69507- WO- PCT PRODUCTI ON OF SUBSTI TUTED PHENYLENE AROVATI C DI ESTERS PRI ORI TY
CLAI M [ 0001] The present application clainms priority to U S. provisional
appl i cat iwo 20m/07811£141, 902 fil ed on Decenber 31, 2008 amdTWSI09pswL si onal
appl i cat pogn70WwO-8&1141, 959 fil ed on Decenber 31, 2008, the entire content
of each application incorporated by reference herein. BACKGROUND [ 0002] The
present disclosure relates to the production of substituted phenyl ene
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for the production of ol efmbased polynmers. In particular, Ziegler-Natta
catal ysts containing 5-tert-butylRRIORTHYCEAIM- phenyl ene di benzoate as

internal el ectron donor show hi.gh catal yst. activyi and .hi gh selectivit
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nol ecul ar wei'ght distribution. The art recogni zes the need for

ol ef i n- bes d2kcpmbymat,s2G08d thy eptjicesnatdnt od daph lapplgasion ingprpenstedyviesd reference
properti Es.. Desired are nmultiple and/or alternate synthesis pathways for

t he prodi@fPon of substituted phenyl ene aromatic diester to ensure a
cost-effective, and reliable supplBAOKGRimENISBE. SUMVARY [ 0005] The present
disclosure is directed to the production of substituted phenyl ene aromatic
di est er s[0982] 5- tThetnresgnidisclosuse rjatey tothe RrodyetigneoffubaHusd PBeHenS APl ar .
Di scl oseg-egg{sei n are synthesis pathways for the production of a precursor
to the 5-tert-but yl - 3-nmethyl - 1, 2-phenyl ene di benzoate, nanely

5-tert - b[ogB} 3- rSubktityled phenyiane arbmatic diestarsaie tideidss pmtexmal alectronadonprsandint ed

in this disclqosure advant ageously. sinplifies productio f 5-tertbutyl -
3- et hyl Preﬂ?fﬂt-l‘ﬁfhéﬁﬂ‘é‘}?@liﬁﬁt FemPositians fef taypd t’l"&r?ffa‘-’@gﬁ% S%r B‘gﬁ‘@{:’ison{n
t her eof ﬁ‘éﬁit’ular, 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.
[0004] 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
[0005] The present disclosure is directed tothe production of substituted phenyiene
aromatic diesters and 5-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 S-tert-
butyl-3-methyl-1,2-phenylene dibenzoate and enables large-scale production thereof with
common, inexpensive starting materials.
[0006] The present disclosure provides a process. In an embodiment, a process is

provided which includes reacting, under reaction conditions, 5-tert-butyl-3-methylcatechol
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common, inexpensive starting materials. [0006] The present disclosure
provi des a process. In an enbodi nent, a process is provided which includes
reacti ng,wordsyo7sgact i on conditions, 5-tert-butyl-3-net irgirast@oioedos2

VWHD/ 6867850 7182n0CITWO- PCT (BMC) with an aromatic carboxylic acid or an
aromatic carboxylic acid derivative, and form ng
5-tert-butyl-3-nethyl-I,2-phenyl ene di benzoate (BWMPD). [0007] The

di scl osufBM@howitdes anmatiecathosyks scidl or an asmixsiti carboxylia aviddegwativs, and

provi ded_ and i pcl udes. al k t under..react i ditions,

3- et hyl E%Fﬁ%%gw‘fe ] ‘tltpfl'?'é’?%%af]ag'gperﬁ'ﬂeqesdélb%?%tgmﬁd f or m ng

5-tert - bygoolt 3- MBehyisciab@e htbvide® ABSther Ppocdis Cl a8 Uire eRibOintiRg 8nbdees is
process. I n an enbodi nent, a process is provided and includes oxidizing,
un(cjie][ r epostvided awhificluden alkydatings tungen ygacBomserditions, JvpgthyloaherolapibHgte,
an ormn -tert-hbutvyl - 3-net hyl I e di scl osure provides
anot her nh?%%%sog .ISO?DH‘%ECN% e??gaofglgnn%néts,@%}é&%?}gE:%?%%S'gcglperc io[{;/li ded and i ncl 5des

oxi di zi ngoospderTHeahsddsare grovides arwiser plodesy. tinlau teybodinneit hyprpbess & prowided

formng 5-tert-butyl-3-nethylcatechol. [0010] The di sclosure provide
anot her prbcedsludeh apxidigRdi ndREer a HRG8ss GoBdIPBY; dédtegﬁ&‘tﬁ'rﬁcmg@gz'

hydr ol yzj ] tJ Iisteb QRS A~ Meth9rcdelgdit - but yl - 6- met hyl phenol ,
and formhﬂ‘g“’%ﬂ%g?%9%‘§?§|4“§?%‘g‘?ﬁ€|58§‘?e%§%| ) Ftl(l)’glcle The di scl osure provides
anot her [0000Fss. THerdisosardyardividenanotizer pravees dniag eprbodinakad, aaprdedss it prawded
hydr ogenol yzi ng, under reaction conditions,, 5-tert-butvyl-3- .

o hoet A Exslidien BT ind SPin ey o8 e ot Rk Fietiidiengh end Gymine an
advant age.iat phfig3RhaaeRktedlcicl osure is an inproved process for the
production of Substituted phenyl ene aromatic diester, such as

5-tert - b0} 3 -Thetdigdlosute propidengrodirs pardsemn Ao anembpdmuat, apToersy irrayjeedf
e Protal SUaghoR e ihal 508! BURUEDO PR BLe RSP ST SN
[0014] Amn@fbyditganeerobutyh®nipigsedchdl. scl osure is the provision of a
pluralit YOOcifl] Syn’lthréedsiéc?osure provides another process. In an embodiment, a process is provided
~ and includes hydrogenolyzing, under  reaction  conditions,  S5-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 S5-tert-butyl-3-methyl-1,2-phenylene
dibenzoate.
[0013] An advantage of the present disclosure is the provision of a precursor to 3-tert-
butyl-3-methyl 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.
[0016] An advantage of the present disclosure is numerous synthesis pathways for the
production of substituted phenylene aromatic diester, such as 5-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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pat hways to produce 5-tert-butyl-3 -nethylcatechol. [0015] An advantage of
the present disclosure is the production of 5-tert-butyl-3 -nethyl-

1, 2- phenyWwenelwdi’eEnrzoat e usi ng i nexpensi ve starting nat @Ciraisge09joe®is] An
advant aggosyf7-tMweppmesent di scl osure i s nunmerous synthesis pat hways for the
production of substituted phenyl ene aromatic diester, such as
5-tert-butyl-3-nethyl- 1,2- phenyl ene di benzoate, thereby ensuring a
reliabl e[(uppl y Af adeamengk of thehprependdisctdsome isfa groasy ferlergb asdd ppalughen of

V\HD/ 68677@[45,169 7- CT %0171 An advant age of the present disclosure is a
process ¥f UT“&?%%% PeSPBHEAIS SR of substituted phenyl ene aromatic

di ester. doq8iL8] AN AINAMYAGL 1Rl pllIentPAiSEERe G 36! @SHOBmEStaBYLsafe, non-toxic
environnent al | y-safe, non-toxic production process for substituted

phenKI elrIBrOdu@imtprcCQSS Egtsubstititod pognyleme arhaaticatiestadf t he present di scl osure
Us 1 . : . . . _
00207 AU 2 evgeRaREEs oF ARtaBtseht Rbrt Frtnl RERLSERpBURTRh ] shspRld

[ 0020] A ant ure’is~a si ctlive,
and/ or cprdgidneatdnvRiciiéstdri cation process for substituted phenyl ene
aromatic di ester. BRI EF DESCRI PTI ON OF THE DRAW NGS {0021 Figure 1 is a

f1 owchar {003Abwi i adyaniaeesed the preseiodisslpgire is asuppleutiBg-chiselig: SRE/ORLB¥at i ¢
di ester | i i di scl osure. [0022]
Fi gure ZHi}?esC%g]g?) Pgﬁ%ﬁ%}l %@%S%ﬁﬁg‘r‘%aglrtéﬁé@&s? 9{68% Q%F%&E?ﬁ%ger'a substituted

phenyl ene aromati c di est er BRIERDESCRIBTEONIQIMTHE I2RASINGENt of t he present

di scl osupe.. PETAI.LED DESCRI PTI ON.[ 0023] The present disclosure is directed
to the. pHO3LEL | GHEGF 1SSBSRTY QLB HAR, b SFwess bRt fedepiptiuted phehyiefs
5-tert - butylid afRlP i SRLRGAY wiRbin cBMbdinehBof @b Bebst dRRIRGree! f ecti ve
precursor for the production of the substituted phenylene aromatic diester,

5-t ert - b[M02R} 3- Fietrhy? isla Roypthartyshewingli bearessafor pastucingvPiubytituRiiRbenylean
effective inteernal electron donor in,Zieqgler-Natta tal ysts. The processes
di scl osed© 1gﬁﬁs§a%ﬁcgﬁp€8ﬁs\yiﬁ? Ap SWIbaim%n? oft epresen(i%lscl fire:
DETAILED DESCRIPTION
[0023] The present disclosure is directed to the production of substituted phenylene
aromatic diester. 5-tert-butyl-3-methylcatechol (or. “BMC”)is found to be an effective
precursor for the production of the substituted phenylene aromatic diester, 5-tert-butyl-3-
methyl-1,2-phenylene dibenzoate (or “BMPD”). BMPD is an effective internal electron
donor in Ziegler-Natta catalysts. The processes disclosed herein advantageously provide
economical (both time and monetary economies), 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.
[0024] 5-tert-butyl-3-methylcatechol (BMC) has the structure (I) provided below.

@)
oY LG
R
/ ¥ 43
[0025] In an embodiment, a process for producing BMC is provided. The process

includes alkylating 3-methylcathecol with tert-butanol or isobutylene under reaction
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econom cal (both tinme and nonetary econom es), sinplified, up-scalable,
synthesis pathways to BMC with yields acceptable for commercial/industrial
appl i cat iwo 20tver781k. Economi cal access of BMC correspon@cCmgisgoooontont but es
t o econogowpalwey.pdycti on of 5-tert-butyl-3- nethyl-I,2-phenyl ene

di benzoate. [0024] 5-tert-butyl-3-nethylcatechol (BMC) has the structure
(1) provided below. (1) [0025] In an enbodi nent, a process for producing
BMC i E pccmdlitdm@, ankh €orpiing Sssrtibntyll-Gdasthplckigtlatl | (BYI1G) (Rxtahtidrc dt dreRol1)wi The
tert-butanol _or isohuty]ene under reacti.on WHLY 6867784. 16950.7- PCT

condi t i of¥§M éﬁﬁ’lzft%g?ﬁ #g aﬁE}f@ﬁlQ@Eﬁ{ yF‘liﬁiaﬂ‘B’P AFAEaR e Shiic 0B C%(’ﬁ\é‘\gcat“i Pyl or

Rx 1). Tﬁgictaﬂﬂ% aﬁldf%ahﬁé 'CEIQ ourfll Aﬁl‘%_yéa%d mpod” i@h khbRidaPBorhp@GId @R 1S
the introduction of an al yP radi cal into an organic conpound. An "organic
conpounddéonitaing a chgwncadme ofvp osadhdrbial “roctian eenddianas’lroe ternpmatuis pressule,
herein, "reaction conditiops,' are t eratyre, pressure. reactant

concent r???t%tsgongﬁt%ﬁfls’CSBE@%‘f%ﬁ%ﬁ@s’r%ﬁcﬂ?@ﬁw }ng%dlﬁi&%%ﬁr%rf‘%tﬁ“’ and/or

par anet egier 8HiRInsOWIIBh £ aRdiién 9BSeMHabipfordott @asdtiodbev®emEthe tiB@ieniy 1Dt €
reacti on between the reagents and formation of the resultant product. |In an

enbodi nefermatiokgf the iresultartquedion frman erabediaent, akkylstion gesuipmithrihe additien pkuch

| f i i . i . . -
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i n hept ane. enbodi men e process inclu
of the 3pumidiyhhaiteaehol . The process includes oxidi zi ng

2- hydr oxy- 3- net hyl benzal dehyde under reactign conditions and formn he
3- net hyl ﬁ’&?@k hollh @pRembedimgit, t%1‘3 PFRqveY méﬁ‘ﬁ‘ﬁ%lﬁﬁéﬁ??‘”‘ﬂtff@ %fiﬁha Bﬁﬁ'g‘yﬁ]@@gl?otli s a
peroxid : MaT=17)'q whi j ; iti
Dy oy SRR LD RRR h aer B ey foEnARRRGIE BuddiRergon conditons
enmbodi meartd, formimgphe dessthylatecid Rk B  pr @ partter icobodimenh she oxigliingcggest is a

et e SLe TR i, S5 AL SRR DRELISR o SR Btk
2- hydr oxyr snidBidvdshRenraodenyde. The term "fornylating,” or "fornylation,"
or "fornylation reaction” is a chem cal reaction
0027] 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.
[0028] The formylation reaction may occur by formylating the o-cresol with
paraformaldehyde, magnesium chloride (MgCl,) 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).
[0029] 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.

WHD/6867784.1



wher eby an organic conpound is functionalized with a fornyl group (-CH=0.
The 2- hydroxy-3- nethyl benzal dehyde is subsequently oxidized to formthe
3- et hyl caibeotval7851p0028] The fornyl ation reacti on may o@cumuskgofoerayl ati ng
t he o-crgsqy7-wd-pcpar af or mal dehyde, nmagnesi um chl oride (MG 2) and
triethylamne (Et3N) in refluxing tetrahydrofuran (THF). The reaction
yields ortho-fornylation of the o-cresol. Another suitable fornylation
react i on[0030} he Reobnimithigaspuesentaratdfanadions &, 2,, andr3 soprbwidey irapatbwap {1l he
o-cresol in chlorof ornm sodi um hydroxi de). [0029] In an enbodi nent,
3-nethy|E§P@bhol is prepared directly fromo-cresol. The process incl udes
oxi di zi ng, under reaction conditions, o-cresol, and formng the 3- ()

met hyl catechol (Rx 4). In a further egbodiment, the oxidizing ageat Is a
per oxi de, suchi asmpy,ds,0@en, peroxiide. [The process f her incl udes

[ 3- | &

ecol _and f£orm ng the
WHD/ 686778% 5507- CT [ 003D
1, 2, and 3 pr oViHE®™i n pat |
represent at reA” of Remgelistinolx 4 i s Provided in pathway (I111) below |[0032] In
an enbodi ment, another process for producing BMC is provided. The~rocess
i ncl udes oxidi zing 5-tert-butyl -3-nethyl - 2- hydr oxybenzal dehyde, umder
reaction conditions, Rardd form ng 5-tert-but/23- et hyl cat eBidl (Rx 5§D) In a
further enbodi ment, the oxidizing agent is a peroxide, such as hydrogen
per oxi de[00BPP33]A honlaniteghestsmtition bh eapiece sprovidedidgmtlsyayt ([Esbdowf t he
5-tert-butyl -3-nethyl -2- hydroxybenzal dehyde. The process incl udes
formyl ati ng, under reaction conditions, 4-tertbuty|1m2-net phenol with
par af or mal dehyde andof§ orm ng t he 5-f%rt-butyl - 3-net hyl - 2-
oef any suitable
enbodi nent, the
et hyl phenol . The
o-cresol wth

: 10084
nt hesis, of -tert=but yl

process includes t
gact i of2¥ondi t

process includes a

Rx 4 Rx1 ()

[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 S5-tert-butyl-3-methyl-2-
hydroxybenzaldehyde (Rx 6). Formylation may occur by way of any suitable formylation
reaction as disclosed herein.

[0034] 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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i sobutyl ene or t-butanol to form4-tert-butyl-2-nethyl phenol (Rx 7).

Al kyl ati on may occur by way of any suitable alkylation reaction as

di scl osedwbepw/a1ss1iZhe conpound, o-cresol, surprisingly Rras/usee/obound as an
advant aggpuy-wicaptirng material for the production of BMC.

VWHD/ 6867784. 169507- WO- PCT The conpound o-cresol is inexpensive and provi des
a nethyl group directly adjacent to an -OH group on the aromatic ring. The
- OH gr ouph®tompamdsetresd ia isdxpemdvepardaprdiides b anethylrgramp direatlyr ajpdvieht © an
substitution reaction, enabling yready al kyl ati on of o-cresol &.o

4-tert - brithyieroup %&hﬁ;ﬁl’f%ﬁ%tﬁo’lmg-ﬂée - e‘?‘?‘!% grreresolis aepR @ARrdifegtor for an
subsequegklyodhfifd™ lﬁfiﬁlﬁon 4edSion! @ﬁeﬁ:tlihgr}e Gkl 12908 -of L RcleSSI Mol Nert-butyl-2-
5-tert-butyl-3-nethyl-2-hydroxybenzal dehyde. [0035] A nonlimting

r epr esentnathytphendl. r'Bacditatbuty]-2gnethylghenhol & prosedusedy iformpdatedvainden sgpctisal ow,
Rx 7 Rx 6 .5 (). [0036]. The present .di.scl osure vi des anot her process
for prod?ﬁﬂ%{f“@l\}ﬁ.f(’hgﬁg'tgﬁgﬁﬁﬁfémealyggﬂ}y@ﬁoé{é’ el?zgpc%ﬁ% i ded and i ncl udes

oxi di zi ngypzsnder A fafniORg fPprsehitaBRS of kadtRink U6 Ydnd 7rs edidddoingatiwa

form ng g)-ot g’r]t - butyl - 3-met hyl cat echol (Rx 8). O(’}/i dat i ?ﬁd may o?gur gf}r’?\)ﬁy of
addi ti onbedéwa peroxide to the 4-tert-butyl-2-nethylcresol in a basic
aqueous solution. [0037] In an enmbodi ment, the process includesggynthesis
of the 4-tert-butyl-2- methyl phenol. The prscess incl udesual kyl g’:\t' ng, under
reacti on conffi ti ons, o-cresgol VW(' ftf“ertbu nol |[pr i sobut Ieneo and formng
the 4-tert-butyl <20t hyl ptepo —9) . SNAl 2 C By way of any

sui tabl e at isgyry'ereact t-butyl -2-
0 /'.

met hyl cres subsequent] y” oxidi zed to foemt he ' 8] Anonlimting
representatirgn of reactions 8 aﬁgéiéﬁll—& provi ded in pathway (V) bel ow

VHD/ 6867784. 169507- WO- PCT_RQO03 9 TH& i esemt_di scl osur e-xQvi des anot her
process for producing BMC. I n an enbodi nent), a process is'provided and
i ncl udes hydrol yziRg,7 under reactRei% conditions,R&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. |

[0037] 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 isobutylene, 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 nonlimiting representation of reactions 8 and 9 is provided in pathway (V)

below.
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hal o-4-tert-butyl - 6-net hyl phenol, and form ng 5-tert-butyl-3-nethyl cat echol
(Rx 10). As used herein, "hydrolyzing," or "hydrolysis," or "hydrolysis
reacti on"wo0w/0Bdamx cal reacti on whereby water splits i RCO/US2000609CH | ons
and the ghkoAwo-pepl aces a functional group. The term "hal 0" is a hal ogen
atomF, d, Br, |I . In an enbodi nent, the halogen atomis brom ne yielding
2-brono-4-tert-butyl -6-nmet hyl phenol. In another enbodi nent, the hal ogen
atomis chlorine yielding 2-chloro-4-tert-butyl -6-nethyl phenol . (Y an
embodi ment, the hydrolysis reactionuis catalyzediby a base and/or a salt,
n an_enbgdi nent, the process

& met hyl phenol . The

S Q—fButJn(h@ % !

gerary'ng, u ' ions, 4-tert-butyl-2-
met hyl phenol , and //1 ng H'he 2-Kal g#4-t &t - butwWs6- net hyl phenol (Rx 11).
The term "hal ogena i al ogenation reaction,” is
the introduction of a halogen radigal into an organi ¢ conpound.
Hal ogenati on occurs by reacting the\Ztert-butyl-\2-nethyl phenol with a

hal ogenating agent o, guch as a brom nat gng agent ga a chlorinating agent.
Nonlim ting exanpl es of suitable hal ogenating agefnts include

N- br onmos e (NB a,.brom nati a and/ lo ci anlne
Cnesy TS HERDD e e ol R R prafS 1B oy BRKET O,
4-tert- b%ﬁbdlﬁfeﬂ?takﬁlrb&ﬂ@”ﬁ)bro\ﬁdeh &i’dqmﬁﬂ@ h}hi@(hl?ﬁﬁ@ undee réa@flﬂih colitibns, 2-
pathway (VI) bel dw denotes the reaction with el enental hal ogen. The

el enent ahalp#- @gé:utadrﬁjmfpﬁylni@n@ and fopping J-trouhyty k- hrmethydeaRsoheRx  10)-heAs
process in Iudes e5| f“ 1.er | T

i tort- bl SR NOIRANGT 8 hPSe el Loy IR vt 82 Phicel Rcion
condi t i ofihereby Gmaoé litd 1o IPBOEMI SHH?-I’MGnQEmd -tltwOHnan asplalies cl fmse@brab(gmm Rx
12). The 4- tert- \NjD/ 6867784 169507- WO PCT hut vyl - thyI h .
subsequehh® ermal @ nistebrlege dpmrieCh Bial o 10 2p & Oge % iﬁ&g‘?ﬁ}la}tﬂ%rﬂ%l

[ 0042] i _ 0 2 i ded
in pat h%&g?b%?] !)dé 24 b?@mﬁg%ggﬁm%'ltﬁ:?i %th?%@%l}(%l 'Tﬁaﬂ(gher]ehbo%ﬂﬁer&, thE haldp&Y
atom is chlorine yielding 2-chloro-4-tert-butyl-6-methylphenol. In an embodiment, the

process incl udes

hydrolysis reaction is catalyzed by a base and/or a salt, such as such as copper (II) sulfate.
[0040] In an embodiment, the process includes the synthesis of the 2-ha10-4-tert-buiyl-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 é chlorinating
agent. Nonlimiting examples of suitable halogenating agents include N-bromosuccinamine
(NBS), a brominating agent, and/or N-chlorosuccinamine (NCS), a chlorinating agént.
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-butyl-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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[ 0043] The present disclosure provides another process for produci ng BMC

In an enbodi nent, a process is provided and includes hydrogenol yzi ng, under

reacti on wondioa7esig, 5-tert-butyl-3-am nonet hyl cat echol pCarnu$2600/0699a2)

S5-tert - bgdyp-worpehy! cat echol (Rx 13). The term "hydrogenol yzing," or

"hydr ogenol ysi's,™ or "hydrogenolysis reaction” is a chem cal reaction

wher eby a carbon-carbon or carbon-heteroatom single bond is cleaved by

hydr Ogenbut%bl”nﬁdﬂﬁﬁlblﬁ@oﬂxiaﬁ@hmqwnﬂyubﬁl@@é@téﬂy doodenol thei Ddakgbndrsbutpeb-ude

catal yti c hydrogenol yzi ng agents (such as pall adium catal ysts) and

bor ohydr ng8&Iphenelh as sodi um cyano- borohydride. [0044] In an embodi nent,

the proc i ncl : | - Dt gl b-:3-rovi i

am nomet T 2at eghar TLpe R AR Rl ol 1L 1, IE, B provided fn pathviey

react i on(@pdiots. ons, 4-tert-butyl catechol, and formng the

5-tert-butyl -3-am nonet hyl catechol (Rx 14). The 5-tertbutyl - vI)

3-am nonet hyl cat echol is subsequently hydrogenol yzed to formt h%

5-tert-butyl-3- nethyl catechol. Am noal kyl ati on occyr s by way of the

Manni ch reaction. The "Mnnich reaction" is ansofgahi c reaction which

am noal kyl ates an acidic proton | ocated next tp arbonyl functional group

with formal dehyde and ammoni a or any pri marycor ndar g ne.

VWHD/ 6867784. 169507- WO- PCT [ 0045] A no&lzi mtiNg represen i on of [reactions

13 and 14 |s provided in pat hiay &V !5)/56| ow. Rx 14 Rx 13 M) [00%&
2 pr GEERS for p i ng -tert-butyl-3-rrethy|-|,2-p
BVPD) 5 Pr Qvi dé S; dar

ar boxylic

reacti onsefidi ti ons, w tp{a nEnber lxegd ed froman aromatic
acid and/or an aromatic carboxylic Z;Kld\cierivative, and sequently

form ng 5-tert-butyl-3-nethyl -1, 2-phenyl e ditteqzdht e-(BWPD). The BMC i s

prepared by any of the synthesis pathways as i ously discl osed herein.
yhe~aCingy is a conmpound

| east one car boxyl group

[ 0047] As used herein, an "aromatic carbo
directly bonded togrihe benzene ring. |Rxil§g Rx 10 (D)

containing at | east one benzene ring wth7ay

[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 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.
Nonlimiting 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 S-tert-
butyl-3-aminomethylcatechol is subsequently hydrogenolyzed to form the S-tert-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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understood that the aromatic carboxylic acid may be a nonocyclic structure
or a polycyclic structure. The aromatic carboxylic acid nay be a nono- or a
pol y- car bweybiow7ssizd. Nonli m ting exanpl es of suitabl e acormsteoo/oce@rboxylic
aci ds i ngdygewloepzei c acid, 1- naphthoic acid, 2-naphthoic acid,
6H phenal ene- 2- carboxylic acid, anthracene-2-carboxylic acid,
phenant hr ene- 2- carboxyl i c acid, and phenant hrene-3 -carboxylic acid. [0048]
A "deri VEOHSE OfA aonlaniingtreprecatdtion pif reacdcnsd]3 anrd iy mooded incpatlavigo®il c
acid derjvative," as used herein, is an aromatic acyl halide, an aromatic
anhydri deS!°%n aromatic carboxyl ate salt, or any conbination thereof. It is
understood that the derivative of the WHD/ 6867784. 169507- WO- PCT\arpnat i c
carboxylic acid may be a nonocycl bg structure or a polycyclic sgructure.
imti i b ic acyl halides include halides of
s~ di scl osed above (i.e., an acyl halide
zoi c acid, 1-naphthoic acid,
poxyl i ¢ acid, anthracene-2- carboxylic
c acid, and/or phenanthrene 3 -carboxylic
xanples uit ﬁgparonatlc acyl hal i des
enzoyl uorlde @he | bro and benzoyl
Iuorldé%r ht hoy bronlde

any of the aromatic carboxylic g
of one or nore of the followyng
2- napht hoi ¢ aci d, 6H phenal eng
aci d, phenanthrene 2- carboxyl
aC|d) Furt her nonllnlgﬁng
i ncl ude benzoyl chl ogRY Q)
i odi de, naphthgyl c e, naphthoy

napht hoyl i odi and-any conbi nation of the for goi ng arqnefliic acyl

hal i des. [00 NoRT i i t i ng exanpl es of suitable ar manhydrl des

i ncl ude aghy ¢ of ﬁ%g%aronatlc carboxylic acids_a\ gzed_above (i.

an anhydri one of the foal | owi ng: benzoi £ acid, 1-naphthoic
acid, 2- n.-hth0|c aci d~g¥% ﬁ%enalen--Z-ggrboxg&' aci d,

anthracene 2- carboxyllc ac phenes Fene- 2 Qﬁ%&yllc acid, and/or
phenant hrene-3 - carboxylic acio). ther Qb'nltlng exanples of suitable

aromati ¢ anhydrides include benz
foregoi ng aromati c anhydri des.
aromati c carboxylate salts include pobdé§bun1 sodlun1 or I|th|un1salt of
the aromatic carboxyl i cR&ditds di scl osed above (|Ré sal t sUbf one or nore
of the follow ng: benzoic acid, 1-naphthoic acid, 2-naphthoic acid,
6Hphenal 0d6] 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, én “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.
Nonlimiting 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 acyl halide, an aromatic anhydride, an aromatic

carboxylate salt, or any combination thereof. It is understood that the derivative of the
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2-carboxylic acid, anthracene-2-carboxylic acid, phenanthrene-2-carboxylic

aci d, and/or phenant hrene-3 -carboxylic acid). Further nonlimting exanples

of suitabWwe 2aromreidizc car boxyl ate salts include potassi urCharszaaney94sodi um

benzoat egodoiiipuprpenzoat e, pot assi um 2- napht hoat e, sodi um 2- napht hoat e

and any conbi nation of the foregoing aromati c carboxylate salts. [0051] The

aromati c carboxylic acid, or derivative thereof may be substituted. The

t er m " sufisiiatit!t @Ebaxylioaidié may bbxyd imomeydiorstrdeuiey ati ¥ epdlerckiof sttucase.used

herein, is an aromatic carbox%lic acid, or deriyative. thereof mhereb% at
o]

| east ondowlimiting cxenplen el suiaglestipariiasahbalidedng RS et af BE A oup)
Is a su b@a&ﬁc&ﬂj&iﬁ%&iay gfs%%@ﬁov@ Ez(?aﬁ,pan%yl' D9 dd of One28r Y RP M AABRing@Penzoic

unsubsti tut roca grou aving 1 to 20 carbon atons, an al kox
group haadidigl-haplsh@0 aad, bdnaptithers , acid, e phos oy 2-eartoxydichraidt hrnthgicenged-eof .

Thus, the term "supstituted aronatic..carboxyl.ic gcid or deriwvative thereof
i ncl udesca§l?f5‘§' lFtaL?fcch@P epg?w%oggg@mg&é?l%g%yﬁ e AT VR?)’/(W% & 1}ca?d
subst i t Ut §eheRmRRRithgREMmAIE b SuitabUtb aloniatit ey R helids ificladd befidode chfidé,or
substituted aromati c carboxylate salt. [0052] As used herein, the term

"hydr ocabdmgbyl Eneridenyhtngedr bromide, efnst berzoyliiedine.uashiheyd rebderiien faphthgyl
hydr ogensand, car tQNs.,. N i . nc anehe t or
unsat ura léodfdetﬁlg bl?tg?}%pgfo%%’l :ﬁgcp?lﬂo[}gelgaf’ag’r Iag(gyac i g&g%)@giﬂgls ?’faﬁr\}g f&e@bﬁg
conbi nat iremati¢ hen @alidesNonl i m ti ng exanpl es of hydrocarbyl groups include

al kyl -, cycl oal kyl -, al kenyl -, al kadi enyl -, cycl oal kenyl -, .

cyci oal k@éi‘@nyl - Mpglimitingrexppples of| Slk‘iﬁf‘léf" ﬂ?mérfdaﬁwévﬁé inclydg aplydipdsorfa) As
used hergi 'S I ogar b. "nlﬁfll‘fli p i

hydr ocartg%n%oélg e%ﬁt[)?ye{lchy ?%gfé"rﬂ%’%a g‘?’%ﬁp@%’a& ias suggﬂf?ﬁ{ee%ﬂjél\n%{%hogahg or
mor e nonfoyldwinpa bérydoicsacld tli-taphthoiqaoid) 2snaphthoordcidyioH-plieneleaerdtaartmixy e acid,

nonhydr ocar byl substituent | i het t h i
et or ogesner ErEbet En agtlonP BHRRIRACE BOR, 67 Oy AEager e e 3-

het er oat oIb&ENc LRIB. NPRER" RAMinAi ANk iRl B URRABLY, ardnatidl ankddid¥ inddidet he
Periodic Tabl'e. Nonlimting exanples of heteroatons include: hal ogens (F,

ad, Br, bonzoisjankydride aBd agy cembingfion ¢f the fryegaing agniajid eplewkidys. group al so

I ncl ”des[oﬁsﬁﬁa' Ohydl(fgr(l:l?nrnk%%lg gcgrlﬂgles of suitable aromatic carboxylate salts include
potassium, sodium, or lithium salt of the aromatic carboxylic acids disclosed above (i.e., salts
of one or more of the following: benzoic acid, 1-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
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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and/or a silicon-containing hydrocarbyl group. As used herein, the term
"hal ohydrocar byl group"” refers to a hydrocarbyl group that is substituted
wi t h one wo 2novgsiial ogen atons. As used herein, the termCT/US2009/069942

"si | i congsapt@icipag hydrocar byl group” is a hydrocarbyl group that is
substituted with one or nore silicon atons. The silicon aton(s) nmay or may
not be in the carbon chain. [0054] In an enbodi nent, BWMPD is fornmed by
react i ngcdbbxylienated, substitutednaronnade tacohhalidd, tsabstitutad cnematic eahpividy] aod/aci d
derivative, benzoyl chlorid §age process includes reacting BMC with
benzoy| %‘WSBW‘%I’@IPIH“E%@%‘?’%’ f88t of a base under reaction conditions, and

form ng E\’Bﬂe( Rx 1a). wRRNlHeRdiA | Rk e@éﬁﬂp'I%%régarm'seaddnc‘hy%cﬂﬁéﬁ’d'ﬂaf%r to

triethyl trimet hyI am ne, and/or nol’ecul ar sieves. A nonlimting
r epr esensubtstimentsfcontebing only bSdlogelp pd/ c:dbdn atonpsainevaing branghed e upbyanched,

VHD/ 6867784. 1§9507- V\DP Rx .15 055] b-tert - but

1, 2- phen$AtAE d?rbgpﬁz‘i{}g{ltg pﬁ)&cgé{ %fg 3 raﬁg?llfr FUR X%%oc\%n rﬁ’%
struct ur gefdor, ARAYighitihs eﬂin%ﬂé’sf @ﬂh o@idyldroligieintlate gikyRg cycloalkyl-, alkenyl-,
processes/ pat hways. |n other wor the process of producing BMPD may al so

i ncl ude aligdiotylt, legcloalkenydi, ngclmlb%cb@yé-s arydm aﬁ‘“@’(ﬂ:L?ék)ﬂ@WBw a{kofezslaprquﬁs -an

enbodi ne he reactio d f
BMC, pyrﬂg‘sﬁt andgal c%ﬁraorhg(rf\reé hg}%equ%lﬁ/ di e a sorblr&lrﬂw ﬁby pro B%fd gf
'IIBRIEDDF gachj(fjdgﬂcar[)(ﬁﬁ’51%fef ntoa:a Qxﬁf)ﬂﬁhﬂ?htgroﬁﬁle‘[hﬁf ads esubstitmeddudeish f @remiongmioke

y addi ng the_ benzo chloride tg a.react dfth
BVC, ac e PYAFACRIDY h AUbSHRIRY EFPPRSi ﬁémnhrmﬁéigmaa;ﬂ?mp 48 Q{Yﬁé&%ﬁ@)ﬁ istifvent
by- pr Oduéltou ﬁﬁ&efoﬁgﬁ:ﬁ | RByscdferah, é"%&e‘?iﬂt&ﬁl" L &eRNY ah bioht HhkAHhA Barbon or

advant ageousl'y provi des an environnental 'y safe, and Iow health risk (non
t oxi c) phyﬂ:egem e }Bz'sﬂ?ﬁhtpmadndxelacrm,n -Ganlobnl aogdrmné}reur(ﬂ IVe V, \gr anat ¥H aflthen 10

Srbodi eREiod S o el G SRS HETRE et BPERE P et AU eD
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). Nonlimiting examples of base include pyridine, triethylamine,
trimethylamine, and/or molecular sieves. A nonlimiting representation of reaction 15 is

provided in pathway (VIII) below.
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(containing BWPD, acetonitrile triethylam ne, benzoyl chloride, and BM);
and precipitating the BMPD. The solvent, acetonitrile, is soluble in water.
Bounded bworroiopasiizcul ar theory, addition of the water @UeEUSh@9/0699e2

react i ongggu-wimapges the solubility of the solvent to precipitate the BWPD
fromsolution (the "BMPD-precipitate”). Provision of the acetonitrile

sol vent system advant ageously provides a sinple, cost-effective and

ef fective procedure for BMPD production, suitable for corm&fid)al or

i ndustrial scale. Figure 1 shows a nonlimting f har t BMPD
production. [0059] In an enbodi nent, the proces§ i ngt ude rifying the
BMPD, and form ng a BMPD conposition conprising § gh 98 wt % or
greater than 99 wt % BMpD. The WHDY 6867484. 169507- W3, PCT pui fication of

t he BMPD includes perférm ng one or e procedures/on$t he BWPPprecipitate:

recrystallization, e ; n, con at.Lon, washl%g di stol |l ation, and
any conbination of t Qr egot ng. 060] Fh at*cenbodi ~ the purification

i ncl udes di ssol vi Rg ANPD- pr e ! sol vent (such as
ethyl a cetate), and extracting with water. Lim+ep o particular

theory, it is believed water extraction renoves ignhic inpurities and/or
ionic byproducts fromthe jgon-aqueous phase thereby purifying the BMPD. The
non- aqueous phase is drj@d (over MySO4) and concentrated bgxyay of

rot o- evaporation (the "concentrate”) in conjunction with a hydrocarbon wash

(hept ane r enpye ,0r i - Pr i GANCEY q i i

Vi'el do l0S5Pl 1 SR ColS T PR nsiens Bk TBAEBrsy Shh oSl
greater tiXanaB&emt BMBVPEruch@O61]) kbown) ehmdparehtby tiey poef ithe chtreégning
includes distilling the concentrate in conjunction %@ a hy rocalr on wash
( hept aneProcessey PasRVaYs- AP YYHES yhepwsess urpducHs EBHB09I 10FiBRe any
conposed . . Qr ater than 99 wt % BMPD. Figure 2
shows a %%%F?&nrlg |1§ p# %ﬁ%ﬁ)ﬂ%g{)ﬁn@%ﬁp@ﬁ” fication of the BWPD-precipitate.
[0062] THO5EVPD Ih sinathtadimgeoths rgactipp linadeicasddingibenzayh ghlogte ¢ p omixtienof i n

Bglog ﬁ; ? Lﬁ%,g%%iﬁ%g%gg@gﬁggn%t&%% E’?rriditnre] %b&)rrgsdﬂei ia%r)]f-gr]:)dgclt %{“ mqugc?i%n.
[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.
Triethylamine absorbs HCI, 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 in particular. .

[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 nonlimiting
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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polymers in particular) as disclosed in U S. provisional application no.
61/ 141,902 filed on Decenber 31, 2008 and U.S. provisional application no.
61/ 141, 9580f2010axdssia Decenber 31, 2008, the entire cont erCTafS2@000b9942
appl i cat ge¥p7iwenpegr ated by reference herein. [0063] DEFIN TIONS [ 0064] All
references to the Periodic Table of the Elenents herein shall refer to the
Periodic Table of the Elenents, published and copyri ghted by CRC Press,
IGPC. : Zop&goﬁkiSQ,ofat:cl\y BEIPEY éndikes tperfar@ingupne or Grare ggrosddatds dye theo BIMIRD-
oups or Goups reflected in this Periodic Table of. the,. nts using the
| UPAC syBECERIRIST ﬁ‘i&%‘éﬁﬁ%ﬁ%r S¥FRCtionyn | ReenditeR, § WashiPge ddgjﬁﬁgg?’y ,anﬁklnffh cit

fromphec&ggh%nof%ef&@éoqﬁ%ry inthe art, all parts and percents are based
on wei ght. For purposes of United States patent practice, the contents of

any pat ef(060pat dntanazpyoiliatmitchs parifigatioh incdedes Wisselvanedthe BMPamesaipitiieinter eby

incorporated by reference .in their eptiret r .the uj ent. LS. versjon
t her eof P%‘*%‘B‘e%ﬁ% SPIHS?tafSé‘ﬁh 9% %lélrcg%ieéj ,an%se%gr%‘ftg]lgl ‘{/V%\ﬂm %’%t%%'egtﬁ{an(&:ﬁgd ttg 1?dne
di scl osup&tieflas YHoBg! it Cist RERME D WRSer elafdctibi iromsvdst onWHDLhH&ETEE8dnd/or ionic
169507- PCT the extent not inconsistent with any definitions provided

ger ei n) brrtodustefiam theongreerysonsnhphase thereby poubEre fre BMI Ehsnpen-39u6gUs and
erivatiyves_ thergeof, /JS..n j At e d t

2adi 1 onbiRgoliooit: Gy et CRPRAE hdBeffid" i 8 PUPSERER aBleaiM (the

di scl osetconeriate”) lin osaniction awhi @ layyochehdt waah | (hepapg)sid iremeves loagamid

herein through use of .the term"co I " i d .additi I
Daal 1 veby-aHgEmPaBes, chsBRI B Hisl B pyResd BV S St palar
stated ! g LRPaBADRLANY, of RedMhiPS wi dNBMPPM " consisting essential |y of

excl udes”fromthe scope any succeeding recitation any other conponent,
step or MO6tkdurle, aexerpedimgnt, hihs e pufiitatian e inebides sdighlling| theo coprentibie| it y.

TR e 8 A S SR e SRl P SEEH SN .o
refers t gMMS cbinpb8doRORBbSed $¥0r¢htetiBlahYOsaSt W6 br @8ateh tHRAYIXC G196 BNIPDN.
[ 0066] Any nunerical range recited herein, includes all values fromthe
| ower vaFigare Hshows a nonlimiting flowchart for the purification of the BMPD-precipitate.
[0062] The BMPD is advantageously applied as an internal electron donor in
procatalyst/catalyst compositions for the production of olefin-based polymers (propylene-
based polymers in particular) as disclosed in 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, the entire content of each application incorporated by reference herein.
[0063] DEFINITIONS
[0064] 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 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. For purposes of United States 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), especially with respect to the disclosure of synthetic techniques, definitions (to
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t he upper value, in increments of one unit, provided that there is a
separation of at |least 2 units between any | ower value and any hi gher

val ue. Aswenomxasjpke, if it is stated that the anount ofPCa/useonpor®ar, or a
val ue of ggsogowpRscti onal or a physical property, such as, for exanple,
anount of a blend conponent, softening tenperature, nelt index, etc., is
between 1 and 100, it is intended that all individual values, such as, 1,
2, 3, etthe,exandnal incondivtangeish asydéfirdtonslproeid2d hefein)tamd 7¢enerdd knaveled §0in
etc., are expressly enunerated in this specification. For values which are
| ess tha®8He, one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as

appr opri fngS] The%@{eﬁn@ebﬁﬁ?ﬁgﬁﬁgplaﬁa RfivihRt theteIPRChdiigRhded tbrikeRdethe and

al | possible conmbinations of nunerical values between the |owest value and
t he hi ghpsteneal afeargn additiana deonapomento skap obPseagduigd Wwhethise wxpotethe] samst i ed

the hi ghpsseneal afearsnatriond , _ _
| nel udosa RNy DRt ofr S Gaya i Ront ML CUPECUGs SARSS KRR MRERBLALE

have beefhelig@l t@hprastedt e EsRAe hay aiditionsf@drive cadjevent,idi@empotil twhéthew
rate, and other properties. [0067] The ternms "blend" or "polynmer blend," as
used heredlyimetie oz asheswiseofntogh s@iednior he romirawr s In saatash e SAALNERPRYFinERY

not be m sci ; S r .
oy neroRYS e S BIA oA RO KA by TRL AR B Bhlony U BripoRE, T
mor e dong@ém o€ prdtédyine, aktepithg thcsedritarerhotedsdntiahtot aperebilitg s iTha terhe'tionsisting

spectroscgpy, light scattering, X-ray scatteri nd ot her nethads known
in the afk cXGPHPEBsEPBROIGYSHR mrp@%ufmsre%ﬁﬂ%“@ﬁﬂwe%&r% Slers
used her &, uhl B! éﬂ:{ﬁ?& ofheTivisk Ureer®fto TRE @ikted! mebir§ IndiQiAILS 8s &R as in any

conmposi tion, as we as reaction products and deconposition products forned
from t hecomltieaticl s of t he conposition. [0069] The term "polymer" is a

macr onol r compound prepared b ol yneri,zi ng,,MORNO s af the sane. or
di ffer enﬁ’%éﬁe. " 9‘?@?’%@?E%’Igﬁ&%%t\éﬂg‘ﬁf%bW%(aeg?duc%%qgfﬁ%? gl,e lpap rp\ézﬁlﬁen%)r s,
i nt er pol y@ERIpPer Mk, SA iRGemdME of DnBNitNpRIRRU AR the@E 8 ASscParBBbry DR AL RaR2Ar ed

by the polynerization of at least two types of nononmers or conononers. It
i ncl udesynifsthetweenmasty lowiet velde end aep pighgivealye. ( Waiaarexasple kit iestated thay the

pol yner Sarggl?rRa(‘)rf%chrﬁp%@eﬁt\,’\%r (Ai Jait?er &4 compositional or a physical property, such as, for
example, amount of a blend component, softening temperature, melt index, etc., is 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, eté., are expressly enumerated in this specification. For
values which are less than one, one unit is considered to be 0.0001, 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.
[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.

WHD/6867784.1

14



types of nononers or conononers, terpolyners (which usually refers to
polyners prepared fromthree different types of nononers or conononers),

t et r apol ywene1oorkiiech usually refers to pol yners prepar e®Crruseoo 06942

di f f er engodgyp®®-pETnONONErs or conononers), and the like. [0070] The term
"ol efi n-based polyner” is a polyner containing, in polynerized form a

maj ority weight percent of an olefin, for exanple ethylene or propyl ene,
based on[00i68] t ot alheneirgtoraposithen,’pad ysedrherdignhclmildsi noixeuengs] restendls which

ol ef i n-based . pol yners include ethyl ene-based I I -b d
pol yrror SCORIHP Y THEPEURT ™ SFOp DAL SO RS g8 B SR a et
refers tﬁognﬂgh%ﬂg%gggq&a&gﬂpﬁh§ﬁ$ a mpjority weight percent polynerized

propyl ene nononer ased on the total ampunt of polymerizabl e nmononers),
and opti [969] y mayThowrpni'pelyater'| isagnacsereolpenlgmsmipoadd pespaied e polyeaizae The

term"al kyl , " d h i f \ br, h

or  Unsat BPAYRES R EF FEmh e DR BONPE adl ST B A (PGP Ry Sebolfibat 2 ¢
sui t abl eqebdfithers ARtEFAIFmMERC hikllgy oh OThexaptisterpitihdt!’ mehhylpolymdarpegaked

| -propyl, 2-propenyl (or aIIyI), vinyl, n-butyl, tbutyl, i-butyl (ar .

2- met hyl Ey disyiolymertzation é alerst|to Hgres of maReMED YHoRTOREE sl lr[%‘éi?%] butie
term "substi. t I y ' '

descr i bett T B Tohtvaper SO B et 8 pBli i pRPaRH am TRl difibrept

al kyl i stypepbpmedohyrs anebimenogenyprsilpheragwhichaisogbniefas 1d polgmbstireparet
aryl, cycloal kyl , substituted cycl oal kyl, heterocycl oal k

het er ocyEPEhEsIdiTergntdyRes ofRRIMORISKS P COMATOBIEYS): SRR mﬁﬁﬁgbﬁ'f’g’g‘% Itru%’gg,

am no, thj | | ' | ' i@l kyl
el e, LR e B e BT " Eho. L or m

"aryl," H970ped helTh¢ mgrmr Eblefis-basedapolgmeriaisi @ polpystri coamaininghinc holyegriged a

single aromatic.ring or, multipl ' ' Lch f t ,
i nked BUE BV AR BT FRGUOTY Vs P B e ke roP S s G,
such as gurehBiphene @E RhjMECNeNsRinStiMg ekafphsk ObBbiefintbangl polymts iinchdle

phenyl , naphthgl, ant hracenyl, and bip enyl, anong others. The aryls have 1
and 20 cethplene-hassdwolymers 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 monomer (based on the total
amount of polymerizable monomers), and optionally may comprise at least one polymerized
comonomer.

[0072] 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, fdr 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.

[0073] 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 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.

[0074] 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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[ 0075] The term "substituted phenyl ene aromatic diester” includes
substituted 1, 2- phenylene aromatic diester, substituted 1, 3-phenyl ene

ar onat i ¢ Wwpestoar7gs1and substituted 1, 4- phenyl ene ar onmat i ®CUHIUS3400/06994N an
enbodi megdso7te.-palpsti tuted phenyl ene diester is a 1,2- phenylene aromatic
diester with the structure (A) below [0076] wherein R1-Rl4 are the sanme or
different. Each of RR-R 1 is selected froma hydrogen, substituted

hydr ocar sylinigdavp demmhaggibup uetDaca h{bﬂrylate()jrse,th)dmdmsiet)s fTiht wr@datthdimgﬁs)ar byl
group having 1 to_ 20 car on at n a 0 carbon
atons, amABinsuierbanylapap QBH@P i“i%?ﬂs W%é‘PE%/W? 30%@31%? gﬁ‘ﬁ apt's géil ‘Iélarg i
not hyer(g (I;rp%gﬂs TEST METHCDS [0078] 1H nucl ear magnetic resonance (NI\/R)
data is obtained via a Briiker 400 MHz spectroneter in CDCIS R
[0079] BiWORAly of eXbertdre, “sabstitntot pghenylemt pomatio xhiestdrd Snagdfdasha Eiité@é 2-

di scl osure are provide

et byl g e Ao Wist e S TR e NI 10 PRB et A PR

1000 nL 1t Rrge %nﬂ@&% arbm@BK ARG, PRGSK oMBdaibérit! the kubstianetepleaylcan dicselsnplybt er
is charged wt t hyl catechol (25.0 ngO 20 nole), terf-butanol (38.0

n, O. 40phmvl@peamam wter@\flthﬁbmtaw@ireﬂ Jawd by addition of sulfuric acid
(98% 20 g) slowy. The m xture is WHD/ 6867784 169507- WO- PCT hegi ed to 8Q0C
for 6 hrs until gas chromatography (Gg) indicates the conpletionh’of the
reaction. The solvent is renoved\in yacuo, and the residue is dissolved in
CH2C 2 and washed with water, NapCO3 (aq.), brine and dried (Na2SO4).
Filtration and concentrati onR4' & e Rﬁ butyl - 3- net hyl cat echol (36 g,
84% . 1H NWR 6.79 (s, IH, 675 5.01 (br, IH), 2.29 (s, 3H), 1.29
(s, 9H). [0083] Exanple 2 ,_Conversi n of 2- hydr oxy- 3- met hyl benzal dehyde to

3- nethyl catechol (Reaction 3 z

[0076] wherein R;-Ry4 are the same or different. Each of Rj-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;-R4 is not hydrogen
[0077] TEST METHODS

[0078] 'H nuclear magnetic resonance (NMR) data is obtained via a Briiker 400 MHz
spectrometer in CDC13 (in ppm). '
[0079] By way of example, and not limitatioh, examples of the present disclosure are
provided.

[0080] EXAMPLES

[0081] Example 1: Conversion of 3-methylcatechol to S-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), ferr-butanol (38.0 mL, 0.40 mole) and
500 mL of heptane; followed by addition of sulfuric acid (98%, 20 g) slowly. The mixture is
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[0084] A 100-nL 3-neck round bottom fl ask, equipped wth stirrer, reflux
condenser, thernoneter, dropping funnel is charged wwth 6.8 g of

2- hydr oxywB-20mtd1gi1al dehyde and 25 ni of 2N NaOH aqueous PEDIUSRI09M0699¥E t h
stirringgofy7diWiaiped H2O2 is added in portion of 10 nL to mmintain internal
tenperature between 40 OC to 50 OC. After addition of the first portion of
hydr ogen peroxi de, the tenperature rises to 450C and a dark sol ution

resul ts. hddiel teBPRT 86ru6 eird sniédll foaveidoiatobeiphy t(G() GAdichies dhiceca@npletandf plor t i on

of hydrogen peroxide is added. Aft Il th Qoxi de | dded,

reactio nwtﬁm rd hIF‘ ssoliieﬁb\’lﬁa EF%?Q:Y eddB Ie‘Ean@r %@nﬁ‘l“glie?%‘gl)ﬁ%tlg Fllggoalgﬁ? ?’é Cg:i%@r g

W th sodiym G ol Wik ﬁ]'aﬁc?gt @]&.z,t ??ne‘“ﬁﬁd"dﬁéd1gﬁ%@@iﬁq3ima)ionm coRTRtrAGsh
sodi'um'Sul fate, the ethe

extracts are dried over r 1s renoved, and distilled

tcg gi ve pieliificdrt-bithl-BiviRth@catachoin(3@ k) 84%).881 KSR 36479 (§,0085p. 78x(anpk 531
nversi Qn -cre - r oxy- 3- net hyl benzal dehyde (Reacti 3
[ 0086] A&IL %hgﬁgéﬁ%uﬁwggi%%m fl ask, eqﬁi pped wit hysti ﬁrer, Irce)?l uZ(

condensefpggsier MERiAE. 2 t CORGEsion! ebf ADthyaWHRY-8iméthybeasA@chydet Nto20364 ni

of o-cresol and 14. O‘ﬂg of parafornal dehyde. THF is charged via syringe
f ol | owedmisyhydehtechiob(Resctioni2dt hyl ami ne via dropping funnel. After stirring

for anot tbﬁéﬂfop%ﬂﬁﬂﬁﬁ MER hrg)ﬁn@%gﬁg@sﬁ%\é‘ ¥$déb€e&lsﬁr({)th Fég-ﬁ’enrrrgﬁﬁ’i Chitnbdd, an

opaque, xture I s refluxed he reaction is
cool ed aﬂfénﬁbﬂlbﬁeﬁdir&p'fpﬁﬁg A0Reins chfirged Reth, 6.8astEThwdroRy-B-hethidhldetpdecand 2nd
dried over Na2SO4. After renpval of solvent under vacuu the residue, |s
puri f i edmbyold?NNaQH aaesous solyfior Witls stiringsa dBvigg Hs:2 33 g%(l?étm pmqu\;rf 1611. 3
(s, IH,. 9.89 : = q op. toddidion df | H),
2.30 (s _ n{aﬁﬁ@bﬁ}lﬁxngaﬁé%rgﬁ%aﬁugecgﬁt&géé iéﬂgﬁ CO?(H)SO €. Ioxidrtaddition oF BheHiest | H)
S-t er t - bpdryiba 3f hepdiogén ptreride pthe ttempersterd ridpatty U535 ambé dytk-dol\Riophresulis e hlee

dib t R ti 15 6 18 69507-WO- PCT [,0088] A 250- d
bot tom 1 ISPk S Ay eItk GrElash AFpeoa AN DaETeSD Peigntds & #ids
ol ), pyhid} e éﬂ@pe@éxﬂ@ lis adbe8, @6 gcj:a‘étibm ke HisClloVe@Bhans ro&Sf tethperathie

flask is cooled i'n an ice-water bath, and benzoyl chloride (0.1 nol, 1.0

equi v.) &l modbuatdd oyithi sdium 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 2-hydroxy¥3-methylbenzaldehyde
(Reaction 3)
[0086] 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 HCI, 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, J = 7.44 Hz, 2H), 6.95
(t, J=17.5 Hz, 1H), 2.30 (s, 3H). _
[0087] Example 4: Conversion of 5-tert-butyl-3-methylcatechol to 5-tert-butyl-3-
methyl-1,2-phenylene dibenzoate (Reaction 15)

WHD/6867784.1

17



Upon conpl etion of addition, the reaction mxture is warnmed to room
tenperature and stirred overnight. The mxture is diluted with additional

di chl or oreoharen7ssind washed with saturated NHACL/ 1IN HCO pCmatsesog/osmuur at ed
sodi um bggaybwieaper and brine consequently. The organic |layer is collected
and dried over magnesium sulfate. After filtration, the filtrate is
concentrated, and the residue is dried in vacuo. Mst of the crude products
are pur e[(msepgh A VitHiOeth] aamdiltetotne ﬂfask tiehaygad | WitkedS-bayt- bl@EHf@l@éh}MaZ@thn

Lgo%ﬂ o) 8. Pz Phridine 08 65 meluife By €D prggtiRmichat Sxbmin g nE ER'S'
ppr’r) %&:{)()Qeq in %.liblce &a@?’ bétﬁdzh)ndzwdzoﬁ -Afbridet A? llrhl))l,, 11) &fﬁl\(i is,adlidd dro W%S (t,

s, 3H, 1.34 9
Exarrpl e Upoﬁ:omup]lesom qf aﬁdlts;rt, et remjxo;nmlgtuﬁmsnyarg@ﬂé@ mgm te@ll_ll)erature and stlrred .

ﬁLt '? H’ egu}ﬁ%é‘[gﬁ? gﬁ‘u %%fqrgrﬁsp?ilggé dﬁelrorl%owedﬁhqﬁg%f%ﬁaﬁéd W t agg%f;!a | t5 |Ogn

funnel / NgarhiatcdINHEIOMN BICE avatet, lsﬁﬂhﬁi’tecﬁwduﬁn sicartonnte, Afd erinet msamnte;m Thee
purged with N2 the vessel is loaded with the 5-tert- g i 3-ne hytJ cat echol
(20.0 g, oxganit laysr)is spldecerdaan drighoyar magngaum; %Htlfal@ee pge { 1trafigg; t&a}? e dht
tenperat ure unt t T

tri oyl S B hd 5900k ReaTh Rt ALK o Sl PRSI BRORA.
reacti OH\MhScht adiﬁlalsbobel(iﬁﬂld.tSpmrgiaal Hyyremq/et/auaamn Heonin . etiBank ¢fdr sobidp ror diey

34.4 g, 0.24 rmol) dd k
The add: dissfiaiondaLastio it Y801 fedBpuet 25 ROTE 48 Y6 SPLC TaREy S Bha Th e ok
slurry 'SHNMRVBG?(E\%%t@JDcﬁtpW's%t(d&emﬁ‘rsém%a i}q{ 7153h@thlH)[’D9(9@1 IAY),

1-liter three neck round bottom fiask w th ther nowe fitted with a N2
|nI et, nﬁaﬁamnzﬂansutrzlé) T@1ddal ), GpPed. 1Hb2t2i$e(8,f3fé)sﬂ<3f1§5 Rdbed water (400

The. sl u b dded. i igh
Tt oouPRRHEIS FLACAP POt of Sl postiarBha v laRgbbL B3 Y Ebu GRSt D27
t hen the ﬁ@,wl@hé (ﬁb@@daﬁc(cmcubﬁlg) |tration. [0091] The cr ude solid is

di ssol ved in Et OAc and extracted with water (75 nL Th
phase |S[Qﬁ8§]:ar déd5éﬁ1drﬂt« tbregtneple T@Wéiséoﬁt@ndﬂqslédwﬁbéhe( )Tﬁ q(\a/b‘g%liae’?gs

Ir gm)ved bé(dlIl 8] 1/192 1n?JtO%Eg{aﬂﬁaﬂ&§reg afd a Hogf}ér t)’[f?éwhég'lsfé}ﬂ RburgbisviPNyt i on
the vessel is loaded with the 5-tert-butyl-3-methylcatechol (20.0 g, 0.11 mol) and CH;CN
(100 mL). The mixture is stirred at ambient temperature until 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 slurry is allowed to stir at ambient temperature for 1
hour.

[0090] A 1-liter three neck round bottom flask with thermowell is fitted with a Ny inlet,
mechanical stirrer and a stopper. To the flask is added water (400 mL). The slurry from
above is added in eight portions over about 20 min. The resulting slurry 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 MgSO4. The
MgSO0y is removed by filtration providing 175 g of light brown solution. The solution is
concentrated on a rotary evaporator (45-50°C bath @ 150-200 mmHg) taking 96 g of solvent
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concentrated on a rotary evaporator (45-500C bath @ 150-200 nmHg) taking 96
g of solvent WHD/ 6867784. 169507- WO- PCT over head. Heptane (150 nlL) is added
and concewoOratossizs conti nued taking an additional 55 gCofuSs@dmeIys2

over headgodgvewid-gelr i s renoved fromthe roto-vap and a stir bar is added. A
few seed crystals are added and the m xture stirred at roomtenperature.
Crystallization begins alnost imediately. The slurry is stirred at room

t enper at uvehéadr Had@trnmtﬂ (15(hmilly) iseantlled had corventpatmais tontmued kdkang andadditional 55

filtration., The cak with h tan 40 rrL) nd..t hen d a
const ant SREFYKELCEC /'ﬁ% -‘%ﬁ%{ﬁ%ﬂVﬁ ﬁ"ﬁ&%ta V@Paﬁ ac?flf Q%HF?%& r;‘/%fé s
(35 g, 8sejed@r stal9 2] dEx anP g ﬁuxtum\‘l%ﬂsa!t bR temperature. Crystalhzatlon begins

S-tert-butyl %mth | catechol to 5-tert-butyl-3- nethyl-I, a(ilene

di benz oaalmc(sremeqheﬁqulsyhe[ s)mgs}s sirgd af e e 1gTeRRAHISUINE abmttldmw pB& thepjthe

th | |

and a st B3gurt i sphEred Vo TGRidy [ e seHafernbif bt e AP T ARRn Bk L
t he st arid fgoBtaheweght{SyhmBtg®i° 0y beaidehtle praidt & &ff whnaf 5ryrmns)(3argd8 %CN
(1570 nL% The m xture is stirred at anbient tenperature until al P

sol i ds al®98] ssdixmmpleTts Cravession of Joguidbutyl-dimsthyleatrshels bo sgte"tzlb‘it”?’ ?rbl )

and the | on t ak to 100C d
o6l wat e ghEIREI A le BRBARISLO0 D 1P Ced dropvi ge
kﬁlepi ng {0093} errpctersal ﬂnr@ lﬁdckjrggﬂﬂﬁéltorlhrf}askaﬁnt}yt}mrthywhlhlisf figéd whih deaddipdn
chloride_is i nt e. additi gna nn to t f.t t I
£ rom ber Amaiite el Merapieahfgrss i Potompl (ROF PERETORHLAEsd Mt tTRet] oo
bath is {sem&&ﬂwﬁﬂ%é @Farﬁrg 9J‘Eer§-l)i:\’t§'[¥ th&hALhtOMRY 3148 b 186 @EPiaR@ICH;CN

t enperat ure overni ght liter three neck round bottom flask
equi pped(Mi70hmb). bbbd mnxtdms mlrrﬁtﬂ\@t ambisht temppta@crewntlhalé thepsalidh ete digsodtedni cal

stirrer ndaso To .the fl f
above is 8&88(?0 Spgg‘ieﬂ ‘Slﬁ?éhi Zﬁgﬁ OLP'[ esdeglﬁdg%%n&l)temggﬁt&% gﬁ»“ nsregm
wi th vat placiddf} tiken @Nid)°ChizY e( 86 la‘e/)vatemaﬂr eBetzoyNehlstidy (316 3@44 mole)ds at
anbi ent terrperature for 2 hours and then the solid is col

filtrati addedTdrepwisei kpepingt the fewpaiagyc iah 18- ?é)( Gr aBEtléb’nP%]lyn]é%lﬂog ﬂéﬁ IbSWOf:Ybr
the secopd Bat &Mdis B GRRLRLAG fARE b PRVBALANSShahBHR KBt béind ARl her -

once. The entire addition takes about 2 hours. The ice bath is removed and the thick slurry
is allowed to 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 CH3;CN (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.

[0095] A second batch is run in the same manner.

[0096] Work up:

[0097] 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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[ 0095] A second batch is run in the sanme manner. [0096] Work up: [0097] The
crude solid from2 batches of the reaction of Exanple 6 (total 1968 g,

wat er wetwoiz2e10di7sszel ved in Et OAc (4.8 L), extracted w t IRCRAIS2E09(0299ID i)
and al | opgshtwespCer at anbi ent tenperature overnight. The aqueous phase is
di scarded and the |ight brown solution of EtOAc (5529 g) is divided in two
portions to distill. WHD/ 6867784. 169507- WO- PCT [0098] Distillation # 1

[ 0099] T®98pIl uthistilldftd824. 9 g) is concentrated by overhead short-path

di stillat] C. d 250- 30 ki. ng. f
o vent P8 head ey iR 284 ) PRncrdlas dwe euiraa o aeron e eidish iy
t aki ng a@s‘@dgbérh&ﬁ%mggx@uﬁe oisosmovmggwsmquw Ehér deilventibGerhgadal Hopwesk t O

cool to roomtenperature and is stirr over ni The product is collected
via filt2ilgnisanadied rmldcacb«asentsatwaswe@pmnuw ﬁ@@nm@ qditirngl P26 of Helveat i ed

Cryet ol so(ands R b oy cPa oo 3epofbis S B S blerkitbb ot 4

I s concepiodatteid dolieE Kiachitratibw ahd mlaet bakdiistwdshat ivith Heftine 4500Cy) eint eheh
1545 g of solvent overhead. He

t enperature, 250-300 t aki_n tane (2.4
L) is addeed @rﬁjc%’éﬁ@b\’fﬁlrggz ﬁSdﬁmfgg ) PrLvading e rigdush as gl &Y st f&é'éf

sol vent gverhead. The m xture is allowed to cool to roomtenperature and is
stirred Bvernight. The product is collected via filtration and the cake is
washed mﬂhﬂﬂﬁppﬂhmﬂhﬁ@ﬂ@ZnL) and then dried to a constant weight (5

nnfg/ZSC t .as off whi als 06,8 00102] A
Cotal -or lopBhE), tyerioldioatln Bt e 38 sopcsmbitiad Tt ive %é@éﬁé’a&ﬁb?’ﬁ{)ﬂlaﬁ’& 4875
0C. The Wf)%’i‘ﬂleahéﬁmﬁelﬁﬂﬁé tyso0RahaiH) AN 9 s g%f JoBhP3lerhéad. SHeptane
specifically intended that the present dISC osure not be limted to the

enbodi met®4 [ang addedmdacmnstramm i eandinbed éaking 1ot addiéangl 86Avgliof i sedvenbr ns

of t hoseoverhead. 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 melting point 110-112°C.
The material has a purity greater than 99 wt %.

[00103] 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.
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enbodi ments including portions of the enbodi mrents and conbi nati ons of

el enments of different enbodi nents as conme within the scope of the follow ng
cl ai ms. WKD/268@7884. 169507- WO- PCT CLAIMS W Claim 1. APPIAISeE®®/06VADri Si ng:
reacti nggodtyd®n-pegcti on conditions, 5-tert-butyl-3-nethyl catechol (BM)
with a nenber selected fromthe group consisting of an aromatic carboxylic
acid and an aromatic carboxylic acid derivative; and form ng
5-tert-butyl-3-nethyl -1, 2-phenyl ene diLadnSoate (BMPD). 2. The process of
claim1l CO@risi ng preparing the BMC by a process of any of clains 7-10. 3.
The proc®&L@Many of clains 1-2 conprising addi ng benzoyl chloride to a
reaction m xture conprising the BMC, acetonitrile and triethylam ne; and

formng {he B Iﬁ? cess of any of clains 1-3 conprising adding
wat er toi't he %(Pég%?eé%%o is?lﬁg)'e; and precipitating the BWPD. 5. The process

of any of cl ateastidg, 4nd@mpactisn nondiiiaspbwirtutyhd-metebycpedhat RMBYMithand

extracting th water. 6. The process of any af clai 1-5 c risin

formi ng BemOPLLs TR srere sKTiRg © e aolatp ﬁarh?O@g};%&Cl(E/%r@%g%FOI??“%
process CORPLIRIB dedivkiNeabhdg, under reaction conditions, 3-methylcathecol
with a nenber selected fromthe group consisting of tert-butanol and

i sobutyl ene; fomahirfgn¥-terautSl-3-arathydt bhyhase ihepaease GBYIPD. A process

conpri sing: oxidizing, under reaction conditions,

5-tert - bt yl - Bhevpiobyds-of el rl axoytpeising| piledayide theaBMIC by a process of any of claims

7-10.

3. The process of any of claims 1-2 comprising adding benzoyl chloride to a reaction

mixture comprising the BMC, acetonitrile and triethylamine; and forming the BMPD.

4. The process of any of claims 1-3 comprising adding water to the reaction mixture;

and precipitating the BMPD.

5. The process of any of claims 1-4 comprising dissolving the precipitated BMPD and

extracting with water.

6. The process of any of claims 1-5 comprising forming a BMPD composition

comprising greater than 98 wt % BMPD.

7. A process 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.

8. A process comprising:
oxidizing, under reaction conditions, 5-tert-butyl-3-methyl-2-hydroxybenzaldehyde;
and

forming 5-tert-butyl-3-methylcatechol.

9. A process comprising:
oxidizing, under reaction conditions, 4-tert-butyl-2-methylphenol; and

forming S-tert-butyl-3-methylcatechol.
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formng 5-tert-butyl-3-nmethylcatechol. 9. A process conprising: oxidizing,
under reaction conditions, 4-tert-butyl-2-nmethyl phenol; and form ng
5-tert - buwgl208rareiidyl cat echol . WHD/ 6867784 169507- WO PETTAB2000/0M99L €SS
conpri si ggso7hyey-pbyzi ng, under reaction conditions,
2- hal o-4-tert-butyl - 6-nmet hyl phenol; and form ng
5-tert-butyl-3-nethyl catechol. WHD/ 6867784 1

10. A process comprising:

hydrolyzing, under reaction conditions, 2-halo-4-tert-butyl-6-methylphenol; and
forming 5-tert-butyl-3-methylcatechol.
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