6-methylphenol. In another embodiment, the halogen
atom is chlorine yielding 2-chloro-4-tert-butyl-6-methylphenol. In an embodiment, the
hydrolysis reaction is catalyzed by a base and/or a salt, such as such as copper (IT) sulfate.
[06040} In an embodiment, the process includes the synthesis of the 2-halo-4-tert-butyl-6-
methylphenol. The process includes halogenating, under reaction conditions, 4-tert-butyl-2-
methylphenol, and forming the 2-halo-4-tert-butyl-6-methylphenol (Rx 11). The term
“halogenating,” or “halogenation,” or “halogenation reaction,” is the introduction of a
halogen radical into an organic compound. Halogenation occurs by reacting the 4-tert-butyl-
2-methylphenol with a halogenating agent, such as a brominating agent or a chlorinating
agent. Examples of suitable halogenating agents include N-bromosuccinamine (NBS), a
brominating agent, and/or N-chlorosuccinamine (NCS), a chlorinating agent. Halogenation
may also occur by reacting the 4-tert-butyl-2-methylphenol with elemental halogen. The
term “X,” in pathway (VI) below denotes the reaction with elemental halogen. The
elemental halogen and may be Cl; or Br.

[0041] In an embodiment, the process includes synthesis of the 4-tert-butyl-2-
methylphenol. The 4-tert-butyi-2-methylphenol is formed by alkylating, under reaction

conditions, o-cresol with isobutylene or t-butanol as disclosed above (Rx 12). The 4-tert-
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[0039]The present disclosure provides another process for producing BMC. In an embodiment, a
process is provided and includes hydrolyzing, under reaction conditions, 2-
halo-4-tert-buty1-6-methylphenol, and forming 5-tert-butyl-3-methylcatechol (Rx 10). As used herein,
"hydrolyzing," or "hydrolysis," or "hydrolysis reaction” is a chemical reaction whereby water splits into
H+ and OH- ions and the OH- ion replaces a functional group. The term "halo" is a halogen atom-F, Cl,
Br, I. In an embodiment, the halogen atom is bromine yielding 2-bromo-4-tert-butyl-6-methylphenol. In
another embaodijment, .the halogen atgm is chlorine yielding,2-chlgro-4-tert- I-6-methylphenol. In an
AR S Ll L S S S e
sulfate. [004&hirderembodiment, the process includes the synthesis of the 2-halo-4-tert-buty1-6-
methylphe e pr ' gg ing, un 1on. congifi -fexrt =2-
methylpheﬂglk,m-aligd for%n%i% g%g\gg l -rﬁjﬁ%%egg%%ty 36ﬂm%§éyﬁ%%§e%%ﬁb(?£%% .g%fagéwﬁ'%%%‘génaﬁng," or
"halogenation," or "halogenation reaction," is the introduction of a halogen radical intd’&h organic
compound. Halogenation occurs by reacting the 4-tert-buty1- 2- eth)éIthenol with a halogenating
«dmples of suitable halogenating agents
-chlorosuccinamine (NCS), a

BFY. [0041]In an embodiment, the proces des
ol. The 4-tert-butyl-2-methylphenol is_formed By alkylating,

obuty\%qé%:butanol as disclosed aboVe (Rx 12)°The

jsobutyiepe

The elementakhalogenmand/may be
[ -tert- -2- methy
4-ten- butyl-2-methylphenol is subsequently halogenated to foym the 2-halg-4-tert-butyl-6-
methylphenol. 100421A representation of reactions 10; 11, i provided in pathway (VI) below.
(VI) RX 12Rx 11Rx 10(1-)

Rx 12 Rx 11 Rx 10 )

[0043] The present disclosure provides another process for producing BMC. In an
embodiment, a process is provided and includes hydrogenolyzing, under reaction conditions,
5-tert-butyl-3-aminomethylcatechol, and forming S-tert-butyl-3-methylcatechol (Rx 13). The
term “hydrogenolyzing,” or “hydrogenolysis,” or “hydrogenolysis reaction” is a chemical
reaction whereby a carbon-carbon or carbon-heteroatom single bond is cleaved by hydrogen.
Examples of suitable hydrogenolyzing agents include catalytic hydrogenolyzing agents (such
as palladium catalysts) and borohydrides, such as sodium cyano-borohydride.

[0044] In an embodiment, the process includes the synthesis of the S5-tert-butyl-3-
aminomethylcatechol. The process includes an aminoalkylating, under reaction conditions,
4-tert-butylcatechol, and forming the 5-tert-butyl-3-aminomethylcatechol (Rx 14). The 5-tert-
butyl-3-aminomethylcatechol is subsequently hydrogenolyzed to form the S-fert-butyl-3-
methylcatechol. Aminoalkylation occurs by way of the Mannich reaction. The “Mannich
reaction” is an organic reaction which aminoalkylates an acidic proton located next to a
carbonyl functional group with formaldehyde and ammonia or any primary or secondary

amine.
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[00431The present disclosure provides another process for producing BMC. In an embodiment, a
process is provided and includes hydrogenolyzing, under reaction conditions,
5-tert-butyl-3-aminomethylcatechol, and forming 5-tert-butyl-3-methylcatechol (Rx 13). The term
"hydrogenolyzing," or "hydrogenolysis," or "hydrogenolysis reaction" is a chemical reaction whereby a
carbon-carbon or carbon-heteroatom single bond is cleaved by hydrogen. Examples of suitable
hydrogenolyzing agents include catalytic hydrogenolyzing agents (such as palladium catalysts) and
borohydrid ch ag sodium_cyano-borohydride. In.an odiment, t rocess includes the
synthesis o b-tert R L A PN et T procaey S RS g, under
reaction conditions, 4-tert-butyleatechol, and forming the 5-tert-butyl-3-aminomethyl€&iéchol (Rx 14).
The 5-tertbuty1-3-aminomethylcatechol is suisequently hydrogenolyzed to form the 5-tert-buty1-3-
methylcatechol. Aminoalkylation occurs by way ofthe Marmich reaction. The "Mannich reaction™ is an
organic reaction which aminoalkylates @n gcidi¢ proton located next to a carbonyl functional group with
formaldehyde and ammonia or any pritpary~o#*
13 and 14 is provided in pathway (VII) below. (VI OH Rx 14Rx 13(I) 100461In an embodiment, a
process for producing 5-tert-Q\|¢§t~9 -3-grethyl-1,2-phenylene 'tiégzoate (BMPD) is provided. The
process includes reacting @MG@ der reactionicon tions?*mg dtmember sglected from an aromatic
carboxylic acid andfer an arometic carboxylic acidderivative,
5-tert-butyl-3-methyl-1,2-q@henylene dibenzoate (BMPD). The BMC is preparegby any of the synthesis
pathways as pre @; discIQ%ed herein. [0047]As used herein, an "grom arboxylic acid" is a

: t least g?f@penzene ringowith at least one carbpxyl group-directly bonded to the
benzene ring./It is understoo é@j%@romatic carboxylic aci e a monocyclic structure or a
polycyclic structure. The aromatictarboxylic acd V‘ge af &pg}?*br a poly-carboxylic acid. Examples

of suitable aromatic carboxylic acids inclu ic acid A-n&aphthoic acid, 2- naphthoic acid,

6H-phenalene-2-carboxylic acid, anthraceé Al ylic a%id, phenanthrene-2-carboxylic acid, and
phenanthrene-3-carboxylic acid. N
AN
Rx 14 Rx 13 (1)

[0046] In an embodiment, a process for producing 5-tert-butyl-3-methyl-1,2-phenylene
dibenzoate (BMPD) is provided. The process includes reacting BMC, under reaction
conditions, with a member selected from an aromatic carboxylic acid and/or an aromatic
carboxylic acid derivative, and subsequently forming 5-tert-butyl-3-methyl-1,2-phenylene
dibenzoate (BMPD). The BMC is prepared by any of the synthesis pathways as previously
disclosed herein.

[0047] As used herein, an “aromatic carboxylic acid” is a compound containing at least
one 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 monocyclic structure or a polycyclic
structure. The aromatic carboxylic acid may be a mono- or a poly-carboxylic acid.
Examples of suitable aromatic carboxylic acids include benzoic acid, 1-naphthoic acid, 2-
naphthoic  acid, 6H-phenalene-2-carboxylic = acid, anthracene-2-carboxylic  acid,
phenanthrene-2-carboxylic acid, and phenanthrene-3-carboxylic acid.

[0048] A “derivative of an aromatic carboxylic acid” or “an aromatic carboxylic acid
derivative,” as used herein, is an aromatic acy! halide, an aromatic anhydride, an aromatic

carboxylate salt, or any combination thereof. It is understood that the derivative of the
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[00481A "derivative of an aromatic carboxylic acid" or "an aromatic carboxylic acid derivative," as used
herein, is an aromatic acyl halide, an aromatic anhydride, an aromatic carboxylate salt, or any
combination thereof It is understood that the derivative of the aromatic carboxylic acid may be a
monocyclic structure or a polycyclic structure. Examples of suitable aromatic acyl halides include
halides of any of the aromatic carboxylic acids disclosed above (i.e., an acyl halide of one or more of
the following: benzoic acid, 1- naphthoic acid, 2-naphthoic acid, 6H-phenalene-2-carboxylic acid,
anthraceneél%é%{gog%ggxa {9 B%enqgn hg%nrgé%b%ar%o?%c%%idband/ r LphEna threne- -carb%xylic
acid). Further examples SuitAbIE romAatic acyP’ﬁaﬁ esincfude™den aﬂﬂ ¢h orﬁtcjué,r%enjz%l)l/]lp uSoride,
benzoyl bramidetablddoematy| dodidedap ithbylechidrdde ,afapiythd\ihuarideinapntiosylibrarmisle,

naphthoyl iqdi ombjnati f fopegoing aromatie acyl-halides. [0049] Examples of
suitable arﬁ%qt?gegg y%d?i% zéeihc%%d%))gn%zg rldgfoﬁ’%eo%rglr%lgtigigir%&@%g Ia?cﬁdé dise osaécééggove. (i.e.,
an anhydrigerdiiorie agidhGraaphiheitolowiddl-bbemadioadidabaorapistiaoid aoilr2avaphthohoadid,

6H-phenalepgy 2-Garhoxlic, a5id ARityACeNg 2 SRIBOMIG AR - ABENANINERR Zgaboxpligacid,

and/or phenanthrene-3-carboxylic acid). Further examples of suitable aromatic anhydrides include

benzoic ankyifBEsand apjblmbiprattn ofthd bk oineuto hetirorhshlides. foomojELupiises of
suitable arma%@ceﬂ@m@t%aﬁéﬂﬂgwqédwﬁaﬁﬁﬁhﬂ?ﬁcﬁmwﬁ Ithism ol ing arpmatis,garboxylic
the To

acids disclosed above (i.e., salts of one or more o lowing: benzoic acid, 1-naphthoic acid,

2-naphthoi® e B n2phERYldnd b ey fembinatitinabefateenhykprisaey! halides.

phenanthreppg4dicarboxyligaghkaaciéar e nanthranenBydasbo i acithh audbeir examplasdef suitable
aromatic carboxylate salts 'nclude potassium benz %55_ sodium benzoate, lithjum benzoate, potassium

2-naphthoat¥ P95 SR ABHAtSIaP AV Ay & oS PRTIRSED Mg SISt fsB%di4te salts.
[0051]The asaiaticapatheisyhcidcithmapkidniativelfheephidmayreestiistituird adide iahrdcmbstituted

aromatic carbgéxf{;

'f: acid or erivatﬂ've thizreog," a?used herejn, is an aromatic, carboxylic acid, or
. . ﬁ&l‘ 15, acl anthrene- [8) 1¢ B.Cld, . & NanLr 1’1? “C%F] QOXVIIC ac]
derivative thereof, I S (otherthan

whefebyPatiéast e of the nzene-rln% SULBHEGER € carboxyl
group) is a Bulstituteenimidsochirbyitgrieuprbaving into/@0dear orivaiorbs)zainc uasubsitateddydrocarbyl

group having lbto %O caEan atoms, an g\lk Xy Ldpcpaving 1 to 20 carbon atoms, a heteroatom, and
combinatioﬁsntlh(lenr%(l) nT%us?tﬁe l%)rmg"%ru&ét%&utaegégérérﬁ%tic carboxylic acid or derivative thereof'

includes suldikited aro.rﬁaﬁmp&@rbﬁxyﬁ@b&mipmﬁsmmmﬂ@ mwm@mumsﬂmﬁedlmomatic
anhydride, gacliar supsHiited aramalitiaiexylaie salilRA30lA8 BRI SIN.{DeIai82: Bydiocarbyl”

and "hydrocarbon" refer to substituents containing only hydrogen and carbon atoms, including

branched ofolabragcherrosangdcnaphibeistiristettnayeiioipanydyelicoigadanod aeyeaeydisesies, and

Combi”atioﬁﬁtﬁﬁ‘%éﬁtz'-:@é%@mﬂﬁ Of e r‘fﬁfé&)ﬂh&@i&pﬁéﬁﬁ%%i@'k)(éid,cyglf??&fy" %ﬂ‘ﬁﬁ%éﬂ@l@qienyh
cycloalkenyl-, cycloalkadienyl-, aryl-, aralkyl, alkylar}ll, and alkynyl- groups. [0Q5%]AS used herein, the
terms "Sub%fh%ﬁlma?bﬁar 9ﬁ}7§ﬁﬁx'§ﬂﬁ]§ﬁt8feq&ﬁab ¢ 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.

[0051] The aromatic carboxylic acid, or derivative thereof may be substituted. The
term “substituted aromatic carboxylic acid or derivative thereof,” as used herein, is 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 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. Thus, the term

“substituted aromatic carboxylic acid or derivative thereof” includes substituted aromatic
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hydrocarbon" refer to a hydrocarbyl group that is substituted with one or more nonhydrocarbyl
substituent groups. An example of a nonhydrocarbyl substituent group is a heteroatom. As used
herein, a "heteroatom" refers to an atom other than carbon or hydrogen. The heteroatom can be a
non-carbon atom from Groups 1V, V, VI, and VII of the Periodic Table. Examples of heteroatoms
include: halogens (F, Cl, Br, I), N, 0, 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 tenn
"halohydrocarbyl group® refers to a hydrocarbyl that is substituted with one ar.more halogen
acoms. As e e B S A SR et
substituted switiiowed aranete siikordmnssit The silicon atom(s) may or may not be in the carbon chain.

1005411n apgygpodimeny. BUED infafmed by ieactiqgdMisoundercasion condiionsithan

aromatic carboxylic acid derivative, benzoyl chloride. The process includes reacting BMC with benzoyl

chloride in fHBsSHFadAcEHrAIBESEYTHET e bh EobRitEATSa e ftineny BRPO rRuhsndEsdmples of

base _i”C|Uds%tB}’arﬂ9dnﬁr tﬁ@&%%@m%%im,em%%ﬂé’ ﬁﬂ@@rdp%,'@}%ﬁ@rsﬂ&‘{é‘ss,- Adepipsaniaben of
reaction 15 is provided in pathway (VIII) below. (VI [0055]5-tert-butyl-3-metrgl-l 2-phenylene

dibenzoatePEIHD) EgaRuG Ao Erge iRl Erouan dudusmelehuersleathy A atken pr@b%ﬁ@& y any of
the foregoi@gﬁg@;@ﬁi}g%@,@[@meiﬁmqtﬂgpmg@@ﬁﬁg@mg@%@%m@ﬂgn@g@MPD may a_Iso include
2dting berdRdnionde (5 RHABETBNKS. d5Rtine BRI IER CFORBTHEAL Pl ABSEHBE HC L,
by-product qudhﬁgne;aﬁtiomei[&w&a’]la mem&mﬂymgibu@etmwc&s%mmd&s favﬁtﬁng)ﬁbe &MﬂE_Dreby adding
e b e 8 1 SRIGLA S oLyt S SN e i el
advantagedushopravidas aseeheicbmmchtallpsafe; sufickdawdneattin idie{tomtexibppmdessdoerBMPD
B;‘;ﬂgﬁfg"ﬂ%dh@é%' 35154 B SIRARL AL I QLIS RIRL TAE k) RIaArRUgnRl BMER

Table. Examples of heteroatoms include: halogens (F, Cl, Br, ), 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 to a

hydrocarbyl group that is substituted with one or more halogen atoms. As used herein, the

term “silicon-containing hydrocarbyl 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.

[0054] In an embodiment, BMPD is formed by reacting BMC, under reaction conditions,

with an aromatic carboxylic acid derivative, benzoyl chloride. The process includes reacting

BMC with benzoyl chloride in the presence of a base under reaction conditions, and forming

BMPD (Rx 15). Examples of base include pyridine, triethylamine, trimethylamine, and/or

molecular sieves. A representation of reaction 15 is provided in pathway (VIII) below.
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[0058]In an embodiment, the process includes adding water to the reaction mixture (containing BMPD,
acetonitrile triethylamine, benzoyl chloride, and BMC); and precipitating the BMPD. The solvent,
acetonitrile, is soluble in water. Bounded by no particular theory, addition of the water quenches the
reaction and changes the solubility of the solvent to precipitate the BMPD from solution (the
"BMPD-precipitate"). Provision of the acetonitrile solvent system advantageously provides a simple,
cost-effective and effective procedure for BMPD production, suitable for commercial or industrial scale.

Figure 1 shows a flowchart for BMPD production. [0059]In an embodiment, th cess includes
purifying the BMPD, and foinung a BMPD composition comprisi reater thah 98'wt %, or greater
than 99 wt % BMPD. The purification of the BMPD includes pe; ore procedures on
the BMPDprecipitate: recrystallization, extraction, concentration,\waghi fation, and any

combination of the foregoing. 490601In an embodiment, the purificatign includes dlssolvmg the
BMPD-precipitate in a non- aq eous solvent (such a3 ethyI acetate) And €
to no particular theory, itis b wedWater ex

from the non-aqueous 3 '
MgS0O4) and concentrated , _
hydrocarbon wash (heptane) to remove organic by-products/impurities. Recrystallization yields a
purified BMPD composition corﬁ%r d of greater than 98 wt %, or greater than 99 wt %, BMPD.
[0061]In an embodiment, the p i ication includes distilling the concentrate inrﬁﬁg}iunction with a
hydrocarbon wash (heptane). Filtration and drylng yields a purified BMPD co sition composed of

greater tha t %, A P t@%ﬁ% or.t cation of
the BMPD- nOrae%%/ltate %818(%%%%3 ﬁ@g 1%“/%6113%65“ é%’;igb ied as a;?rgt\tgir}r%gl elzésc[tgr%ﬁlléﬁgétor in
procatalyst/@&talydotempdsiiéhs $§Fltﬁe"€prél)umh§wtbf atefirdpasest polyrrers ¢dropylefrectoined

polymers in,particulan#s AISClassthil HoruPrgyi %89&%"%9?;1&%%9{}1 i Moy Ok figdiggRagember
31, 2008 and U.S. provisional application no. 61 141 959 filed on ecember 1, 2008.

[0063]DEFlehftfmmea}mpﬁétéfeﬁeesdtelmaﬂéﬁoduc Table of the Elements herein shall refer to

the [0056] In an embodiment, the reaction includes adding benzoyl chloride to a mixture of

BMC, pyridine, and dichloromethane. Pyridine absorbs HCL, a by-product of the reaction.
[0057] In an embodiment, the process includes forming the BMPD by adding the benzoyl
chloride to a reaction mixture composed of the BMC, acetonitrile and triethylamine.
Tricthylamine absorbs HCl, a by-product of the reaction. Use of acetonitrile and
triethylamine advantageously provides an environmentally safe, and low health risk (non-
toxic) process for BMPD production, and large-scale (i.e., greater than 10 g, or greater than 1
kg) production of BMPD 1in particular.

[00658] In an embodiment, the process includes adding water to the reaction mixture
(containing BMPD, acetonitrile tricthylamine, benzoyl chloride, and BMC); and precipitating
the BMPD. The solvent, acetonifrile, is soluble in water. Bounded by no particular theory,
addition of the water quenches the reaction and changes the solubility of the solvent to
precipitate the BMPD from solution (the “BMPD-precipitate™). Provision of the acetonitrile
solvent system advantageously provides a simple, cost-effective and effective procedure for
BMPD production, suitable for commercial or industrial scale. Figure 1 shows a flowchart
for BMPD production.

[0059] In an embodiment, the process includes purifying the BMPD, and forming a
BMPD composition comprising greater than 98 wt %, or greater than 99 wt % BMPD. The
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Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 2003. Also, any
references to a Group or Groups shall be to the Groups or Groups reflected in this Periodic Table of
the Elements using the IUPAC system for numbering groups. Unless stated to the contrary, implicit
from the context, or customary in the art, all parts and percents are based on weight. [0065]The term
"comprising,” and derivatives thereof, is not intended to exclude the presence of any additional
component, step or procedure, whether or not the same is disclosed herein. In order to avoid any
doubt, all compesiions elamed heteln.iudh yse,of e lern comarising. may NGIds ey,
additional &ddi ve, adjuvan?, or compouncFW &ther p(ﬁymeric or o{he?wse, unless stated to the
contrary. Inpoonpitse; thectertalllcomsistieressentaltynai exeliode s iimghedstdpeof, anydsutoeeding
recitation apcyﬁ%ﬁ%ggg}q%%%g%gﬁ% or procedure, excepting those that are not essential to

e 0

operability. The term "consistin xcludes any component, step or procedure not specifically

delineated Bi0oded. Thanembodimantl ke pirfeutiotnorphiadesrdfsed toeHbdi B reratergtinahddually as
well as in agy,combipation,JA0RAIANYsnumgricalsangerecigd RIS IRHACKASS all yakigs o the

lower value to the upper value, in increments of one unit, provided that there is a separation of at least
2 units betwaiisway 1Bepar-vilue ARUCKRY RigHver DaTERIoNS ISHeXEmiSRIC RS s ARHAT tiikkmount of
a componepnRiRNA 18Rl BCcamPasiionabans REVSIGAIRERMY tsu Eash foriexampleg@meaunt of a
blend component, softening temperature, melt index, etc., is between 1 and 100, it is intended that all
individual VBIIES, Sudtiad, 10573 MeoVshPafl sEREGascSubl a8 1802608565219 o0, etc.,
are expressiybperunngeatiechinctiimspasification Asuvaluesihichhargdpssdnan areobedipihis
considered_to be 0.0001, 0.001, 0,01 or Q.1, as appropriate, only examples of what.is
cpecifcall IEIBEr A 55 S SRR AE B AUEAEST VAR RN BT RRES, Chle and
the highestgraidtie enuberetet arertathealicongideres BMEexpressly stated in this application. In other
words, any rical range recited herein, includ ny value gr subrange within the stated range.
Numerical Jgﬁgi ha\klne beer?nflg)0| é%l,e%lté (?%,ec %rédclgltei(%elinfnrce egreé’nc(gs?#legff%nteex,cr%%?? ﬂ%@veralfle, and
other propenigsnidio6 7§ithe 4 rpdsctsidrod" wesip hapendlenbiltasaseddérging isielddengwifiad or more
polymers. b BISHE L AL MAX0P' e RIsGINIR ol ahase spapaEAahmBIcRArRIED, Such 2

blend may or may not be phase separated.”Suc end may or may not contain one or more domain

configuratidhgpes2dhteyarirboviber fraribaissibeetiactichsBaEtidsuepyitight scattering, x-ray
scattering, ggpther Methadimpknown Jahe8tud9088HIRE LMnCARRASIt QA USRHJICIRIN.

includes a mixture of materials which comprise the composition, as well as reaction products and
decomposifiEF HebuilicaAHneenron ites fiidhaBretiracso pipesioh aod eorAS e tRTOPERASTer is a

macromolegiad ¢RMRRENthIERRIBS PHPSITREZIRY MOngresRatha saragr siffeient1 ooz
type."Polymer" includes homogolyrners, copolémers, terpolyrners, interpolytners, and sg on. The term

"interpolymBIedmearidessitismet-prefaradthy the Boisiersabrlisritteds: o 8/ peSofifidri¥mers or

comonomersedétidgie aegpolymers (which usually refers to polymers prepared from two different

types of mo rs o s, terpolyrners (which usually refers to polymers prepared from
three differé?@@ es ngﬁgor comonomers), and tetrapolymers (which usually refers to

polymers piepéated fromtotafdidfesniotyhe P aicdn®obbr oo ticoFienemens)rein 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 to the Groups or Groups reflected in this
Periodic Table of the Elements using the IUPAC system for numbering groups. Unless
stated to the contrary, implicit from the context, or customary in the art, all parts and percents

are based on weight.

WHD/6867784.1 13



100701The 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. Examples of olefin-based polymers include ethylene-based polymers and propylene-based
polymers. 100711The term, "propylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized propylene monomer (based on the total amount of
polymerizable monomers), and optionally may comprise at least one polymerized comonomer.

[00721The igrpcialkyl'sas Lsed ereimiefers (9 adrandhedarunbranshad. Satkiated AL ngaturated
acyclic hydrocarbon radical. Examples of Suitable alkyl ra icals inclu e, for example, methyl, ethyl,

n-propyl, i-prwwh@qﬁmn&ﬂ@t@l@lpwmpmbu&ﬁp_t{bumpdeﬁm?,l c@h@hmethylpto@yl)%t@. TFhe alkyls
nave 1 ancrd GBS0 1o Y R TOSICHY BRI EhliolioA HARLORIRI, ARIRI Q.80 Al as

just described in which one or more hydrogen atom bound to any carbon of the alkyl is replaced by
another grabp tsuBh emphsitenanipclydp sntasdisanalcyddoamy pAvstin e sosrIgatkyhether
heterocyclogliodesitbstitticalheteraqucloahnd halagensRalRalkyl, fydrasy RniBes PRasRisq, alkoxy,

amino, thio, nitro, and combinations thereof Suitable substituted alkyls include, for example, benzyl,
and trifluor&MEHHY 067 1FhilteriomaiPr 4enTsRbARErsifcIRAEs TerHAiAR R ATAMROREWhich may

be a singlesaspmatio st er sauiinle; amesaatis: rARgsIvbisthane dspskipmrihernlinked cayalemily, or
linked to a cgmmon group such as a methylene or ethylene n oieﬁ. The aro arii_c ringﬁ% may include
phenyl, naphtHic AR ACT PSR EbiSEEr ?%%e&ﬂteﬁg?%%ﬂ YIS Mo Unitst ¢ B toms,
[0075]The texm ‘isibstituied phemylienedmematitditsiel irelbdesistlvsiiuigdat, 2refihgnyiens aromatic
diester, substituted.1,3-phenylene aromatic diester, and substituted 1,4-phenylene aromatic diester. In
an embodifeR R Gubstituted phenylene diester is a 1,2- phenylene aromatic diester with the
structure (Ap®&pw:  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 between any lower value and any higher value, As an example, if it is stated that the
amount of a component, or a value of a compositional or a physical property, such as, for
example, amount of a blend component, softening temperature, melt index, efc., 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 be 0.0001, 0.061, 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.

[0067] 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.
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(A) 100761wherein RI-R14 are the same or different. Each of RI-R14 is selected from a hydrogen,
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. At least one of R1-R4 is not hydrogen [0077]TEST METHODS 1007811H nuclear magnetic
resonance (NMR) data is obtained via a Braker 400 MHz spectrometer in CDC13 (in ppm).
[0079]Examples of the present disclosure are provided. 100801EXAMPLES 10081]Example 1:

Conversion gicgmethyiGataghol.o Slerubvi3 meitdeatechal (Reaction.d) (§0saIad0ag . three
neck flask equipped with stirrer, condenser and thermometer is char ed with 3-met ycatec'hol (25.0 g,
0.20 mole) ceErIHatRASPIBRDIATL 20 HGREY M BUOH Ergfdsedstanation Baieatbiraedidorn disulfuric

acid (98%, R @kslenhs chhgdnidure is

[6069] 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 "interpotymer” means a polymer prepared by the
polymerization of at least two types of monomers or comonomers. It includes, 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), and tetrapolymers (which usually refers to polymers prepared from four different types
of monomers or comonoMmers).

{0070} 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. Examples of olefin-based polymers include ethylene-based polymers and propylene-
based polymers.

[0071] The term, “propylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized propylene monormer (based on the total amount of
polymerizable monomers), and optionally may comprise at least one polymerized comonomer.
[6072] The term "alkyl," as used herein, refers to a branched or unbranched, saturated or
unsaturated acyclic hydrocarbon radical. Examples of suitable alkyl radicals include, for example,
methyl, ethyl, n-propyl, i-propyl, 2-propenyl (or allyl), vinyl, n-butyl, t-butyl, i-butyl {(or 2-
methylpropyl), etc. The alkyls have 1 and 20 carbon atoms.

[06073] 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 alkyl is replaced by another group such
as a halogen, aryl, substituted aryi, 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, and trifluoromethyl.

[0G74] 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 covalently,
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WO 2010/078512PCT/US20091069942 69507-WO-PCT heated to 80C for 6 Ins until gas
chromatography (GC) indicates the completion of the reaction. The solvent is removed in vacuo, and
the residue is dissolved in CH2CI2 and washed with water, NaHCO3 (aqg.), brine and dried (Na2S04).
Filtration and concentration yield 5-tert-butyl-3-methylcatechol (36 g, 84%). lI-1 NMR: 6.79 (s, 1H),
6.75 (s, 1H), 5.01 (br, 1H), 2.29 (s, 3H), 1.29 (s, 9H). [0083]Example 2: Conversion of
2-hydroxy-3-methylbenzaldehyde to 3- methylcatechol (Reaction 2) [0084]A 100-mL 3-neck round

bottom flask ed with stirrer, reflux ondens thermo er dr ing-funnel is,char gwith 6.8
g of 2- hydroxy? %lgmet% IaPémﬁ]%egtgr]ilg E%Cm?_s ﬁﬁ%‘f ?Lraq egrllj’esns]%ﬁ)é:E iy |t]}$st%}|n§ %f iluted

1202 is aduegt mcpam@he@m(nanmhmlmaihmmmmmlelmp@rm@eth@eﬁF Ko Tyl ISYCL axider
addition of the, first POyl o]} of hydrogen peroxide, the temperature rises to 45C and a dark solution

results. The temperature is allowed to fall to 40C before a second portion of hyd;@gen peroxide is
added. AftdP8fithe peroxier &adadstiEad abeor pRR@iraalisl Bk foledBilts ryomitEmipbrature and

is saturated,witlyisadium,chiRride.apd exracied Withaihan x50k he-gembipgdexdipaigare dried
over sodium sulfate, the ether is removed, and dlstllled to)églve roduct 'H NMR: 6.73 (m, 3H), 2 89 (s,

3H). [0085] XIS SRR SHEEED-RedoPRPod Setyesbrbsnlshs dieseb Sction 3

[0086]A 1-lrA=Rerckdatifnetipmdasin aquipped vithstires: reflux condenser, thermometer, mtrogen
inlet and bubbler is charged with 20.64 mL of o-cresol and 14.0 g of parafonitaldehy THF is

charged via syringe followed by addition of, trlethy‘Lamlne via dropping funnel. After sti ?ng for another
10 mm, o-cresol is added slowly via syringe, resy tlng in an opaque, light pink mixture that is refluxed
for 4 hours. The reaction is cooled and dilutg h 200 rnL of ether, washed with 1 N HC1, water, and
dried over Na2S04. After removal of s& vr Vvdcuum, the residue is purified by distillation to
give 15.6 grams (57%) of product. IH NMR: £33 (s, 1H), 9.89 (s, 1H) 7.41 (d J=7.44 Hz, 2H), 6.95
(t, J 7.5 Hz, 1H), 2.30 (s, 3H). [0087‘]a ngle 4: /48

5-tert-buty1-3- methyl-1,2-phenylene action 15) WHD/68677 84 i

[06076] wherein Ri-Ry4 are the same or different. Each of Ry-Ry4 is selected from a
hydrogen, 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. At least one of R;-R 4 is not hydrogen
[0077) TEST METHODS

[0078] 'H nuclear magnetic resonance (NMR) data is obtained via a Britker 400 MHz
spectrometer in CDCl; (in ppm).

[0079] Examples of the present disclosure are provided.

[0080] EXAMPLES

[6081] Example 1: Conversion of 3-methylcatechol to 5-tert-butyl-3-methylcatechol
{Reaction 1)

{0082} A 1000 mL three neck flask equipped with stirrer, condenser and thermometer is
charged with 3-methylcatechol (25.0 g, 0.20 mole), tert-butanol (38.0 mL, (.40 mole) and
500 mL of heptane; followed by addition of sulfuric acid (98%, 20 g) slowly. The mixture is
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WO 2010/078512PCT/US2009/069942 69507-WO-PCT [0088]A 250-ml round bottom flask is charged
with 5-tert-butyl-3-methylcatechol (BMC) (0.025 mol), pyridine (0.05 mol, 1.0 equiv.), and
dlchlorqmethar(l%% 5,*(?73@112' The flask is copled in an‘l‘ce-water bath, and'b‘[géllz/%g&(ﬁglﬂ&g 2(0.1 mol, 1.0
equiv.) is a r%pwse. Upon completion of addition, the reaction mixture is warmed to room
temperatur‘égg%gi r‘gﬁ%vernight. The mixture is diluted with additional dichloromethane, and washed
with saturated N1-14C1/1N HC1, water, saturated sodium bicarbonate, and brine consequently. The
organic laygfiscedessad apdsdiiedaeemagresiisgapiiatecafterditatiahs theviitetite isfcncentrated,
and the residue is drjed in vacuq. Most of,the crude prqducts are pure & Q Q"W}Eiﬁ‘@ nég#s]o be
further puri??@ﬁt‘t??'rei%?sfa?ﬁl}ffgﬁdﬁ Wg}%vg?h%ngﬁ*lgf sE)l(r)l |d3¥lgrrg§/l%f§tﬂf§(tﬁ)% ﬁ{gvalcuo to y?el_ the product
as white towsdled stdidisteid NBHE®: Visid, 38%e ardMRe(080807). Ch@1isn moeh Lo8@8PH), 8.03
(dd, 2H), 7.53 (6 1H), 7,80, (1 S £ 31 ), 3434, (2 WO0R 2346 AHIY 49405 L1, 228 (s, 3H)
1.34 (s, 9%?5%%(?%5‘&%&0%%%{2%% %%%-tgﬁ-_gbtyl-é'methylcatechol(tc’) 5-t)(Zrt-butc§/1-3-methyl-1,2-
phenylene @ibdhRoa RedBdR 16 [HOBI]A 500 mL three-neck round bottom flask with thermowell is

fitted with gggadglition IN2inleg Jpasipnicalstiregand 8 Jeppakipdienliesistem is purged with
N2 the vessel is' loaded with the 5-tert-butyl-3-methylcatechol (20.0 g, 0.11 rnol) and CH3CN (100 mL).
The mixtur@rhsdeackebiRsrtierMperature until all the solids are dissolved. To the vessel is added

triethylamingeé2f.8 940 Ri0-moll Backkeint taldenipekateinfdhevidastioer isdBierceodtd@rusing a dry

ice/water bath. Benzoyl chloride (34.4 g, 0.24 mol).is.added dr. ise keepi re at
10-20C. THB%W&H?SW%&E?@?%%%S lr%%ﬁu?‘é%‘?’g; g&llce' gtﬂqlg'rfr%ﬁgﬁ%%ﬁé?%éﬁ%%%a% allowed
to stir at annfiiest T pebitugtond sobuip OOV Astlieg, thidibisd dfduicddsdom magrmdthl thermowell
s fitted with 2 N2 gt e chanis A LR AOba-IRRPEs <Fodhs lack sraddaditialer (400mL). The

e

slurry from above Is a in eight portions over about 20 min. The resulting_slurry is stirred at

ambient teppEratefd i EEMIARES R (SEPIRUSE RiFss ofle Gerndia ditkatrIniopdediihe Bfude solid

is dissolveqdn RI0AR (LSOl MY a6te btk Wales(d Honlon i@ aRueaLs-RhaGe isdirdarded and
the EtOAc phase is dried over MgSO4, The M%SO4 is rem,ov?d b},/ filtration g)rovidipegn175 i%rof light
brown solufdisT ThdhsonstRsTide is added, the reaction mixture is a lowed to cool 10 room temperaiure

and is saturated with sodium chloride, and extracted with ether (3x50 mL). The combined
extracts are dried over sodium sulfate, the ether is removed, and distilled to give product. 'H
NMR: 6.73 (m, 3H), 2.89 (s, 3H).

[0085] Example 3: Conversion of o-cresol to Z—hydroxy;3-methylbenzaldehyde
{Reaction 3)

[6086] A 1-L 4-neck round bottom flask, equipped with stirrer, reflux condenser,
thermometer, nitrogen inlet and bubbler is charged with 20.64 mL of o-cresol and 14.0 g of
paraformaldehyde. THF is charged via syringe followed by addition of triethylamine via
dropping funnel. After stirring for another 10 min, o-cresol is added slowly via syringe,
resulting in an opaque, light pink mixture that is refluxed for 4 hours. The reaction is cooled
and diluted with 200 mL of ether, washed with 1 N HCL, water, and dried over Na;SOs.
After removal of solvent under vacuum, the residue is purified by distillation to give 15.6
grams (57%) of product. 'H NMR: 11.3 (s, 1H), 9.89 (s, 1H), 7.41 (d, ] = 7.44 Hz, 2H), 6.95
(t, Y= 7.5 Hz, 1H), 2.30 (s, 3H). ‘

[6087] Example 4: Conversion of 5-tert-butyl-3-methylcatechol to 5-tert-butyl-3-
methyl-1,2-phenylene dibenzoate (Reaction 15)

WHD/6867784.1
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concentrated on a rotary evaporator (45-50C bath @ 150-200 mmHg) taking 96 g of solvent
W1ID/6867784.1 WO 2010/078512PCT/1152009/069942 69507-WO-PCT overhead. Heptane (150

mL) is added andlco(r%ggntration is continued taking an additional 55 g of solvent overhead. The flask is
removed from Ine TOBVAp and a stir bar is added. A few seed crystals ard AG3Y R W mixture
stirred at ro@?ﬁqg%]&?éjf re. Crystallization begins almost immediately. The slurry is stirred at room

temperature for about 1 hour and then the product is collected via filtration. The cake is washed with
heptane (4Qoweg] and Ahesdrigd-toal chnstantiusight (Guanget gHBCT-pravidifigithethrbcusttas off white

crystals (35 %),.10092] Example 6: Conversion af 5-tert-hutyl-3-methylcatechol 10 5:ert-butyl-3-
methyl-1,2- |g§18£I S djgtréd e@c’:?lohmi ){f_fﬂo‘iﬁé‘éﬁ?&ﬁfét %ﬁe%oé%%f%}%n@%g?%m afgswith
thermowell is dittdal withnaneasaitiove el MBzoybthddhdNit ahekir & caiv a Stefiast dmfpsritie system
is purged with N2 the,pot is e SIBRRG AR RS GatRRRRL B 1R grda 75 mo)
and CH3C %7081?%'1_%8%1%%%%’ igﬂgt?ﬁ%gjgétkgmbfent tempgrature until all the solids are dissolved.

To the pot ievatiist-trithyminines (12 3ldutad] ithopddidonsd idteearmrathsaratind orathededdtion is

taken to 10G,ysing africadvater path, Banzevl eloris:éada o S mok:isassdpemiropmise keeping
the temperature at 10-20C. Initially only half of the benzoyl chloride is added into the additional funnel

to prevent ArEiRdEtSRAFGIRAIAGHEH SR PERIS PRSI L4BfiSH AR, Aottt Rdirs. The
ice bath is refmevedandidetbickialsty dsiallavwed:1o. tivet ahibienide mpenatsinee puesrdghtgiD094]A
12-liter three neck round bottom flask equipped with a battom drain, thermowell fitted with a N2 inlet,
mechanical rcélﬂdan}f%t%%p%‘]ﬁ‘ﬂ% t%ue%#gé)k%l é?:%ésé%vﬂa aetrlrr(])&gci_ry ?%’gnéu%rfr%%d bgﬁlé% ¥s added in
portions ovelistibatitrl & minutes anddhiberpadion issrinsedtwirallvateplid0el. ) BnilCHSER%B0 mL).
The resultin Y 1S Stirred a i raturefor . e pplid &g ¢Qll d via
filtration. Thg@g?l\(fdxust%iﬁfen@%e@%@’%&%@%%ﬁr@ %dgﬂ(g\% ﬁh@%@%nd atch (gg’b?eﬁtc)g)mpleted.

The two bafth&&aFH)wbAded dpltogeines. [obdhI A WetBndrdéh Hhuh -# (he’E8me manner.

[0096]Workgyp 309 gl ThgidR soid Sram-ShigichanalyReceastion sitranupleAdatahlfns 9, water
wet) is dissolved in EtOAc (4.8 Lg%extracted with water (2400 mL) and allowed to stir at ambient

temperatur@pRBrshtiheneenie eBereprRddis discarded and the light brown solution of Et0Ac (5529 g)
is divided irjtogyportionsstm distillthree-neck round bottom flask with thermowell is fitted with an

addition funnel/N; inlet, mechanical stirrer and a stopper. After the system is purged with Ny
the vessel is loaded with the S-tert-butyl-3-methylcatechol (20.0 g, 0.11 mol) and CH;CN
(100 mL). The mixture is stirred at ambient temperature unti! all the solids are dissolved. To
the vessel is added triethylamine (26.8 g, 0.27 mol) and the internal temperature of the
reaction is taken to 10°C using a dry ice/water bath. Benzoyl chloride (34.4 g, 0.24 mol) is
added dropwise keeping the temperature at 10-20°C. The addition takes about 30 minutes.
The ice bath is removed and the thick slury is allowed to stir at ambient temperature for 1
hour,

[6090] A 1-liter three neck round bottom flask with thermowell is fitted with a N; inlet,
mechanica) stirrer and a stopper. To the flask is added water (400 mL). The shurry from
above is added in eight portions over about 20 min. The resulting shury is stirred at ambient
temperature for 30 minutes and then the solid is collected via filtration. -

[0091]  The crude solid is dissolved in EtOAc (150 mL) and extracted with water (75
mL). The aqueous phase is discarded and the EtOAc phase is dried over MgS804, The
MgSOy is removed by filtration providing 175 g of light brown solution. The solution is
concentrated on 2 rotary evaporator (45-50“(3 bath @ 150-200 mmHg) taking 96 g of solvent

WHD/6867784.1
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WHD16867784.1 WO 2010/078512PC1'1US20091069942 69507-WO-PCT 100981Distillation #1
100991The solution (2824.9 g) is concentrated by overhead short-path distillation (40- 45C overhead
temperature, 250-300 mmHg) taking 1718 g of solvent overhead. Heptarte (2.4 L) is added and
concentratioW?sz%%Wﬁ d taking an additional 926 g of solvent overhead THESHIKILTE allowed to
cool to roorﬁ%%b\g%ﬁ and is stirred overnight. The product is collected via filtration and the cake is
washed with heptane (620 mL) and then dried to a constant weight (5 mmHg/25C) providing the
product as effewhile Mystads (656:810)is 000NN stitiatinratian Q0N 1iTke atluion (A68RxhI)Ts
*concentrated Exy verthea shé)rti[glat’ﬂ jstillation Af% - 45t ov?rpead tgmgerr %Gg,aéégdBQOféang)
taking 1545gg°o?os‘6 vent ovetiead® %Sp Ae oY %%I% ged 3nvg%%rrl1cgnflra 1on’s continued}_vtaking an
additional 864dycof saibvanat aidedhsati{it heimixturirisdaiowed tercpohtareodimyaipetmutegng is stirred
overnight. T RIGetdneRlIcsied ia fiiralion Anddbs calisiRsReduin NeRlpRR (R0 ) and
then dried to a constant weight (5 mmHg/25C) providing thé product as off white crystals (606.8 g).
[00102] A totadsetiis 4gllediers vroalnatigmt Shosakie|i Wﬁﬁhﬁdrﬁémﬁtj’m@ﬁ%t(ﬂ@ﬂﬁz@.y theB #Rsterial has a

purity greatgy fhan:B3 i (CAHR3IY inepesificalsiniepdrddhat shepresentdischasyre ngs. be limited
to the [0092] Example 6: Conversion of 5-tert-butyl-3-methylcatechol to S-tert-butyl-3-

methyl-1,2-phenylene dibenzoate (Reaction 15)

[6093] A 5L three-neck round bottom flask with thermowell is fitted with an addition
funnel/N; inlet, mechanical stirrer and a stopper. lAfter the system 1is purged with Nj the pot
is loaded with the starting 5-tert-butyl-3-methylcatechol (314.3 g, 1.75 mol} and CH3;CN
(1570 mL). Thé mixture is stirred at ambient temperature until all the solids are dissolved.
To the'pot is added triethylamine (423 g, 4.17 mol} and the internal temperature of the
reaction is taken to 10°C using a dry ice/water bath. Benzoyl chloride (543 g, 3.84 mol) is
added dropwise keeping the temperature at 10-20°C. Initially only half of the benzoyl
chloride is added into the additional funnel to prevent all of the material from being added at
once. The entire addition takes about 2 hours, The ice bath is removed and the thick slurry
is allowed fo stir at ambient temperature overnight.

[0094] A 12-liter three neck round bottom flask equipped with a bottom drain,
thermowell fitted with a N, inlet, mechanical stirrer and a stopper. To the flask is added
water (6.3 L). The slurry from above is added in portions over about 15 minutes and the
reactor is rinsed with water (100 mL) and CH3CN (50 mL). The resulting slurry is stirred at
ambient temperature for 2 hours and then the solid is collected via filtration. The solid is
then placed in a storage container to allow for the second batch to be completed. The two
batches are worked up together,

[6095] A second batch is run in the same manner.

[06096] Work up:

16097] The crude solid from 2 batches of the reaction of Example 6 (total 1968 g, water
wet) is dissolved in EtOAc (4.8 L), extracted with water (2400 mL) and allowed to stir at
ambient temperature overnight. The aqueous phase is discarded and the light brown solution

of EtOAc (5529 g) is divided in two portions to distill.
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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. WHD16861784,1 CLAIMS We Claim: 1. A process
comprising: Wor"@é\?{g‘ inder reaction conditions, 5-tert-butyl-3-methylcggéHHO@W“%vith
triethylaminfégfé%"a\g iember selected from the group consisting of an aromatic carboxylic acid and an
aromatic carboxylic acid derivative; and forming 5-tert-butyl-3-methyl-1,2-phenylene dibenzoate
(BMPD). 2pdogjprogessaibfiekairn 1 comprising adding benzoyl chloride to a reaction mixture

comprising W0Hg we 151 MHE' SA0ToN o el Dol e Ert A BB Sl
1 comprisindftiissetvirgdtenpresipita i) BMPBraig) extiagtiig Svithoiraiernisoeresptoddesiakclaim 1
comprising ﬁ%@%ﬁ I%E’%Da&@@&%%&H%Sﬁf@@@%&ﬂ%@g@%ﬁ&ﬁgaﬁl%&ﬁi%ﬁ%’@g 8¢ ThRapocess of

overhead. The mixture is allowed to cool to room temperature and is stirred overnight. The

product is collecied via filtration and the cake is washed with heptane (620 mL) and then

dried to a constant weight (5 mmHg/25°C) providing the product as off white crystals (636.6

g). '

[60100] Distillation #2

[001061] The solution (2692.4 g) is concentrated by overhead short-path distillation (40-

45°C overhead temperature, 250-300 mmHg) taking 1545 g of solvent overhead, Heptane

(2.4 L) is added and concentration is continued taking an additional 864 g of solvent

overhead, The mixture is allowed to cool to room temperature and is stirred overnight. The

product is collected via filtration and the cake is washed with heptane (620 mL) and then

dried to a constant weight (5 mmHg/25°C) providing the product as off white crystals (606.8

g).

[00102] A total of 1243.4 g is produced at 92% yield with a meiting point 110-112°C.

The material has a purity greater than 99 wt %.

[66103] & is specifically intended that the present disclosure not be lLimited 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.
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alkylating, under reaction conditions, 3-methylcathecol with a member selected from the group
consisting of tert-butanol and isobutylene; and folming 5-tert-butyl-3-methylcatechol. 7. The process
of claim 6 further comprising oxidizing, under reaction conditions, 2- hydroxy-3-methylbenzaldehydc;
and forming the 3-methylcatechol. 8. The process of claim 6 further comprising formylating, under
reaction conditions, o-cresol with parafonnaldehyde; forming 2-hydroxy-3-methylbenzaldehyde;
oxidizing, under reaction conditions, the 2-hydréxXy“dMiethylbenzaldehyde; and forming the 3-
methylcate®hoC18mThe process of claim 6, further comprising oxidizing, under reaction conditions,
o-cresol; and forming the 3 -methylcatechol. 10. The process of claim 1 further comprising: oxidizing,
under reactjon condifignss ad@priutyl-3-methyl-2-hydroxybenzaldehyde; and forming

5-tert-butyl-3- met?é’zl&é‘ﬁgcﬁf?&er]x%a&f&‘ﬁ 9598%&%19@@%&@1“3%@&9%&%@@Bfmmxmﬂg under
reaction copdlghoTs 4- tert dbu n){l 2br£,este 8va1} mrlrﬁac!gg an%)mmtgct .

5-tert-butyl § ro ie rocess claim 10 further co%prlsmg
alkylating, ﬁﬁ(g] z}nld %ﬁm 88n8 %’éy IC am Wit tl<'\3’f'1’|’naenmber selected from the group consisting of
isobutylene and t Eiﬂ%l‘ﬁ%lsté%l}?ﬁtﬁ %Wﬁé}ﬁgr%zrﬁ@ﬁﬁwlﬁﬂ%ﬁ&e%ﬁ?&%mﬁg under reaction
conditions, the 4- but 1 enol with for Ide det mt e 5-tert- buoyl -3-methy1-2-
hydro xybefizalde oLy ie§s [%116? O%PE]I%%?L %Grﬁ eo%’d?zﬁ&“ r?dglf’?tué%tlon
conditions, @¥8HH8/s M ihapTengi e ARk EiRivgs: ‘féef’taé]lﬁt -‘?yﬁﬂ% @M&ol. 14. The process of

claim 13 further comprising:

3. The process of claim 1 comprising adding water to the reaction mixture; and
precipitating the BMPD.

4, The process of claim 1 comprising dissolving the precipitated BMPD and extracting
with water.

5. The process of claim 1 comprising forming a BMPD composition comprising
greater than 98 wt % BMPD.

0. The process of claim 1 further comprising:

alkylating, under reaction conditions, 3-methylcathecol with a member selected
from the group consisting of tert-butanol and isobutylene; and

forming 5-tert-butyl-3-methylcatechol.
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alkylating, under reaction conditions, o-cresol with a member selected from the group consisting of
tert-butanol and isobutylene; and forming the 4-tert-buty1-2- methylphenol. 15. The process of claim 1
further comprising: hydrolyzing, under reaction conditions, 2-halo-4-tert-butyl-6-methylphenol; and
forming 5-tert-butyl-3-methylcatechol. 16. The process of claim 15 further comprising chlorinating,
under reaction conditions, 4-tert-butyl-2-methylphenol; and forming

2-chloro-4-fert-butihé nmstisylpheiaoh 6 fnrtive propesspioainins fodeerceomprisingibramihating,
under reactigrcenditingthy théerbideiyti2- onelt fyhpiendl; anddbsiemechol.
2-bromo-4-tert-butyl-6-methylphenol. 18. The process of claim 15 further comprising alkylating, under

reaction coditionsgyo-gresaql withia e selsgisdsrandhe, @kg GRNSiStingioh isahubdgne and
t-butanol to farm4- R%ﬂhbg%?om% Héﬂ%@”%xﬁ’l?gcﬁ'%!&?&ﬂ%t% }Fﬁ{ér%ﬁ{é SQEtEMBE ol to form

2-chloro-4-tert-but eno Process c‘ er comprisin ing, under
reaction con |onrsg38 1((:}Flesco %O%S’membe?%elec‘fedI%lreoé1 %enzg‘r-@ﬁgyc%hasé:g oris bu erne and

t-butanol to‘%ﬂ?ﬁ’ ﬁafg‘?]f‘?}utyl 2-methylphenol; and brominating the 4-tert-butyl-2-methylphenol to form

2-bromo-4-tert-butyl-6-methylphenol.
9. The process of claim 6, further comprising oxidizing, under reaction conditions, o-

cresol; and forming the 3-methylcatechol.
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10.  The process of claim 1 further comprising:
oxidizing, under reaction conditions, 5-tert-butyl-3-methyl-2-hydroxybenzaldehyde;
and forming 5-tert-butyl-3-methylcatechol.

11, The process of claim 10 further comprising formylating, under reaction conditions,
4-tert-butyl-2-methylphenol with formaldehyde; and forming the 5-tert-butyl-3-methyl-2-
hydroxybenzaldehyde.

12.  The process of claim 10 further comprising alkylating, under reaction conditions, o-
cresol with a member selected from the group consisting of isobutylene and t-butanol to
form 4-tert-butyl-2-methylphenol; and formylating, under reaction conditions, the 4-tert-
butyl-2-methylphenol  with formaldehyde to form the 5-tert-butyl-3-methyl-2-
hydroxybenzaldehyde.

13.  The process of claim 1 further comprising:
oxidizing, under reaction conditions, 4-tert-butyl-2-methylphenol; and
forming 5-tert-butyl-3-methylcatechol.

14.  The process of claim 13 further comprising:
alkylating, under reaction conditions, o-cresol with a member selected from the
group consisting of tert-butanol and isobutylene; and forming the 4-tert-butyl-2-
methylphenol.

15.  The process of claim 1 further comprising:
hydrolyzing, under reaction conditions, 2-halo-4-tert-butyl-6-methylphenol; and
forming 5-tert-butyl-3-methylcatechol.

16.  The process of claim 15 further comprising chlorinating, under reaction conditions,
4-tert-butyl-2-methylphenol; and forming 2-chloro-4-tert-butyl-6-methylphenol.

17. The process of claim 15 further comprising brominating, under reaction conditions,
4-tert-butyl-2-methylphenol; and forming 2-bromo-4-tert-butyl-6-methylphenol.

18.  The process of claim 15 further comprising alkylating, under reaction conditions, 0-
cresol with a member selected from the group consisting of isobutylene and t-butanol to
form 4-tert-butyl-2-methylphenol; and chlorinating the 4-tert-butyl-2-methylphenol fo form
2-chioro-4-tert-butyl-6-methylphenol.

19.  The process of claim 15 further comprising alkylating, under reaction conditions, o-
cresol with a member selected from the group consisting of isobutylene and t-butanel to
form 4-tert-butyl-2-methylphenol; and brominating the 4-tert-butyl-2-methylphenol to form
2-bromo-4-tert-butyl-6-methylphenol.
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