PRODUCTION OF SUBSTITUTED PHENYLENE AROMATIC DIESTERS PRIORITY CLAIM

100011 This application claims priority to U.S. provisional patent application serial no. 61/141,959 filed
on December 31, 2008, the entire content of which is incorporated by reference herein.
BACKGROUND [0002}he ptesest dissosuaretaigsigmubsiied dchphanylene aromatic diesters.
[00031A known synthesis for unsubstituted pheny -%é%ﬁ dibenzoate is esterification of catechol with
benzoyl chloride in a liquid medium. Substitu % %Iene dibenzoate shows promise as a

component in improved catalyst systems @'ﬁ&ﬁp@@g}%ﬂ&n of olefin-based polymers having improved
properties. Consequently, the art recognizes the need for improved processes for the production of

substitéeH pheryiieneratisaiigtc dleigternpiehthdorebltamreaRfIBSItIRRL SHWIMEIRY 5004 I2Phe
presepi digolgsurgds direcirddasubstifutedds2-phenyiene aramaticdiestens. [9004alivene aspect,
there is provided a substituted phenylene aromatic diester of the structure (ll): wherein, RI is not
an isdFFIET YIS or a tertiary alkyl group, and each of R1 and R3 is selected from the group
consisting of an unsubstituted alkyl group EeMikgsRe8.28 carbon atoms, an unsubstituted alkenyl group

havinggd g 20 carbon atoms.id:halolydias iyt aiorns ahalagen. ansilicehsgentaining hydrocarbyl
group, and combinations thereof; and each of R2, R4, and R5-R14 is selected fgr_g%m the group

consisfPbf hydrodanvan tHigirsitindted RYTRSELISH JYos R ing P98 cErbSHETRL, ©
halohyslasarbytigroemzaihalogedy dndacambiiatiatisniher&ohs{3005 1phanembditdinments asiprasess for
producing a digster '§oRaE§°e‘{1'9%d:irT he RIogess Q&&L‘E‘e%‘?&&!'“%ﬁ shbstityied arompatic;diglyyithy an
aromatic carboxyllc; acid or derivative thereof under reaction conditions. The reaction forms a
substipatEeers2-phery e iiiehzEeesicthe stiRatieenyy. the art recognizes the need for

improved processes for the production of substituted phenylene aromatic diesters and the

resultant compositions.
SUMMARY

10004] The present disclosure is directed to substituted 1,2-phenylene aromatic

diesters.

[0004a] In one aspect, there is provided a substituted phenylene aromatic diester of the structure (1I):
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wherein 121-R14 are the same or different. At least one of R1-R4 is selected from an unsubstituted
hydrocarbyl group having 2 to 20 carbon atoms and a substituted hydrocarbyl group having 2 to 20
carbon atoms. Each of the other R groups of R1-R.4 is hydrogen. Each of R5-R14 is selected from

hydrogen, anyasHPRItLGH 'axqgs}%wygagwerfaqu}aﬁ%@%r&a%a alomsa skbglituteskbhydrocarbyl
X

group having 1 to 20 atoms, an alkoxy gr #fi having 1 to 20 carbon atoms, a halogen, and
combiafidHs SRt TE0B ihaar Bt A the i BREEs it de S TERCHAG 2 BLbSHittéd Ehtechol
whereitkaigithesdR hnosdRP is a0mnethyl graup whehisdehabiheother Rgsgeps: ofIRd-Rbhigiopps is

hydrogen. [0001The dis Iosuge {ovgq:gg another process for producing a diester. In an embodiment, a
proceggdrf]‘grg %%5%&18% Egf%iceoél%elrn%Eﬁﬁdesrreeictl'?ng a substituted aromatic diol with a substituted

aromatic acytdshlifeRanBlerspdaliiBm condliféis ITHehe saibneronndng stibEtiotey 1OupBHEMIEre
dibenzgats.abthestiyveine(iwherainRlabitd e dheisameyosdiffereniiAticast onedfRdR4, at
least gne o% R5-R9, and at least one of R10-R14 is selected from an unsubstituted hydrocarbyl group
havinéhiﬂfS 20 carbon atoms, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy
groupiféRahg 1 fo 2 cariodiaterhs 2a raloge foarndaonibin atidisithe re of {000 Thel tis alosase
providgs; anetherRrecesseLREAIUCIRGadiesiar WRn.eMhasiment.dAacessier frogugcing.a diester
includes reacting an aromatic diol with a di-substituted carboxylic acid or. derivative thereof under
reactiotfEBditiBHs, TE TR LRGH RBTms 4 KuBEHHIEd DB HenyRHE GibenzBAFEYFthe SiFiEtE e (11)
whereiti tRélsiRétare(the same or different. At least two of R5-R9, and at least two of R10-R14 are
selected from an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituteg
hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a
halogen, and combinations thereof 100091 The djsgfosure provides another process for producing a
diester. In an embodiment, a process for prodt adiester includes reacting an aromatic diol with a
first aromatic carboxylic acid or derivative theteaf and_a-second aromatic carboxylic acid or derivative
thereof under reaction conditions. The reaction forms a substituted 1,2-phenylene dibenzoate of the
structure (lI) wherein Ri-Ri4 are the same or rent. Each of RI-R14 is selected from hydrogen, a
substituted hydrocarbyl group having 1 to20 arbé‘n afoms, an unsubstituted hytirocarbyl group having
1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations
thereof At least one of R5-R9 is different than its respective Rio-R14 mate. WO
2010/07851 9 ekl 32009/069904 {0020jF herdisslosure pemstides afother precess:fet grogdueing a
diester. In.an embodiment, a process for praducing. a diester includes, reacting. diJf-u droxynaphthalene
L L S S e R S S S Ui
1,2-phEayehevdibehzoale wikreigtRiR 142t ohctlisnatben idigomt of Bnfenib bofiveat; REahd R3
are mepers, of Aittaramaticrdpsh, hafutheneahecinent ableaskane Rawup of R1-Ri4 is not
hydrogen. [0011]The disclosure provides another process for producing a diester. In an embodiment, a
process for producing a diester includes reacting an aromatic diol with a naphthoyl halide under
reaction conditions. The reaction forms a substituted 1,2-phenylene dibenzoate (Il) wherein any two
consecutive R groups in R5-R9 and/or any two consecutive R groups in 1210-R14 are members of a
C6 aromatic ring. [0012]The disclosure provides a composition. In an embodiment, a substituted
phenylene aromatic diester is provided having the structure (l1):

la



wherein 12.1-R14 are the same or different. R1 is not an isopropyl group or a tertiary alkyl group Each
of Rl and R3 i g6lgipekfsom an unsubstituted alkyl group having 1 to 20 qarbiateses, an alkenyl
group having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing
hydrocarbyl group, and combinations thereof Each of R2, R4, and R5-R14 is selected from hydrogen,
an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen,
and combinaffh&AgRebf § %m%éﬁ@g@h{bﬁ&&méﬂ‘f@%m&8@*&&&&8&8@ﬁ¥p%gﬂ?ogfvmgan
embodiment, laskbsiitistedqpie ayidngaran atinidiester disteefstructure (Il) is provided. R1-R14 are the
o Jr AnelBitlg® = 2 uhsdhslieg Ivkoga drapdaning dio 2 saiben Alauig Sach of

R2-R4 is selected from hydrogen, an unsubstitated yl group having 1 to 20 carbon atoms, a

halohydrocarByFgiodsitEhBiopartalsificarbed stansimHy srek &fe §ieh Ratigres wibfiatons thereof.
Each of R3-Riddujs salegigd:drom an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a

halohydrocarpyl group, a hjalogen, a silicon-containing hydrocarbyl group, and.combinations thereof.
[0014]The pr sgﬂ diSC|OSﬂI1I?e%I%?\?IS % rr?&éeésr é%or%hsggégﬁs.slnoar_ (ragrﬁ%%g%mae% ?sqaers'ut_r)}éltiﬁjmted
phenylene aronbaticndigstareseticostnedueing B depeo dhdeRTeR g arabregedrasonatiidsnt. R2 is an

alkyllgroug fham'mhg ﬁu}&t?tQt&ﬁH?&Haﬁ@ﬁ_&%l Eéa%i& g.lmféf %e&fﬁ%&@&ﬁtﬂqﬁ.df i%’}lé)z/?géég@é{l fEAaeh.of R5-R.14
is selected from hydrogen, an unsubstitute ocar r ving 1t carbon atoms, a
halohydrocarBi’ ggff%agﬂgi’%%ﬂ? §1 ﬁf%ﬁt?cé?ﬁg?nfﬁﬁ%?%m‘r%%f%ﬁoéﬁ?\éﬁg%é}%5’%%8{15 thereof.
The R groupsif2eR7 patrdsRIR afelsiiui alses wshyoh Bt-&4-bund kylespoooilBiFRe pretamddisclosure

provides another cCoMPRSIaN BLRBRedInRNb as4bstiuedphamignaaiomatia.digstar with the
structure (Il) is provided. R1-R14 are the same or different. Each of RI, R3, 124 is hydrqogen. R2 is a

hydrocarbyl grStRF HAVECERJ 20 Eat biorP L 6HRO A8 s 2B A 8FRF WHRTBE d dNAoFE Each of
R5-R6, 12.8-Rddsand:RidrRid denseletied fiervhydrogen, an unsubstituted hydrocarbyl group having
1 to 20 carbo, ms, a : Hican- inin rogarhyl group, and
combinations{%ﬁﬁeof. [O(@%‘ﬁ%@&‘%ﬁ?ﬁ%ﬁggﬁ %%g%gﬁee% Scfg%%g)ﬁggg%;%%ﬁ\%eyﬁboqc%%m, a
substituted pRERYIERERDPRRATESHRISHEIEcHib didistian Ak thEe atiistareTamaiedRh re #-same or
different. EachigfiRieRurR4siEydiogeteRais anbydrocady gioiim hauiigosto P& caalaas atoms.
Each of R5-1214 is selected from hydrogen,.an unsuhstituted hydrogarbyl gro aving.l to 20 carbon
atoms, a haIogﬁ?rdsrg‘csé‘f%%%%?gu%,glg%%%%n(,ﬁges| Pcact)?]-ot(%z{i}l al%trllcg 3g§§cg¥8%%?§6%f4aaﬁ§ t(11:38mbinations
thereof At leasfors SfRBIR6ARBARIaNE R1%-R1d 35 lsatbbedofrBm-BiCECeleiefl GPBum! a halogen,

and combinatjgnsdhereohiaRLilihe disslasurg nreyigdesapathescompasiiondn aietbediment, a
substituted 1,2-%?§nglen{a ar matli)c di?ster of the structurg %/ll isf ?r%ﬁide . 12.1-Rlé§re the same or
different. RI i§'Rdt Asé ontagkcﬁfkﬁﬁgar%lﬁ’%? EHIAY RIS Group, Eadh of Rf and R4 %€ Selected from
an unsubstitutedicatiyingtiouptirasiig 1 to 20 carbon atoms, an alkenyl group having 1 to 20 carbon

atoms, a halqgyglypcarbylgoun. B HAOYRR; BSEIEAR-COMBINNE hyHEacaHaY L JiRMey, ang gambinations
thereof Each of R2-R3 and each of R5-R14 is selected. from hydrogen, unsubstituted hydrocarbyl
group having PR B BhrbBI SIS, AR AT BS54 Hea a2 Lhitioh antaifihg
hydrocarbyl grompiianecoyibinaibns thereofc[dgi8iAmstherwonpasitiericisabovidiedicid an
embodiment, g sulstityted ahenylens atomalic ety QLG SIHALY SRR RI9Ydad, R R4 are the

same or different. Each of R1-R4 is selected from hydrogen, an unsubstituted hydrocarbyl group
having 1 to 26¢r981 atchRsSiasER AprBEsByYR gRste 46080 AT A EHERN-Eathahiighytrocarbyl
group, and ceenbisatians theeeh, Atdeashant otiRbRE ig-ciffcianhihnmitrespactvenRianR4 mate.
10019] Another. compasition is_provided. 1n.an r’gb%jim%nt, a %Jsb%gtg}gq( hgn I%Q‘g r(l)ngatic diester
is provided Wﬁ%%mggséc%ﬂ%}eo%@s%ggﬁ havmg% o S CarboTt atohis, . f«)g ou¥ n% !

20 carbon atoms, a halogen, and combinations thereof. At least one of Rs-Ry is different than

itg respective Ryp-Ry4 mate.



(IV) 100201Rli R4 and R5-14 are the same or different. Each of R1 and R4 is hydrogen. At least one
of R5-R4 is selgsied framsan unsubstituted hydrocarbyl group having 1 120 Gasbppaloms, a
halohydrocarbyl group, a halogen, a silicon-containing hydrocarbyl group, and combinations thereof.
R7 and R12 are simultaneously not a methyl group. [0021]An advantage of the present disclosure is
the provision of substituted phenylene aromatic diester compoynds with impraved properties. [0022]An
advantage of[ﬂ%{]ﬁ)resentgigc@b%‘gt{ﬁ%”ﬁ ﬁ{gvbcf%svi%%ﬁ%f Hols %fﬂrs%rﬁvéﬁ?ﬁf%oa P %Srﬁi/l}r)enfeglaar%matic
diester suitabimfodinsetjn precstédly stahding catalysinbrmposititng fartrepuodpistislarefvoibfin-based

polymers. DETAIEDRESERIPTIQON: Q023 e pigsent isclosureis dirgetedda the,preduction of
substituted 1,2- phenylene aromatic diesters. WO 2010/078519PCIAS2009/069954 [0024]In an

embodiment SEEpHGEeS d AP RdRRS MY bR e MRS adts Fre Procete piclifeetbadiinga
substituted asptbatig:eig! RithndRaramakc:basbeiy I acichaicdetiyafive theteobmhbelimastian forms a

substituted p%@@g@ﬁ %roméa%iﬁ]géelster. qugtgi%]?ﬁ_used herein, an "aromatic diol" is a compound

containing at least one enzend rlnbisvﬁ?h st two adjacent hydroxyl groups. It is understood that

the aromatic Hitd¥hay be Zhehrstarerne stryidereebepaRpeysidatiredndnanisiiing &ahples of
suitable aromgtieshialsdnslpdedse rrepediols Sudicas lischenz enedigl 46ateahol), dod-with a
dihydroxynaphthalene, 2,3-dihydroxynaphthalene, and 1,8-dihydroxynaphthalene. [0026]The term
"substituted élracg’rr@é?%e}]%‘ﬁ% HeU5Et %lé)%lefﬁ? refers tgl %nméﬁ%lr?]na%fgcnafo%/\slﬁ%}éﬁf a%%{a%%%ae (or two, or
three, or fourjlibfnhentodHy whergingosiipstiensaestiot et thinh ithdsthorhd/aroxyItgrowpsicieizedubstituted
hydrocarbyl %%er;@(iﬁg{ga 10 20 CREROKY FOMs,rARiMAgEbstituted hydrocarbyl group having 1 to 20
carbon atoms, an alkoxy row hgjving 1 to,%o carbon atoms, 3 hetero%tofi,n, and corgl%jp?téons thereof
As used hereifff e term %}ﬂ? ST ARHRY Ar6RBHSER Petef 18 s TBSREIRRRS CoRtRIHMG only
hydrogen andieastar atonat idicitwulingloradrhiediog tibrametredisaturated or unsaturated, cyclic,
polycyclic, fused, or acyclic species, and combinations thereof. Nonlimiting exam@igs of hydrocarbyl
groups include alkyl-, cycloalkyl-, alkenyl-, alkadignyl-, feycloalkenyl-, cycloalkadienyl-, aryl-, aralkyl,
alkylaryl, and alkynyl- groups. [0027]As used here e terms "substituted hydrocarbyl" and

"substituted R a
o o D\(o
Rio RMR‘ / Rg
R Rj = Ry
Rez Ry

wherein R;-Ri4 are the same or different. R; is not an isopropyl group or a tertiary
alkyl group. Fach of Ry and Ry is selected from an unsubstituted alkyl group having 1 to 20
carbon atoms, an alkenyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a
halogen, a silicon-containing hydrocarbyl group, and combinations thereof. Each of Ry, Ry,
and Rs-Rys is selected from hydrogen, an unsubstituted hydrocarbyl group having 1 to 20
carbon atoms, a halohydrocarbyl group, a halogen, and combinations thereof.
-[6}013} The present disclosure provides another composition. In an embodiment, a
substituted phenylene aromatic diester of the stracture (II) is provided. R;-Ryq are the same
or different. R; is an unsubstituted hydrocarbyl group having ! to 20 carbon atoms. Each of

Ry-Ry is selected from hydrogen, an unsubstituted hydrocarbyl group having 1 to 20 carbon



hydrocarbon" refer to a hydrocarbyl group that is substituted with one or more nonhydrocarbyl
substituent grQuRs, AyvJIgeimiting example of a nonhydrocarbyl substituggt growin is a oeteroatom. 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. Nonlimiting examples of
heteroatoms include: halogens (F, Cl, Br, 1), N, O, P, B, S, and Si. A substituted hydrocarbyl group also
includes a hafsP8rdchHBY Esap dnegrPa siielascottainfitg FRAFBEE JHIG PRy A R dHerein, the
term "halohydreaarbybgsatgese Bishie BRIVRLoBakyLeiofii hat isssthRtited cd- dwildmbpie garamore
halogen atoms. As d herein, the term "silicon-containing hydrogcarbyl group” is a hydrocarbyl group
A et S el o T R i
chain. WO 2b1éro2851 grar anbzasometossheae028]An aromatic carboxylic acid, or a derivative of an
aromatic carbgyyli¢ acid, isranethal reagtantinifedREeseMHPREgRS:DS. Usedhatditabniagomatic

carboxylic acid" is.a ¢ ound containing at least one benzene ring wit least one carboxyl group
ety bonde ) 6 HURSURE AR AT e Do E TR P S BEA S e o
monocyclic stwudiffrecr Kpolyeypdiid steupterand Advatdmdtin etrboxiichatidmiagrde afifoRe- or a

poly-carquylig %%g‘éi?”ﬂ%ﬁ'%@%'%c@feﬁ%ﬁ'ﬁy@f@é&%% %%MH&@%%W%W?OIC ?Cld,
I-naphthoic acid, 2-naphthoic acid, 6F1-phenalene-2-carboxylic acid, anthracene-2-carboxylic acid,
phenanthrend @ 8&rhoRy e SEBP AN Bheh JAAPEIES L HEIE Le1A2tP02 TFRCHSRIRIVED an
aromatic carkgxipticagigid "gorvtansadomaitimearmexiticsalid dédvatieeties Bsedhersih, Refers to an
aromatic acylhalifs,.an. g(gpggi_g@ﬂf%ﬁg&ye, an aromatic carboxylate salt, or any combination thereof
It is understood that the derivative of the aromatic carboxylic acid may be a monaocyclic structure or a

polycyclic strdB8if. Nonliffirjeeselrfisresur RIREHR APEHEOREN RIS FMRROHEIIEL of any of
the aromatic caskayic peidsctisalosed-abeaver (kih, adatidewt dneiopracief thelgllewitg: benzoic
acid, 1-naphthoic acid,.2-naphthoic.acid, 6H-phenalene-2scarboxylic acid, anthracene-2- carboxylic
acid, phenant%aﬁlel%giﬁggrr rl3'xy ic a?:flg,fl C%r% /g? bshg r‘%?ﬁ?%enéfﬁ?cgr%gﬁﬁgq é?(%p [&aﬁréﬁ’%:lr%r?o%?l(imiting

examples of saiftsletersmatiteatybhafide suddude paHees chishieéRodaz &t fluotitte RaeRzoyl bromide,
and benzoy! ipdidesnppbthayhehlorideshaphinay ivarddarnapbiboyl omiseo rapbihayhipdide, and

any combination of the foregoing aromatic acyl halides. [0030]Nanlim ting e ples of suitable
aromatic anh?dﬁ’&g’i‘%’ﬁﬁﬁ%@anﬁﬁaﬂ’deaoﬁ ﬁg)eéél%n%at?@car}%%/ %nﬁcﬁggd%sccxggdgé%u&/e. %i.e., an

anhydride of emeratioretiofithe following: benzoic acid, | -naphthoic acid, 2-naphthoic acid,
6H-phenaleneqg;garboxyligracisl.apifvacseerd:carkammic.acishspnaniirene 2:6absnic,acid, and/or
phenanthrene-%— carb %éic cid). Furt,h%%nonllmitinﬁ %%?g\ es of suitable ﬁfr%?%géanh){grides
include benzd SR RIS XA LMGIREEDH SFhe @pﬁ%&%fﬁgﬁﬁféé yaridas e e
[0031]Nonlimiting exdiffples. ofshitdie &sofaiihphdzexy Ries sditshineidge potadsiung, sediim, or
lithium salt Oféﬁ%o%r%@}!cﬁ%@ﬁkb%ébﬁ@%éléﬂéﬁ'%ﬁ@hﬁ@%&@n@a‘ﬁmﬁ%ﬁ&ﬁt%ﬁy@&%ﬂ oftlge following:

benzoic acid, 1-naphthoic acid 2-nqphth0|c acid, 6Hphenalene-2-carboxylic acid, -
anthracene-2!@%i¥oxy i 5%i8?éﬂ%ﬁ£ﬁ?ﬁ¥énggﬁll&%8¥§9ﬁ& BAEP: AntfSrpheh RS s oxylic
acid). Furthennenlsmtingrexsmplesafisuikatléaroatid carboxyidte BalR;HRg|ustel JotaRsium benzoate,
sodium benzaoate, lithi NZo ssium 2-naphthoate, sodium 2-naphthoate, and any
combination g%%e gﬁgé%%% g?cjgrhﬁgfa}tgﬁé f%%(i%?g %%Its.éfgéiﬁ The aromatic carboxylic acid, or
derivative theléfTinay be Sefsitatetirer Haxdrss "sapYRtuREPERSHRc cHrbdXyREBRITSHdetivative

thereof," as ugadigegin, I7efss o aa-aramalicgarboxdicrasidr-ofKesiyativesthereat, Wwhegrby at least
one of the benzene-ring substituents (other,than.the carboxyl group).is.a substituted hydrocarbyl group
aving 110 20E B Sr ot el TP ST Pt Bt o AT P8 20rea bt Soms. an
alkoxy group Rawmgldcted drmarhomatotisicd heteremtonhaging tdombiinziens avareciiTalkesythe term

"substituted agamatic.aarhaxvic.asich Arsarivative jaeraebvinshigles subsituled arpamtisHearboxylic
acid, substituge aromatic acyl hglide substituted a ogal}zi)c ggi%?ridg, and;?%s_ bstitut?d aromatic
carboxylate salt] |F A et Sﬁtﬁhgﬁﬁoﬁ‘fe&befgg ntprbebse Thditishedc ﬁ%“ & Eisttuted
aromatic diol with the aromatic carboxylic acid (or derivative thereof) under reaction conditions to form
a substituted phenylene aromatic diester. "Reaction conditions,” as used herein, refer to temperature,
pressure, reactant concentrations, solvent concentrations, reactant mixing/addition parameters, and/or
other conditions that influence the properties of the resulting product. [0034]The characteristics of the
phenylene moiety are determined by the substituted aromatic diol. For example, a substituted

1,2-benzenediol yields a substituted 1,2-phenylene aromatic diester. In an embodiment, the
substituted aromatic dial is a substituted catechol. The substituted catechol has the structure (I): (1)



wherein at least one, or two, or three, or four R group(s) of R1-R4 is selected from a substituted
hydrocarbyl grgip.fiaxiagd to 20 carbon atoms, an unsubstituted hydrogmlsg}rog}d&mwng 1to 20
carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a heteroatom, and combinations thereof.
Each of R1-R4 may or may not be hydrogen. The process includes reacting the substituted catechol
with an aromatic acyl halide, such as a benzoyl halide. This reaction forms a substituted |,2-phenylene

dibenzoate of P8 SHHFEREFE: (Hpsubstifgjpd rdiitPsalnh Siethda4Rse br Giféle it RPIHETONE of 12.1-R4
is selected fromichwlibstityiethhydrberdayl grdlitphavingnidg REcamigh atomspdraisahitituted
hydrocarbyl gtﬁjoeu&)paving | to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a
heteroatom, and combinations thereof. Any of R1-R4 may also be hydrogen. [0035[In an embodiment,
each R group$H 1Rl -R4 thARsSERPRRIBRENIEIT RSy | Grauprrhading it to SPbsEBYES AhstEIfae [0036]In an
embodiment, fhg:pieGessingludas-teasding & Jbstbdted aromatit.diamsueiasransubstifuied catechol,
with an unsu t%uted o su %[itutﬁddaromatic acl}gs%ﬂgghu%joer re cti(())tp ogpitig;q&zg\tc Iebe}}sI;[ one of
R1-R4 of the Stib&tithtéd Catecholis séleeted from an unsubst u%ogﬁycﬁ)ro%a%y groupaﬁavmg 2 to 20
carbon atomsuiorms, suhstifeténdagitosmniyy| g talqedaving 2ao @0eaie rhrdowsh B azhuof #3d other R

groups of RI-Raishydreagm Fhanragess ndugesSarmming asubstityedRhgnreng.aromatic diester
of structure (l]) wherein RL-R14 are the same or different. One of R1-R1 of struct r%(ll iS a
éjg carbyl group

substituted hytfbthrbyl grobpEEMPS 166 BRI arGhiS P A iRt tbtEl A
having 2 to 2@rcarbonliatems peachkdiihaothiercRis R¥ )Swubstituents is hydrogen. Each of 125-R14 is
hydrogen. In another embodiment, each R1-R4 group(s) that is not hydrog '§ an alkyl group having

der reaction conditions. The

\ ».0f RI-R4 selected from an
unsubstitutedisubstituted hydrocarb“&‘ll groyp ha¥ing 2 to 240 carbon atoms and the remaining R groups
of R1-R4 being hydrogen. 100401In an efribodiment, the subsfituted aromatic acyl halide is a

substituted b?ﬁw | ha“deR?,flg] gn%tﬁigﬁuarree lglxg')s:am:a or different. Each of Ry and Ry is hydrogen. At

least one of Rs-Ryq is selected from an unsubstituted hydrocarbyl group having 1 to 20 carbon

atoms, & halohydrocarbyl group, & halogen, a silicon-containing hydrocarbyl group, and
combinations thereof. R7 and R are simuitaneously not a methyl group.
[0021] An advantage of the present disclosure is the provision of substituted
phenylene aromatic diester compounds with improved properties.
[6022] An advantage of the present disclosure is the provision of improved
substituted phenylene aromatic diester suitable for use in procatalyst and/or catalyst
compositions for the production of olefin-based polymers.
DETAILED DESCRIPTION
- [0023] The present disclosure is directed io the production of substituted 1,2-

phenylene aromatic diesters.



wherein X is a halogen atom (F, ClI, Br, I). At least one (or two, or three, or four, or five) A group(s) of
A1-AS5 is selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted
hydrocarbyl gr‘gﬁﬁ%g\%ﬁ@lﬁ to 20 carbon atoms, an alkoxy group havingFngj%oé’%?)% atoms, a
heteroatom, and combinations thereof. Any of A1-A5 may also be hydrogen. A nonlimiting example of
a suitable substituted aromatic acyl halide is a substituted benzoyl chloride. 100411The reaction
between the §ifi3diituted chteisoibaduitine sntysttatiod prdnsanisabyhtpiiduotidpdorhs preetsstituted

1,2-phenyleng diPenzoate ot the stiuciuis dhiviersinuRlaRidare thasame LidifferentQne of R1-R4
is selected from a ug%ubstituted ora substitutej%%grocarbyl group having 1 to 20 carbon atoms.

Each of the off&5f R EAKORyeioYR i A USRS FRrLURRECSPdifferent. Each of R5-R14 is
selected from{¥gdiogen, aAsulsstitbtednorursubstitutédinyidrocanyydugrbumiaaiiggal @Coarbon
atoms, an alkeyy QERNANNA R0 30 cafien aloms, PhaIRoeT i@hdkermbinalions ihrgal. I a further

embodiment, each R %ftcoup of RI-1244 that is not hydrogen is an alkyl group having Ito 20 carbon
atoms. 10040 FEHIRE 1B HRBBOUfoRE SHEs S 13 PO fnsHHoBHT0 o Bt BRpFERBEE YA producing a
diester is prowvitesiavhichinclutigs resiotiaghansetediidlitecharomatic-tiakamitfiica Qubstitited,aromatic acyl

halide under ‘EREQ%%F&%’ @%{Q@HQ 9;?‘-??{‘%%9;?%%’%%%t %%;&'d&%ﬁ?fé%ﬂ%h&%ﬁ%&oate of structure (11):

wherein Rd -Rm are‘the same or different. At least one (or two, or three, R group(s) of Ri-R4,
at least one (8¥2fb, or thrEke BPIoSFLBIHHEE PRIEFIUHEY GF REROTARd A A SEGHETBItHNS, or three, or
four, or five) Rigremipis labRig: Rintscseletted oo syhistibiedhvilipcaskiteieupthaving 1 to 20
carbon atoms, an unsybstituted hydrocarhbyl gr having 1 to 20 car ms, an alkoxy group
naving 1 10 20O R e R e R A
not be hydrogesibgiiartdrirydrasaiio dirvienbzeseH - Fhsaponptanthar Bhasy iByeobering hfralkyl group

having 1 to 28ccashen aliems. I00431aan, embedimantidhe psass includesiaaatingeasupstituted

catechol with a substituted henzoy] halide ta form the substituted 1,2-phenyjene dibenzoate of
cirvoture (1) RRTET A  SHEFF S 35 ARG B R D IO AR SFETD. 1214 i
substituted (isomsoinkipding brirdsdisclobadchbbvetuntadfortsrermbadimbntpdscteiR1 R4 group(s)
that is not hygdragen;is.aa akuharQiimhaning hiRA0 sBeRHoManPOd 4t The:disgpsugprovides

another process. In an embodiment, a process is provided which includes reacting an aromatic diol
with a di-subZtilia 15 - c 87 2atral: GHsaNta- SRRt CEF SIS caBEotedEl or B8fivative
f[hereof undemhﬂtiamtﬁmﬁiﬂnﬁmmm arompatiq diol may be substituted or unsubstituted._ The process
includes fornipg A substityted,4.2-phenylene dibenzaaielie sIMEUEMHand «haiGI,RI-R14 are

the same or different. At least two of R5-R9 and at least two of R10-R14’is selected from an
unsubstitutedHaF8RSIbY IS UChAVIRFL TR0 cEsn Bednis, BBHBYGLEEhyRD AT bII¥Foup having
1 to 20 carboostiptrssaety BB gD g hayingrbitdiligackanpkiams pehalegenyassbatmbinations
thereof. In a ey, embodimant, CID AL glquRisibatis et ivginasndan altdatoup having 1

to 20 carbon ‘atoms. 451In an embodiment, the process Inclu acting a catechol with a di-
substituted (GPHRESH tatralebr TP SUBS ARRrBUR RS ARE ey Fratae dnd ﬂfégﬁ@rﬂﬂ%‘é%%@ﬁtuted
1,2-phenyleng.dildenzaste tloensifgciidiaid) vihereireaciofRe-Rdiishydrogemand ¥t dgast two of
R5-R9 and aI)I sétwodo R1 -F&%ﬁi%rtg dSHbdsrtigétgdl a§0dis%lgg§dcﬁgovg.hl K f&llrtga% qmbodiment, each
R1-R14 group’(eg’t affs ot hydgrogen IS an aﬂ<yf ro%pur?avmg 10 20 carbon atoms, 100461In an
embodiment aidéprogilisenineniiaog dadtirgrbybgbstitutdd ureshhatrinditevisnmaenlauidserenad (or tri-, or
tetra-, or ?ﬁ)néﬁﬂﬁb*b&tﬂﬂl%@')a ﬁ%?ﬁ@éﬁfﬁg{ﬁ}%&f@ﬂﬁi&%ﬁ%ﬁ%ﬁ:@%ﬁ%&? &B@%ﬂ%ﬁn@&%l?@&e of havi
structure (II) wherein at least ong .af Ri-R4 Is selec rom an ugsubstitute rocar roup having
16 20 carb RO 1 B A Ry ERBE O 3 SO AD AG 1 b AT RSP AR A oy group
having 1 to 2&sitoted atdms)camdreieaitigen aatie adhtwd iofiRBoRE: amdyatt ezest mefcbofiiRtb®-R14 are
substituted ag,disglgsggd above. In a further embodiment, each R group of R1-R14 that is not hydrogen
is an alkyl group having 1 to 20 carbon atoms. 100471The ester groups extending from the phenylene
moiety of structure (II) may be



considered mirror images of each other. In this sense, a symmetry may exist between the ester groups

such that the W%iyd%)@)sgﬁbstituents R5-R9 correspond to or otherwise mirfQliesheeie individual
substituents R10-R14. As used herein, the term "mated" or "a respective mate" or similar term(s)

refers to the following relationships or pairings between substituents R5-R9 and substituents R10-R14:
R5 is mated/paired with R10, R6 is mated/paired with R11, R7 is mated/paired with R12, Rs is
mated/paired Wb R13, a8 ReMetn SHERIINAT SRR TR YAHEAS P A HR SETRPIb AT dS another
process. In amembodicnantinaleroeess feogereducingd tiestenis providedcadnshlinetidles peacting an
aromatic diol with a first aromati oxyli id or-derivafi r e tic
carboxylic acid or 3%&8{%\%%%3%%&% ?e%%%%nﬁc?gnﬁ%g\ég}g%%esgégﬁ%%%%iéﬁggag %éﬁ s?ubstituted or
may be unsubriftestdel. trnBeggsnEngrothatienesriesd Ithehdig roautic aaketstterstdstividient than the
first aromaticgsihuilicsacithey detviative dhereakulibBe Mecessdaimsfaulistitviedndy2bphenylene
dibenzoate of the structure (l): .wheregi -R14 are the,same qr. different, Ea -RI," is
selected frommﬁlf/?j'rgéeanl,}%?ys"(ﬁ Eﬂ%ﬁ{gdaﬁlfgrgﬁrj%ﬁjtbnr%ﬁﬁdﬁg)\i/?ﬁgo St%n (%{ecgrr %ﬁ%atggr%wbg)j;g#
unsubstituteddgaliedadbylegroisprbidvingapis 2o asitbdnaptsheic ackliviithed md?oElPYY iroup having
1 to 20 carbop;atomsrREBIKRXLEEOLP RaYiNGdigercarkanalanmssddhalen ghengheasbinations
thereof At least one of R5-R9 is different than its respective 12.10-R14 mate. In a further embodiment,
each R grou§BFAY L #1% that is not hydrogen is an alkyl group having 1 to 20 carbon atoms. 100491
The reaction [88tleen thetafderiaticvdiol armametifiretrbesyhiaticida i Srykeoaide (errlgediiagvd thereof) and

the second agomafic.carbaxulicacisl (Arderiyative-therrof Manike rerciodhin Amnpddes,am desired. In
one embodiment, the aromatic diol is reacted with a first r(i%matic ac%l h 6|jf$e. TI%en asecc%nd aromatic
e

acy! halide is2HIe F5°BGRY HiG1A3y PhARUE PRRE AT TSP e A SREBHUTSHE e TEARIHR proceeds to
form a substithteddn2tpheathyiohe dibénzoalie: vwhereircatlieastonecobRE-RYy iy diffeterbttsan its

respective R%%ﬁ&%aﬂ%ﬁé@mwg &%9,49Ye%?&rﬁﬁ%ﬁ@%&%gl@&%@l@ﬁlﬁéﬂaiﬂ%9_145}19@f‘%ﬁ@%ﬂﬁﬁ?zﬂt’ the

process includes reac m_gﬂ:h_e aromatic diol with the first aromatic acyl halide and the second aromatic
acyl halide diffghenrtihagidhdiseteddhndic %\C@Ihﬁ]é‘i‘ﬁj%fgﬁ’ﬁlﬁ’ﬁgi?é%ﬁgfg? SloIMaRIEMF Stultaneously.
The process fatpsiginixivi® Whickichsitainsia, Subbtibatattds 2 -qpltenyleneadigstentbfstruciure (I1)
wherein at least one of R5-R9 is different than its r cli -L2dd mate. khe mixtieg, may or may
not be separg eEd) % r%ccf l?glengrg ?%:%%éﬁ}gtasgl%ﬁ%}sﬂ% g?gge%\%ﬁé%m]ln g%%th%r norﬂi}mitingj example,
the first aronfairtheichPrimiingnesipeles 6 raigh R e BicsHIEREde Rt e Shlssituent, such as
substituent Adeissubstiseied. il J0053HERe secondas0MmatiGeaayphalige thivibe adengyl halide of
structure (lll) whertein a sybstituent qther than A). for example) is substit T ess includes
reacting the a%ﬁjr%éeﬁcng a%H\i/\%L ﬁ%%nﬁlr%f anrag%ﬁé%}g aié?/'l%ﬁ’all é( an t%gén ngenggﬁ gﬁ%eat%%%gy alide to
form a substittaedt, 2epatighsne dibenzoate wherein at least one of R5-R9 is different than its

respective Rigg3§ mate. RepaxampBathaseactanimay-yield-s.aupstiies Lé phppylenedibenzoate
wherein R5 is not thetsamebsuqStituieiPt n{;\s ng danbd/‘%r Rz7e is agoﬁ%rsigy& %%Qsot;t%r% as EQILZ [0053]In
any of the for8g GG PHo R RS A MATICHLRRREY B5a Y

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 anhydrides include

benzoic anhydride and any combination of the foregoing aromaiic anhydrides.

[0631] Nonlimiting examples of suvitable 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, Z-naphthoic acid, 6H-

phenalene-2-carboxylic acid, anthracene-2-carboxylic acid, phenanthrene-2-carboxylic acid,



dihydroxynaphthalene. The dihydroxynaphthalene may be substituted or unsubstituted. Similarly, the
carboxylic aci iyative of any of the foregoing processes may be a n ide. The naphthoyl
halide may be'g’ s(%%%é%??é%q or unsubstituted. [0054]The present disclosu%elg%%ﬁg@g%%ther process for
producing a diester. In an embodiment, a process for producing a diester is provided which includes
reacting a dihydroxynaphthalene with a carboxylic acid or derivative thereof under reaction conditions.
The dihydroxapdégsitrrarase sy trabexlinagitho S risk traliniing grarp'es HisyrbRyraBhifalene. The
reaction forms8satherwiseiniedyges il iehendendidib azanate, diftiven dtenotame (dhssium wherein
R1-R14 are the same or different, Any consecutive R groups. in RI-R4 are r 6 aromatic
ring. Each o%ﬁ??ﬁf%%y%&%&ﬁ%ﬁ‘%@ﬁ%ré&én‘.mm g: ﬁﬁ%&%gdﬁen@n%%ggir%%%lc?ggnaphthalene
is an unsubstrtteryletcaatigbstituted 2,3- dihydroxynaphthalene. Each of R5-Ri4 is hydrogen. In another
embodimentyghgzflihydroxypaphthalenstisqrsulatituter: hardihveionmapbihaleaadacthel R5-R14 is
hydrogen. In an e“mbodimceint, at least onelR graup gf th:thﬁ thal[.j,sapgge% B%%tgf 6%6 Oaggmatic ring is
not hydroger B0 55T A A TR RO B A S5 SR Lriatnints A1 Unaubafitlited or a substituted
2,3-dihydroxyrsystith ahebvesytitheeid, avo deaitieteylhbatiflevdwee bor pitRgsa. 402 -opHenprevienelibehzoate of the

structure ('V)sa%kﬂvx\éné_é\@ﬂ{&(%ﬁélTﬁb%m%?oﬂsyls@i@%m@& heasstastifieskoravmsubstiteted. RI and
R4 are the same or different and each is selected from hydrogﬁnt\,?%ré lin%ubstltuted hydrocarbyl group
avi

having 1 to ZERaRA SR s Hutd fd REUPS L ST GRSIS BB ERHSR Ao, an alkoxy
group havingslot® BS/earbentomisyraatalagesiangdcamniinatidnsativesabérdela Touthéedeibodiment, the

aromatic acy il 5 SBRANEE AN A 1AFLPOE ALRS-RLAJP SElscied Jiom e nsuasituted

hydrocarbyl group having 1 to 20 carbbon atoms, a substituted hydrocarbyl grm:&r,havin 1to 20
carbon atom§aRAaIKo R raths A GIPTERE0 Bt B o st s HET oM AdR FUBI RafBHE thereof,
[0057]In an emkedimeatrbsRiweassaackIdes reacting an unsubstituted or substituted

1,2-dihydrox thaleng with an aromatic acyl halide orming.2 l.2xRbenyensgihenzoate of the
structure (V)){)Egl.’g . (V) Bp%fmbgcrggﬁn%oﬁ%n ljr%'?é %?ﬁe?ﬁlzg%iéydrofynapﬁthgalene may be selected
such that R3apratip Al Wid shmarordifertheanl @sich (& seBEHIFFIRHEYEh *8 s ubstituted

hydrocarby! graumhiavingho.20ieatken slamsnasuhstituiReidydreathyl gratipohaVimguieto 20 carbon
atoms, an alkoxy groyp having 1 to 20 carbon atom halogen,.and corpgma iq{ag hereqf The
aromatic acylnﬁr% e‘?%%thet%uB‘éﬁ?fﬁ%d e urﬁﬁa]ieg‘f%%%s O&rc%ng t§’§fR 14\s sefeocteltl} from an
unsubstitutededayeno oziring/afdiiorhparivee o 20/ errtisn eaeiiions habitlbeaer RRIRSRSTHST §foup having
1 to 20 carbogAlQMg.AR-@lkaxy group having 1 to 20 carbon atoms, a halogen, and combinations

thereof [0034] The characteristics of the phenylene moiety are determined by the substituted

aromatic diol. For example, a substituted 1,2-benzenediol yields a substituted 1,2-phenylene
aromatic diester. In an embodiment, the substituted aromatic diol is a substituted catechol.

The substituted catechol has the structure (I):
M

Ry

Ry OH
Ry oH
Ry
wherein at least one, or two, or three, or four R group(s) of Ry-Ry is selected from a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl

group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a

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



[0059]In an embodiment, the process includes reacting a dihydroxynaphthalene with a naphthoyl
halide. The dik\lyy(()jggx/r_‘lra chalene may be any dihydroxynaphthalene disclosgd0 h([areir% and may be
substituted or tRsUbstituted. The naphthoyl halide may be any naphtho;})l%Téﬂ 2'41€%64ed herein and
may be substituted or unsubstituted. The reaction forms or otherwise produces a naphthalene
dinaphthoate. [0060]The present disclosure provides another process for producing a diester. In an
embodiment pecpseicastifer presinei ey Sdissed sHreked adthvRicArpaetie asyidabisg saphafbmatic diol
with a naphthoybhalidgidindessgastion eanditiqnssitieiaromadic diel andiaskbenaphtheylbalide may
or may not be substituted. The naphthoyl halide may be a 1- naphthoyl halide and/or a 2-naphtoyl
halide. The réiétion forms or otherwise produces a 1,2- phenylene dibenzoate of the structure (ll):
WO 2010/078519PCT/US2009/069954 wherein each of R1-R14 may be hydrogen.(Ehy
consecutive R groups in R5-R9 and/or in R10-R14 arg ' members of a C6 aromatic ring. 100611In an
embodiment, the process includes reacting an.argmatic_djol with a 2- naphthoyl halide under reaction
of the structure (VI). (VI) [0062]In an

embodiment, the process includes reacting an
1,2-phenylene dibenzoate of the structurg (VI
or different and each is selected from hydrogen, @&n uns
carbon atoms, a substituted hydrocarby! gretis,havinrg I
to 20 carbon atoms, a halogen, and combinatigns thereo

(VD= 10063]ln an embodiment, R1-124 are the same
L fituted hydrocarbyl group having 1 to 20
to-20.carbon atoms, an alkoxy group having 1
l, WO 2010/078519PCT/US2009/069954

wherein R;-Ry are the same or different. At least one of R;-Ry is selected from a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, an alkoxy group having I to 20 carbon atoms, a
heteroatom, and combinations thereof. Any of R;-R4 may also be hydrogen.

[0035] In an embodiment, each R group of Ry-Ry that is not hydrogen is an aikyl
group having 1-to 20 carbon atoms.

j0036] In an embodiment, the process includes reacting a substituied aromafic diol,
such as a substituted catechol, with an unsubstituted or substituted aromatic acy] halide under
reaction conditions. At least one of Ri-Rs of the substituted catechol is selected from an
unsubstituted hydrocarbyl group having 2 to 20 carbon atoms or a substituted hydrocarbyl
group having 2 to 20 carbon atoms. Each of the other R groups of R;-Ry is hydrogen. The
process includes forming a substituted phenylene aromatic diester of structure (II) wherein
Ri-Ry4 are the same or different. One of R;-Ry of structure (1) is a substituted hydrocarbyl
group having 2 to 20 carbon atoms or an unsubstituted hydrocarbyl group having 2 to 20
carbon atoms. Fach of the other R;-R4 substituents is hydrogen. Each of Rs-Ryy is
hydrogen. In another embodiment, each R;-Rs group(s) that is not hydrogen is an alkyl
group having 2 to 20 carbon atoms.

[6037} In an embodiment, only one of R;-Ry is substituted with the remaining R;-Ry4

being hydrogen.



[0064]In another embodiment, the process includes reacting a dihydroxynaphthalene with a naphthoyl
halide to form a naphthalene dinaphthoate. [0065]In an embodiment, ang/

6process disclosed herein
may include irﬁ/r%aﬂgfﬁ’asé%atalyst into the reaction (or reaction mixture)'t

TR r8action between

the aromatic diol and the aromatic carboxylic acid or derivative thereof In one embodiment, the
process includes reacting (i) an aromatic diol (substituted or unsubstituted), (i) an aromatic acyl halide
(substituted dogssubstitutedy; antlogiithe tatptystssandddemiclgeonptherivigetgtcaedingsachhenylene
aromatic diesfer. Nofwighing ®, be baunrpy.any RaLicUal Hreandids peligysdJhay te,qatalyst
promotes esterification between the aromatic diol and the aromatic carboxylic acid (or derivative
thereof). Non’ﬁ?‘ﬁﬁiﬁ@lexamples of suitable catalysts are metal triflates (trifiuoromethanesulfonate) such
as bismuth triflasejand/or iniganiedigiels, shehrassudfuiidaaaichciRgahd| ruasiemb odinientyiire reaction
between the gubstited/unsulstititad aramalis cathoxylic agie Q) deratvedhaieelhRughine
substituted/uAsUbstituted aromatic a’|o as describe above Is performed in the presence of a base

such as an afnftisteindres doitrogenoEofesningr h&tBro el RsmekicRedmpiitredn e éfbodiment,
the base is trigiiamiae sivsanetheremhagdnent, theibasadopyHtbine @0 Ainenrembaosiment, any of
the reactionsﬁgisclosegiggﬁgig are Srfogmed in a liquid medium. Nonlimiting examples of suitable
solvents for t egﬁ?quﬁdomeI m M )lﬁbéogeliécted from pyridine, tetrahydrofuran, a halohydrocarbon
(aliphatic and@$48omaticin yydesekadiorenal dbh olksthieedaagmpiic catrbirpifsnitheregstivtadfurther
embodiment, dhg diguidizeactionaedidmiis. a non-aqueous liquid. [0068]In an embodiment, any of the
processes disclosed herein may include removing a reaction product from the quuérﬁgnedium. The
losed

reaction product includes any of the substituted phgnyleone aromatic diesters disc herein.
Removal of the reaction product from the liquid, mediymimay include one or more of the following
procedures: extracting with a different solvent, p lating, filtrating, concentrating the filtrate,

evaporating the liquid medium, crystallizing the; O
the substituted phenylene aromatic: diester, complexing with a metal salt, and any combination of the
foregoing [0069]Any process may comprise two or more embodiments disclosed herein. WO
2010/078519PCT/US8t55070 500BAqererrayhd didcRistire b &Rl 8 R poitiyRc: 1A &P Mbodiment, a
substituted pliayleneoapamatie diesictaédhe stciuseditisipipiicady[(orl whenein RDRMR14 are the
same or different. R1 is not an isopropyl,aroup or a terti y. I is selected
from an unsu aé%?ﬁtgjf mafk;? gur%sﬁlpsﬁ!gl\t/[%r%g &%8‘%% %g%gﬁa%ﬁl‘n iagr(g%l?]pscju sﬁ?ﬂ{t%éﬁld@él%re]%yﬂl% %;oup having
1 to 20 atomsrpiaidiayio iR erdap 2lomaledstrenisie SAdCoMBIPAHEIR yerGehrBY G PE dp:Eind
combinations{aereaf isaghrekR2 RébnantiRbRpis selosiediromdivdsagesmalt unsHREbiuted
hydrocarbyl group having 1 to 2 rbon atoms, a halohydrocarbyl group, a halogen, and
combinationg %ﬁeégl&sﬁf Tﬁgﬁﬁﬁ?ﬁféﬁﬁl&%rimary alkyl group," as used herein, refers to an alkyl group
having | to 20¥Hion atorfkewitiréooabbiorscatdin Bt aiphehypfinbe(sebstived ProBeie"), the

carbon atom hgndetuto aneaties Garkenadom sialihanithefaRivbandsihdsecomoanzalkyl group,”
as used herein, refers tq an alkyl gr%%ii% haviré%g fE? gjo arbo atom§ with a carbon atgm bonded to a
carb

pheny! ring, theRerBn it Sofa8a t6Rho S TS AN S TR B A A “tertiary
alkyl group," asbsisedhbydinganbieé rrdoralmuiiy | o) dadvingitons. 2Bachrbbicattrrsalfir-Bsoarbon atom

gonged to a phenylrng, e sarhenatenbandasdito thige,piek catbanalmsmoierdhan she C-Ph
ond. substituted or unsubstituted hydrocarby! group having 1 to 20 carbon atoms, an alkoxy group

~ having 1 to 20 carbon atoms, a halogen, and combinations thereef. In a further embodiment,
each R group of Ry-Ry4 that is not hydrogen is an alkyl group having 1 to 20 carbon atoms.
[0042] The disclosure provides another process. In an embodiment, a process for

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

10



[0073]In an embodiment, only atoms selected from C, H, Si, andJor a halogen are bonded to the
phenyl moieties at substituent points RI-Am of structure (I1). [0074]In an embodiment, each of 1(2 and
124 is hydrogg%(.} AR GtHer embodiment, each of 1(2, R4, and R5-R14 %ﬁ?%%’&”é%“?i*‘do7slm an
embodiment, R1 is a methyl group and R3 is a branched alkyl group. [0076]In an embodiment, each of
R1 and 1(3 is selected from a hydrocarbyl group having 2 to 20 carbon atoms. WO
2010/078519PETIuSDa0oe8o9n4 febdey indsh reratverd ivrditoan iR deouipof 1spbsiitgdtat-is not a
hydrogen is ghaliidhg iR aN BPstn g0 @grbon atoms. [0078]In an embodiment, each of Rl and R3
is selected from a CI-Cs alkyl group. R5-12.14 are the same or different and each of R5-R14 is
selected from hydrogen, a C1-C8 alkyl group, and a halpgen. Nonlimiting examples of s %able C1-C8
alkyl groups include methyl, ethyl, n-propyl, isopropyt;f-butyl, i-butyl, and t-butyl, n-pentyl, i-pentyl,
neopentyl, t-pentyl, n-hexyl, and 2,4,4-trimethylpéntan-2-yl. In a further embodiment, at least one of
R5-R14 is a C1-C8 alkyl group or a halogen. [08/9] mbodiment, structure (1) includes 121 that
is a methyl group and R3 that is a t-butyl gray, R4 and R5-R14 is hydrogen. [0080]In an
an isopropyl group. Each of R2, R4 and
iIeludes each of 121, R5, and Rio as a
methyl group and R3 is a t-butyl group. Each of R2, R4, R6-R9 and R11-R14 is hydrogen. [0082]In an

embodiment, StrUCt\l:Jv eerwl) ﬂ}%g %Se %Cpal%fe FS}’ dlrg“eZEnénguﬁ%gsta&g &}emé’,' or three, or four} R

group(s) of R;-Ra, at least one (or two, or three, or four, or five) R group(s) of Rs-Ry, and at

least one (or two, or three, or four, or five} R group(s) of R¢-Rys is selected from a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a
heteroatom, and combinations thereof. Each of Rj-Ry4 may or may not be hydrogen. Ina
further embodiment, each R;-Ry4 group(s) that is not hydrogen is an alkyl group having I to
20 carbon atoms.

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

10944] The disclosure provides another process. In an embodiment, a process is
provided which includes reacting an aromatic diol with a di-substituted {or tri-, or tetra-, or
penta-substituted) aromatic carboxylic acid or derivative thereof under reaction conditions.
The aromatic dicl may be substituted or unsubstitwted. The process includes forming a

substituted 1,2-phenylene dibenzoate of the structure (II):
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group and R3 is a t-butyl group. Each of R2, R4, R5, R6, Rs, R9, RIO, R1l, R13, and Rizi is hydrogen.
[0083]In an e og}i{f%ﬁL gtructure (1) includes RI as a methyl group and R3 ,isﬂagt/zml%gt | group. Each
of R7 and R12'iS an et fﬂgroup. Each of R2, R4, R5, R6, Rg, R9, Rip, Fgﬂmliﬁ ,and R14 is
hydrogen. [0084]In an embodiment, structure (1) includes each of RI, R5, R7, R9, R10, R12, and R14
as a methyl group and R3 is a t-butyl group. Each of R2, R4, R.6, Rg, Rii, and R13 is hydrogen.
[0085]In an embodiment, structure (1) includes R1 as a methyl group and R3 is a@Dbutyl group. Each
of R5, R7, R9, Rip, R12, and R14 is an i-propy! groyp. Each of R2, R4, R6, Kg, Rif, and Rig is
hydrogen. [0086]In an embodiment, structure () inc dés R1 that is a methyl group and R3 is a t-butyl
group. Each of R7 and R12 is an ethoxy group. E @’ " R4, R5, R6, RO, R9, R10, R11, RI3, and

R14 is hydrogen. WO 2010/078519PCT/US200Q9/069954 [OiS?jln an embodiment, structure (Il)

includes RI that is a methyl group and R3 is a t-b til gquoTJp Each of R7 and R12 is a fluorine atom.
Each of R2, R4, R5, Rs, Ra, R9, RIO, R11, Ri37ane R4 ; drogen. 100881In an embodiment,
structure (Il) includes Rl that is a methyl group-aQd°R3.i la t-butyl group. Each of R7 and R12 is a
chlorine atom. Each of R2, R4, R5, R6, Rg, R9, tio, Rii, R13, and R14 is hydrogen. [0089]In an
embodiment, structure (I1) includes RI that is a methyl group and R3 is a t-butyl group. Each of R7 and

R12 is a bromine atgm. Each.of R2, R-4 R5 R Rg B%Q 5 stﬁl-?f{ agl% Rtjif:lak% gyodg@gen.
[0090]In an embodi‘r%grnetl?zlgjufgﬁ%e( Y inG Sc?és Fﬁgt is%t?nsethﬁig‘roug) and R% IS a t-butyl group.
BUR

Each of R7 aRua-Radsischstrddios aoiassbiist Rylrpearmsamg IRTH cRA #99Sahd R14 is
hydrogen. [00@kHa.Rn Bakedimentuinstugel (b) Jnckioas Minbatdsiacmnerykgravipsant RS is a

carbon atoms, a halogen, and combinations thereof. In a further embodiment, each R;-Ryy

group(s) that is not hydrogen is an alkyl group having 1 to 20 carbon atoms.

[8045] {n an embodiment, the process includes reacting a catechol with a di-
substituted (or tri-, or tetra-, or penta-substituted) aromatic acy! halide and forming a
substituted 1,2-phenylene dibenzoate of the structure (II) wherein each of Ry-Ry is hydrogen,
and at least two of Rs-Re and at least two of Ri¢-Rys are substituted as disclosed above. Ina
further embodiment, each R;-Rys group(s) that is not hydrogen is an alkyl group having 1 to
20 carbon atoms,

[0046] In an embodiment, the process includes reacting a substituted aromatic diol
with a di-substituted (or tri-, or tetra-, or penta-substituted) aromatic acyl halide to form a
substituted phenylene dibenzoate of structure (IT} wherein at least one of R;-Ry is selected
from an unsubstitated hydrocarbyl group having 1 to 20 carbon atoms, a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, and a halogen, At least two of Rs-Rg and at least two of Rig-Ry4 are substituted as
disclosed above. In a further embodiment, each R group of Ri-Ry4 that is not hydrogen is an
alky! group having 1 to 20 carbon atoms.

16047} The ester groups extending from the phenylene moiety of structure (II) may be
considered mirror images of each other. In this sense, a symmetry may exist between the
ester groups such that the individual substituents Rs-Ro correspond to or otherwise mirror

respective individual substituents Rjo-Ri4. As used herein, the term “mated” or “a respective
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t-butyl group. Each of Re, R7, R11, and R12 is a chlorine atom. Each of R2, R4, R5, Rg, R9, RIO,
R13, and R14vivs r%xgor’%%e{l. 100921In an embodiment, structure (lI) inclugg% R., that is a methyl group
and R3is a t-bu?y grouﬁ. Each of R6, R8, R11, and R13 is a chlorine atom."gé%%/%?gﬁqf, R4, R5, R7,
R9, Rio, R12, and R14 is hydrogen. [0093]In an embodiment, structure (1) includes RI that is a methyl
group and R3 is a t-butyl group. Each of is R2 and R4 is hydrogen. Each of R5-1214 is a fluorine atom.
[0094]In an emmitcitiment|astruotisyecfts ncheled Riitgatidianshathyt promgsdrtvRS: isnbstitbentil group.

Each of R7 apd 312 iS.a Haomety! 2y marhafRAnRE, RS iRRxB0pR% Rith RLR,R13, and
R14 is hydrogér%gg 0095]In 1an emblgdi_r%en%, structure (I# inéludeag&gllth;%is a Imethél ggo}up'iand R3isa
1 H

t-butyl group “ERERUPH AT Brohs S PEfIRaTe B gt Eatier PR IRE RS, RS, R9, R10,
RI 1, R13, an@®8Y is hydrbgeiscbodd Gitbividss emitiadipresiysstrincturenftydinctud es iRicdivafois a methyl

group and RIS AL AL PLREANG RIS ANSIHAMIOANNM FARD 6RAR4. RS, Re,
Rg, R9, Rio, RI'l, R13, and R14 Is hydrogen. 100971In an embodiment, structure (I) includes R1 that

is a methyl gfgthy st RAGOR deuy atfs iRy fpattdnsesid GromaLie seh o R 24 AndFiisiNa 4 is
hydrogen. W&:201 Qi85 B6HT AdS2ORR/069R54:bRRA8 ldiviamembo dirthentsstrocturey (B} includes RI
and R3, each of which i ec- butyl group. Each of R2, R4 and R5:1244.i r , 99]In an
embodiment SSIAaE HREE AL AP R, K AR gt S O oo

embodiment, fstupetitIyarentissasideon iRVl fiExes: arl kalypetsufsrms a substituted 1.2-

phenylene dibenzoate of the structure (II):
ey

wherein Ri-R 4 are the same or different. Each of Rj-Ry4 is selected from hydrogen, a
substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, a substituted hydrocarbyl group having 1 to 20 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations thereof.
At least one of Rs-Ry is different than its respective Ryg-Ryg mate. Ina fur_ther embodiment,
each R group of R1-Ry4 that is not hy&mgen is an alkyl group having 1 to 20 carbon atoms.
[0049] The reaction between the aromatic diol and the first aromatic carboxylic acid
(or derivative thereof) and the second aroinaﬁc carboxylic acid (or derivative thereof) may be
reacted in any order as desired. In one embodiment, the aromatic diol is reacted with a first
aromatic acyl halide. Then a second aromatic acyl halide is added to this diol/acyl halide
mixture under reaction conditions. The reaction proceeds to form a substituted 1,2-
phenylene dibenzoate wherein at least one of Rs-Ry is different than its respective Rig-Ris

mate.
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having | to 6 carbon atoms or a halogen atom. [00101]In an embodiment, structure (1) includes each
of R7 and R12 is a methyl group and each of R5 - R6, R8 - R11, and RI3 - RI4 is hydrogen. 1001021In
an embodimeSte<HI&TRE1) includes each of R7 and R12 is a fluorine &f0HYHPHeHHne atom and
each of R5 - R6, R8 - R11, and R13 - R14 is hydrogen. [001031Nonlimiting examples of suitable
substituted 1,2-phenylene dibenzoate include the following compounds as well as their derivatives with
R5-R14 substitkgin(s) asldefineabatiowveat, 3ie-divethyideb@phenyterbeciibenzoaldé)] with the
S-ethyl-3-metpy -1, 2:phenviens dihengoate. 3 melivl-apromul-ddsrienxiene slibanznate:
5-isopropyl-3-methyl- 1,2- phenylene dibenzoate; 5-butyl-3-methyl-1,2-phenylene dibenzoate;
5-isobuty1-3-“i*ﬁ5é'tﬁ9lifi§Ei%ﬁw’mbém%ﬁlg’-ﬁ’éﬁl’gaﬁ?%ﬁ%etﬂ%ﬁ?ﬂ%‘h@%@ﬁé@%@ﬁzoate;
5-cyclopenty IxiZcin@itiyihsla 2-pbemdeng diepyeataliseyclohfxyike3dn ethyeh, 2t phisnyend
dibenzoate; 3; methy1-5-(2,4.4-trimethylpentan:2-y1)-1,2-phenylene dibenzoate;

S-methy gL 3 L A R e LG G e sparted
3,5-diethy1-1a2dptsethif @rsatelifse przskags Brewidits-propy1-1,2-phenylene dibenzoate;
3-ethyl-5-isopgagyi-1,2-phenyisnedikenzeate; Sbuiid-3tethvkl Lopheoencmdiienzents: a

3-ethyl-5-isohuty1-1.2- ipe lene diﬁ zqate; 5-tert-putyl-3-ethy1-1,2-phenylene d‘%g zoate;
5-cyclopenty ?%Sfrii)}}ilf ?ﬁ’%ﬁ%‘ﬁ%% gﬂd‘i’g’éﬂﬁ%g &> gg?é%ﬁb%%-@-é‘%h%ﬁ'f%—gﬁfesnsy e%%H IDenzoate;
3-ethy1-5-(2,4,4- trimethylpentan-2-y1)-1,2-phenylene dAibenzoate; 5-ethylbipkeny1-3,4-diyl

dibenzoate; 5- methy1-3-propyl-1,2-phenylene dibAenz ate; $-ethyl-3-propyl-1,2-phenylene
dibenzoate; 3,5- dipropy1-1,2-phenylene dibenzoaté propy1-3-propyl-1,2-phenylene dibenzoate;
5-butyl3-propyl-1,2-phenylene dibenzoate; 5-isobg\3t | propy1-1,2-phenylene dibenzoate;
S-tertbuty1-3-propy1-1,2-phenylene dibenzoate; 5-Cyclopentyl-3-propyl-1,2-phenylene dibenzoate;
5-cyclohexyl-3-propyl-1,2-phenylene dibenzoate; 3-propyl-5-(2,4,4-trimethylpentan-2-y1)-
1,2-phenyleng&ibenzoateltz-prapyl hiphary kdidhaiyit dibebzcatendisapldpySmethy|(102-
bhenylene diggnggates Sl faseRiaPyl-ds2-Rienyisng Wenanales SRoBIGRC R pIRRY!

1,2-phenylene gl.enzoate; >-diisopropy phenylene dibenzoate; and/or 5-butyl-3isopropyl-
1,2-phenylen@asiEgndsaersisshoky it o fropyrnadipahyisiis ankis satand aromatic acyl
tert-buty1-3-igapio Ry Irokw -phapyiana dibespzaataicS sl apentyheZisoprepytloke2op Toryiene
dibenzoate; 5-cyclohexyl-3-isopropyl-1,2-phenylene dibenzoate; 3-isopropyl-5-(2,4.4-
trimethylpentglir%g?ﬂr}gE %-lﬁ%ree?ﬁ/%etﬁ% |‘8é§d%(%% E?fgg}ﬁar%ﬁqﬁb%%gﬁéﬁﬁ %i%/’lf%i%gu;ijzﬁdﬁtggs-
buty1-5-methl2-ghenphengibsraadiberizsrteR 8iHney|Us: sty sSLxEheT WeRe aildan Aydieng-the
buty1-5-propyint dinitanuiens dibenzoate; 3-butyl-5-isopropyl-1,2-phenylene dibenzoate;
3,5-dibuty1-1,2-phenylene dibenzoate; 3-hutyl-5-isobutyl-1,2-phenylene dibgnzoate;
5-tertbutyl-3-[§?§ -1,2-pﬁ%nﬁgne°g %r S0k tgl?‘g St

in8hzod éﬂgl%uf)fﬁ ~Cyclopénty ﬂ?&gphenylenaé[ dllbeenazoate; 3-
buty1-5-cyclahieydraxii@pptietyieneltibdindateyBithtitylee( 204y4 tirmdtipipahanuRsytdtiu@d phenylene
dibenzoate; asbytyiRiphenyhe&slyddibgnzaale; srisabuly kie-metbvbsl Rokbrbvienewlibenzoate;
5-ethyl1-3-isobutyl-1,2-phenylene dibenzoate; 3-ispbutyl-5-propyl-1,2- phenylene dibenzoate;
3-isobuty1-5-‘?§8m§%ﬁ}f§e-p B prehebealids apay g%ﬁéﬁf@ﬁg%ﬂﬁ@?ﬁgﬁgnylene dibenzoate;
3,5-diisobuty [8452} phenylEhepisen Zoatesubs tervbiss/dnBHeohutylt Rphehyliege dibwsrzdate;
>cyclopentyl iRy s soherdienmalbrizoaifnicycihed Jrsabibild 2AbaRYENe
dibenzoate; 3-1sobuty1-5-(2,4,4-trimethylpentan-2-y1)-1,2- phenylene dibenzoate; .
5-isobutylbipAER§3ReRiK e laNseriF A ke b ey ity o5 RiBth PEreos Mptie AAEHnS aRoeisBste;
3-cyclopenty Tik-ethiikyds2x phghiieiee:dibenzoater: 3-cydalieriykyhagitihpyie1, 2 qaienyleng-dibenzoate;
3-cyclopentyl:5-i -1.2-phenyle iben ;B -3-CY, yl-1,2- e
dibenzoate; fc§§§ eri?%}éﬁg%pbut%?lr}%p l%egnyﬁé’e)%?dl re%l;ﬁgg?g%e I%%RSQ,I k 11’%‘8& %9%1%1
5-tert-butyl-394y@Iepine) the sushEaiiBhe dibenzoate; 3,5-dicyclopenty1-1,2- phenylene dibenzoate;
5-cyclohexyl-3-cyclopentyl-1,2-phenylene dibenzoate; 3-cyclopentyl-
5-(2,4,4-trimethylpentan-2-y1)-1,2-phenylene dibenzoate; 5-cyclopentylbiphenyl1-3,4-diyl dibenzoate;
3-cyclohexyl-5-methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-5-ethyl-1,2- phenylene dibenzoate;
3-cyclohexyl-5-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-5- isopropyl-1,2-phenylene
dibenzoate; 5-butyl-3-cyclohexyl-1,2-phenylene dibenzoate; 3- cyclohexyl-5-isobutyl-1,2-phenylene
dibenzoate; 5-tert-butyl-3-cyclohexyl-1,2-phenylene dibenzoate;
3-cyclohexyl-5-cyclopentyl-1,2-phenylene diberizoate; 3,5-dicyclohexyl-1,2- phenylene dibenzoate;
3-cyclohexyl-5-(2,4,4-trimethylpentan-2-y1)-1,2-phenylene dibenzoate;
5-cyclohexylbipheny1-3,4-diyldibenzoate;5-methylbipheny1-2,3-diyl dibenzoate;
5-ethylbipheny1-2,3-diyl dibenzoate; 5-propylbiphenyl-2,3-diyl dibenzoate; 5-
isopropylbipheny1-2,3-diyl dibenwate; 5-butylbipheny1-2,3-diyl dibenzoate; 5-
isobutylbipheny1-2,3-diy1 dibenzoate; 5-tert-butylbipheny1-2,3-diy1



dibenzoate; 5- cyclopentylbipheny1-2,3-diyl dibenzoate; 5-cyclohexylbipheny1-2,3-diy1 dibenzoate; 5-

(2,4,4-trimethyl entan-%gwbiphenyl-z,3-diy1 dibenzoate; and/or 3,5-dip%ecr?1}>]/IJ1-2%b%-J)Q%nylene
dibenzoate. [0 ?(ﬂﬁlﬂe present disclosure provides another composition. A efn(bgdt’lment, a

substituted phenylene aromatic diester of the structure (ll) is provided : wherein RI-R14 are the
same or different, R2 is an alkyl group having 2 to 20 carbon atoms and each of the other R groups of
121-R4 is hydrogen. Each of R5-R14 is selected from hydrogen, an unsubstituted®ydrocarbyl group
having 1 to 20 carbon atoms, a halohydrocarbyl group).a hglogen, a silicon-containing hydrocarbyl
group, and combinations thereof Each of R7, R7, %nd R12Y sigpultaneously not a t-butyl group.
[00105]In an embodiment, R2 is selected from of a t-b oup and a 2,4,4- trimethylpentan-2-y1
group. [00106]In an embodiment, one of R7 ancbR12 g alkyl group having 1 to 6 carbon atoms or a
halogen atom. [00107]In an embodiment, each of K7 and R121s methyl group and each of R5 - R6,
R8 - R11, and RI3 - R14 is hydrogen. [00108} ! of R7 and R12 is fluorine or

chlorine. Each of R5 -

Hg

wherein R;-Ry4 are the same or different. Any consecutive R groups in R;-Ry are
members of a Cg aromatic ring. Each of R;-Ri4 may or may not be hvdrogen. In a further
embodiment, the dihydroxynaphthalene is an unsubstituted or a substituted 2,3-
dihydroxynaphthalcne. Bach of Rs-Ry: is hydrogen. In another embodiment, the
dihydroxynaphthalene is a substituted 1,2-dihydroxynaphthalene. Each of Rs-Rys is
hydrogen. In an cmbodiment,‘at least one R group of R;-Ry4 that is not a part of a Cq
aromatic ring is not hydrogen.
{0055] In an embodiment, the process includes reacting an unsubstituted or a
substituted 2,3-dihydroxynaphthalene with an aromatic acyl halide and forming a 1,2-
phenylene dibenzoate of the structure (IV) below.

(IV)
Rll O Rg
Rz R¢ Q Rt Ry
Ris Rg
Ry ¢ © Fo
Rig o 0 Ry
[0056] The aromatic acyl halide may be substituted or unsubstituted. R; and R4 are

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

selected from an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted
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R8 - R1, and RO - R14 is hydrogen. [00109]The present disclosure provides another composition. In
an embodime&;b%%(l}a%gguted phenylene aromatic diester of the structurkgcgil]}gjsisﬁ&r/gg/iged: wherein
R1-R14 are the same or different. Each of RI, R3, R4 is hydrogen, R2 is a yazrocar%ysf‘group having
Ito 20 carbon atoms. At least one of R7 and R12 is a halogen or a primary or secondary hydrocarbyl
group having | to 20 carbon atoms which may optionally be substituted with halogen, silicon, or an
alkoxy grouphFEachbiREWRS R 1 wndl RIGR Blolssseleetisekit anodiyBivgen, ninaubatituted
hydrocarby! grgip haying 1920 £RIRaRAtaRs,a halohydrocarbyl group, a halogen, a
silicon-containing hydrocarbyl group, and coszinations thgreof [00110]In an emtgodim(ént, R2is an

0

alkyl group h#iRg 1 to 20%aM oY 0 0 1 IS e MBS SRICHke b BHER 1 295 a halogen
or an alkyl grewkstiaeind,2-doglcanbentsiters. (001 2] meamtomboditrdide, B2 idoanrivethyligroup. Each of
R7 and R12 ﬁ&%&gﬁ&ﬁ%g@mﬂgg&wﬁy@ymning R groups are hydrogen. 1001131In an
embodiment, each of R2 and R4 is a methyl group. Each of R7 and R12 is a halogen or a methyl
group. The remaining R groups are hydrogen. [Q0114]The present disclosure provides S¥bther
composition. In an embodiment, a subs;gituted phenyle omatic diester of the structure (II) is
provided: wherein R1-1214 are thg Sanme.qy
having 1 to 20 carbon atoms. R2-R2
having 1 to 20 carbon atoms, a halo
group, and combinations thereof~f 3 an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, a hadohydrocarbyl ¢ oup, 4 halegen, a silicon-containing
hydrocarbyl group, and combinations thereof. 1001151The present disclosure provides another
composition. [le38] embodinaerinbodidsstiftied, phidgyteneaicindtic diestersofthd strhctat®{11) is
provided:

a-sticon-containing hydrocarbyl

and Ry are the same or different and each is selected from hydrogen, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, a substituted hydrocarbyl group having 1 to
20 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations
thereof. The aromatic acyl halide may be substituted such that at least one of Rs-Ryq is
selected from an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted
hydroéarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon
atoms, a halogen, and pombinations thereof.

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

[0660] The present disclosure provides another process for producing a diester. In an
embodiment, a process for producing a diester is provided which inciudes reacting an
aromatic diol with a naphthoyl halide under reaction conditions. The aromatic diol and/or
the naphthoyl halide may or may not be substituted. The naphthoyl halide may be a 1-
naphthoyl halide and/or a 2-naphtoyl halide. The reaction forms or otherwise produces a [,2~

phenylene dibenzoate of the structure (1I):
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wherein R1-R14 are the same or different. R.2 is an alkyl group having 2 to 20 carbon atoms. Each
other R groupwoglizzlo%lsl%hydrogen Each of 125-R14 is selected from rl%d eg an unsubstltuted
hydrocarbyl group having1 to 20 carbon atoms, a halohydrocarbyl group, a og{e% a
silicon-containing hydrocarbyl group, and combinations thereof R.2, R7, and R12 are not
simultaneously a t-butyl group. In other words, when R2 is a t-butyl group R7 and R.12 are not a
t-butyl group (or when R7 is a t-butyl group, R2 and R12 are not a t-butyl group; or whefiR12 is a
t-butyl group, R2 and R7 are not a t-butyl gro "1001161In an embodiment, structure (ll) includes

R.2 that is ethyl and each of R5-R14 is hye 901171In an embodlment structure (II) includes

suitable substltuted l.,2- phenylene dibénz
4-propyl-1,2-phenylene dibenzoate; 4:iS0g henylene dibenzoate; 4-butyl-1,2-phenylene
dibenzoate; 4-isobuty1-1,2-phenylene dibet zoate -cyclopentyl-1,2-phenylene dibenzoate;
4-cyclohexyl-1,2-phenyiene dibenzoate; 4-(2,4,4-trimethylpentan-2-y1)-1,2-phenylene dibenzoate;
and/or biphenyl-3,4VBiAi5ER 26 RieRIODES Of AFO&FD AR FIRETNTD bR substituted.
Each of the smbﬁqtut@dﬁx@ﬁmwh@la?&n&samted from an unsubstituted hydrocarbyl group having
21020 carboqb ms. R i na%t al Ogargngl%yé g{:ﬁenyﬁh Rﬁ%};ea@ﬁngr%%m glﬁglgﬁjr‘%&r Vdes another

composition embo ment a substituted ne aromatic diester 1s provided. The substituted
1,2- phenylen@ﬂ‘?@ﬁ%ﬂ@@ééﬁﬁeﬁa%a‘ﬁﬁéns?ﬂﬁélﬂﬁés(ﬁl}%ﬁﬁwngl%)éﬁmemff ibizepie shihe or
different. Each-@fil3é,(RB, R4 is hydrogen. R2 is a hydrocarbyl group having 1 to 20 carbon atoms. At
least one of R7 and R12 is a halogen. Each of R5-125, Rs-Rl and R13-12.14, ? selected from
hydrogen, an unsubstituted hydrocarbyl group hawing 1 to 20 carbon atoms, a halohydrocarby! group,

4- -ethyl-1,2- phenylene dibenzoate;

a halogen, a silicon-containing hydrocarbyl gr and combinations thereof. [001231In an
embodiment, only atoms selected from Co "H nd/@r a halogen are
[0662] In an embodiment, the process includes reacting an aromatic diol with a 1-

naphthoyl halide and forming a 1,2-phenylene dibenzoate of the structure (VII).

(Vi)
0 : 0
0 o
ooalias
[0863] In an embodiment, R;-R4 are the same or different and each is selected from

hydrogen, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20 carbon

atoms, a halogen, and combinations thereof.
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bonded to the phenyl groups at substituent points R.1-1244 of structure (II). 1001241In an

embodlment,. @%Iz %ﬂ%@" group having 1 to 20 carbon atoms. 10012%%{%,%@5@&%9@9“ each of

R7 and R12 is a halogen.’In a further embodiment, each of R5, R7, R1 IS a4halogen.
100126]In an embodiment, structure () includes R2 that is methyl and R7 and R12 that are chlorine.
Each other R-group of R1-R14 groups is hydrogen. WO 2010/078519PCT/US2009/069954 [00127]In
an embodimdf@odtructureliepdticiuerabornthatths plsgest melnRY pirelpdiadrararenidimencEach other

ft-group of Rigfl4arauRs: ishydioash: 109348lkhe Hisglassie provides another composition.In an
embodiment, a substituteggphenyle%e aromatic diester. i rovglled havingnglile Structfll]Jre I):

gy
wherein R1-R{%%e the B’ SPRAGEILH: BRANCSTR S B TEHY Sy RC KY IEeRYEBdarbyl group
having 1 to 2G:edybonatumsiciachoREdR Iisise lectetsftbmdaydrogeiwean thoswbstituéed hydrocarbyl

group having,}{ 20,6000 A1eRsH2 NACHY dECaEhYBERP, 3 18IRAG RGO HORIAING
hydrocarbyl group, and combinations thereof At least one of 125-R6, Rs-R11 and R13-R14 is selected

from a CI-C6BHAA B KRIGHERCAHF BrhBTHETIEHE S rRB b YS8)iH BB HEBURREY only atoms
selected fromh4ZidH ,(Sibaindéar & halogennasd)bandediio fire @hemy graupsaigubstittenypoints R1-R14

of structure () {931 QA ANGIORSdMER.& Ranalisdooupnanng Lipailcambanaloms. (00131

an embodiment, eac and R12 is a methyl group. I a further embodiment, each of R5, R7, R10,
and R12 is aiféeigretotip. (B0 Tazist raprisscrirsHicaiptchsraan e grestia dobrard 7 and R12

as a methyl aromatic carboxylic acid (or derivative thereof). Nonlimiting examples of suitable catalysts
are metal triflates (rifluoromethanesulfonate) such as bismuth triflate and/or inorganic acids
such as salfirric acid,
[00o66] In an embodiment, the reaction between the substituted/unsubstituted aromatic
carboxylic acid (or derivative thereof) and the substituted/unsubstituted aromatic diol as
described above is performed in the presence of a base such as an amine and/or a nitrogen-
containing heterocyclic aromatic compound. In one embodiment, the base is triethylamine. In
another embodiment, the base is pyridine.
[0867] In an embodiment, any of the reactions disclosed herein are performed in a
liquid medium. Nonlimiting examples of suitable solvents for the liquid medium may be
selected from pyridine, tetrahydrofuran, a halohydrocarbon (aliphatic and/or aromatic),
hydrocarbon, alcohol, ether, and any combination thereof. In a further embodiment, the
liquid reaction medium is a non-agueous liquid.
[0068] In an embodiment, any of the processes disclosed hercin may include
removing a reaction product from the Hquid medium. The reaction product includes any of
the substituted phenylene aromatic diesters disclosed herein. Removal of the reaction
product from the liquid medium may include one or more of the following procedures:
extracting with a different solvent, precipitating, filtrating, concentrating the filtrate,
evaporating the liqguid medium, crystallizing the substituted phenylene aromatic diester,
recrystallizing the substituied phenylene aromatic diester, complexing with a metal salt, and
any combination of the foregoing.

10069] Any process may comprise two or more embodiments disclosed herein.
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group. Each other R group of R1-R14 is hydrogen. [00133]In an embodiment, structure (l) includes
112 that is t-bytyl d each of R7 and R12 is a methyl group. Eac of R1-R14 is
hydrogen. [OO%‘ 4 rglggr%gr%bodiment, structure (ll) includes R2 that is a #Ce%twy gﬁ%%%%g%d each of 117
and R12 is a dimethylamino group. Each other R group of RI-Ri4 is hydrogen. [00135]In an
embodiment, structure (ll) includes R2 that is a t-butyl group and each of R7 and R12 is a
dimethylamirf8%fup. Eadheotisirugrgupvisier 2- £omPeTEIAgdrdyeR. epRodiment, a substituted
2010/078519R6nkAble 2004068204 3001 3eddaslimiting exasmples of suitable substituted
1,2-phenylene dibenzoate include 3-ethyl-1,2-phenylene dibenzoate; 3-propy1-1,2-pherm5ene
dibenzoate; 3-isopropyll,2-phenylene dibenzoate; 3:zbutyl-1,2-phenylene dibenzoate;
3-isobutyl1-1,2-phenylene dibenzoate; 3-cyc|op «1-1,2-phenylene dibenzoate;
3-cyclohexyl-1,2-phenylene dibenzoate; 3-cy @ «] ,2-phenylene dibenzoate;
3-(2,4,4-trimethylpentan-2-y1)-1,2- phenylene djgenzoate, and/or biphenyl-2,3-diyl dibenzoate.
[00137]The disclosure provides another Compesitiorttaai embodiment, a substituted 1,2-phenylene
» wherein:R1-R14 are the same or different. Rl is
not a secondary alkyl group or a tertiary a group. of R1 and R4 is selected from an
unsubstituted alkyl group having 2 to 20-cathen. atoniss arrupsubstituted alkenyl group having 2 to 20
carbon atoms, a halohydrocarbyl group, a hhlogé’h, a sjlicon-containing hydrocarbyl group, and
combinations thereof Each of R2-R3 and each of R5-R14 is selected from hydrogen, unsubstituted
hydrocarby! gagyp havingylhée:20Rgathoneaiamand balniydrecarbid groupiaiiatebenua or a
silicon-containin hyﬂﬁr\écarb | group,.and combhination ereofégo 38! embodiment, structure (I1)
includes R2 5{?{8%5& cltgali(r’(‘alg(ae%rc Cﬁaoﬁydr%ngdg%g J[ﬁ)f)e}%ﬁin@gﬁn ém o%%r%%ﬁ%(z%%tﬁfgegﬁggﬁé%udes RI, R3,
and R4, each &6 athiekbim atvinspropyisgbeifpteE abisof RPuRB RSz dg R oorshpdhydesgen’

[00140]Nonligising Lxanppies shshliahiaiswhtitadSy2 phanvane dineazeaiadnelidadherfollowing
compounds as well as their derivativg%witg 5-R14 subs 'tt%tiotgésg S d§ inledo%b Ve o
3-ethyl-6-methy e 399 16K S HBER TR Y S RES I S BBBHSTCE. 2 BREFNERS dibenzBate:
3-butyl-6-metHybtb2srhenyle hadiptnzobie Brigobbtidedymet hginbizatiohe thent dibenzoate;
3'CyC|0pentyiﬂ@ﬂ]‘ethyl']T;l%e'R@:%pymag}bﬁﬁ§pg§ﬁ§”cy§m§w&é§i refers to an alkyl group

having 1 to 20 carbon atoms with a carbon atom bonded to a phenyl ring (i.e., a “C—Ph

bond™), the carbon atom bonded to one other carbon atom other than the C—Ph bond. A
“secondary alkyl group,” as used herein, refers to an alkyl group having 1 to 20 carbon atoms
with a carbon atom bonded to a phenyl ring, the carbon atom bonded to two other carbon
atoms, other than the C—Ph bond. A “tertiary alkyl group,” as used herein, refers to an alkyl
group having 1 to 20 carbon atoms with a carbon atom bonded to a phenyl ring, the carbon
atom bonded to three other carbon atoms, other than the C—Ph bond.

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

bonded to the phenyl moieties at substituent points Rj-Ry4 of structure (11}

[0074] In an embodiment, each of R; and R4 is hydrogen. In another embodiment,
each of Ry, Ry, and Rs-Rys is hydrogen.

[0075) In an embodiment, R; is a methyl group and Rj is a branched alkyl group.
[0676] . In an embodiment, each of R; and Rj is selected from a hydrocarbyl group

having 2 1o 20 carbon atoms.
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methyl-1,2-phenylene dibenzoate; 4-methylbiphenyl1-2,3-diyl dibenzoate; 3,6-diethyl- 1,2- phenylene
dibenzoate; 3- -6-propyl-1,2-phenylene dibenzoate; 3-ethyl-6-isopropyl-1.2- phenylene
dibenzoate; Sﬁggdf?g%fh%yl-l,2-phenylene dibenzoate; 3-ethy|-6-isobut?ﬁ%%ﬂéﬁeﬁﬁi’ﬁéne dibenzoate;
3-cyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6- ethyl-1,2-phenylene dibenzoate;
4-ethylbipheny1-2,3-diy1 dibenzoate; 3,6-dipropy1-1,2- phenylene dibenzoate;
3-isopropyl-6iH{5y1-1,2-phényreheldnseh 28at8; o8R8 Biitoghat B 20theriRase tiseAYohte;
3-isobuty1-6-praphhviad-Phenyienetibanzoate; 3-cyclopentyl-6- propyl-1,2-phenylene dibenzoate;
3-cyclohexyl-6-propyl-1,2-phenylepe dipenzoate; 4- prapylbiphenyl-2,3-di ibenzoate;
3,6-diisopro ;L})%%Z-phenﬁe%neea?é%%zng%?e? Zhb%%?/‘l‘énrals%ﬁso%%ic?fyﬁp me%ydfyé%cg ql%}élzrﬁ)r\/%l €;
3-isobuty1-6-Fsdpropytie 2apteanylifeectilaon zeritef BsRueiopelneict Sasoprdpginialphenlizhe
dibenzoate; 3seyslohewdsRdsonieriikissrhisnyiensrdibpproate: AiraniRRyiReRyhetgrdiy 1
dibenzoate; 3,6-dibuty1-1,2-phenylene d'%,e zoate, SEﬁut 1-6-isohut 1-1,12-phen_ lene dibenzoate;
3-butyI-6-cyc?6kﬁ’é>rﬂ§ff9f?é’-5ﬂ8’??§9gnlé“ Ber: 61535;?1%46' @%6“3?&%’ SR ?%%%E;Tétﬁ%e%%énzoate;
4-butylbiphemyle2yB-wiy 2. dibenrodtepBieaclisbbintplit{Reptrebydenantlidemsbare 0f Rs-Rys is a
3-cyc|openty@;§dsg§gﬁt¥gﬁ,}p%m%qgggge dibenzoate; 3-cyclohexyl-6-isobutyl-1,2-phenylene
dibenzoate; 4-|soi)utylblpheny1-2,3-_diy1 dibenzoate; 3,6-dicyclopentyl-1.2-phenylene dibenzoate;
3-cyclohexyl@-@clopent&‘i‘l@i?ﬁlbﬁﬁ@i’ﬁﬂ%ﬁ%uﬁfb‘é’r{%é‘%@?ﬂgﬁédlgﬁ‘éﬁ&%mér%‘?‘i‘f@?3“- J1¥ibenzoate:
3,6-dicycloheaxy1-iy24 phepyad difenRoaid F4-Ryciohekylisiphenyl1-2,3-diyl dibenzoate; and/or
3,6-phenyl-1 2. phenyle ib 0 j K vide qsition. In an
em bodiment],“g}g[ﬁ;stituteqﬁ 19{k 2?%%%%%'%%ﬂiﬁﬁggs%{gggfﬁ%%tsﬁé% %{1 g%}% Egir)ég\g)i%%ic;iyp

wherein R1-FRrEeddmd ordifferdnts BEEREPRI, R2, and R4 is selected from an alkyl group
having 2 to 2fdes¥pon atomsn amedkemydigseundaingniiidealRearbbR; afamadRhadohyaragarbyl group,
a sHmon-contammggf& roca{_%%l ?%r?(lﬂﬁj %ghcgfﬁ{gjqafl%qﬁ%gﬁgﬂ E??Jh?&ﬁg‘%}ﬁ“ is selected from

hydrogen, arfunsubsttated arbyl gr%up aving 1 to 20 carbon atoms, a halohydrocarbyl group,
a halogen, a ¥#i83n-contaihgerypadioarbyirgeoup (Hhinduefsbirishoh R thBreid o 223 ReYembodiment,
each of Rl, Rg.andiRisiselested fromparsakyb ruURhavIng, 20 R) rarbrn, atpmadary alkenyl group
having 2 to 20 carbon atoms, a halohydrocarbyl group, a silicon-containing hydrocarbyl group, and
combinationé‘{’}ggf%%? [00143]In an embodiment, R3 is hydrogen. Each of RI, R2, and R4 is selected
from a hydro6%tn groupgrhavimgpadioan, sarbbredibrinsEse ik of R nztey Raokprisd A edptiaty alkyl
group. Each gfR5:R14 is 2elecied.fkor hydroden abuynsubstitiediydroaarhy! mroup, iraying 1 to 20
carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing hydrocarbyl group, and
combination&ﬁ%%?[@@ﬁ%ﬂﬁ?ﬁlimiting examples of suitable substituted 1,2-phenylene dibenzoate
include the fqlle8hg compoamestasimett asrtheiredbivaiives vith HRRR4 BudsitBtioR(s)ad defined
above: 3,4,6{imethy 14 2-phenvirne Jibenzaale:Roaihyatbotimety k.l &;, Rigruene.dibenzoate;
4,6-dimethy1-3-propyl-1,2-phenylene dibenzoate; 3-isopropyl-4,6- dimethyl-1,2-phenylene
dibenzoate; 345¥#$§84, 6-dimethy1-1,2-phenylene dibenzoate; 3- isobuty1-4,6-dimethy1-1,2-phenylene
dibenzoate; 3sogsjopentyIndb «shitrethyit 1sPuptueniid necbidsizoate ;methyl group and R3 is a -
3-cyclohexyl-4.6-dimet h En dikenzoate: 4.6-din zik%llg ny:1:%,.3r gliya dibenzoate;
4-ethy|-3,6-d1|b%t§h rﬁﬁ;?%ﬁ%%%ﬁ?% e%gﬁzzﬁggFéﬁk%QG%rg% y 1l11§ B‘ér%%)%feﬁze ﬂé‘ilb@elpﬁzoate;
4-ethyl-6-mefhyBaLptshiEshystesifene dibenzoate; 4-ethyl-3 - isopropyl-6-methyl-1,2-phenylene
dibenzoate; 3gsdyl-4-ethyi-énaatiyinied:pihepyienE didnze®ethat is a methyl group and Rz is a
4-ethyl-3-isobuty1l-6-methyl-1.2-phen e dibenzoate: 3-cy Nyl -4sethy1:6-

etyl-L 2. pRER e bR Sl e g & B ot Bt Bt
6-ethyl-4-methylBipherd/R:pighgRieedibenzoate; 3,6-dimethy1-4-propyl-1,2-phenylene dibenzoate;
3-ethyl-6-methyl-4-propyl-1,2-phenylene dibenzoate; 6-methyl-3,4-dipropyl-1,2- phenylene
dibenzoate; 3-isopropyl-6-methyl-4-propyl-1,2-phenylene dibenzoate; 3-buty1-6-
methy1-4-propyl-1,2-phenylene dibenzoate; 3-isobutyl-6-methyl-4-propyl-1,2-phenylene dibenzoate;
3-cyclopentyl-6-methyl-4-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-
methyl-4-propyl-1,2-phenylene dibenzoate; 4-methyl-6-propylbipheny1-2,3-diyl dibenzoate;
4-isopropyl-3,6-dimethy1-1,2-phenylene dibenzoate; 3-ethyl-4-isopropyl-6-methyl- 1,2- phenylene
dibenzoate; 4-isopropyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 3,4-
diisopropy1-6-methy1-1,2-phenylene dibenzoate28-butyl-4-isopropyl-6-methyl-1,2-phenylene
dibenzoate; 3-isobutyl-4-isopropyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclopentyl-4-
isopropyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4-isopropyl-6-methyl-1,2- phenylene
dibenzoate; 6-isopropyl-4-methylbiphenyl-2,3-diyl dibenzoate; 4-butyl-3 ,6- dimethy1-1,2-phenylene
dibenzoate; 4-butyl-3-ethyl-6-methyl-1,2-phenylene dibenzoate; 4-
buty1-6-methy1-3-propyl-1,2-phenylene dibenzoate; 4-butyl-3-isopropyl-6-methyl- 1,2- phenylene
dibenzoate; 3,4-dibutyl-6-methyl-1,2-phenylene dibenzoate; 4-butyl-3-isobutyl-6-
methyl-1,2-phenylene dibenzoate; 4-butyl-3-cyclopentyl1-6-methyl-1,2-phenylene dibenzoate;
A-hiitvl-2-~vvelohevvl -A-methvl-1 2-nhenviene dibenznate: A-hiitvv1 -AR-methv1-2-(2 A A-



methyl-1,2-phenylenedibenzoate;4-cyclohexyl-6-methy1-3-propyl-1,2-phenylene dibenzoate;
4-cyclohexyl-3-is -6-methyl-1,2-phenylene dibenzoate; 3-buty1-4-
cyclohexyl-6-%%6%3@?%}6henylene dibenzoate; 4-cyc|ohexy1-3-isobutyli€ {IrIr%Zeqt?%l/(i?i?% phenylene
dibenzoate; 4-cyclohexyl-3-cyclopentyl-6-methyl-1,2-phenylene dibenzoate; 3,4-
dicyclohexyl-6-methy1-1,2-phenylene dibenzoate, 6-cyclohexyl-4-methylbiphenyl1-2, 3-diyl
dibenzoate; 4%&TmethyldhepRbodiment, s A acdenRa baisapahshenyt- a4kl dibenzoate;
S-methyl-2-prapirdbipbeny ta3ud-ciiy lslirg nzostRs Antsepia PR ach sTRINFIDIDhBAVS, 2:0B/}. dihenzoate;
2-butyl-5-meit\1ylk%iggﬁnylgl&ddf-di 1 dibenzoate; 2-isobutyl-5- methylbipheny1-3,4-diyl dibenzoate;
2-cyclopentyl-%-met Vlf)sipﬁerr?§ -3,4-diyl dibenzoate; 2- cyclohexyl-5-methylbiphenyl-3,4-diyl
dibenzoate; 3M88henyl-6-imensahadetic sipetne dibengaes Re & thiA-macdirhagipiaad Rpliénylene
dibenzoate; 3.6xdiethyikrArmethyi- hdr IENRN)IRIGAABRAZOBAER of Ry, Ry, Rs, Rs, Rs, Ro, Rio, Ruy,
6-ethyl-4-methyl-3-prop I-l,%r-(%henylene dibenzoate; 6-ethyl-3isopropyl-4-methyl- 1,2-phenylene
dibenzoate; SR-‘BL?R}%B%%W “FHethyl- 1 ,2-phenylene dibenzoate;
6-ethy1-3-isol9d8#1-4-methybd @aphbmyienerdibendbaie) Bl /Bidhensyngtbyhgionp and Ry is a
methyl-l,Z-NW%%QJbgmqoat%%@/ﬁlg@@5%%%%—.%6%nn?w,'@a?lqi,@emate:
4-ethyl-6-methylbiphenyl-2,3-diyl dibenzoate; 4,6-diethyl-3-methyl-1,2-phenylene dibenzoate;
3,4,6-triethy1131£>28phéﬂ%;l%ﬁés P&Bate; 4,6-diethy1-3-propyl-1,2-phenylene dibenzoate;
4,6-diethyl-3-jsesnppyl-1, 2nphemybedimdibenpoate (3} butyded 1B diethn/d sisihy bireny lkeeRdibenzoate;
4,6-diethy1-3-| -1, e ib - 3-eyelo di e
dibenzoate; 3@1}&} o%é%lﬁ%ﬁgﬁ%dl%%%%%%ﬁg a?ﬂ?&n%%%{t?fi%gg%%iﬂ%ﬁ%%%?&yl
dibenzoate; Betiy¢- Bunieligebropyl-1,2-phenylene dibenzoate;
3,6-diethyl-4grenyl-1,2-phendendigivenzaate: §ibthyhddrdipropyd sseihenylené Riilkenzoate;
6-ethyl-3-isopr. -4-propyd-1.2-phenylene dibenzoate; .3- -6-ethyk-4-propyl-1,2-phgnylene
dibenzoate; gzﬁ%l%‘ﬁ?dbﬁﬁ%-o -prb%%ﬁ%b-p e%ﬁlle%]aet |8%%1gz/§t§?g'; ??—Xc%};/‘cbl}c‘)%ze’r%éé’-eﬁt)%%’-4-propyl-
1,2-phenylenBidiBenabdls: 3 hsidEtgrxy 1-6-ethyl-4-propyl- 1,2- phenylene dibenzoate;
g-gthy1-6-prqnv%@'§of;lenylhz&-%gtiﬂ@ﬂ;ﬁmaﬁﬁ—aﬁ%yfédﬂdw{wk%mm&&@aﬁbmyb@ne
ibenzoate; 3,6-diethyl-4-isopropyl-1,2:-phenylgene dibenzoate: 6-
ethy1-4-isopro %}i%f%/‘ﬁBpﬁaf%%%h%Fs&é%ﬁﬁég 305Stéa;C%E-]%rt]ﬂfll?é?ﬁlid%S}brog&/ziﬁ’zgf)’h%?ﬁﬁ%ne
dibenzoate; Roubi-erélylighisbpeobyl-1,2-phenylene dibenzoate; 6-ethy1-3-isobuty1-4-
gopr?pgl-l,i{@bﬂylleze qm%maﬂesazirﬁeﬁyet?gaﬁ&ygrﬁmbxégmi%ﬁﬁgaﬂr&h&@hﬁzﬁmﬁma%i%egzc;a_atle;
-cyclohexyl-6-ethyl-4-isopropyl-1,2- ylenediben e;4-ethyl-6- jsopropylbipheny1-2,3-diy
dibenzoate; 428t Igéog?hﬁoaﬁ%rﬂ)éﬁl&%g 15ngﬂ%e%i?é%z%%lt{éf%ﬁﬁﬁ?yﬁ?%l-]aﬁ%{?ﬁ%i1-1,2-phenylene
dibenzoate; 44994)1-6-ethylk3spropyliindpemyizn ddirendonke; that is a methyl group and Ry is a
4-buty'-6-ethxlb%zmgsewh;eﬁ-m;uﬂ@m dibanacakem i iRty Lbatbyk] &; Repyleperdibenwate;
4-butyl-6-ethyl-3-isobutyl-1,2-phenylene c?hbenzoate; 4-buty1-3- cyclopentyl-6-ethyl-1,2-phenylene
dibenzoate; éﬁﬁu&ltsgéyd‘ﬁﬁ%%ﬁlé@éﬂgﬁﬁlz-phenylene dibenzoate; 6-butyl-4-ethylbipheny1-2,3-diy1
dibenzoate; qosds)l-4-isodutyd edrbnéiinyhi] sBuphen§ipmeldibeRz dates a methyl group and Ry is a
3,6-diethyl-4-j tyl-1.2 iben o 4} y [-d,2 ne
dibenzoate; é:ﬁét ylgjt)l%%b-g%%r%@g%%%pﬁ?ggﬁ}eﬁ?\%%og%ﬁ%g;gg’ %IP‘SPR{ R RQ,hﬁQ)ﬂg
-butyl-6-ethy!BsBeobBiyi 12 456 dryie hEdEiEEhzoate; 6-ethyl-3,4-diisobuty1-1,2-phenylene dibenzoate;
3-cyclopentyigbsathy 1-4-isobutyikbbdrphienyiene ciiic nzoates BrdyalshexythsB-group and Ry is a
ethyl-4-isobutyl-1.2-phenylene dibenzoagte; 4-ethyl-6-| Ip 3-diyL dibenzoate;
4-tert-butyl-6l-{é HVll-gl-%ﬁlgthyﬂ% fﬁg%e%nﬁe;ﬁﬁzeia %%ﬁ%ggﬁagégﬁu%@é %ﬂi%iﬁf’l, r--%h%é?iylene
dibenzoate; RierRbuBbeEti-B-BiéegR1, 2-phenylene dibenzoate; 4-tert-buty1-
6-ethy1-3-isopigpy!-1,2-pheaylens ginenzaaieiud-tent-heide3 foubd: 6 e thyihd Zrphemdandsdibenzoate;
4-tert-butyl-6-ethyl-3-isobutyl-1,2-phenyle ibenzoate; 4fert-butyl-3-
cyclopenty1-g-’é’t%%/rll-rff3 gﬁ%ﬁﬁeégp Oeﬁ‘z%eg%e;oi-té’r - ?ﬁc)ill- :%Vcﬁ%ﬁ?é%%?%-ethyl-lz- phenylene
dibenzoate; 4-cyclopentyl-6-ethyl-3-methyl-1,2-phenylene dibenzoate; 4-
cyclopenty1-3,6-diethyl-1,2-phenylene dibenzoate; 4-cyclopentyl1-6-ethyl-3-propyl-1,2- phenylene
dibenzoate; 4-cyclopentyl-6-ethyl-3-isopropyl-1,2-phenylene dibenzoate;
3-butyl4-cyclopentyl1-6-ethy1-1,2-phenylene dibenzoate; 4-cyclopentyl-6-ethyl-3-isobutyl-1,2-
phenylene dibenzoate; 3 ,4-dicyclopentyl1-6-ethyFt,2-phenylene dibenzoate; 3-cyclohexyl-4-
cyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 6-cyclopentyl-4-ethylbipheny1-2,3-diyl dibenzoate;
4-cyclohexyl-6-ethyl-3-methyl-1,2-phenylene dibenzoate; 4-cyclohexyl-3,6- diethyl-1,2-phenylene
dibenzoate; 4-cyclohexyl-6-ethyl-3-propyl-1,2-phenylene dibenwate;
4-cyclohexyl-6-ethyl-3-isopropyl-1,2-phenylene dibenzoate;
3-buty1-4-cyclohexyl-6-ethyl1,2-phenylene dibenzoate; 4-cyclohexyl-6-ethyl-3-isobutyl-1,2-phenylene
dibenzoate; 4- cyclohexyl-3-cyclopentyl-6-ethyl-1,2-phenylene dibenzoate;
3,4-dicyclohexyl-6-ethyl1-1,2- phenylene dibenzoate; 6-cyclohexyl-4-ethylbiphenyl-2,3-diyl
AdAiben7noate: G_.athv1-2- methvihinhenv1-2 A-Aivv1 dibenwate: 2 B_diathvibinhenv1-2 A-divv1 dihenznoate*



[00146]In an embodiment, at least one of R1-R4 is substituted and is selected from an unsubstituted

hydrocarbyl g haying | to 20 carbon atoms, a substituted hydrocarbyl group having I to 20 atoms,
and a halogerg‘?a %%Of%ﬁ%%gother composition is provided. In an embodim)éﬁ%,lgszs?’lﬁ}%@ﬁ%%d phenylene

aromatic diester is provided with the structure (IV) below. (IV) [00148]R5-14 are the same or different.
Each of RI, R4 and R5-R14 is selected from hydrogen, an unsubstituted hydrocarbyl group having 1 to
20 carbon atd®¥88h substiutad-mpafdesb pimaiitd D isdelardinand Ry dloebivyisgr e, a halogen,

a silicon-contaipingrhydregat bykgraupeRArEQmMbinpsgns thereof. [00149]In an embodiment, any R
group of 121, d R5-14 that is not hydrogen is,an unsubstituted hydrocarbyl.group. In,a further
ﬁ}gfgﬁf Jh[l) an emgogxmerx w%?kérﬁs(ul%niﬁ%fﬁ%ﬁ IS ?hat ay 40 4&%111'}/ 1) ggﬁ

embodiment, ydrocarbyl group IS an a yl'gro an embodiment, SRl and R4 is
hydrogen. R5illgrame the same or different. At least one of R5-R14 is selected from an unsubstituted

hydrocarby! ggippaving ih i, 20, 68Eem2tamsy.2 Nalahyekacarbyk @roup. 12 IRIAgemy Peroup

silicon-containing hydrocarbyl group, and combinations thereof. R7 and R12 are not simultaneously a

methy! group X HeP REFHE RPTE K5 §AMEAT YPoup when R12 is a methyl group (and vice versa).
[00151]The 2{@hEihthalenemzoibodimenyt, srwayerith belsdistititetd RirnohB embodiinegtothe

2,3-naphthalepg égt%i%%g‘ﬁkébﬁgsﬂﬁﬁt,i%@ﬁlWiti%?&%f&r@é@ﬁ? C2 - C20 alkyl groups or more than 2
methyl groups. In another embodiment, the i,S-na hthalene moietﬂs unsubstituted (i.e., R1 and R4

are hydrogenl® H152]In HheaSTBoRAment, SEUEHRUr o R8sk ths 2SR i CarBedif® [00153]Any
of the compositiosigodisciose dddereinahRy-ikelide-®ig ardRere Rmbdgidneats disclosed herein.

[00103] Nonlimiting examples of suitable substituted 1,2-phenylene dibenzoate
include the following compounds as well as their derivatives with Rs-R4 substitution(s) as
defined above: 3,5-dimethyl-1,2-phenylene dibenzoate; 5-ethyl-3-methyl-1,2-phenylene
dibenzoate;  3-methyl-5-propyl-1,2-phenylene  dibenzoate;  S5-isopropyl-3-methyl-1,2-
phenylene dibenzoate; 5-butyl-3-methyl-1,2-phenylene dibenzoate; 5-isobutyl-3-methyl-1,2-
phenylene dibenzoate; S5-tert-butyl-3-methyl-1,2-phenylene dibenzoate; 5-cyclopentyl-3-
methyl-1,2-phenyiene dibenzoate; 5-cyclohexyl-3-methyl-1,2-phenylene dibenzoate; 3-
methyl-5-(2,4,4-trimethylpentan-2-y1}-1,2-phenylene  dibenzoate; S-methylbiphenyi-3,4-diyl
dibenzoate;  3-ethyl-5-methyl-1,2-phenylene  dibenzoate;  3,5-diethyl-1,2-phenylene
dibenzoate; 3-ethyl-5-propyl-1,2-phenylene dibenzoate, 3-ethyl-5-isopropyl-1,2-phenylene
dibenzoate; S5-butyl-3-ethyl-1,2-phenylene dibenzoate; 3-ethyl-5-isobutyl-1,2-phenylene
dibenzoate;  S-tert-butyl-3-ethyl-1,2-phenylene  dibenzoate;  5-cyclopentyl-3-ethyl-1,2-
phenylene dibenzoate; S5-cyclohexyl-3-ethyl-1,2-phenylene dibenzoate; 3-ethyl-5-(2,4,4-
trimethylpentan-2-y1)-1,2-phenvlene dibenzoate; 5-ethylbiphenyl-3,4-diyl dibenzoate; 5-
methyl-3-propyl-1,2-phenylene dibenzoate; S-ethyl-3-propyl-1,2-phenylene dibenzoate; 3,5-
dipropyl—l,2—phenylene dibenzoate; 5-isopropyl-3-propyl-1,2-phenylene dibenzoate; 5-butyl-
3-propyl-1,2-phenylene dibenzoate; 5-isobutyl-3-propyl-1,2-phenylene dibenzoate; 5-tert-
butyl-3-propyl-1,2-phenylene dibenzoate; 5-cyclopentyl-3-propyl-1,2-phenylene dibenzoate;
5~cyci0hexyl—3-propy}w1,2~phényiene dibenzoate; 3-propyl-5-(2,4,4-trimethylpentan-2-yl)-
- 1,2-phenylene dibenzoate; 5-propylbiphenyl-3,4-diyl dibenzoate; 3-isopropyl-5-methyl-1,2-
phenylene dibenzoate; 5-ethyl-3-isopropyl-1,2-phenylene dibenzoate; 3-isopropyl-3-propyl-
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[001541Any of the compositions disclosed herein may be made by one or more processes disclosed
herein. [001551In an embodiment, one, some, or all of the foregoing compaositions include no
substituent thaf CONtAINS an active hydrogen. Nonlimiting examples of sOGSTENE W an active
hydrogen include a hydroxyl group and a carboxylic acid group. Not wishing to be bound by any
particular theory, it is believed that the active hydrogen(s) may react with TiC14 and/or other catalyst
components Haritgneisedy sibapacatssis3andiiensan el paemsrienen dibsnapricie so¥ant TREISY It is also
Efoerf%d ';]0 H&Wﬁliﬂlepﬂé{éﬂ%é %@M@({l )@Qé‘tﬂﬂ%@%@é&ﬂ&;ﬂlﬂlmgﬁhﬂ%ﬁﬂ ﬂi[bﬁﬁbmts_%-lt is

elieved that extra electron dopating grqup(s),may poisopn catalyst active sites. [001561The present
compositionstefﬁégy te(l)"?;ﬁlpsﬁ%lgq %igfi%n%’feee?nbdé%ﬁrr%é%‘% d?é@fgggé}/ Z%éfﬁ?lfff)@%}f?fﬁhem Jr]é“;né“:ént
substituted pHissptente; arSrantichdiodtetishmray be-phsadlinerotibeanpstes ondpesitionyt afiifet-catalyst
compositions,fgrtheRalyeyaationieh olsfinahasedRobimiprs phehexdPle s prasens substituted
phenylene aromatic diester%s) may be used as an internjl qg‘é%ro%l%gno and/ h[)an exterpal electron
donor in a ZiBYIEF AR A AR RE NPT P pralsnt- st f)? SAA8RE afomatic
diester(s) in datalyispsysichisphevdatagébustyanhirfoey Catalyspstedatetabtivtydirdroatalyst activity
Catalyst systems yhish ingludeuhe aiesanieubsiivied abenylens pigmaliciasiails)adyantageously

produce olefin-based polymers (and propylene-base Ié)olymers in particular) with broad molecular
weight distribRiish e highrebsatirae Aibrieg sy Dol ore et TATEoH0ED 8858% 150 £58])Any of the
substituted phepyoepieryatQ dinstdmdisilesectrercirbmgys e, acompintrtuohd piptatalyst
composition apd/ar a catalyst compesit] igclosed;in Y ent-Applicatior 6:14141,902 filed
on Decembep%fﬁ 58683&&%(%?%29 Dgo%égt% I{?oﬁe%‘g?ggf 514% e ggg?e%%ﬁte#iﬁéw i}c%q?sl%%yéi%éorated by
reference hersitnvjor $0epeEENITIONSdwsdlAPRetsiasERRsHe PaibER I PaBRP Y te Elements
herein shall rgfigsiRdhaiReriedc Tablagi-hadplepienisphublishedibnadeapsighted-byuRE Press, Inc.,
2003. Also, references to a Groyp or.Gro hall be to the Groups.Qr Groups reflected in this
Periodic Tat;la[éyéﬁﬁlg éerr(?gar?flsz {f%?hg ’%ﬁ%ﬂ O%‘ﬁ%ﬁgfé} e %C)}lre'n(g!rgne er?ﬁgsa%ﬁ%gﬁr? Iésé)féus%’asted to the
contrary, impliéitptromiehrediemasrte ot-exmepmahdisehetdrl . pipamisnsriibseredntd-aredu3ed on weight.
FOE)lPUrpose%f%dkl{?@@d(ﬂ,@ﬁtﬁ%l@ﬁéﬁnt %&@&E&%ﬁe C@Mﬁfﬁ@ﬁﬁ&iﬂﬁ&k@%@;ﬁh@@%p@@on, or |
publication referenced herein are_her ncorporated by reference.in their entirety (or,the equivalent
US version tREFESFRS s@qﬂ%?ﬁ%rgﬁﬁgﬁ&&é%%&%%f elg?)éig?g yoﬁ\t/?fh?’r"gg%g%?nt@ffﬁél\{ 5&51) !Ibps%re of
synthetic techhiguiess déifimmtiots; (td-the cprieyit neshindohslstaiewitiibenzaedinitiordopeotitied herein)
and general knowledgen, the 2008 The,gemSempadsiogyl- andAsHvakvamiharasf. 4s not
intended to exclude the presence of any additional component ste%’or pr%?heclju!;?, ghe her or not the
same is disclBEEE IR bl P65 BRI ar‘i&lga?ﬁﬁ’ﬁ Sall ¢ ﬂ%‘fﬁ s EIHEa rrePBMT S ugh use of
the term "comjhdsinge mayrenchudd hoychaeditignial atditilae adjiieanigtor compoyridpertiithier polymeric
or otherwise, ﬂ@ﬁ%%&é@ﬁ%%%tgz%.sya&ﬁ?e%m&amtf;@r%ﬂmﬁ{ény1;sg@%@HM@%@ tighkgfi.excludes

0

from the scof))e of any succeeding recitation any other . component, step or procedure, excepting those
that are not es&ehdaFBGpPaR Tt T TR deRsisHiRgEPasclUES RS OB RRTSRER: StEP or
procedure nofibgectically-celinested ardisied 2 Thender "atihenntess statedabthehwistytaiers to the

listed members individually as well as in.any, combinatior 2 1Eki _ecited
herein, inclu&Jélssengﬁe\r}%IllﬁJj?% fzgﬁt]ethe 36’38*?6&‘3( ugglgt%ffﬁefﬁ% %%%%eﬁ%%ﬁ%%%%eﬁ?g ongé@1 ugﬁit, provided
that there is aseeearhficrrbtratitaastPumsnghefntr-arrysbiertaiddbamiensy AiBerisue: As an
example, if itdgcaiated habtie AMDPRR A ompanant; o5 aevebue i3y cuRpesitionabayienphysical

property, such ac, or example, amjoun of 2 flznd compenent; sgfiening lampsralce, meft index, etc.
phenylene dibenzoate; 3-¢cyclohexyl-5-(2,4,4-trimethylpentan-2-yi)-1,2-phenylene
dibenzoate; 5-cyclohexylbiphenyl-3,4-diyl  dibenzoate; 5-methylbiphenyl-2,3-diyl

dibenzoate; 5-ethylbiphenyl-2,3-diyl dibenzoate; 5-propylbiphenyl-2,3-diyl dibenzoate; 5-
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WO 2010/078519PCTTUS2009/069954 and 100, it is intended that all individual values, such as, 1, 2,
3, etc., and al such as, 1to 20, 55 to 70, 197 to 100, etc., a umerated in this
specification. Iké%:%{g%géiﬁvg\’/hich are less than one, one unit is considerec%%c?@gggﬁé%%lo.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 considerea thy BighrarsR stitbd inflfeappiicatort P ey oty any HbsERE rafge recited
herein includestanybigieey e subyangeiwithindhe staiedusngphdNuicisal rargeaoare been recited,
as discussed herein, referen It jndex, melt flow rate, and other praoperties,.[00163]The terms
"blend" or "pgﬁﬁrﬁg?ﬂeﬁ)ﬁ%%ﬁ%%ggdy%efga(frél?%gaéeblegf\:c (g? two orlprsﬁ%lryef?%%lu)&%tfer?ﬂ[ Ueh 'S blend may or
may not be nfistiblesdplsate-sepiiabeayhe ez diankons) agiieh 2 blgvmadylammaierfot be phase
separated. Syghadalend may or may not contain one or more domain configurations, as determined
from transmiss; lectron, spectroscopy, light scattering, x-ray scattering, and othet methods known in
the art. [OOlgiﬁﬁgterm 'Ecl:}gn%eé’gﬂﬁ(;éﬁgygssu%s%r& ‘Héerselar?, iNAUeS %Slr%?iltugr%l &t r%%t?g%léqgn\;\’/ﬁch comprise
the compositiuhstastwdehayiroactionapectiestis it decowpditioprprdadicts formed from the materials
of the composition. [00165]The term "polymer” is a macromolecular compoyid prepared by
polymerizing monomers of the same or djfferent type. "Polymer" includes homopolymers, copolymers,
terpolymers, interpolymers, and so on. The-term "interpolymer” means a polymer prepared by the
polymerization of at least two types of
copolymers (which usually refers tq,
comonomers, terpolymers (which ustiglly referst6 polymers prepared from three different types of
monomers or comonomers), tetkaQoly Wi ;

different types of monomers or co
a polymer containing, in polymerizéde ) aveight percent of an olefin, for example ethylene
or propylene, based on the total weiglyt of the polymer. Nonlimiting examples of olefin-based polymers
include ethylene-based polymers and propylene-based polymers. [00167]The term, "propylene-based
polymer," as used éwagin Raféns 4 dhpohymer tifesomPBrisexm alivdjorp Weitist perétsepolymerized
propylene mapomes{haseskanr tigfotal. MU, ok PR aesable.mrananers)sand.eatianally may
comprise at least one polymerized comongomer. [00168]The term "alkyl,” as used herein, refers to a

branched or BHBPSAEnE, SRETRSHERT JHEREHRd BoYRIRYBFochrbonThdiEs *NSHiifinG examples
of suitable alkglotadicadsbiriguaie, i0ragam plelinoetbydiasting hmdpropll) igprap wiyReproweriphfor allyl),
vinyl, n-butyl o1yl e Butyl(oR2-metyIRr ARV k- S1G. g alkiR hayRdpand 20 carbon atoms.

[00169]The term "substituted alkyl," as used herein, refers to an alkyl as just described in which one or

yl
more hydrog&fH¥m boulfd #6 &RYEsBh Srite stiegied fapih el PolPEROEEYEr 88D 8uehEs a halogen,
aryl, substitutaghahytpeyaloalidybrenfpstituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl,
halogen, hal hydro mi hosphi Ik ~-aminQ, thig, nitra, mnati thereof.
Sitale sub g ey T e o g e e B The term
"aryl," as usetoHEiR i9ers BN aromatic substituent which may be a single aromatic ring or multiple
aromatic ringgeybigh are fusedingethest llakedfcovaleRilyisendinkagdeparbadhon oy, fych as a
methylene or_eéhyleg mgigtyis'qq?, grglrlnatic ring(s) may include phenyl, naphthyl, anthracenyl, and
biphenyl, among otherd’ The' aryts have 1 and 20 carbon atoms. 100171]By way of example and not
by limitation, 8%&#Bbles ofia présdiveetiscrsbureRwind By bdlppavfdeghlorine. Each of Rs — R,

Rg— Ry, and Ry3 — Ry is hydrogen.

[60199] The present disclosure provides another composition. In an embodiment, a

substituted phenyiene aromatic diester of the structure (II) is provided:
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10017211. Synthesis of 1,2-phenylene aromatic diester. 1001731Method A: A 250-nil round-bottom
flask is charged with catechol (0.025 mol), pyridine (0.05 mol, 1.0 equiv.), and dichloromethane (50
m1l). The flassgig %@8 e%nilr? an ice-water bath, and acyl chloride (0.05 mo%icf.laséaoﬁf%’%ss“tadded
dropwise. Upon completion of addition, the reaction mixture is warmed up to room temperature and
stirred overnight. The mixture is diluted with additional dichloromethane, and washed with saturated
HCI, water, saturated sodium bicarbonate, and brine cgnsequently. The organic I&}&r is collected and
dried over magnesium sulfate. After filtration, thefiltrat€ is concentrated, and the residue is dried in
vacuo. Most of the crude products are pure er;!‘ou ich can also be further purified by
recrystallization from ethanol (for solid) or by distilfatioh in vacuo to yield the product as white to yellow
solid/liquid. WO 2010/078519PCT/US2009 7 iMethod B: To 250-ml round-bottom flask
was charged with catechol (68.0 mmol, 1.0 equiv.), pyridine (0.14 mol, 2.0 equiv.) and 50 ml of
methylene chloride. The flask is cooled t6'® ice T bath

is added dropwise. The reaction mixture is g
removed under vacuum residue is dissofred i - ether:and filtered to remove solid. The filtrate
is washed successively with 100 ml of 0.1 N HE€1, water &nd brine, dried over Na2SO4. After filtration,
the filtrate is concentrated jo give the crude product, which is purified by.recrystallization in ethanol to
yield final product. fﬁ%eﬁg "egﬁ’oatfe R C—’?n‘?%ﬂeﬁ%- St ocr’r?]géié% ’ieg‘bﬁgl)éé%\?vnﬁ 2Aﬁt%rt-butylbenzene-
1,2-diol (0.03welodrabiehzyduheride (G086 arinlp 2iemsquiviyasion iR g & ¢105haNEe 00235 equiv.)
and dichloro & LOhME ThREARTI QR MIXINE:S Sliited AYeHaRtAl FAGRyiepBRIgiure. The
solvent is removed via evaporation under vacuum. The resid %;ﬁ gi s%I%/eég1 ith etcp}glfa etate, and
washed with BriESEROHS 3aReter S HRP LIS &%ﬂ%%é’i?@ﬁtl#. g 6%@ i é%iér RIcBifstted and dried
over sodium suithtsediiten filtdation, theufittsteuscbybeciratbgrotinbagug & tpritechis gomified by
recrystallizatipp, iam et et andiexanas: [0AIAAIMER oA amliound bottom flask is
charged with 5-tert-buty1-3- methylbenzene-1,2-diol (0.02 mol), acyl chloride (0.044 mol, 2.2 equiv.),
bismuth triflaf@TFPHARIPEEB5 equiv.) and dichloromethane (100 m1). The reaction mixture is stirred
overnight at oomaemperaidrenbedis@iveR} is aeatiovethuieheviapdratiincaderasuum. The residue is
dissolved wit acetate i e K2 i ORSGAH ntly. The
organic Iayer@s&g%ﬁectedq;]nﬁ?gﬁg\g!%%gé%%% %ﬁ ﬁ%&?%‘%ﬁ%&%ﬁﬁ% ?ﬁﬁgg‘%‘% concef]trated. The
crude produdi§ FiPred®RFrecrystallization from ethyl ether and hexanes. [00177]Nonlimiting
examples of gsgmieunds preadused dnwayrRefishenfelsyetogpsyRitiesisrarapoyitedhinogabte 1 below.
WO 2010/07%%%%!?%&%%009/06995& Table 1 O'J}B&%.'d Synthesis Method Structure

€ rémaining R groups are hy

[60113] In an embodiment, each of R; and R4 is a methyl group. Each of Ry and Ry» is
a halogen or a methyl group. The remaining R groups are hydrogen.
[00114] The present disclosure provides another composition. In an embodiment, a

substituted phenylene aromatic diester of the structure (IT) 1s provided:

n

Ry Ry

Rq Ry

] o ) Q

Rs

R R
10 . Rug / s
R Ry R
11 R {3
Ak3

Riz Rz
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114 NMR (500 MHz, CDC13, ppm) 1,2-phenylene dibenzoate A 8,08 (dd, 4H), 7.54 (it, 211),
7.34-7.43 3-n@w¥$1%;&%gl-g)utyl-l,2- A 8.08 (dd, 211), 8.03 phenylene dip&%g%m(,(g% 2H), 7.53 (It,

wherein R;-R;; are the same or different. R; is an unsubstituted hydrocarbyl group
having 1 to 20 carbon atoms. Ry-R; are selected from hydrogen, an unsubstituted hydrocarbyi
group having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing
hydrocarbyl gfoup, and combinations thereof. Each of Rs-Ry4 is selected from an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a halchydrocarbyl group, a
halogen,  silicon-containing hydrocarbyl group, and combinations thereof.
[00115] The present disclosure provides another composition. In an embodiment, a

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

(D

Ry
Ruz R

wherein R;-R 4 are the same or different. R; is an alkyl group having 2 to 20 carbon
atoms. Each other R group of Rj-Ry is hydrogen. Each of Rs-Ry4 is selected from hydrogen,
an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a
halogen, a silicon-containing hydrocarbyl group, and combinations thereof. Rz, Ry, and Ry
are not simultaneously a t-butyl group. In other words, when Ry is a t-butyl group Ry and Rz
are not a t-butyl group (or when Ry is a t-butyl group, R, and Ry, are not a t-butyl group; or
when Ry; is a t-butyl group, R, and Ry are not a t-butyl group).

{0d116] In an embodiment, structure (1I) includes R; that is ethyl and each of Rs-Ry4 is
hydrogen.

[00117] In an embodiment, structare (II) includes Ry that is t-buty] and each of Rs-Ri4
is hydrogen.

{80118} In an embodiment, structure (II) includes R, that is 2,4,4-trimethylpentan-2-yl

and each of Rs-Ris is hydrogen,
[66119] Nonlimiting examples of suitable substituted 1,2-phenylene dibenzoate
include 4-ethyl-1,2-phenylene dibenzoate; 4-propyl-1,2-phenylene dibenzoate; 4-isopropyl-
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IH), 7.50 (11, 111), 411 7.38 (t, 241), 7.34 (t, 41 S 214),7.21(d, 114), 7.19 (d, 1H), 2.28 (s,

314), 1.34 (s, 9H). 3-tert-butyl-5-m -1,2-
) ( w&mwmwn9y ethyl-1,2 PCT/US2009/065954

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

[60120] In an embodiment, two or more of R;-Rs are substituted. Each of the
substituted R groups of R;-Ry is selected from an unsubstituted hydrocarbyl group having 2
to 20 carbon atoms. R; is not a tertiary alkyl group. |
[00121] The present disclosure provides another composition. In an embodiment, a
substituted phenylene aromatic diester is provided. The substituted 1,2-phenylene aromatic

diester has the structure (1I) below.

(1I)
Ry Ry
Re Ry
O o a s}
Rig R‘js Rg
Ry ) st Re
Hyz Ry
[00122] R;-Ry4 are the same or different. Each of Ry, Rs, R4 is hydrogen. Rzis a

hydrocarbyl group having 1 to 20 carbon atoms. At least one of Ry and R, is a halogen.
Each of Rs-Re, Rg-R;; and Ry3-Rys is selected from hydrogen, an unsubstituted hydrocarbyl
group having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing
hydrecarbyl group, and combinations thereof., 7

[60123] In an embodiment, only atoms selected from C, H, 5i, and/or a halogen are

bonded to the phenyl groups at substituent points R;-Ry4 of structure (1I),

[00124] In an embodiment, R; is an alkyl group having 1 to 20 carbon atoms.

[09125] In an embodiment, each of Ry and Rj; is a halogen. In a further embodiment,
each of Rs, Rz, Ry, and Ryz is a halogen,

[00126] In an embodiment, structure (I1) includes R; that is methyl and R7 and R); that

are chlorine. Each other R-group of R;-Ry4 groups is hydrogen.
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A 8.08 (dd, 2H), 7.93 phenylene dibenzoate (dd, 214), 7.53 (tt, 141), 7.43 (tt, IH), 7.38 (t, 2H),

7.25 (t,
( WO 2010/078519 PCT/US2009/969954

[60127] In an embodiment, structure (IT) includes Ry that is t-butyl and Ry and R; that
are chlorine. Each other R-group of R;-Ry4 groups is hydrogen.
[00128] The disclosure provides another composition. In an embodiment, a

substituted phenylene aromatic diester is provided having the structure (II}:

an
Ry Ra
Ry R
0. d % O
Ry
Rip Rys / R
S

Ry R,:{l Rg

Riz Ry

wherein Rj-Ry4 are the same or different. Each of Ry, Rs, Ry is hydrogen. Ryisa
hydrocarbyl group having 1 to 20 carbon atoms. Each of Rs-Ry4 is selected from hydrogen,
an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a
halogen, a silicon-containing hydrocarbyl group, and combinations thereof. At least one of
Rs-Rg, Rs-Ry; and Ry3-Rys is selected from a C,-Cg alkyl group, a halogen, and combinations
thereof.
[00129] In an embodiment, only atoms selected from C, H, 51, and/or a halogen are
bonded to the phenyl groups at substituent points R;-Ry4 of structure (II).
[60136] In an embodiment, R; is an alkyl group having 1 to 20 carbon atoms.
[60131] In an embodiment, each of Ry and Ry; is a methyl group. In & further
embodiment, each of R, R7, Ry, and Ry» is a methy] group.
[60132]  In an embodiment, structure (II) inclades each of Ry, Ry and Rz as a methyl
group. Each other R group of Ri-Ry4 is hydrogen.
[00E33] In an embodiment, structure (II) inciudes Ry that is t-buty] group and each of
Ry and R); is a methyl group. Each other R group of R;-Ry4 is hydrogen.
[00134] In an embodiment, structare (II) includes R, that is a methyl group and each
of Ry and Ry, is a dimethylamino group. Each other R group of Ri-Ry4 is hydrogen.
[#0135] In an embodiment, structure (II) includes R; that is a t-butyl group and each of
R7 and R;3 is a dimethylamino group. Each other R group of Ri-Ry4 is hydrogen.
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214), 7.16 (d, IH), 7.11(d, 141), 2.41 (s, 314), 1.38 (s, 941). 3,5-di-tert-butyl-1,2-phenylene A 8.08
(dd’ 211)’ 79%&’8@061'(‘}]/%98%5% (dd’ 211)’ 7.52 (tt’ PCT/US2009/069954

[00136] Nonlimiting examples of suitable substituted 1,2-phenylenc dibenzoate
include 3-ethyi-1,2-phenylene dibenzoate; 3-propyl-1,2-phenylene dibenzoate; 3-isopropyl-
1,2-phenylene dibenzoate; 3-butyl-1,2-phenylene dibenzoate; 3-isobutyl-1,2-phenyiene
dibenzoate; 3-cyclopentyl-1,2-phenylene dibenzoate; .  3-cyclohexyl-1,2-phenylene
dibenzoate; 3-cyclohexyl-1,2-phenylene dibenzoate; 3-(2,4,4-trimethyipentan-2-yl)-1,2-
phenylene dibenzoate, and/or biphenyl-2,3-diyl dibenzoate.

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

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

Uy
Ry Ry
Ry Ry
Q. of ' ol
Rip R“Rg / Ryg
i
i
Ryf Rj‘ S Ry
Ria Re

wherein Ri-Ris are the same or different. R, is not a secondary alkyl group or a
tertiary alkyl group. Each of R; and R, is selected from an unsubstituted alkyl group having
2 to 20 carbon atoms, an unsubstituted alkenyl group having 2 to 20 carbon atoms, a
halohydrocarbyl group, a halogen, a silicon-containing hydrocarbyl group, and combinations
thereof. Bach of Ry-R3; and each of Rs-Rys is selected from hydrogen, unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a halogen, a
silicon-containing hydrocarbyl group, and combinations thereof.

[00138] In an embodiment, structure (II) includes R; and R that are each a hydrogen.
[66139] In an embodiment, structure (II) includes Ry, R3, and Ry, each of which is an i-
propyl group. Each of Ry, Rs-Ry and Ry¢-R)4 is hydrogen.

[06144] Nonlimiting examples of suitable substituted 1.2-phenylene dibenzoate
inchude the following compounds as well ag their derivatives with Rs-R,4 substitution(s) as
defined abovef 3-ethyl-6-methyl-1,2-phenylene dibenzoate; 3-methyl-6-propyl-1,2-
phenylene dibenzoate; 3-buty1;6-methy1—1,2~phenylene dibenzoate; 3-isobutyl-6-methyl-1,2-
phenylene dibenzoate; 3-cyclopentyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-
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111), 7.44 (s, 111),

3,5-diisoprop%blzgﬂg&gg%lene A 8.08 (dd, 2H), 7.00

7.36-7.40 (m, 3H), 54011 7.23-7.27 (m, 341),.40 (s, 9H), 1.38 (s, 1  914).

PCTUS2009/069954

methyl-1,2-phenylene dibenzoate; 4-methylbiphenyl-2,3-diyl dibenzoate; 3,6-diethyl-1,2-

phenylene dibenzoate; 3-ethyl-6-propyl-1,2-phenylene dibenzoate; 3-ethyl-6-isopropyl-1,2-

phenylene dibenzoate; 3-butyl-6-ethyl-1,2-phenviene dibenzoate; 3-ethyl-6-isobutyl-i,2-

phenylene dibenzoate; 3-cyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-

ethyl-1,2-phenylene dibenzoate; 4-ethylbiphenyl-2,3-diyl

dibenzoate; 3,6-dipropyl-1,2-

phenylene dibenzoate; 3-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-butyl-6-propyl-1,2-

phenylene dibenzoate;

3-isobutyl-6-propyl-1,2-phenylene dibenzoate; 3-cyclopentyl-6-

propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-propyl-1,2-phenylene dibenzoate; 4-

propylbiphenyl-2,3-diyl dibenzoate; 3,6-diisopropyl-1,2-phenylene dibenzoate; 3-butyl-6-

isopropyl-1,2-phenylene dibenzoate; 3-isobutyl-6-isopropyl-1,2-phenylene dibenzoate; 3-

cyclopentyl-6-isopropyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-isopropyl-1,2-phenylene

dibenzoate; 4-isopropylbiphenyl-2,3-diyl dibenzoate; 3,6-dibutyl-1,2-phenylene dibenzoate;

3-butyl-6-isobutyl-1,2-phenylene

dibenzoate;

dibenzoate; 3-butyl-6-cyclopentyl-1 ,2—phenyiene

3-butyl-6-cyclohexyl-1,2-phenylene  dibenzoate;  4-butylbiphenyl-2,3-diyl

dibenzoate; 3,6-diisobutyl-1,2-phenylene dibenzoate; 3-cyclopentyl-6-isobutyl-1,2-phenylene

dibenzoate; 3-cyclohexyl-6-isobutyl-1,2-phenylene dibenzoate; 4-isobutylbiphenyl-2,3-diyl

dibenzoate; 3,6-dicyclopentyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-cyclopentyl-1,2-

phenylene dibenzoate; 4-cyclopentylbiphenyl-2,3-diyl dibenzoate; 3,6-dicyclohexyl-1,2-

phenylene dibenzoate; 4-cyclohexylbiphenyl-2,3-diyl dibenzoate; and/or 3,6-phenyi-1,2-

phenylene dibenzoate.

[00141]

The disclosure provides another composition. In an embodiment, a

substituted 1,2-phenylene aromatic diester of the structure (11} is provided:

I

Ry

Rs
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dibenzoate (dd, 214), 7.53 (tt, IH), 7.48 (tt, 114), 7.39 (t, 214), 7.31 (t, 241), 7.11 (d, 114),

7.09 (d, 114), 3.11
WO 2030/07851% PCEUS2009/069954

wherein R;-Ry4 are the same or different. Each of R;, R, and Ry is selected from an
alkyl group having 2 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon atoms, a
halohydrocarbyl group, 2 silicon-containing hydrocarbyl group, and combinations thereof.
Each of Rs-Rysis selected from hydrogen, an unsubstituted hydrocarby! group having | to 20
carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing hydrocarbyl group,
and combinations thereof.
100142} In an embodiment, each of Ry, Ry, and Ry is selected from an alkyl group
having 2 to 20 carbon atoms, an alkenyl group having 2 to 20 carbon afoms, a
halohydrocarbyl group, a silicon-containing hydrocarbyl group, and combinations thereof.
[06143] In an embodiment, Rj is hydrogen. Each of Ry, Ry, and Ry is selected froma
hydrocarbon group having 2 to 20 carbon atoms. Each of R; and Ry is not a tertiary alkyl
group. Each of Rs-Ry4is selected from hydrogen, an unsubstituted hydrocarbyl group having
1 to 20 carbon atoms, a halohydrocarby! group, a halogen, a silicon-containing hydrocarbyl
group, and combinations thereof.
[00144] Nonlimiting examples of suitable substituted 1,2-phenylene dibenzoaie
include the following compounds as well as their.derivatives with Rs-Ri4 substitution(s) as
defined above: 3,4,6-trimethyl-1,2-phenylene  dibenzoate; 3-cthyl-4,6-dimethyl-1,2-
phenylene dibenzoate; 4,6-dimethyl-3-propyl-1,2-phenylene dibenzoate; 3-isopropyl-4,6-
dimethyl-1,2-phenylene dibenzoate; 3-butyl-4,6-dimethyl-1,2-phenylene dibenzoate; 3-
isobutyl-4,6-dimethyl-1,2-phenylene dibenzoate; 3-cyclopentyl-4,6-dimethyl-1,2-phenylene
dibenzoate; 3*cyc}ohexy1—4,6~dimethyl-1,2—phenylene dibenzoate; 4,6-dimethylbiphenyl-2,3-
diyl dibenzoate; 4-ethyl-3,6-dimethyl-1,2-phenylene dibenzoate; 3,4-diethyl-6-methyl-1,2-
phenylene dibenzoate; 4-ethyl-6-methyl-3-propyl-1,2-phenylene  dibenzoate; 4-ethyl-3-
isopropyl-6-methyl-1,2-phenylene  dibenzoate;  3-butyl-4-ethyl-6-methyl-1,2-phenylene
dibenzoate; 4-ethyl-3-isobutyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclopentyl-4-ethyl-6-
methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4-ethyl-6-methyl-1,2-phenylene dibenzoate;
6-ethyl-4-methylbiphenyl-2,3-diyl dibenzoate; 3,6-dimethyl-4-propyl-1,2-phenylene
dibenzoate; 3-ethyl-6-methyl-4-propyl-1,2-phenylene dibenzoate; 6-methyl-3,4-dipropyl-1,2-
phenylene dibenzoate; 3-isopropyl-6-methyl-4-propyl-1,2-phenylene dibenzoate; 3-butyl-6-
methyl-4-propyl-1,2-phenylene  dibenzoate;  3-isobutyl-6-methyl-4-propyl-1,2-phenylene
dibenzoate; 3-cyclopentyl-6-methyl-4-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-

31



(heptat, IH), 2.96 (heptat, IH), 611), 126 (d, 614). 3,6-dimethy1-1,2-phenylene a 8.08 (d, 2H), 7.51

(t, dibenzoate_111 141), 7.34 (d, 214), -
WO 2010/078519 PCT/US2009/069954

methyl-4-propyl-1,2-phenylene dibenzoate; 4-methyl-6-propylbiphenyl-2,3-diyl dibenzoate;
4-isopropyl-3,6-dimethyl-1,2-phenylene  dibenzoate;  3-ethyl-4-isopropyl-6-methyl-1,2-
phenylene dibenzoate; 4-isopropyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 3,4
diisopropyl-6-methyl-1,2-phenylene dibenzoate; 3-butyi-4-isopropyl-6-methyl-1,2-phenylene
dibenzoate; 3-isobutyl-4-isopropyl-6-methyi-1,2-phenylene dibenzoate; 3-cyclopentyl-4-
isopropyl-6-methyl-1,2-phenylene  dibenzoate;  3-cyclohexyl-4-isopropyl-6-methyl-1,2-
phenylene dibenzoate; 6-isopropyl-4-methylbiphenyl-2,3-diyl dibenzoate; 4-butyl-3,6-
dimethyl-1,2-phenylene dibenzoate; 4-butyl-3-ethyl-6-methyl-1,2-phenylene dibenzoate; 4-
butyl-6-methyl-3-propyl-1,2-phenylene  dibenzoate;  4-butyl-3-isopropyl-6-methy!-1,2-
phenylene dibenzoate; 3,4-dibutyl-6-methyl-1,2-phenylene dibenzoate; 4-butyl-3-isobutyl-6-
methyl-1,2-phenylene dibenzoate; 4-butyl-3-cyclopentyl-6-methyl-1,2-phenylene dibenzoate;
4-butyl-3-cyclohexyl-6-methyl-1,2-phenylene dibenzoate; 4-butyl-6-methyl-3-(2,4.4-
trimethylpentan-2-y1)-1,2-phenylene dibenzoate; 6-butyl-4-methylbiphenyl-2,3-diyl
dibenzoate; 4-isobutyl-3,6-dimethyl-1,2-phenylene dibenzoate; 3-ethyl-4-isobutyl-6-methyl-
1.2-phenylene  dibenzoate; 4-isobutyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 4-
isobutyl-3-isopropyi-6-methyl-1,2-phenylene  dibenzoate; 3-butyl-4-isobutyl-6-methyl-1,2-
phenylene dibenzoate; 3,4-diisobutyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclopentyl-4-
isobutyl-6-methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4-isobutyl-6-methyl-1,2-
phenylene dibenzoate; 6-isobutyl-4-methylbiphenyl-2,3-diyl dibenzoate; 4-tert-butyl-3,6-
dimethyl-1,2-phenylenc dibenzoate; 4-tert-butyl-3-ethyl-6-methyl-1,2-phenylene dibenzoate;
4-tert-butyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-isopropyl-6-methyl-
1,2-phenylene dibenzoate; 4-tert-butyl-3-butyl-6-methyl-1,2-phenylene dibenzoate; 4-tert-
butyl-3-isobutyl-6-methyl-1,2-phenylene  dibenzoate; 4-tert-butyl-3-cyclopentyl-6-methyl-
1,2-phenylene dibenzoate; 4-tert-butyl-3-cyclohexyl-6-methyl-1,2-phenylene dibenzoate; 4-
cyclopentyl-3,6-dimethyl-1,2-phenylene  dibenzoate; 4-cyclopentyl-3-ethyl-6-methyl-1,2-
phenylene dibenzoate; 4-cyclopentyl-6-methyl-3-propyl-1,2-phenylene dibenzoate; 4-
cyclopentyl-3-isopropyl-6-methyl-1,2-phenylene  dibenzoate;  3-butyl-4-cyclopentyl-6-
methyl-1,2-phenylene dibenzoate; 4-cyclopentyl-3 -isobutyl~6—methyl-l 2-phenylene
dibenzoate;  3,4-dicyclopentyl-6-methyl-1,2-phenylene  dibenzoate;  3-cyclohexyl-4-
cyclopentyl-6-methyl-1,2-phenylene  dibenzoate; 6-cyclopentyl-4-methylbiphenyl-2,3-diyl
dibenzoate; 4-cyclohexyl-3,6-dimethyl-1,2-phenylene dibenzoate; 4-cyclohexyl-3-ethyl-6-
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7.11 (s, 211), 2.23 (s, So 614). WO 2010/078519PCT/CS2009/069954 Compound Synthesis Method

Structure 'H NMR (500 MHz, CDC13, ppm) 4-t-butyl-1,2-phenylene dibenzoate C 0o 0* 8.07 (dd,
414), 7.54 (m,"%‘li%f“’?".?ﬁ%gmo (m, 714), 1.37 (s, 9H). PLTTUS2009/069554

methyl-1,2-phenylene dibenzoate; 4-cyclohexyl-6-methyl-3-propyl-1,2-phenylene
dibenzoate;  4-cyclohexyl-3-isopropyl-6-methyl-1,2-phenylene  dibenzoate;  3-butyl-4-
cyclohexyl-6-methyl-1,2-phenylene  dibenzoate;  4-cyclohexyl-3-isobutyl-6-methyl-1,2-
phenylene dibenzoate; 4-cyclohexyl-3-cyclopentyl-6-methyl-1,2-phenylene dibenzoate; 3,4-
dicyclohexyl-6-methyl-1,2-phenylene dibenzoate; 6-cyclohexyl-4-methylbiphenyl-2,3-diyl
dibenzoate; 2,5-dimethylbiphenyl-3,4-diyl dibenzoate; 2-ethyl-5-methylbiphenyl-3,4-diyl
dibenzoate; 5-methyi-2-propylbiphenyl-3,4-diyl dibenzoate; 2-isopropyl-S-methylbiphenyl-
3,4-diyl  dibenzoate;  2-butyl-S-methylbiphenyl-3,4-diyl  dibenzoate;  2-isobutyl-3-
methylbiphenyl-3,4-diy]l dibenzoate; 2-cyclopentyl-5-methylbiphenyl-3,4-diyl dibenzoate; 2-
cyclohexyl-S-methylbiphenyl-3,4-diyl  dibenzoate;  3.4-phenyl-6-methyl-1,2-phenylene
dibenzoate;  6-ethyl-3,4-dimethyl-1,2-phenylene  dibenzoate; 3,6-diethyl-4-methyl-1,2-
phenylene dibenzoate, G-cthyl-4-methyl-3-propyl-1,2-phenylene dibenzoate; 6-ethyl-3-
isopropyl-4-methyl-1,2-phenylene  dibenzoate;  3-butyl-6-ethyl-4-methyl-1,2-phenylene
dibenzoate; 6-ethyl-3-isobutyl-4-methyl-1,2-phenylene dibenzoate; 3-cyclopentyl-6-ethyl-4-
methyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-ethyl-4-methyl-1,2-phenylene dibenzoate;
4-gthyl-6-methylbiphenyl-2,3-diyl dibenzoate; 4,6-diethyl-3-methyl-1,2-phenylene
dibenzoate; 3.4,6-triethyl-1,2-phenylene dibenzoate; 4,6-diethyl-3-propyl-1,2-phenylene
dibenzoate; 4,6-diethyl-3-isopropyl-1,2-phenylene dibenzoate;  3-butyl-4,6-diethyl-1,2-
phenylene dibenzoate; 4,6-diethyl-3-isobutyl-1,2-phenylene dibenzoate; 3-cyclopentyl-4,6-
diethyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4,6-diethyl-1,2-phenylene dibenzoate; 4,6-
diethylbiphenyl-2,3-diyl dibenzoate; 6-ethyl-3-methyl-4-propyl-1,2-phenylene dibenzoate;
3, 6-diethyi-4-propyl-1,2-phenylene dibenzoate; 6-ethyl-3,4-dipropy!-1,2-phenylene
dibenzoate;  6-ethyl-3-isopropyl-4-propyl-1,2-phenylene  dibenzoate;  3-butyl-6-ethyl-4-
propyl-1,2-phenylene dibenzoate; 6-cthyl-3-isobutyl-4-propyl-1,2-phenylene dibenzoate; 3-
cyclopentyl-6-ethyl-4-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-6-ethyl-4-propyl-1,2-
phenylene dibenzoate; 4-ethyl-6-propylbiphenyl-2,3-diyl dibenzoate; 6-ethyl-4-isopropyl-3-
methyi-1,2-phenylene dibenzoate; 3,6-diethyl-4-isopropyl-1,2-phenylene dibenzoate; 6-
ethyl-4-isopropy}-3-propyl-1,2-phenylene dibenzoate; 6-ethyl-3,4-diisopropyi-1,2-phenylene
dibenzoate; 3-butyl-6-ethyl-4-isopropyl-1,2-phenylene dibenzoate; 6-ethyl-3-isobutyl-4-
isopropyl-1,2-phenylene  dibenzoate; 3-cyclopentyl-6-ethyl-4-isopropyl-1,2-phenylene
dibenzoate;  3-cyclohexyl-6-ethyl-4-isopropyl-1,2-phenylene  dibenzoate;  4-ethyl-6-
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4-methyl 1,2-phenylene dibenzoate B 6,-1 8,07 (d, 411), 7.54 (t, 2H), 7.37 (t, 414), 7.27 (d, 114), 7.21
(s, 11-1), 7.15 (d, 114), 2.42 (s, 341). I' ¢ 1,2-naphthalene dibenzoate A, 11011 0 8.21-8.24 (m,
214), 8.08-8.1‘%'?%?1?%13?1%.90-7.96 (m, 2H), 7.86 (d, 1H), 7.60 (m, 11-1F TBOVBEam), 7.46 (t,
211), 7.37 (t, 214). 2,3-naphthalene dibenzoate A
isopropylbiphenyl-2,3-diyl dibenzoate; 4-butyl-6-ethyl-3-methyl-1,2-phenylene dibenzoate;
4-butyl-3,6-diethyl-1,2-phenylene  dibenzoate;  4-butyl-6-ethyl-3-propyl-1,2-phenylene
dibenzoate; 4-butyl-6-ethyl-3-isopropyl-1,2-phenylene dibenzoate; 3,4-dibutyl-6-ethyl-1,2-
phenylene dibenzoate; 4-butyl-6-ethyl-3-isobutyl-1,2-phenylene dibenzoate; 4-butyl-3-
cyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 4-butyl-3-cyclohexyl-6-ethyl-1,2-phenylene
dibenzoate; 6-butyl-4-ethylbiphenyl-2,3-diyl dibenzoate; 6-ethyi-4-isobutyl-3-methyl-1,2-
phenylene dibenzoate; 3,6-diethyl-4-isobutyl-1,2-phenylene dibenzoate; 6-ethyl-4-isobutyl-3-
propyl-1,2-phenylene dibenzoate; 6-ethyl-4-isobutyl-3-isopropyl-1,2-phenylene dibenzoate;
3-butyl-6-ethyl-4-isobutyl-1,2-phenylene dibenzoate; 6-ethyl-3,4-diisobutyl-1,2-phenylene
dibenzoate, 3-cyclopentyi-6-ethyl-4-isobutyl-1,2-phenylene dibenzoate, 3-cyclohexyl-6-
ethyl-4-isobutyl-1,2-phenylene dibenzoate; 4-ethyl-6-isobutylbiphenyi-2,3-diyl dibenzoate;
4-tert-butyl-6-ethyl-3-methyl-1,2-phenylene dibenzoate, 4-tert-butyl-3,6-diethyl-1,2-
phenylene dibenzoate; 4-tert-butyl-6-ethyl-3-propyl-1,2-phenylene dibenzoate; 4-tert-butyl-
6-ethyl-3-isopropyl-1,2-phenylene  dibenzoate; 4-tert-butyl-3-butyl-6-ethyl-1,2-phenylene
dibenzoate;  4-tert-butyl-6-ethyl-3-isobutyl-1,2-phenylene  dibenzoate;  4-tert-butyl-3-
cyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-cyclohexyl-6-ethyl-1,2-
phenylene  dibenzoate; 4-cyciopentyl-6-ethyl-3-methyl-1,2-phenylene  dibenzoate; 4-
cyclopentyl-3,6-diethyl-1,2-phenylene  dibenzoate;  4-cyclopentyl-6-ethyl-3-propyl-1,2-
phenylene dibenzoate; 4-cyclopentyl-6-ethyl-3-isopropyl-1,2-phenylene dibenzoate; 3-butyl-
4-cyclopentyl-6-ethyl-1,2-phenylene  dibenzoate;  4-cyclopentyl-6-ethyl-3-isobutyl-1,2-
phenylene dibenzoate; 3,4-dicyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 3-cyclobexyi-4-
cyclopentyl-6-ethyl-1,2-phenyiene  dibenzoate;  6-cyclopentyl-4-ethylbiphenyl-2,3-diyl
dibenzoate; 4-cyclohexyl-6-ethyl-3-methyl-1,2-phenylene dibenzoate; 4-cyclohexyl-3,6-
diethyl-1,2-phenylene dibenzoate; 4-cyclohexyl-6-ethyl-3-propyl-1,2-phenylene dibenzoate;
4-cyclohexyl-6-ethyl-3-isopropyi-1,2-phenylene dibenzoate; 3-butyl-4-cyclohexyl-6-ethyl-
1,2-phenvlene dibenzoate; 4-cyclohexyl-6-ethyl-3-isobutyl-1,2-phenylene dibenzoate; 4-
cyclohexyl-3-cyclopentyl-6-ethyl-1,2-phenylene dibenzoate; 3,4-dicyclohexyl-6-ethyl-1,2-
phenylene  dibenzoate; 6-cyclohexyl-4-cthylbiphenyl-2,3-diyl  dibenzoate, 35-ethyl-2-
methylbiphenyl-3,4-diyl dibenzoate; 2,5-diethylbiphenyl-3,4-diyl dibenzoate; S5-ethyl-2-
propylbiphenyl-3,4-divl dibenzoate; 5 -ethyl-2-isopropylbiphenyl-3,4-diyl dibenzoate; 2 -
butyl-5-ethylbiphenyl-3,4-diyl dibenzoate; 5-ethyl-2-isobutylbiphenyl-3,4-diy! dibenzoate; 2-
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0 0 8.08-8.12 (m, 414), 7.86-7.90 (m, 411), 7.51-7.58 (m, 414), 7.38 (t, 4H) 3-methyl-5-tert-butyl-1,2-
phenytene di(4-5neth {lpe_nzoate) B0oo07.98(d, 214), 7.93 (d, 211), 7.18 /(é}lg 414%, 7.15 (d, 2H), 2,38
(s, 314), 2.36 (E231)°8%%% (s, 311), 1.35 (s, 914). 3-methy1-5-tert-butyict’ 2> Béi ke di(2,4,6-
trimethylbenzoate) B 0 oo 7.25 (s, 114), 7.21 (s, 1H), 6.81 (d, 411), 2.36 (s, 3H), 2.30 (d, 614), 2.25
(s, 641), '

cyclopentyl-S-ethylbiphenyl-3,4-diyl ~ dibenzoate;  2-cyclohexyl-5-ethylbiphenyl-3,4-diyl

dibenzoate,  5-ethyl-2-(2,4,4-trimethylpentan-2-yl)biphenyl-3,4-diyl  dibenzoate;  3,4-
diphenyl-6-ethyl-1,2-phenylene dibenzoate; 3 4-dimethyl-6-propyl-1,2-phenylene
dibenzoate; 3-ethyl-4-methyl-6-propyl-1,2-phenylene dibenzoate; 4-methyl-3,6-dipropyl-1,2-
phenylene dibenzoate; 3-isopropyl-4-methyl-6-propyl-1,2-phenylene dibenzoate; 3-butyl-4-
methyl-6-propyl-1,2-phenylene  dibenzoate;  3-isobutyl-4-methyl-6-propyl-1,2-phenylene
dibenzoate; 3-cyclopentyl-4-methyl-6-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4-
methyl-6-propyl-1,2-phenylene dibenzoate; 6-methyl-4-propylbiphenyl-2,3-diyl dibenzoate;
4-ethyl-3-methyl-6-propyl-1,2-phenylene  dibenzoate; 3,4-diethyl-6-propyl-1,2-phenylene
dibenzoate; 4-ethyl-3,6-dipropyl-1,2-phenylene dibenzoate; 4-ethyl-3-isopropyl-6-propyl-
1,2-phenylene dibenzoate; 3-butyl-4-ethyl-6-propyl-1,2-phenylene dibenzoate; 4-ethyl-3-
isobutyl-6-propyl-1,2-phenylene dibenzoate, 3-cyclopentyl-4-ethyl-6-propyl-1,2-phenylene
dibenzoate; 3-cyclohexyl-4-ethyl-6-propyl-1,2-phenylene dibenzoate; G-ethyl-4-
propylbiphenyl-2,3-diyl dibenzoate; 3-methyl-4,6-dipropyl-1,2-phenylene dibenzoate; 3-
ethyl-4,6-dipropyl-1,2-phenylene dibenzoate; 3,4,6-tripropy1—l,2~phenylehe dibenzoate; 3-
isopropyl-4,6-dipropyl-1,2-phenylene  dibenzoate; 3-butyl-4,6-dipropyl-1,2-phenylene
dibenzoate; 3-isobutyl-4,6-dipropyl-1,2-phenyiene dibenzoate; 3-cyclopentyl-4,6-dipropyl-
1,2-phenylene  dibenzoate; 3-cyclohexyl-4,6-dipropyl-1,2-phenylene  dibenzoate; 4,6-
dipropylbiphenyl-2,3-diyl dibenzoate; 4-isopropyl-3-methyl-6-propyl-1,2-phenylene
dibenzoate;  3-ethyl-4-isopropyl-6-propyl-1,2-phenylene  dibenzoate;  4-isopropyl-3,6-
dipropyl-1,2-phenylene dibenzoate; 3,4-diisopropyl-6-propyl-1,2-phenylene dibenzoate; 3-
butyl-4-isopropyi-6-propyl-1,2-phenylene dibenzoate; 3-isobutyl-4-isopropyl-6-propyl-1,2-
phenylene dibenzoaie; 3-cyclopentyl-4-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-
cyclohexyl-4-isopropyl-6-propyl-1,2-phenylene dibenzoate; 6-isopropyl-4-propylbiphenyl-
2,3-diyl dibenzoate; 4-butyl-3-methyl-6-propyl-1,2-phenylene dibenzoate; 4-butyl-3-ethyl-6-
propyl-1,2-phenylene dibenzoate; 4~buty1-3,6-dipr0pyl—1',2~pheny]ene dibenzoate; 4-butyl-3-
isopropyl-6-propyl-1,2-phenylene dibenzoate; 3, 4-dibutyl-6-propyl-1,2-phenylene
dibenzoate; 4-butyl-3-isobutyl-6-propyl-1,2-phenylene dibenzoate; 4-butyi-3-cyclopentyl-6-
propyl-1,2-phenylene dibenzoate, 4-butyl-3-cyclohexyl-6-propyl-1,2-phenylene dibenzoate;
6-butyl-4-propylbiphenyl-2,3-diyl dibenzoate, 4-isobutyl-3-methyl-6-propyl-1,2-phenylene
dibenzoate; 3-ethyl-d-isobutyl-6-propyl-1,2-phenylene dibenzoate; 4-isobutyl-3,6-dipropyl-
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2.23 (s, 614), 1.36 (s, 914). WO 2010/078519PCT/US2009/069954 Compound Synthesis Method

Structure 'H NMR (500 MHz, CDC13, ppm) 3-methyl-5-tert-butyl-1,2- D 58.07 (m, 4H), 7.21 phenylene
di(4-fluoroben?oate) (& 1H), 7.17 (s, 1H), PCT/US2809/065954

1,2-phenylene dibenzoate; 4-isobutyl-3-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-
butyl-4-isobutyl-6-propyl-1,2-phenylene dibenzoate; 3.4-diisobutyl-6-propyl-1,2-phenylene
dibenzoate; 3-cyclopentyl-d-isobutyl-6-propyl-1,2-phenylene dibenzoate; 3-cyclohexyl-4-
isobutyl-6-propyl-1,2-phenylene dibenzoate; 6-isobutyl-4-propylbiphenyl-2.3-diyl
dibenzoate; 4-tert-butyl-3-methyl-6-propyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-ethyl-6-
propylul,zupheﬁylene dibenzoate; 4-tert-butyl-3,6-dipropyl-1,2-phenylene dibenzoate; 4-tert-
butyl-3-isopropyl-6-propyl-1,2-phenylene  dibenzoate;  4-tert-butyl-3-butyl-6-propyl-1,2-
phenylene dibenzoate; 4-fert-butyi-3-isobutyl-6-propyl-1,2-phenylene dibenzoate; 4-tert-
butyi-3-cyclopentyl-6-propyl-1,2-phenylene dibenzoate; 4-tert-butyl-3-cyclohexyl-6-propyl-
1,2-phenylene dibenzoate; 4-cyclopentyl-3-methyl-6-propyl-1,2-phenylene dibenzoate; 4-
cyclopentyl-3-ethyl-6-propyl-1,2-phenylene  dibenzoate;  4-cyclopentyl-3,6-dipropyl-1,2-
phenylene dibenzoate; 4-cyclopentyl-3-isopropyl-6-propyl-1,2-phenylene dibenzoate; 3-
butyl-4-cyclopentyl-6-propyl-1,2-phenylene dibenzoate; 4-cyclopentyl-3-isobutyl-6-propyl-
1,2-phenylene  dibenzoate; 3,4-dicyclopentyl-6-propyl-1,2-phenylene  dibenzoate; 3-
cyclohexyl-4-cyclopentyl-6-propyl-1,2-phenyiene dibenzoate; 6-cyclopentyl-4-
propylbiphenyl-2,3-diyl dibenzoate; 4-cyclohexyl-3-methyl-6-propyl-1,2-phenylene
dibenzoate; 4-cyclohexyl-3-ethyl-6-propyl-1,2-phenylene dibenzoate; 4-cyclohexyl-3,6-
dipropyl-1,2-phenylene  dibenzoate,  4-cyclohexyl-3-isopropyl-6-propyl-1,2-phenylene
dibenzoate;  3-butyl-4-cyclohexyi-6-propyl-1,2-phenylene  dibenzoate; 4-cyclohexyl-3-
isobutyl-6-propyl-1,2-phenylene  dibenzoate;  4-cyclohexyl-3-cyclopentyl-6-propyi-1,2-
phenylene dibenzoate; 3,4-dicyclohexyl-6-propyl-1,2-phenylene dibenzoate; 6-cyclohexyl-4-
propylbiphenyl-2,3-diyl dibenzoate; Z—methyl-i~propylbiphény1»3,4—diyl dibenzoate; 2-ethyl-
S-propylbiphenyl-3,4-diyi  dibenzoate; 2,S-dipropyibipheny1~3,4~d'iy1 ‘dibenzoate; 2-
isopfopyl-s-propylbiphenyi-S,4-diy1 dibenzoate; 2-butyl-5-propylbiphenyi-3,4-diyl
dibenzoate; 2-isobutyl-S-propylbiphenyi-3,4-diyl dibenzoate; 2-cyclopentyl-5-
propylbiphenyl-3,4-diyl dibenzoate; 2-cyclohexyl-5-propylbiphenyl-3,4-diyl dibenzoate,
and/or 3,4-diphenyl-6-propyl-1,2-phenylene dibenzoate.

[08145] Another composition is provided. In an embodiment, a substituted phenylene

aromatic diester of the structure (I1) is provided:
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7.04 (m, 4H), 2.27 (s, 3H), 1.34 (s, 9H) 3,6-dichloro-1,2-phenylene dibenzoate 8.10 (d, 2H), 7.57 (t,
IH), 7.41 (d, 23&’(}%1}10/37?5%9(5’ 2H). CEE PCT/US2009/069954

A

Ry

Rag Ry

wherein R|-Ry4 are the same or different. Each of R)-Ry4 is selected from hydrogen,
an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a
halogen, a silicon-containing hydrocarbyl group, and combinations thereof. At least one of
Rs-Rg is different than its respective Rig-Ri4 mate.
[00146] In an embodiment, at least one of R)-Rs is substituted and is selected from an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted hydrocarbyl

group having 1 to 20 atoms, and a halogen.

[06147] Another composition is provided. In an embodiment, a substituted phenylene
aromatic diester is provided with the structure (IV) below.
av)
Rya O 4
12 4 Ry 7
R R Rys O Ry / \ R
Ryf ° o Sy Re
Reo o o Rg
160148} Rs.14 are the same or different. Each of R, Ry and Rs-R4 is selected from

hydrogen, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a substituted
hydrocarbyl having 1 to 20 atoms, a halohydrocarbyl group, a halogen, a silicon-containing

hydrocarbyl group, and combinations thereof.

[60149] In an embodiment, any R group of Ry, R4 and Rs.y4 that is not hydrogen is an
unsubstituted hydrocarby! group. In a further embodiment, the hydrocarbyl group is an alkyl
group, '

[00150] in an embodiment, each of R; and Ry is hydrogen. Rs.i4 are the same or

different. At least one of Rs-R,4 is selected from an unsubstituted hydrocarbyl group having

1 t0 20 carbon atoms, a halohydrocarbyl group, a halogen, a silicon-containing hydrocarbyl
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3-methyl-5-tert-butyl-1,2- D 7.98 (dd, 4H), 7.36 phenylene di(4-chlorobenzoate) (dd, 414), 7.21 (s,

(1ED12) aci \&#291@)&7@5@’ 1H), 2.26 (s, 311), 1.34 (s, 0oOopi 9H). PCT/US2009/069954

group, and combinations thereof. Ry and Rj, are not simultaneously a methyl group. In
other words, R is not a methyl group when R is a methyl group (and vice versa).

[06151] The 2,3-naphthalene moiety may or may not be substituted. In one
embodiment, the 2,3-naphthalene moiety may be substituted with one or more C; — Cyq alkyl
groups or more than 2 methyl groups. In another embodiment, the 2,3-naphthalene moiety is
unsubstituted (i.e., R; and Ry are hydrogen).

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

{00153) Any of the compositions disclosed herein may include two or more
embodiments disclosed herein.

[66154] Any of the compositions disclosed herein may be made by one or more
processes disclosed herein.

[60155] In an embodiment, one, some, or all of the foregoing compositions include no
substituent that contains an active hydrogen. Nonlimiting examples of substituents with an
active hydrogen include a hydroxyl group and a carboxylic acid group. NSJ; _lwishing to be
bound by any particular theory, it is believed that the active hydrogen(s) may react with TiCly
and/or other catalyst components during catalyst synthesis and impair the performance of the
resultant catalyst. It is also preferred to minimize the number of electron donating groups in
the R; — Ry4 substituents. It is believed that extra electron donating group(s) may poison

~ catalyst active sites.

[00156] The present compositions may comprise two or more embodiments disclosed
herein.
[60157] The present substituted phenylene aromatic diester(s) may be wused in

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

weight distribution and high catalyst activity.
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3-methyl-5-tert-butyl-1,2- phenylene di(l-naphthoate) B AS'Oa lir 1111P 3- methy1-5-tert-butyl-1,2-

phenylene di(2 na hthoate) B SO 411 400 3-methyl-5-tert-butyl-1,2- phenyl
di(4- ethoxybenzoate%()?f ? FOTT0S2009 069954

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

[00159] DEFINITIONS

[00166) 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 ITUPAC systern 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 (o
the extent not inconsistent with any definitions provided herein) and general knowledge in
the art.

[06161] 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 compositions claimed herein through use of
the term “comprising” may include any additional additive, adjuvant, or compound whether
polymeric or otherwise, unless stated to the contrary. In contrast, the term, “consisting
essentially of* excludes from the scope of any succeeding recitation any other component,
step or procedure, excepting those that are not essential to operability. The term “consisting
of” excludes any component, step or procedure not specifically delincated or listed. The term
“or”, unless stated otherwise, refers to the listed members individually as well as in any
combination,

[06162] 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, etc., is between 1
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58.02 (d, 2H), 7.97(d, 2H), 7.17 (m, 2H), 6.83(d, 11001l 411 6.79(d, 2H), 2H), 4.04 (m, 4H), 225 (s,

3H), 1.41 (m, ngz-&,ﬁl’lmg%fgs, 9H) WO 2010/078519PC|M82009/069954PCT/U‘82099/(}69954

and 100, it is intended that al} 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, 0.001, 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.

[80163) 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.

[G0164] The term "composition,” as used herein, includes a mixture of materials which
comprise the composition, as well as reaction products and decomposition products formed
from the materials of the composition.

[00165] The term "polymer” is a macromolecular compound prepared by polymerizing
monomers of the same or different type. "Polymer" includes homopelymers, copolymers,
terpolymers, interpolymers, and so on. The term “interpolymer” means a polymer prepared
by the polymerization of at least two types of monomers or comonomers. It includes, but is
not limited to, copolymers (which usually refers to polymers prepared from two different
types of monomers O COMONOMETS, terpolymérs (which usually refers to polymers prepared
from three different types of monomers or comonomers), tetrapolymers (which usually refers
to polymers prepared from four different types of monorers or comonomers), and the like.
[60166] The term “olefin-based polymer” is a polymer containing, in polymerized
form, a majority weight percent of an olefin, for example ethylene or propylene, based on the
total weight of the polymer. Nonlimiting examples of olefin-based polymers include
ethylene-based polymers and propylene-based polymers.

[60167] The term, “prépylene—based polymer,” as used herein, refersto a pélymer that

_ comprises a majority weight percent polymerized propylene monomer (based on the total
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Compound Synthesis Method Structure 11-1NMR (500 MHz, CDCI3, ppm)

3.methyl-5-(2,4,4-1ri pentan- 2-y1)-1,2-phenylene dibenzoate B ill 010 5 8.09 (d, 211), 8.03 (d,
211), 7.50 (m%%@%ﬁ 2H), 7.33(t, 2H), 7.19 (s, 2H), 2.27 (s, 3H), f%‘i%?“ﬁ%ﬂ()g,gi“

.40 (s, 6H), 0.81
(s,911) 11,
amount of polymerizable monomers), and optionally may comprise at least one polymerized
comonomer. |
[00168] The term "alkyl," as used herein, refers to a branched or unbranched, saturated
or unsaturated acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals
include, for example, methyl, ethyl, n-propyl, i-propyl, 2-propenyl (or allyl}, vinyl, n-butyl, t-
butyl, i-butyl (or 2-methylpropyl), etc. The alkyls have 1 and 20 carbon atoms.
[00169] The term "substituted alkyl,” as used herein, refers to an alkyl as just described
in which one or more hydrogen atom bound to any carbon of the alkyl is replaced by another
group such as a halogen, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heterocycloalkyl, substituted heterocycloalkyl, halogen, halealkyl, hydroxy, amino,
phosphido, alkoxy, amino, thio, nitro, and combinations thereof. Suitable substituted alkyls
include, for example, benzyl, trifluoromethyl and the like.
[6617¢] 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 covaieritly,
or linked to a common group such as a methylene or ethylene moiety. The aromatic ring(s)
may include phenyl, naphthyl, anthracenyl, and biphenyl, among others. The aryls have 1 and
20 carbon atoms.
[06171] By way of example and not by limitation, examples of the present disclosure
will now be provided.
[60172] 1. Synthesis of 1,2-phenylene aromatic diester.
{60173} Method A: A 250-ml round-bottom flask is charged with catechol (0.025
mol), pyridine (0.05 mol, 1.0 equiv.), and dichloromethane (50 ml). The flask is cooled in an
ice-water bath, and acyl chloride {0.05 mol, 1.0 equiv.} is added dropwise. Upon completion
of addition, the reaction mixture is warmed up to room temperature and stirred overnight.
The mixture is diluted with additional dichloromethane, and washed with saturated
NH,CHIN HCI, water, saturated sodium bicarbonate, 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. Most of the crude products are pure enough,
which can also be further purified by recrystallization from ethanol (for solid) or by

distillation in vacuo to yield the product as white to yellow solid/liquid.
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3-fluoro-1,2-phenyiene dibenzoate D ni 0 411 88,10 (d, 211), 8.07 (d, 211), 7.56 (m, 214), 7.40 (m,
411), 7.31 (mu;twmzfojﬁsﬁn’ 2H) PCT/US2009/669954

[00174] Method B: To 250-ml round-bottom flask was charged with catechol (68.0
mmol, 1.0 equiv.), pyridine (0.14 mol, 2.0 equiv.) and 50 ml of methylene chloride. The
flask is cooled to 0°C in ice-water bath, and acyl chloride (0.14 mol, 2.0 equiv.) is added
dropwise. The reaction mixture is stirred overnight at room temperature. The solvent is
removed under vacuum residue is dissolved in 200 ml of ether, and filtered to remove solid.
The filtrate is washed successively with 100 ml of 0.1 N HCI, water and brine, dried over
N2;SO4  After filiration, the filtrate is concentrated to give the crude product, which is
purified by recrystailization in ethanol 1o yield final product.

[06175] Method C: A 250-ml round-bottom flask is charged with 4-ferr-butylbenzene-
1,2-diol {0.03 mol), benzyl chloride (0.066 mol, 2.2 equiv.), bismuth triflate (1.05 mmol,
0.035 equiv.) and dichloromethane (100 ml). The reaction mixture is stirred overnight at
room temperature. The solvent is removed via evaporation under vacuum, The residue is
dissolved with ethyl acetate, and washed with aqueous K;CO;, water, and brine
consequently. The organic layer is collected and dried over sodium sulfate. After filtration,
the filtrate is concentrated. The crude product is purified by recrystallization from ethyl ether
and hexanes.

[60176] Method D: A 250-m! round-bottom flask is charped with 5-feri-butyl-3-
methylbenzene-1,2-diol (0.02 mol), acyl chloride (0.044 mol, 2.2 equiv.}, bismuth triflate
(0.7 mmol, 0.035 equiv.) and dichloromethane (100 ml). The reaction mixture is stirred
overnight at room temperature. The solvent is removed via evaporation under vacuum. The
residue is dissolved with ethy! acetate, and washed with aqueous K,COs, water, and brine
consequently. The organic layer is collected and dried over sodium sulfate. After filtration,
the filtrate is concentrated. The crude product is purified by recrystallization from ethyl ether
and hexanes.

[00377] Nonlimiting examples of compounds produced by way of the foregoing

synthesis are provided in Table 1 below.
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Table 1

4-tert-buty1-1,2-phenylene di(2- methylbenzoate) D 0 8 8.04 (d, 111), 8.00 (d, Ifi), 7.39 (m, 311),
7.34 (m, 111), 7.28 (d. 111), 7.22 (m, 2H), 7.17(m, 211), 2.57 (s, 611), 1,36 (s, oL .

Compound

Synthesis
Method

Structure

"H NMR (50 MHz,
CDCI3, ppm)

I,2-phenylene dibenzoate

A

$.08 (dd, 411, 7.54
(t, 2H), 7.34-7.43
(m, 8H).

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

8.08 (ad, 211), §.03
(dd, 2HD), 7.53 (1,
TH), 7.50 (tt, 1K),

7.38 (t, 2H), 7.34 (t,
2H), 7.21 (d, 1H),

7.19 (d, 1H), 2.28 (s,
3H), 1.34 (s, 9H).

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

8.08 (dd, 217, 7.93
(dd, 2H), 7.53 (tt,
1H), 7.43 (t, 1H),

738 (t, 2H), 7.25 (1,
2H), 7.16 (d, TH),

7.11 (4, 1H), 2.41 (s,
IH), 1.38 (s, 9H).

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

dibenzoate

8.08 (dd, 2H), 7.94
(ad, 2H), 7.52 (1,
1H), 7.4 (tt, 1H),

7.36-7.40 (m, 3H),

7.23-7.27 (m, 3H),

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

9H).

3,5-diisopropyl-1,2-phenyiene

dibenzeate

8.08 (dd4, 2H), 7.00
(dd, 2H), 7.53 (i,
1H), 748 (1, IH),

7.39 (1, 2H), 7.31 (¢,
2H), 7.11 (d, 1H),
7.09 (d, 1H), 3.11
{heptat, 1H), 2.96

(heptat, 1H), 1.30 (¢,

683, 1,26 {d, 6H).

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

8.08 (d, 2kD), 7.51 (&,
1H), 7.34 (d, 2H),
7.11 (s, 2H), 2.23 (s,
6HD.
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*7.28

311), 7.15 (M, 411), 257 (s, 311), 2.56 (s, 311), 2.42(s, 311)

4-methyl-1,2-phenylene di(2- methylbenzoate) D 88.01 (d, 2H), 7.39 (m, 2H), 7.22 (m,

PCT/US2009/069954

Compound

Synthesis
Method

Structure

TH NMR (500 MHz,
CDCI3, ppm)

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

C

§.07 (dd, 4H), 7.54
(m, 2H), 7.30-7.40
{m, TH), 1.37 (s,
9H),

4.methyl 1,2-phenylene dibenzoate

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

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

2.42 (s, 3H).

1,2-naphthalene dibenzoate

§.21-8.24 (m, 2H),
8.08-8.12 (m, 2H),
7.90-7.96 {m, 2H),
7.86 (d, TH), 7.60
(m, IH}, 7.50-7.55
(m, 4H), 7.46 (¢,
2H), 7.37 (1, 2H).

2,3-naphthalene dibenzoate

8.08-8.12 (m, 4H),

7.86-7.90 (m, 4H),

7.51-7.58 (m, 4H),
738 (t, 4H)

3-methyl-3-tert-butyl-1,2-
phenylene di(4-methylbenzoate)

7.98 (d, 2H), 7.93
(d, 2K, 7.18 (d,
4H), 7.15 (d, 2H),
2.38 (s, 3H), 2.36 (s,
3H), 2.26 (s, 3H),
1.35 (s, 9H).

3-methyl-5-tert-butyl-1,2-
vhenylene di(2,4,6-
trimethybenzoate)

7.25 (s, 1H), 7.21 (s,
1H), 6.81 (d, 4H),
2.36 (s, 3H), 2.30 (d,
6H), 2.25 (s, 61),
2.23 (s, 6H), 1.36 (s,
9H).
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4-tert-butyl-1,2-phenylene di(2,4,6-trimethylbenzoate) D 67.36 (s, 311), 6.83 (s, 4H), 2.29 (s, 6H),
226 (s, 1211)w%)'2°’(ﬁ0/a7ss19

PCT/US2009/069954
Compound Synthesis | Structure "H NMR (500 MHz,
Method CDCI3, ppm)
3-methyl-5-tert-butyl-1,2- D 8 8.07 (m, 4H), 7.21

phenylene di{4-fluorobenzoate)

(s, 1H), 7.17 {s, 1H),
7.04 (m, 4H), 2.27
(s, 3H), 1.34 (s, 9H)

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

8.10 (d, 2H), 7.57 (1,
1H), 7.41 (d, 21D,
7.49 (s, 2H).

3-methyl-3-tert-butyl-1,2- D 7.98 (dd, 4H), 7.3¢
phenylene di(4-chlorobenzeate) {dd, 4H), 7.21 (s,
(IED12) 1H), 7.17 (s, 1H),

o . 2.26 (s, 3H), 1.34 (5,

9H).
ol )
o o]

3.methyl-5-tert-butyl-1,2- B
phenylene di(1-naphthoate)}

T
3-methyl-5-tert-butyl-1,2- B
phenylene di(2-naphthoate)
3-methyl-5-tert-butyl-i,2- B & 8.02 (d, 2H),

phenylene di(4-ethoxybenzoate)

E0, O&1
Q’ro o\ng
)
Q [

7.97(d, 2H), 7.17
(m, 2H), 6.83(d,
2H), 6.79(d, 2H),
4,04 (m, 4H), 2.25
(s, 3H), 1.41 (m,
610, 1.33 (5, 9HD)

43




(s, 9H) 4-methyl-1,2-phenylene di(2,4,6- trimethylbenzoate) D ii 05 7.29 (d, IH), 7.22 (m, 11), 7.14
42 (s, 3H), 229 (s, 611), 2.25 (s, 614), 2.24 (spg

%%ﬁfv‘f\égl\gﬁ 100 MHz,

o10/07se 108y

CDC13, ppm)

/069954 Compound Synthesis Method Structure

Compound

Synthesis
Method

Structure

"H NMR (300 MHz,
CDCI3, ppm)

3-methyl-5-(2,4,4-trimethylpentan-
2-yD)-1,2-phenylene dibenzoate

B

5 8.00 (q, 2H), 8.03
(d, 2H), 7.50 (m,
2H), 7.38(t, 2HD,

7.33(t, 2H), 7.19 (s,
2H), 2.27 (s, 3H),

1.75 (s, 2H), 1.40 (s,
6H), 0.81 (s, 9H)

3-fluoro-1,2-phenylene dibenzoate

5 8.10 (d, 2H), 8.07
(d, 2H), 7.56 (m,
2H), 7.40 (m, 4H),
731 (m, 1H), 7.18
(m, 2H)

methylbenzoate)

4-tert-butyl-1,2-phenylene di(2-

5804 (d, 1H), 8.00
(d, 1H), 7.39 (m,
3H), 7.34 (m, 1H),
728 (d, 1H), 7.22
(m, 2H), 7.17(m,
28), 2.57 (s, 6H),
1.36 (s, 9H)

methyibenzoate)

4-methyl-1,2-phenylene di{2-

58.01 (d, 2F), 7.39
(m, 2H), 7.22 (m,
3H), 7.15 (m, 4H),

2.57 (s, 3H), 2.56 (s,
3H), 2.42(s, 3E)

4-tert-butyl-1,2-phenylene
di(2,4,6-trimethylbenzoate)

5 7.36 (s, 3H), 6.83
(s, 4HD, 2.25 (s, 6H),
2.26 (s, 12H), 1.34
(s, 9H)

trimethylbenzoate)

4-methyi-1,2-phenylene di{2,4,6-

8729 (d, 1H), 7.22
{m, 1H}, 7.14 (m,
1H), 6.83 (m, 3H),

242 (s, 3H),2.29 (s,
6HD, 2.25 (s, 6H),

2.24 (s, 61)
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1,2-phenylene di(2,4,6- CI 87,43 (in, 2H), 7.35 'ethylbenzoate) On, 2H), 6.84 (s, . 4H), 2.29 (s,

6H). 4040 2:¢3 {Srohaddds

PCT/US2009/069954
Compound Synihesis | Stucture "H NMR (500 MHz,
Method CDCI3, ppm)
1,2-phenylene di(2.4,6- D 6743 (m, 2H), 7.35
trimethylbenzoate) {m, 2H), 6.84 (s,
4H), 2.29 (s, 6H),
\Q%/ WFQ/ 225 (s, 12H).
Pood 5
[09178] 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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0 [00178]it is specifically intended that the present disclosure not be limited to the embodiments and
illustrations contained herein, but include modified forms of those embodiments including portions of
the embodiments and combinations of elements of different embodiments as come within the scope of
the following claims. CLAIMS 1.A substituted phenylene aromatic diester of the structure (11): (II)
wherein, R1 is not an isopropyl group or a tertiary alkyl group, and each of R1 and R3 is selected from
the group consisting of an unsubstituted alkyl group having 1 to 20 carbon atoms, an unsubstituted
alkenyl group having 1 to 20 carbon atoms, a halgﬂﬁqfﬁgarbyl group, a halogen, a silicon-containing
hydrocarbyl group, and combinations thereof; an each of R2, Ra, and R5-124 4 is selected from
the group cénsistifgseb#itedpheratennsubsatisted HyavotarbybgraagBaving | to 20 carbon atoms, a
halohydrocarbyl group, a halogen, and combinations thereof. 2. The sybstituted phenylene aromatic
diester of claim 1 wherein each of R2 and R4 is hydrogen. 3. The substituted phenylene aromatic
diester of any of claims 2 wherein Rl is amethyi group and R3 is a branched alkyl group.

Rs Ry

O, 0

Ry

R,
Riy s

Ry

R
Ryg i

wherein, R, is not an isopropyl group or a tertiary alkyl group, and each of R; and Ry
is selected from the group consisting of an unsubstituted alkyl group having 1 to 20 carbon
atoms, an unsubstituted alkenyl group having 1 to 20 carbon atoms, a halohydfocarbyi group,
a halogen, a silicon-contatning hydrocarbyl group, and combinations thereof; and

each of Ry, Ry, and Rs-R;4 1s selected from the group consisting of hydrogen, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, a halohydrocarbyl group, a

halogen, and combinations thereof.

2. The substituted phenylene aromatic diester of claim 1 wherein each of R; and Ry is
hydrogen.
3. The substituted phenylene aromatic diester of any of claims 1-2 wherein R, is a

methy! group and R; is a branched alkyl group.
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