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WD 2008/ 154454 PCT/ US2008/ 066219 ADDUCTS, ADDUCTS AND
OLlI GOVERS, OR ADDUCTS, OLI GOVERS AND LOW MOLECULAR

FIELD 5 [00011 This invention relates, inter alia, to
novel and useful (i) vinylaromatic adducts, (ii)

m xtures of vinylaromatic adducts and vinylaromatic
oligoners, and (iii) mxtures of vinylaronmatic
adducts, vinylaromatic oligoners, and | ow nol ecul ar

we i AJHRUGTS; \DRYUSIESt AND Qbmg)l\ﬁmﬂ, ORNDPOUES, QLIGOMERS AND
tect [@Wb&kem&wwm %%ﬁi‘fﬁﬁm gﬁﬁﬁﬁpq
adducts an m xtures are eS|raIe raw nmateria
preparation of brom nated flane retardants. 10
GLOSSARY [00021 In cafiemical Ml p products of this
invention and term nol ogy used anywhere in this

o d WL s inygagipnyiglates, irprealia) tainpre! antusefidi) visylmvomaticihddects, (i)

WhEkKRE of RinyRAMINSMAS afd vidldfohtic g@g@ﬁxteﬁsar@' él?)rtﬁfxﬁlres of
rmle ul es 415forrredfromadd|t|on of t o about

é‘%“&ﬂﬁ? dyety, rYfftY?f%“%lolf%BﬁlaﬁwH%%melﬁﬁw cvelgbfow&wtw

2)potyh1€rsl aﬁﬂ AoV [ﬁrb(gﬁn’&hnologwtphﬂﬁclﬂlgkuélf@bs‘@dnwU IrRdse inucts and
not S vin oduct (

| u matic a
Rt 2 GG REPrepsn PR eemel paiegeagmme
about 8 to about 25; 3) t he term "l ow nol ecul ar wei ght
vinyl aromatic polymer’ V\,het d%l{‘ﬁe singular or 20
plural, denotes vinylaromaticC a i on product(s)
hdW0Rhingorhegfion &ith progustspfithisiimantionand tarmitdiey nsed g whére in this

atﬁ@HﬁneE@m‘:lﬁdﬁ?ﬁyElaﬁg and 4) the term"pseudo

st eady-State toncentration" denotes a concentration of
a Iki nethe éegn|“gddugtitwhether inalbe singulapror plyraboleaaigs, disstetecinolecules

concenfofriddifdmh Jd8HB &S 5 M3t %Byl&l-f)mﬁfé ﬁ{tsqg% 'n% J)rXetl%yll]aromatlc

constant during the course of a reaction
st art UYP™RAYYt er mi nati on), al though 25 the reactant or

C QPO N@EHernt DligMYT, RHdhdr Ml thRain ﬂa&@ﬂﬁﬂdﬂ@éﬁot@tﬂqﬂylammatlc addition
For exa en a reactant i's bei ng

repl eni Scpf‘f t?

fed orPPHENDRMES detrED faolwglar&awaﬁn Hhexangs of aheut 8 Ffeabowﬁe
r aye tthaternm t‘lowsnodmmsmaigm v1ﬁyl§16ﬁud(po§'ﬁﬁﬁd«\)heﬁ1tsﬁﬁ f-he singular or
concent rrgltéemp[e hat it ant achi eved.

re the
speci aqlu al, den Vmfmly g "ﬁ@ (H.lfti%@lngfi Gegee of polymerlzatlon in

concenthe mhgewi abost 2560 a:boorso sudbstantially zero, this is

agnl ev, onent a rate slower or

A b e i T e e e
coul d @tifﬁerpwas@r banpooms unlm‘d coraetftxemlu rergainsteenskuni @ ebstantially
sonet | FRsak @Jrﬁé Ih€ gout'sg oﬁﬁﬂe ﬁ&?([)ﬁ‘l& tﬁaﬁ thJtlH)%nd tel;l’nmatlon) although

the reactant or component is continually being consumed and replenished. For
example, when a reactant is being fed or introduced into a reaction mixture at the
same rate that it is consumed, a pseudo steady-state concentration of that reactant is
achieved. In the special case where the pseudo steady-state concentration is zero or
substantially zero, this is achieved by feeding the component at a rate slower or about
equal to but less than the rate at which it could otherwise be consumed, a feeding

technique sometimes referred to as “starve feeding”.
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WD 2008/ 154454 PCT/ US2008/ 066219 BACKGROUND [ 00031
The foll ow ng docunents appear to illustrate the state

6,657,028; 5 U S. Pat. No. 6,759,478 Pines and
Winderlich, J. Am Chem Soc., (1958), 80, 6001;

Eber hardt and Butte, J. Og. Chem 29 2928, (1964),
and Polynmer Preprints, 13, 667, (1972); A L. Gatzke,
J. Polymer Science, Part A-1, volunme 7, pages
2281-2292, (1969); 10 BACKGRW@NIXa et al., Poly

J 994 and
(fwl\ﬁlai‘he f\{%LVing%gv:umﬁgts al%?ﬁ%'ﬁc)e ﬁjlu raéslé,q 8#50%%%% 4 4?__,’ 2. 4437,
[ 00041U-BrPat. he. GII8EA3:c pol ymsri zation of styrene, one
mol e ouslmtl\joaggsr7ob§ general ly necessary to nake one
mol e of polystyrene.” Simlarly, for making |ow

ol ecdljﬁ'rP gg;?59|§6$yrrers and styrene ol igomers, one

nol e quasaﬁawa&@fhcmu,ﬁr@han Roe. Ol10B9FBI 608]; POl ymer is
usual | necessar us, it would be a considerable
e o b

econonfterhagiagd %@8%9%#1%54?@4“’6@1%’ Prsbrinie 13, 667,
ol i gor(¢972§e g., from about 2 to about 50) for each

nmole o |t| r con A need thus exists for an
ec onorﬁ{ daP %%ﬁ@”ﬂ?r FV?fnPaﬁtr‘%&’e"é’g‘mel"r RABHI 22 B1- 2292 hP69);

nol eg luY arsulmanghtal , FODMYFBiukrizB Vol D6, PloO%; B&es %(Ilba_b 1b8| ($994); and
capa n 0] | y-Teasl e
condi tf(l)vﬁéung @I%c Oéecgg Iz?)(&/’ g%‘f? ‘E?gu“lqgjf wei ght

P c[ﬂ()pﬂe rls the htatbmca]‘oelmmkdhexsmﬂsty&de b maleSe iritihtdr h@enerally necessary

pq ecu aelr“?%e‘u’qg%‘?% rF 8 er | r\c{yef %Ia r I 1ol %ﬂ?r ngﬂﬁoéymers and
i ﬁW@m qligpmgrs; oneghadand & dnttatpr peat mlepﬁdgmbérer froltyenef ig bfunllyl neeadary.
OfThtlp EtSvolid 8l coﬂscidéf‘ﬁrllé ec%m‘f@aﬁtﬁﬁ&g@fa??&dme% B;ﬂr%ole% of polymer or

pro uctlon and i sol ati on of t speci
aQURsEeEs(ehifien abrub2 forpbad 8P Meisachapgle Qfsenfmpr carsumedyyh need thus

metis ifed #n EnohidA cﬂfg@tﬂﬁffzﬁﬁdnogo&)(s hfk@\ms@ gt l'o@nmglgcular weight
effectl ve flame retardants

ERFFIZE4Q" PSS thaphsagabla A prodrcing L@dqr ﬁ%mr%h feaalhle conditions,
a blgbRieisor by tHoRe@EIMREhCRIy R tiakk 2k Kyl aﬁts@lfobu)ée f the preparation of

i nyl ar omatf rWydr ocar%gn to i ndependent |
R R Dl G S OT )DLy eers ot s o Yenton i
waéegted 1 oiayd‘lmssblwﬂﬁel']futﬂllghmsﬁ 1818 tniead, fay ,weill lag Rfaking possible the
K/gxr&f\?cqlgﬂ Qnr& 1sa(l>pa90n qu d¥s{mct g(ﬁmes Q \Q/(ﬁe%{ssltw glie?r}ts%lﬁes very useful as

over
c m\dmwr@héordhﬁrprmraum Hyi br@ginion whdffettivp tﬂmdueardante or
nore di screte adducts to the exclusion of higher
oligoners. So far as is known, aralkyl ation of
tol uene wth styrdsiMARYQF THEINVENTIQNantiti es of

| 1dobs) PRLERIE S invERIR! &X GmA S
SEICh ]as STI\/EDA I]S ml}'nknovvn : om 1<:t Hydp&g%()ﬁ et 'b@ Xll@meﬁq)y
monovinylaromatic hydrocarbon to make, mdependently, various adducts and/or oli gomers or

low molecular weight polymers with high selectivity, higher conversion and very high
catalyst utilization. Moreover, pursuant to this invention reaction conditions can be utilized
which produce one or more discrete adducts to the exclusion of higher oligomers. So far as is
known, aralkylation of toluene with styrene using catalytic quantities of lithium reagents

complexed with poly(tertiary amine)s such as TMEDA is unknown to the art.
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enhanced performance in the intended end use

wa@ppBitsasi ons of this invention, it is deenmedPCT/US2008/066219
i nportant and hence desirable to produce products
whi ch have a nononodal uniform nol ecul ar wei ght
distribution with limted variance, skewness and
asynmetry. Variance, skewness and asynmetry are the

paraneters that are used to describe the breadth

( sl?‘lc?ﬁbl alf g ebarged pegfprmgnge inthelinteprded snvkyprappliGaiings ofalis ipyention, it is

n Ql@en@a kS0 @i indHen dRFABILTE Ho%ua:@ grl(}?dvcgg\‘(ﬁﬁﬁ MRVQU al Ifﬁhﬁgﬁ%zﬁ uniform

cul ar Vhelg%ht di stribu
SHpeweight fribpiion viiliaied varigpee. ssqwResnaiangmeny o Yarinee,
Prsbaﬁ:,ess@‘ld apldetrylHSie p@ﬁnete"}érm&&}e useaH6 hes@ﬂlﬂe\fﬁsor@ﬂﬁ (S adrd

conv.eni ent | enerated b nal o meric or
5 QRPYBRAF T et R Gyr0 s Pon St o s bre Bgress e
( @ﬂ:@cularlﬁelyardlsaﬁhmﬁorFC\(rM\dMl&l)imSﬂ“ﬁm Eﬁméhtﬁ SN P(ﬂﬁrheﬁ’ Sclef?)and

= EQ-IWM m%\//t}.cgd]émlc Iess, ?Wé%é Wwﬁg}’\? m,gﬁtfyrgg‘mently

[ &@@medT he gonrlgsenf 4 pulgmericoor mllgmneﬂeSmpcnme: @gsasl Patmeation

g5 AN n s fr A aTo ™ ph transfer reactions such 15 that

novec iy gwgr?g@ EI ar wei ght polyneric, oligoneric, and
10 adduct nivVaianeess(MdhiMed from vinyl aromati c corrpounds

such as shydRNRvidA &) cain, Mynsfer agent (CTA) are
produced wth nononodal, no ecul ar wei ght

di stri bubkeanes =Moo YeuMgeMsi ty (PD), small

varlanceg i@ BF Y, d t try

("a3) OS 081 For %gnﬁhgﬁ'?/lgpégf)yné?m{ |]\g\rf1{42? gztm;r ene,

[ t[oqog] WC(D@F‘W igyribonprayéisds frbrassesfol yaxiawiziggdhaio rans@Oreastidns such
15 OGigathovallo@ m%ﬁ:EMarc\&ﬁEh{ 1 n‘raegic i oﬁﬁfcfa%g%&@ttn% Mt[(]:g gerlved from

certain process condi ons an é

n é(HWlaSP"\%g‘ff@H‘P%‘}ﬁéfr%@@S #yyeReRed 2 chijh garsfer mnté@m»asﬂ produced with

t %ﬂﬂ&ﬂ&kﬂ aloicbing Whig:! rdl%ﬁ&ﬁ D cﬂ?clléf)gx'sﬁp B kfail B 1ances

M) approaches unity. |caIFy a pol'ymeric produ

héﬁ??"ﬁ‘g’d 59VP1B°F)nandt1%aSVfaW§‘§’ 3) 1.04to 1.1 can be

r n t

: gﬁﬂﬂg a?loly ';rﬁ(?a e :I}ElgléléaTPr? g%?\%gfm(@& uxg?giooé% lyn{erlzg‘uon
20 p Molk ecsur aghvereegptrdhled g@geﬁqrm@@e Wextch@aue;qgmsq cgmdltlozsand thereby

bglsauée aldBarfy nTBAb&STeXELRE /P lv@l‘eﬂ% Il c@ﬁt&[ e;Héﬁ [arf)tlih %mkjeﬂgt%bn or

used to calcul ate the expected nol ecu |g
a Loy fignersiinED Mg apsmoachnenityr Binicpllya mv@mzp ryedveharde aPD in

W'ﬂ&ﬁ&xg%l 4 BNel éaﬁ bt RtiAeD) SEpakAl THE UG oPholstheHzB0% (DP) is
r oup
easqy predlcte gor a glven po ymerlzatlon process and can be described by the equation

25  Dbelow.

DP = molestyrene/mOl€initiator
The DP is then used to calculate the expected molecular weight My, as
follows:
Mecaie= DP (MWityrene) + MWend group
30 where MWiyren is the molecular weight of styrene monomer, and MW end group

is the molecular weight of the alkyl fraction derived from the alkyllithium

initiator.



is the nol ecul ar weight of the alkyl fraction derived
fromthe alkyllithium initiator. 3 WO 2008/ 154454

weEFOBWSR8ON8/ 066219 For hi gh polyners, this terpaT/h083106h6219
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group) is generally ignored such that Maic DP
(MAMstyrene) [00091 Prior to this invention, the extent
of chain transfer could not be uniformy controlled in
bat ch and in continuous processes to produce

pol ystyrene with a normal or Gaussian 5 nol ecul ar

wei ght Feti mxrpblgmbﬂs atiis Whth Mwieng,goiupf) is@lamaup fauel F&H thiaf) .
initia tion to produce |ow nol ecul ar wei ght
polyrrer§‘llc BQ%&%FD ters where Ncaic/MVis in the range
of [08(9b Bitior B th1s)mv®holu the Bfent df(bﬁhltOtilan!;fér cbdld fist B @iiforaly doh@dlled in

f IS t he e of about 2 to .
eyt 6 b lallof s o plollc BRI vBh G 5 shiven
GFOIQH;@Y Weight disteibusion gyith sgmﬁthmgbduytmﬁti Bitiovenhmprivma p@duce

1q % dakh a

e RS g i SO Rl BB
mAbeddPar wei ght in the absence of chain transfer and

t N010RIt S Hrer@Ma HRAOR: m}aﬁgw a?)'M 1%'&&%[‘%6: bfab 2tt<beﬁ) @ ge{"hus

of about 2 to about 50. Thi's represents a

atBRFEonsEisaRodpsign Wéﬁ%‘?ﬁs fprrpsg ip Plpihb?tné Flevuflighlb’ z@ctlwhroamted

| Slafk r@@dintss itl ig prefefB® tHaPihE @atwca /B KdhB Qucﬁféhtymﬂe' &pe&e'ador

ne xtyres w ess t{han or equal

aﬁ&@@ati‘gbé °@§f YagLinghea gﬁeWEChWﬁgglsfei@dHﬁ“wht a[vwz mlewlar
f ewdght)és @fthd dildles of W@ D1t £HOutiSS. Tlﬁlﬁiepﬂeienﬁaﬂﬁﬁﬁld@%st§ hBlE5000%
Llo%lgrté)\gegme%{( n 1n1t at[ r rell‘glizatlon 613%18 8 1cu 8{1%?5%?1@%@2 Bl\r/lall‘lgl Solilysmenc
adwd cligomeny mmuxds ovith M, déss ttaal dutqhﬂ t@abdutclo0@DAOSor a@inic mass
mlﬁgﬁyr es of adducts, oligoners and | ow nol ecul ar

I ght polynmers in essentially the sanme process
ed@ﬂlbhﬂé rfeatire ofthisHevestipmds thatwt makes possibie, o thesfirstttimes the direct
| RyRRdsis OfABusTRKRS o B34 ﬁm&dcﬂ W o YRGSt ag(ﬁgg V\k&x P
vvh| ch in many cases are thenselVves nove hh

fddpets prd-oligorgrs pr I@’&Sfé%ofa%“@ts iliggiviess and jpw mbleeuldr prighipelymers
r aﬂ\és%ﬁaﬁfyltlﬂ; sBmd BbceRle@slpthdnt B BF sankRrRMRaEHd TELIlSatHE in en’uon
r eta?r dangﬁ The | owest nol ecul ar wei ght adducts an

S AYREPle PR YPEROh ERIPARIAAng Whith BLreany FasES ARy novel and

p rvﬂﬂihplh lat Ieasbitost belsés AreWightl is@Mble f&@ uels |rav$1‘rlhttex%i’s 8Sproduction of

artln oi or, thes nt hesi s of a host of
pr o%%att'% f}ag\p ?r}%fﬁ? ‘B‘?l%ﬂ“HIWF‘ﬁ?fd‘fi@‘ﬁﬁta“d in particular the
appnpaidtdtsonS- dlaZ)BprEmheSEpmﬂmﬁl:ﬂ)a byc misSnWﬁﬁﬂbﬁﬁfel Wil smkm starting
nt hesi
p%%ia s?(lr ?xe%}glﬁlgﬂée 3% ﬁost &g) d)lauc;(ts fgr Varigus commiercia lé/ é]ﬁgmtlak}phcanons
av%ﬂr I eaﬁmée, i thlStlh@nmmar m@teplpass@le tﬁe hidrect evooadat lslﬁit}&sw an 1,3-
S%fp‘ﬁ@nyﬂﬁopgﬁé' la%hﬂgct l%\!'h(?c‘;{‘llﬂsc’ ngtoé’enetrzng a%XlﬂlBEelrsf Ithsé Tark&%pler% >5);i)11er

new end
| r‘iﬂ"aﬁﬂﬁ‘ﬁ‘ﬂ“@ﬁn sefHie /g lmlélsg blmkp fair the n:gxttms@efmnpmmﬂnpw emgnelucts

aogpo@'ntlal commercial utility. In addition, mixtures comprising 1,3-diphenylpropane, 1,3,5-

triphenylpentane, 1,3,5,7-tetraphenylheptane, and 1,3,5,7,9-pentaphenylnonane with a
polydispersity greater than 1.25 can be conveniently prepared on an economical basis, and are
well suited for bromination as flame retardants for polyurethane foam applications.

[0012] Separate brominations of adducts and also of oligomers producible by this invention

4
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tri phenyl pentane, 1, 3,5, 7-tetraphenyl heptane, and
1,3,5,7,9-pent aphenyl nonane with a 30 pol ydi spersity

econom cal basis, and are well suited for brom nation

as flanme retardants for pol yurethane foam

applications. [00121 Separate brom nations of adducts

and al so of oligonmers producible by this invention 4

V\g?ZOOS/ 154454 PCT/ US2008/ 066219 have resulted in
Yreesubie ip formation of gffpetive flamerciadantraddiives adimpng thesasivantages of

Aﬁ]ﬂi’tﬂorﬁh&ﬂed&ﬂiﬁ@ﬁﬁrﬁg%& ol By PBRMiRRY S8hiRlkd mglﬁe ésﬁemally

type

f.at s Broni nated additives of th

e b°é‘81"“é‘°ld| ag‘!'“% %Vmg)rg’aﬁ%ag%\a RFOBE 2Ry PR fOBRicaPEPA gwelegule have
b rbeeti fovend &1 e RE udEin Vﬁroﬁmtvblﬁs EpEudallp & isopRdbAied EipheRAMBsphates,

been.fou n,vari sol ven
o sty SRRty st FiceR Ry PRSP e phesphors.
t lvewtghing ﬂa@ wharignt fog hdeyin @éfilde polyi@ethdne Yoame.08h mix8d bthine-

br.om.ne- hor ai_ni fla
L A ARG SRR B
Sipthar palyuesthahe @ppilmgnscsmmzmrlgldrfganan dn particular, one of the brominated
PhagRR e
e anekrﬁegiﬁlgp%gﬁyggg ﬁlqgﬂeiph\ﬁﬁébl@ }ethlg nt%gntlgg Eas gen ound%be
aspERtiRhY seffective atn lgy-sedrefi e @%Wrﬂant fon ﬂgralrlc padyrirethane foaw as a
Ofcorhlh&c@lﬂyoﬁhﬁ@hﬁﬂameagﬁl’dﬁﬁ Shighhds 688 Ghithdbawn from the market because
g,hS tri phenyl $§nt ane r oduci bl e by this 1nvention
h&5 0P BEFFPRALF 4O leB@V"'ESG el EBTRPICEE- as effective as a

| (U1 S|CTHe GitertdépantR nt’ \Qhﬂﬂéﬁaiﬂthlsf ﬁﬁenﬁbrﬁ?ﬁh@l tRe ROnMSH RLINAMEI for
| ame r et ar dant

ccessf ul

W BB TecnaP Ul OrS e BPiohF B EondukiaE g presess o
t lobtaip eitie pﬁel samne plodypo8istribltnashder &ifferbi dtdeks conditions or greatly
CRRRLGEAET Ao DU TERERARR b s
i M&Q@Wlﬁlﬁngaﬁplpﬁl bowalt by dheory Tt isibuelentd to be atiireinglia tHEpFsesses of
0
o Ifﬁ%léhlgfbi?&gg ggﬂeﬂgy ?%ﬁf%g tﬁe Stg tﬁ{r ?%a%f’ t§ gf,s]fgr auné 3‘6 rapte ?ofr Prgpa@ﬁttlon
p pHakle selectpripfi doptions andoprepertiops of fedgente mill it thel balence such that
dinhadBietsi fﬁ&ﬁlréé"otf BadRBs Yor Sitarad ofrgagﬁcfts a%@%l)%prb %f o{fn%tures of

r@aess conditions. Wthout w shing
AdFts, oliggmers. and leys mpleguka “thmlya@@@rerqbr@gneﬂ .n the

P HSHAS 1@5ccorﬁﬁk§witlﬂﬁ1§sﬂh¢eﬁfbn‘ ) pﬁc&@hﬁﬂ&ﬁn ﬁé’ﬁ%@n férlaguct
rate far ghal nﬁ({ransfer and the rate for propagat i

s SR 18 (y mpreaddugin (iR mbepaiof ?dél’%s kR fﬂ%‘ﬁ‘o?fta%ﬁ@ aggf one or

r eagae;ng@nem bl (ivp@inixtuReof Bedudtk) 6 Bgomidfshank A med€ular weight polymers
m Xt ures of adducts, or m xtures o%

a d) d%hl ﬁ}? POIPH6MBYSE®S or i xtures of adducts,
olt} go r‘mmgmg tagthel @mppiEhe (Al)l,| ByJ C)W&nﬂ gi)lher@ﬁdf&f@ﬁﬁlb&f By feeding at

bt Th
|onv2|nt | cg)tncogg n%éJBc), & aunsnk rer}P(r) ep g\?tl l??ﬁtrlﬁm}cé’g‘@?[feﬂtﬁ ASFM&‘&P) or
enric ﬁedmlxwrf(thf)t lsrbolng)ﬁvdmddw ;he (aeiling of anficast aornponaﬁts aydyeaidD),
(111) jRedth E‘Jsé‘&vﬁer@éon@g&gfébz arﬁﬁ% J}Qd sngaratgo %rora eiiclh% Ednd/or

or (iv) a mxture
mol ec d@feded Heicgmplepmador gemggtgmeg ﬁpmmhdmstr, The process
CONPI ic8RSating helPsdudd ki giy! sﬁgz%n&ﬁtrzﬁ ng&ﬁgg&n&) inHle reSclion

and D) herernafter desCrib
mixture during the feeding, the molar ratlo of component A):component B) and

5
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| east conponent B) to a m xture formed at |east from
conponents A), C, and D), or to a mxture that is

O, and D), in each case where conponents C) and D)
are fed separately fromeach other and/or 30 are fed
as a conplex forned or being forned from each other;

2) correlating the pseudo steady-state concentration

of conponent B) in the reaction mxture during the

f eedi n@almf“ﬁlé‘g FRSITSIRPETALN @F tIPCrBYRS OA A feagtion striwe Alcame oBjlore
and &eM@rﬁﬁl@ﬁfnlﬁeﬁAﬁé& JPEBIuEREAE AR 23b8¢ td@b&ﬂc@ E'J]d RGction
t he te ature or tenperatures of the reaction
mxtur’ér 8e or nore tenperatures in the range of
aboput Bﬂﬁhdhﬁg thb Gddl oflodflforie B) bR Aeriiiating 8SRhdHOR

pr.g duct; and 3) termnating the feed of corrponent B)
anc Iihentermnatlngthe reaction; 5 wherein: --
Cofrpon@nporkht A)gs aateast a&&tomﬁﬁlyafoeafﬂinilmwlhydﬁ@@@b&@ﬁﬂ dn[y one

' apg only one
\Angliueglé"l FJ&&J i tﬂle rﬁg‘lgc% e, Whiclh Irn(e)ﬁl,él \ %roupb éag%li t{)g grﬁl%gtllcorr\% :imél in
r ivrhégh atlagst ong pomnch tlaatardn@as tingbearigeabd meéthyl gonp tshlsubstituted;
ar
u %ﬁ?tbf ;::({Jn%pggenpﬁgé %ﬁg}rﬁg Fh tc;mfcln (g%r%é ?#c%}&sai%mé in the rangeof 1 to 4
arPERRHS anghgdmaving in the raed okt {p Qa@m ririgryitygtuents, v limeeur @hgere Gian

oh@of‘%ucla@u&ﬁﬁé@shb £ mbthNGfoud Bch NRMIND 1ehdd oﬁel'b%mﬁ(ﬂlrbg eQitoni]atlc
to, 6 al ky%ﬂnéwg substituents, wherein not nore

oRiBe braring | GPYRIEEbetitpted; awf?équﬁvably@?mneah@) hamnp elityio

atardnRAGHing®EIl PRI pdf@ibl Borh foRerR hATRY drbmarkciilgy bear i ng
nore preferably,

t he rrettﬁ% rlﬁ £ k)‘% unsubst | t ut ed;
conpon@ ‘3&? A%at (A% oy mengyiny larpRafichy drocarions s st | |
e e proebercatil)ys at Mﬂbmmolhﬂﬁmw@erﬂraﬁdfatl c ring; --

ﬁ;gf g 2 alr:ll)gone)lt ﬂ) Joatte eas one Sll h%ﬂ:%{)lg%’]n(?%/rgaré{]s %ag@ %hatcyﬂlgplexes with

orsgémghnotlﬁluumageragent and - - conponent D is at |east

0 I

c g@éﬁg{lﬁs};%}l&(ﬁﬁgk g&glﬁgs cbrﬂé} 1tlg§gh“|/ri18c¥hn alfe eag%}lg% tor m]f({)lffi gﬁ adducts;
THIDS U p@Rrisiog Ted 90 Hpreo@ddd@s ab prrosyi pre rdigaunir landi mextures
adehisisg Mdudh, Sliddhes, 04 IOQ%ﬁG&ﬁrwre[%m eﬁé%w‘egsﬂgg&ﬁ s ?111 dmgtures

two or nore adducts and one or omer s
'Of(%dﬂl‘%%‘epr%mé‘b‘ﬁ‘ﬁh‘? forda: adduct s, ol i gomers, and | ow

m)l ecul ar wei ght ,}thM{[I@’IﬁCR (W, @gMgror m xtures of
?‘ucts [ epresent ed t he (fornu | a: - CH2

CROAFINYY S eRprempsic Ay dmw})@fl BPpisty Aghich basahly alreew&ty group and wherein

hyldée@ﬁéhé b@d’hd?ﬁbh €HeYaropati€ And R ErifRTh/mARE gi¥BS R YihsuBdtiRikR; APE.
| east 0neﬁﬁ}93| tion ont he aromatic ri ng

b é“gf"?eﬂ%“i‘ih a0 FrRminhy peathen motelyn whyseip Resa hydrogemyatony o amethyl

group, and n is a whole number in the range of 0 to 6. The mixtures comprising two or more

adducts and one or more oligomers, which individual adducts and oligomer(s) of these
mixtures can be represented by the formula:

Ar-CH[-CH,CR(Ar")],-CH,CHR-AY
wherein Ar, independently each Ar', and independently each R, is as defined above and nis a
whole number in the range of 0 to 24. The mixtures comprising adducts, oligomers, and low

molecular weight polymers, which individual adducts, oligomers, and low molecular weight

6
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25 i ndependently, an aromatic hydrocarbon noiety;
wherein Ris a hydrogen atomor a nethyl group, and n

WO 2008/15Ma8d e nunber in the range of 0 to 6. TheP@i/K$2908666219
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conprising two or nore adducts and one or nore

ol i goners, which individual adducts and oligoner(s) of
these m xtures can be represented by the fornul a:
Ar-CH2[ - CH2CR(Ar' )] "CH2CHR- Ar* 30 wherein Ar,

i ndependent|y, each Ar', and mdependently each R is
a8 HIS?YF ﬂféﬁ“‘éﬁ‘B‘\?@eSéﬁ‘HbeﬁeRrgse‘ﬁed Bk femilatber in the range
of Oto 24. The rmx@uﬂmzcmm smtg{mﬁducts

I v F%u’é?de%e& gfﬂjg ¥ gach 8f i aa U i nd\é\gthr %a(fhd&o MEWPEC\},\@ Iar?dhn isa

\NEAth husbe\D tROBBEelFH4549. FlﬁTMel.&Sﬁ@ﬁh&ioﬂﬁ&Zﬁb&ferw QoMRINS intthe

t pﬁ%@_&tm tg_é{%ﬁ?t rﬁ%? akl)n% 8%%%{_‘%3 %}%}3 g{\?\hqtg))ré ea?k??r"&{g?sﬁl%lugﬁts, and Ar'
i n@évéiydﬁemmhymefmhngﬁ\pf | todpomaticéeendent | y each R is as
d ﬁo‘lﬂeﬁle QIQJ%( ﬁﬁ%{ﬂgr dthbbdimfhts Ml'ﬁg %} Htll“mnﬁlrl }l %urt%err all tf(r:)om

e conposi ti ons, Contal ns
i ﬁletehﬁémggesﬁf&ﬁ'gealﬁifapnenﬂ@ chimy omat i ¢ rings and has in
the range of 1 to 6 alkyl ring substituents, and Ar'
preferably contains in the range of 1 to 4 aronatic
rings. [0016] BREFSCRIBHONORIHEIRAWINENt s of this

| QoeNtHigiRe Mdebicts @R pEdpbdell rehdtioh hthaRBRR 8f c%m)lefmfdchmlmﬁ Qﬁon side-

L e LN s B e R hférﬁ%&ogwlteﬁed

p Et@l}@m&ﬁ dle p&&mbd @ hn ﬂmlh&nmﬁma;ﬂﬁmd:@ﬂpds amgniﬂhﬁrﬂ EdHiPIXBd With

R e PR R AR bR

styrene in the pr esence of an al kyllithium conmpound

such as n- byply MW%%@Q&PH(BI@ or¥MBbbIIRNTS

tertiary diam ne
N, N, N, N -tetranet hyI et hyOE &l INVENTIONS FURTHER

[DE-Bﬁg %Qse@%@éhg thﬂo eﬁ'\ﬁ%alnl\ﬁhw&lblg:derwf% alp{ cItﬁ)rO(g\l ed

As use roug%nut t ocunent
" BY w%FélplblprecesSdiewsb@élerampqoomrenﬂym idhecserle refpjiom In ethertvioods,

PR fbdisre PRAGH PRIk iRRhEd hre &%ﬁfﬁ% 5&‘)@&&&' togcrthér thd tle?ﬁ&?

reaction. In other words, e mxtu

t Ahoughsyehprqdys cairhs opfpiasddn etheryvars wheséul ble@fgm qqmrawlnf@ned
SkubgthiRer oCcess, aIthough such product can be obtai ned
[ bl endi ng separ at el y-forned

TN RN PR

t foemua isi dosesibddak faphesentihdlar iAdiSid6HD GORBUM, n MBI e Whe numbers.
When the formula represents a plurality of molecules, n and m are average values, and thus
can be fractional.
[0020] Component A) is an aromatic hydrocarbon in which there is one and only one methyl
group in the molecule, which methyl group is bonded to an aromatic ring, and in which at
least one position on the aromatic ring bearing the methyl group is unsubstituted. In general,
for the processes of this invention, the hydrogen atoms of the methyl group need to be the
most acidic protons in the molecule (i.e., they must have the lowest pK,, value). Preferably,

component A) is an aromatic hydrocarbon in which there is one and only one methyl group in

7



wo erosubass epresents a plurality of nol ecul es,

10

15

20

25

30

fornmula is described as representing an individual
nol ecul e, n and m are whol e nunbers. 25 Wen the

are average values, and thus can be fractional.

[ 0020] Conponent A) is an aronmatic hydrocarbon in

whi ch there is one and only one nethyl group in the
nol ecul e, which nethyl group is bonded to an aronatic
ring, and in which at |east one position on the
aﬁ'&ﬁﬁ?l?‘i‘:‘ler Virieh et Rroyp ishanded torpplarairatipiing, and in which at least one

UpSsHasit dnt thd @Bmatlcing BBRIgkhe mhyl Boup ﬁ%nﬁfb&ﬁ@c@&s %rcﬂ molecule

this .invention, the hydrogen atons of %rou
n&&eiphinghe fapge of gt aé?;‘PaalF ingy Fddns inj the fan&e ?fo‘l '@(ﬁﬁ kyl ring
( Isul&tltuerftsh eYfeWu6-lifiidCexamBled STORBIouRtSaY &h U@l)mhzed as component

fer aromati c dr ocar bon
S oy SRTRRD R arrin bl GRS ey TR er pert
Vﬁnzmﬂ&hé, 534;45&1@@%111&2,0 Dafefhﬁﬁﬁas%heﬁyhﬁoﬂygb@mb e1 nm!ypj‘-lo-

V\Tg)ﬁ%lp (%gfl?t)eegzse éc’ one &%'1-4 3 gﬁenglﬁrogﬂgb %%E?ereﬁreii ?oﬂg)ounds for

beempanentt o rmet htpluegx o Uiymeithy1- stmtesstlprbpyﬂ)ed;zemhu Chhethyl-3-(3-
1 to 4 aronmatic
n%h@&lﬁto%yl)&%h@hﬁhs hah}tl b16(3 pﬁ%9%ro$%l)b§nzem(yl ring

rings and has In e rang
S JWH Eapepanent B)As a‘mnowmdarbmmctlydn@atbma pefeezbly@inooominyticunchsic

t rl\ rodafidn pﬁllr}étxd thé éﬁ&: of P04} H@Pﬁ s ﬁl tleé) mc?%c%ie R} le sugs’tltuents

utyl tol uene, misopr op¥
3 C@ Bfi RETSPIYf OB e GeOMBtiTings) © cmnemth eﬁnﬁew non-hmmng examples of

vihyRrduati©Edmpbifl HaN&n be used as component B) are tp-lSﬁprogylEtérene 2,4-

henyl pro enzene,
pﬁgﬁyréf%‘f}ypf@%ﬁtﬁlgﬁ%% é—I%)élsobutylstyrene 2,6- dlmethylstyrene 2-ethyl-4-
1ﬂf6&iymyfené;-1 (varyphgimalaas, aRy?-yiBARE8MBencPr ef er r ed

t A t ol
?‘HB?]U%HO? ((rémﬁwgﬁgﬁgaregg‘m/f 6)2 :ngegrf)g cgrgpnq%g}t @4 eltger(sglgly or in

plrrwrtyrleqa oh pyd ))bﬁﬁbfeGﬁlEylllﬁhmdl or cycloalkylhthlum species. Preferably, the

ﬁgﬁlmd I%%gﬁs Pon%? rr%ﬁl(r%\? | y% ar 85&%’?‘ LeAFROB Ltg‘ggl:}‘]ﬁ]@ﬁf’,‘mec“le and

p ﬁh@fcmi@wyiﬂéummmms ngritar io theetrange oﬂaycmln 5 ®abio N cdiboni at'bgls fithe
t p,g,leg [A-0GS
AlRY] lﬁg glggrigl {eu}egtﬁ? gr% %r Qggﬁdn? conl g}ds wﬂlc% rg a\éarl 81%,%%5 aétlcles of
r PoTBYYe- Bprtiewsrfyonderted Ble. n-bﬂltyﬂléhwm on de¢-butyllithipme xspeqidlie svhen
Oﬁlsed\i'ﬂdwduﬂl'iépﬂaﬁ&ﬂ tﬂanQle&ﬁg& D adaikh rbr%ﬁ%Ht?ﬁrq cSitpounds other
onent are p-isopropylstyrene
l@{} rﬁllfygtﬂy\"é nc@mp@méq 9t é)pyqsghe Non- llmltmg examples of such other

3 oéaldjllthhlﬁQ&MIpWUﬁE Mﬁlﬁﬂbephex%nllﬁhlgxh n@hi}yﬂtﬁﬁﬁf rlelﬂﬁ l- l—phenylhtglum
| - 4- net hyl stér ene, 1-vinyl napht hal ene

Rﬁ’ IS‘Pi‘é’Bﬁtt“I’fE\F‘E‘i‘Pé’““‘{SG’ ?bfﬂf\ﬁaﬂe&y@%wsrﬁmtththwm

r amgﬂ rﬂoﬂlpﬁr&ﬂt [b)ﬁs atiB@tona Sll[ﬁlﬁlm@@@a'fl?rp%ﬁﬁln@ 'hgdﬁ@ thatebiiSib¥%s Wiih
£S 0 | Ium.o

c )s/aécll orézrn‘c() tFuluPtr?ﬁgW%dp‘gﬂ(fh&twafgls g]ftép% Wnoaﬂch%on (propagation), and
akhayd trandféri Non—lmmawmﬁples@muah lfbly(tertranlyamrnangald@ fnclhdd ditertiary

a r in the mole

c?@ﬁ@ﬁ%ﬁ%ﬁl‘??ﬁd 3%%% dsmp JIaming, %ﬂ%rfn‘?rﬁ pfe?féabiya‘ﬁg‘lé'“ﬁ amine)

abeantds Herived aﬂ)@mteﬂwl@ardlmwtomnfsom npolyethyB6: mﬁinecull\HVN’N'
¢ 5 A relcrred a au g IMI

gf\%(é?mg%)f?%l%ﬁaeg&garntﬁxﬁ gf ag;g QEFIQ l}; Cé i}l it r&] lgp%r% DO F'ﬂ Tt Tr%?r[uge)?igand in

phepeaeticegf thisénventiont yI | i t hi um and sec-butyl lithium

especi al ly when
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used individually rather than in conbination. In
addi tion, organolithium conpounds other than
W@Pbdogli5445h0i um conpounds can be used. Non-1i m tPEIUS2008/066219

exanpl es of such other organolithium conpounds

i ncl ude phenyllithium benzyllithium

1-hexyl -1 -phenyllithium 25 and polystyryllithium

conmpounds whi ch can be preforned or generated in situ.

[0023|][ Conmponent D) is at |east one aliphatic

p a2 ¢k Brug.j i ageordangseyith 3 §esh aropesn embasimpsint Rfethisvintentions tieed is

Opgied & hotcBrpRPARBk pRdtkt \M}icﬁéa lﬁ\%ﬁaﬁa&@ﬁofkﬂzlfé;rhﬁral on,

nonoaddi ti on (propagation chain transfer.

Non-1imiting exanpl es OFC &Hﬂ IE)‘BT"’}F(tertl ary ani ne)

| Iv@atﬁﬂ%r isna hrbﬁiﬁlc(ﬁyc(rb@ﬂbh ﬁlblyty céiiiflay)in #hb & 1 QTakoiREc rings
ene nore pre

y s E‘?{he EL ‘)% Tl f‘ﬁ%sﬁ‘asé‘“&%‘? Fgam et Frpptisprats, and
d matmtqntethm‘oné oﬁsmhpuﬁsymtdm; Ise methyrprovg and"JyH&eN, aNeast one position on
t L arl f d
al(?l%e aﬁ)m%m’]%%%a'ﬁ%% m ol elS Iug’ g‘ﬁtl&% pl%’j Hl?igqeﬁ%eg ?%{ga{rc?n%g
othydrpgatbon mvrety_tcprommnﬁln\;l@r@@WI 1&¥aténtatiPGigsUBRDHER B6 6AtGen
[ gQ)ngb]- amfl‘@l’ 6L{Bh\?lgi | ﬂr%&%ﬁmwlste{) h a first process

nbodi nment nvent1o ere is provided a
10 prlbcesfged@fg aﬁ)ﬂt@ﬁapmp@e@ liirl@r@mﬁer@lnscrlbddeao|annq¢mmoaktbdagmwd

of theefcor Mtﬁmnf‘@ﬁkg'@me%medmﬁ{ éﬁts'A?a@f‘ ando P)

aromatic hﬁ%{r ocar bon noi ety contai ni ng
1 to deingferdpseribed yyich myxtyis gptipagliyegntpips qomeoqeawgela@famgum

to 6 aibkl)/ﬂeqtfaltﬂgr 1Bddlagh ke URBHEHS of dﬁfﬂ@&ﬁhtrt Qp@) %lxﬁﬂr@({?e a heel)
substi tuents, not nore t

subst | FOEREE foqng Eo’ﬁﬁ?‘?ﬂ?Pe“@Sr‘guB) §h d‘“‘?f\ﬂb F’%—ﬂ arﬁ‘d‘é‘f’nall gaints of

I5 one pasinpérents Al C),tahe Dpsndwpiidnglly domgort2RER)iinNg dutoant&s M the
gr oup 'd§mo ubsti tute i ndependently, an

e
aromat’l ¢ rﬁl?a ro Etaorfﬁonrllpoﬁ%ﬁAQ ¥ r%délﬁ?dd?tﬂﬁﬁéeaf’tﬁr 't he range
ofh) 1 trnalmalaln@thlafeed:rate|oﬂqmpommm)at #5ldW dnSugh rhy dicioatithe pseudo

atom qf roces rise
f eedi ngea% {{%ﬂe%{: eng%t%gﬁ%ﬁ@ %)" @er Lanaing (szge %grcﬁ? F%’é&mlahy
i nt o azetpetrdamintaningthaepinteats efithe reecamamne@ombxanmnpmgtures in the

20 Z'nt he rrar(g% bt a@oﬁpﬁgd'{f) Qootlper H%(g%fe%ﬂg LHQ %gem:f §bdﬁ) IOSQ to about

erei nafter descr
opt i on‘dFiCyaf@mwﬁ%m@o%ﬁ@%tﬂmp%mrﬁ wh@womemm is tobyoue); and

equal ttiffind BSRed memf)&@ntmerﬂgmﬁrﬁmgﬁﬁctﬁ p?errably
(2) amxture(l.e a el) previously formed from

conpon@iitaprac solggnt; C) and D), and additional anmounts
oﬁwhar&ncorrponents A, O, and D) and optionally
n _an anount n the additional

conmpo th

2 anou nR%of tl}%%loaﬂ‘é’ﬁ‘l‘t o O“F‘Hﬁ’f‘?“(t) 33 B‘ﬂ'i"?ﬂ igtoithreregeton gglgiive to the
[1) mai nt asmoungpf txh@oﬁeﬁd) indddcedfinte haReAG M in Bk radbe about 5
sl ow enoug ch th L t he do eady- st at e
concent r at ?’5‘ %Ou‘é)?o e ecg‘heg n C%‘pof‘%?ggPﬁfeéﬁ%hé'ag'gfan%ee"rf 8b%gt>
at subst antiabgut §0 mszle pacentafdomprinerit A, ra'ncn]gofe pefeedhitie the Sange
of ther eagttaggut % to%g&t 9(5 mgg E)grcetn?&pcgmg ﬁ\sj in the

30 (ii) the amount of component C) introduced into the reactor is in the range of about

10 to about 0.2 mole percent of component B), preferably in the range of

about 1.25 to about 0.5 mole percent of component B), and still more

9



20 range of about 90C to about 130C (preferably in the
range of about 105C to about 115C, and nore

w@e@Basabl y at reflux tenperature when conponePCT/B2008066219
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toluene); and 1I11) termnating the feed of conponent
B) and then term nating the reaction, preferably wth
a protic solvent; wherein: 25 (i) the total anount of
conmponent B) introduced into the reactor relative to
the amount of canponent A) introduced into the
reactor i sPiefrablydn ths mige effabeit b (i abmut 0:65 mphorercemp! pastponent
percent of Byorrponent A), preferably in the range of
about (115 about 50 nol e ent. of conpaonent A), and
more pref Q'BT’IW ?fﬁ"'f‘??é‘e‘FQhE'EO ugtd inip tig feagtey it i the st ofzbout
nol e per cemd td)i‘bom@['ﬂpxﬁﬂe Pérced} of dehpbriehy) B, B@fe@ﬂﬂ'@uﬂtthe(}ﬁnge of

conponent d i.ntq the reactor is
range of ac%)ﬁ %580 'gB (gf) PIHHP C%@}OE%P)’O?M " more

conponent Beferablyef the wngﬁyof iabotit It @ dba@es7edole @whttof donganent
to about Og g }S(gl e percent of conponent B), and still
nor e 608/ 154454 PCT/ US2008/ 066219 preferably
int he(Wr) an@emglrar ratioeficompengntd) ael4tive tcompoeet §as inalnt ragk of

conponent @out 0. 5(, 1] {0 aimutt 5@ a%HBy}éf@,-‘abﬁfm ﬁg I[ER%I’})? ggou@ 95: 1 to tabout

introduced into the reacto

10 to about-0yl.Esnepinlly ‘p‘@r‘@@mm@ﬁ%mﬁbﬁ%@n@)
prdbemabl y in the range of 5 about 1.25 to about 0.5
nol e percent of conponent B), and still nore

p CURROPE, A ptleaptiqpe *’rf%*mj'é hygirocagheiin which herglisnne and ogly oneeghy!

p gfodp [iith@xfml@@[ﬁpﬂﬂiamnethﬁ)grouﬁ bofided ko imorﬁgﬁl: ﬁﬁ% Lad anvhq,fh at
nent isin he ran

enR e 1t16x2 tﬁ A i obCQngE h;
0 85&?5’? Y1 the qrgmalig ging bearing the,mef >6rg{é)f“% FABFUpstinped he
r aomgyenedt Bads atitasOond modoviiny laddaeiié hyditddarbo)5: 1, especial |y
S DA: and erein: conponent A)
}Ag&gqogfn%&saonaéaé?grﬁao 45985858 on in which there is
onenganeht Dhlsyt leseoneelifiytic po(iedipryiamirehitgandih@euhfexedMitt buid

”%Fg@ﬁ(dmhﬂfnp#ﬁgehts bonded to an aromatic ring, and in
which

east one pOSItIOﬂ on the aronmatic rlng

b &WP3lHg prefrerehemtiegimegsioup is unsubstituted; 15
CONPONSRborBit A) Rasth thk %gé of 364 ﬂgrﬁﬁxélrﬂ% a8 RJIW& e range of 1 to 6

hydr ocar bon; “conponen s at
organ@l“‘iy*‘mglfﬁl?sfl@éﬁ%nt and component D) |s at | east

ong alcoRpeihts) Bﬁ' 1f{ {ht Bnkd @M 2RbRSC rln@gnﬂr&g: n‘imtﬂe

¢ ?IBpl %x%ﬁon\é\ﬁtt@ isan alkylhthlum compound having in the range of 1 to about 5 carbon
atoms, a cycloalkyllithium compound having in the range of about 5 to about 7 carbon
atoms, phenyllithium, benzyllithium, and 1-hexyl-1-phenyllithium; and

IV)  component D)is A di(tertiary amine) ligand derived from propylene diamine, ethylene

diamine, or polyethylene imine.

[0026] In more preferred embodiments:

D component A) is toluene, toluene substituted by one or two alkyl groups, each of
which contains at least 2 carbon atoms, toluene substituted by one or two phenethyl
groups, toluene substituted by one or two 1-phenylpropyl (CeHs-CH,CH,CH,-)
groups, 1-methylnaphthalene, or 2-methylnaphthalene;

10
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organol i thiumreagent. [00251 In preferred
enbodi nents: 20 |I) conponent A) has in the range of |

al kyl ring substituents; I1) conponent B) has in the
range of 1 to 4 aromatic rings in the nolecule; I11)
conponent C).is an al kyllithium conpound having in the
range of 1 to about 5 carbon atorrs a

cl oal kyl | i |umconpoun in the range of
aébut Ce"‘g%’ea‘ SN2 58 ﬁl%‘ a**ﬂﬁ'ﬁéh%ﬂ? fing tfylated

benzyl d-méthjlldmenal’ld'nﬂz}nbﬁmwené orl:’ﬂ'—l&lli}yﬂabhthehlénldm and 1V)

t [ d
C o A Bhorteh o, Ml Bl Ronbatil Prifesshly FRRAEHE b 1 Sbout 5
pol y etdagbble atems, pheng it DEdzy Nithiumg roe 1{pheiy latky kichium in which the
enbodi arﬁg,p%{gu %%taﬁ?%%%%%n éﬁ‘é s tol uene, toluene

substitu y one or two a groups, each of 30
wWHl ch cempenghtdy iskMERASt 2 car bon atons, tol uene

S '{%5‘?]' tﬁﬁ;sﬁeﬁilt tméno%?engodﬁn\gﬂ ?tnf:s‘ Em%&l?ﬁ)éh ’thegr elf)po%ideé r?elwuagd useful

substi t ut ed one or two

( ediugts @Hzaﬂz@%/lebly by @P@éﬁﬁ@hmlomf thy Ilmerpihtn hcleaiductginclude 1-
2 phdR n m- 0 ropane, 1-
PET/ oy 03 ?g%gp;’bh@ rl%heﬁ';@ﬁﬁ@t@@l%ép%ﬁé‘lﬁﬁe yl 3( t lyl)é) rpan 1

S2 nponent
aPhepylat @deréibwlél?féﬂ)péom%% hyI 1@’@% @-eﬂylnhpny@prapmA at eld(o-
a1sHﬁthe@t)§B[@Jﬁﬂyl)pﬂopMienlylbhg@ﬂ)bI(fw&-ﬁ%th?!bhenyl)propane 1- %)henyl -3-

2-vin a ht h onent I S_an hi‘um

Rdh R AR R R N I A

ajoons, Adﬂh@sﬂ}bhich tchi befor@NBittuantt 1B 1thiMNinvektion are illustrated by the
thlisllrﬁnln which the 5 alkyl group

he
ccf)dr?l wméémf[h%gn%ex&? bn atons; 4) conponent D) is
TIVEDA. Reb@ﬁﬂﬂelwd?hl tofud@uhd meramamh €B- d@ﬂ&sngfoﬁaﬂhs tRf initifl a&duct.
vent [,OVi new. and ys duct s
ot A8 TR iR 4 B B PR 5 e ofietopane s
| nventtheomtlal$ddlht adducts include 1-

P ? S ng LKchﬁ%ﬁ’ léett\ch,e}q §ega?§% gnneéhylstyrene forms 1-phenyl-3-(m-tolyl)propane as

1- pherild inigal(adgucp | yI)propane 110

' ph S ng LRQa&HB%@%% To@ﬂ:&é’ Jélg 5 %{B{le gge%lgﬁﬁﬁs 1- lgn_eznyl-}(p—tolyl)propane as
i sopr d%%iP 3-(p-tol yI ) pr opane,

I Sphe%éhct@n(&nﬁ‘eeﬁ &rubmtahw I Mﬁmiﬁg])sﬁgergfafgﬁrisplrl gggﬁgy kpa%ré-

(1- naq)?tyél %{E’r ane, phenyl -
1,3,5 HPSW%WPWBW%W@““[OOZ& Adduct s whi ch can
be f Orﬁé’eﬁloﬂurl&uﬂﬁﬁ tﬁetlﬁﬁl‘tbﬁeﬂenvﬁfdt | Sredd € fhrink USLpIRhRS-(p-

React b Py e Bme e o ene orms
173- diRshaioy | rbetwpaneo -Beprogyftoliniet iaad pdebtiistyrene  forms 1-(o-
isopropylphenyl)-3-(p-tolyl)propane as the initial adduct.
8. Reaction between toluene and 2,4,6-trimethylstyrene forms 1-phenyl-3-(2,4,6-
trimethylphenyl)propane as the initial adduct.
9. Reaction between toluene and 1-vinylnaphthalene and reaction between 1-

methylnaphthalene and styrene forms 1-phenyl-3-(1-napthyl)propane.

11



2. Reaction between toluene and o-nethyl styrene forns
1- phenyl -3-(o-tolyl)propane as the initial adduct. 3.

wRe@stisam bet ween tol uene and m net hyl styrene POI/I82008/066219

10

15

20

25

30

1- phenyl -3-(mtolyl)propane as the initial adduct. 20

4. Reaction between tol uene andp-nethyl styrene forns

1- phenyl -3-(p-tolyl)propane as the initial adduct. 5.

Reaction bet ween tol uene and p-tert-butyl styrene forns
henyl -3- (p-tert- butyl phenyl)propane as the initia
uctReaggion F@%‘(\‘PP‘F dpluest Wée%"’ﬁ‘yléfﬁlﬁ}‘?‘g’éﬂ Gech deagtion Setypeangé-

f or s nietl@hﬁﬁm’ﬁaieae 4rid-styddde Ry ﬂ{éﬁﬁéal-()zmﬁﬂﬂaﬁﬁ:pﬁfé t he
propyltoluene

a 85% q—h%}taehgw gciugp]r gﬁlgl}stfag(f L %n er(t ose exemplltO d as in’1-10 above can
i sloptred@inkddnd ivglajed 3FHuR-irt gnhgtﬂ)tmaapmeara& répAderitddi by i lformula:
adduct. 8. Reaction between tol uene and

2,4,6-trinmethyl styrene fornms 1-phenyl-3-(2, 4, 6-

tri nmet hyl phenyl ) pAcQEA€CHERMAMN,-CHiGHRaAr adduct . 30 9.
Reacti on between tol uene and 1-vinyl naphthal ene and
reacti on between 1- nethyl napht hal ene and styrene

f whergin paghfemisy| in@p¢ntlentlaparnarbmasic opagtie whith oMON2G0B k6 4Gl

ngétlfﬁ%g Qr&vﬂ gﬁgal'l? alky]l %rouB@(ﬁ‘l?atlﬂs Hdég gl{d%fg Nat iqut Y58 @arl?oﬂ %oms

2-vi nyl napht hal ene "and reacti o
ng{qug;p ﬁ\albﬁthﬁ(gp@ﬁ BSO8R aspssivd geup,@pdyivherein n is an average whole or

1frﬁjﬁﬁﬁhy hunaj'el( id Ryt a)o@lft QRAGHSut 2b. OQ%&]% d'@fgfhz@ rspégﬁ’ilc g&ﬂlt@&f
m§%v> ducts ot her than those exe as in 1-

évee‘éw arg |4 -/ Herapinylacptagfdl -3 3 67 afwhewwe%ane,.aﬂd siftares
gtaesfal , the adducts can be represented by the

f | a: Ar - - CHZCR( Ar)) ] CHR- Ar wherein
e f?{’w A\? Sef%‘? Pf%ﬁgi'}@?a‘éfﬁflﬁ%}?hlsaﬁveaﬁmaﬁse&r?ceswm@zym.peﬁucmg
omtﬂt@ﬂalfhy) of mbre addusts,ahicy inlxtﬁrblsgﬁd Substintif)ly devdidMToBddnRAC The
t i ndepende ast two

61 Hg ;?&{lets 8&%?9% 3"“%5 Cﬁn feRresgn ‘i/ r%@%ﬁ“@? omor a
wethyl group, andhwﬁhﬁéHmﬂnAanGmimﬁemﬁge whol e or
f ut
&ﬁ&élh RP @r‘[d eﬂl ﬂé%ﬁ); ea&:lpAr% Fxgd 15%3%1?{:&1 c%%tlf]as]deftmed 8bove and n 1s a

Anpbng pre Speci a RVent |
aweolg number iff the eangeqd B éafy Whicbpraeess is as described above for the ﬁrst process

ergbo'ém%mg exleEft raRhen®s M@%or@ﬁquc% 241 ﬁ ol F&ﬁ& ?&&atlon is

[ 0030] A’second process embodi ment of t nvent 1 on
| Bipisledd thequtinp ergy-siisconsemmtien af gommseqﬁﬁkts@b@s 2656

t 199319 PufBUnBro BRLIEE Edbodith IR thil e B SthE e SoRELRRY L sl

dr%};?drgs ooffadc?ucts g[}?artrg;‘esprodumble by process technology of this invention. Such
individual adducts of these mixtures can be represented by the formula:

Ar-CH[-CH,CR(Ar")],-CH,CHR-AT'

wherein Ar, independently each Ar', and independently each R is as defined above and nis a
whole number in the range of 0 to 6. From at least some of these mixtures, certain portion can
be isolated (e.g., by distillation) such that the isolated portion contains mixtures of adducts in
which the values of n in the individual adduct formulas are consecutive numbers. Examples
of such mixtures of adducts include binary mixtures where e.g.,n=0and I,n=1and 2,n=2
and 3, n = 3 and 4; ternary mixtures where e.g.,n=0, 1,and 2, n = 1, 2, and 3; quaternary

mixtures where e.g., n = 0,1, 2, 3, and 4, and so forth.
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i ndi vi dual adducts of these m xtures can be
represented by the fornula: Ar-CH2[-CHZCR(Ar')],;
wW@RRHR4AF ' wherein Ar, independently each Ar'PCHOS2008/066219

i ndependently each Ris as defined above and n is a

whol e nunber in the range of 0 to 6, which process is

as described above for the first process 20

enbodi ment, except that m xtures of two or nore

a ts are forned, mer, formation i s mnimzed,

aﬂ@’ggh‘éthﬁspéﬂm?dﬂ"&afaﬁ/ofﬂ% 4ot inchie dixtinss MBish efmpsisn® paTsar
Baddust aath onesr iﬁfe&trucn[riﬂ QsBﬂa]ars bEha ldﬁﬂ&t ‘Sﬁu@tﬂﬂtld?oﬁl%rg alae also called

of t here i ded new

Bl s, 57 s s ooite P i eire iy
prwhwbsgnmrsc hadipbeyipafpatiehind atileavtebduit 0.005 @ercrb abdubslivigh etmd2-

5 Sk B o B GSPE BRI RS Dl e
Arcomprisel bp.&ririrbenylpentereahd gieast atanth.00A dep eratians ps efagh miRture
i %oxﬁﬁlsgseitﬂuaﬁqu @Q‘Réf@th@x@gf ciuﬁm a c ng(luﬁ? Pe:é Stted' ) % %rmula

. From at 1eas ese
Q‘?%%CWQPB}?H@%zPh k{é—tqlggmatl@@nxl@t@e) niixtures Wthh comprlse
di1 315, 1-de@dph@iyhe d;ﬁ'&ﬂé BndanREst 4636 0108 1WAk fc‘)qbcpb% \tvf%)(gf st‘ﬁﬁﬂﬂa@L&ﬁers

10 n1xthes of % ducts in which the values of n In
i (§TE0% dual™lUBfict % or SemReEndyr o reRseseried t | W& nuiBer sformula

Exma@dﬂeeHmh@ﬁ)csy@Hz(mo;ﬂm& qﬁ-taﬂriwgd-ﬁlphéﬂﬁh&édﬁe) blnﬁﬁﬁrlés
res

oRESTRpri 5L S gt ey i et reeoul A B tpgbovig vaeor
O,strlibturaan Ghodters ntheredf, idcludinpd a3;coip@h@r Rpfedented ¥f UHh€ Sformula

sooir ettt fendBy Sher pharafriss
15 miexepherdocrbe)ladduct s i ncl ude mi xtures which conprise a
g?fobilcslﬁlllg{her p@eq‘g}éﬁ Im)@lﬂg oPAu R wii® & sg & Ig:atftl%lrllar ad%iqct any onse or

hat adduct. Structura ISOHEFS re a
c BWEt tugtuiabisemers eb et asidudtinphdb.cht of U Gited ot mbeses which

| B&hpHEL 1- pfi?é{hgl ﬁ(oﬁol?@ﬂroﬂahmﬂdeaq 1daQ ’ab(mt MM % 0@4%&[}61 16(6’%61’5

CcQ rpse Propane and | east
w %m&%ﬁtwhyhmmm? -phepy)- 35mﬁhlémm@ma 9iid)at lgdstabpnes 0.005 wt%
20 3of Zrug@Nydn@ksWidrddf.GhiMRRE whdR Bomprise 1- pheny1h3 -(p-tolyl)propane and at

th I t wh
e AT G Vi oo il BRGusaA eomrOD MRS

ahe@tl;ttut)ﬂ'ph\‘bﬁy%mﬁans aiddt lms%ﬂbbli’t e. Oommfbtﬁﬁﬁraﬁlﬁtfn%@stth’d'r@k mixtures
RHETS t.h i nc in a conpound re resent

comy nFe - %&éﬁiﬁf 'c}_s, bo t0.005 wt% of str?l%:/tural
( isomerh {heref; mxdlr@h’dlm}llcmpr&a Q-Xc? lsnpm;tywhagzl)vm@pahymdsﬁaﬁd 4@ at
1 605" | east..gbout
25 +1
G Bl B BB B PRl b BB o
I f?@‘}’@@in}‘?@y hhmhmwn@and @plessattdD0b Wit léstfuctnralis@ners thereof;
qﬂ%@ﬁ CIpF Q)IW-((EH%?%WQ and at least a\ll)\%ut 0.005 wt% of

toti triphényl
cﬁﬂ’ﬁ?‘r 'éornergh@e B@M@&ﬁﬁ@hwrmmaheheaﬁd‘ (amawthasa)@topane and

aodakt aboud0. 505‘%%& QreRRkomeryhde ! More pleftird A)W &l leahtsa%m‘ b.805
thereof , including a conpound represente
30 fgf/ﬁﬁ(r about 5 wt% of said mixture comprises at least one structural isomer of said

compound.

[0034] A third process embodiment is a process of preparing a product mixture comprising
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wordensusef erred m xtures of adducts whi ch conpeT/B82088/066219
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15

20
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30

CH3C6HACH2CH2( Ph) CH2CH2( Ph) CH2CH2( Ph) CH2CH2Ph
(1-tolyl-2,4,6,8- 15 tetraphenyloctane). [00331 Still

particul ar adduct and one or nore structural isoners

of that adduct include, but are not limted to,

m xtures which conprise 1-phenyl-3-(o-tolyl)propane

and at | east about 0.005 wt % of structural isoners

t her eof ; mxtursvvhich se . ) )

1 R T 895t 30 3 f S Lters bt ate sufsatialip s of

WipBty B6rs.Of he Sridividtuhluddakts arsi@ngrn&r@)h)emee ixtitOchi e @proddhked By the
cQ, rise 1-phenyl - 3-(p-tol yl ) propane and at [|east

about 0. 005 wt % of structural isomers thereof;

m xt ures which coﬂpCHs[éZHIzcmmr)]yJCH&:I(ImAr

gf%\rhgrte?u%g%‘h&regﬁgﬁyrhl ?r:%ﬁg@ % ﬁgeg)fﬂ%ently ef'ic R ;dska)lg &V{&&;medﬁgove ar\{\(q nisa

c oykple ingrabet ingdieapngk of3L1¢ P, B’bhb’bfpmyis)dmcolpﬁd aovaindheirst process

I e&g&d,,ﬁgeg{ce&ﬁ{gpS W % of structural isoners thereof;

m xtures which conprise

10 o- i thofsrdpiyoperepgrent BLig painleingd g bane and at 25

| east Zbous tofdi Hibantis %/Srﬂfonéﬁ E}Jﬁtrwu@éd ihtS I RaStod it ﬁxrtﬁ:&];nge of

m xtures which conprise 1-p

(2,4, 6-tri AROUH/P MWP)"BF(BB‘&% Péifﬁ“dabb}tm the zanige of st 5 to about

0. 005 wt % od msie bét@etnt;l Eeﬂ?dtlvé ﬁm&‘éuﬁt 'aﬂroﬁ@fment Kﬁ'r?&?ddﬁc%§ mto the
whi ch conpri se % d3 1-na pr opane and

| east abouf*d 0Pt Sté?? y-S@fg QR ﬁtf P ?f§B‘H%‘1“§mPP1’éP%F zero
and m xt ur ésginghll edvulsseniilly 8k of the feedmg of component B) and the pseudo
1- phenyl - 3 | east

0. 005wt %6 SF LR P RN RS R Ep & ol s do forn olgomer
pr ef er abl ywitlmer Withaig mirizing pOlyB&For8Gtiont d ainaliing thdcokbite

f said t l
Csomer of . St EackDiRh A bl iPE Rl Bl c o dbou
ermbodi ment 130SC.aprefergideigsheatngp pgbautiBpty taalgnut)dmi’tl ari xture
CoNpriyi Nehe tdidl MU QP &mpafichA) gcfuyézrgtg %eor@%} 9%at&¥‘% the

or nore adducts and one or nore oligoners
m xtures afROUstSeemRoNeHAB) ytregucediinto f@P reaqies|is i the mngemifabout 5

i ndi vi dual toagsli QIOSno?d}Qrc@r{t | ;ﬂ&&@d‘lﬂ ﬁ)rhe?rfngtt. S¥a66ut §o%bdbt SFmole
can be represent

Ar - CH2[ - G—Qe(rﬁ(l ﬁe (]n}]i)oreﬂg& EHang\rthe Bsemeet@fiﬁstp@ concentration of

i ndepende ntdn}pomch) Amaintaaied td REE Bﬁglﬂﬁmviﬂy oﬁ@%uﬁnmﬂnﬁzmg
as defi ned nun‘of:t[ie in the range

of 0t o 2an iR ErPien dulfnife Py Sofbie Gk Stsua o THE:
first procesgeratebmchamende ofxb@p8o°Chanboutl )30td\@rdf@stdy in the

rate of coppany ?Qﬁouﬁ?s éeoatggré%@bned such that a) the

total anount®o I ntroduced into the
r éact dhe psgudo ﬁte@dyetatmg@nmeftmn d0coaiponent B) it abosd gand dukdP all or

nol e %ﬁﬂs&ﬁﬁllly eﬁ)lr@tf e Q'&Idlyrge cBIg on@tﬂnfg)e ﬁr?J t nggé‘htdo s}ea(g'-state

about 70 no er cent ative to
Con‘porFé'f‘ﬂentN}lo‘? qog)(ggr@g’roB) 1p]p7@1ntaﬁr@d to form oligomer while minimizing

polymer formation; and
3) the contents of the reactor are maintained at one or more temperatures in the range of

about 90°C to about 130°C.

Polymer formation can be detected by increase of the differential rate of reaction mixture
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wGeastisanass al |y al

10

15

20

25

30

reactor, the pseudo steady-state concentration of
conponent B) is above zero during all or

the pseudo steady-state concentration of conponent B)
is maintained to formoligoner 15 with or w thout

m nim zing polyner formation; and maintaining the
contents of the reactor at one or nore tenperatures

inther t 130C, preferably
Rty PRGOS SRl Bl T oiimtngbe ol o priates in
t ebakityawitiutifne aid the dipageintheds)trandfér vaithUuGRdcan fe@eds€) 8r minimize

r 7 Iatlve to the anmount of conponent B)
iﬁ@%‘%lﬁ%@ ‘Pfto the reactor is in the range of about 5

2 (008% Patsoarnt to hfiPhenehiepdipentod titis inyentidngtherb hry pionidédewrandigerul
Jﬁ‘nﬁ gﬁ)rrr)l ri é@é)&léﬁg gfgid ?}P{ agld glge:]og gn:](])te fgon(x:e(r)sqgé% are produc)lble by
cmmﬁ@pﬁmoleyy p%thwanwmwnn éaict mdifvplugh adhictyGimé pligointet(s)auf these
\A&nﬁ:@&é&tcam%&ks%ht%b ROfMRL, formation and maintaining
the contents of the reactor at one or nore
tenperatures in the range of about 80C to about 130C,
preferably in thes- @3 CANGEAL],.-BARYIR-8PC t 0 about
130C; 2) the pseudo st[eady stgte concentration of
conponent B) is above zero during all or

s wb&élﬂnt hrﬂbﬂe}tdeﬂﬂﬂr cafll A, B ih@pehda Gy dfch ROFPARBI aBdve arinGs a
i on of conponent B)

t h a nc
i STty o B0 PEBRET s ?Oénmeﬁ?wfﬁanﬁegof about I to
paﬂoylrmrmére)pmﬁtabbm is mniek ra@e Aabdud € toGBAE: @ Hrom @fleabtRGme of these

t d re t t '
| RS B0 pIRLLH R L5 B 0 GRS ES rdo
f emfagns pmpoofants ibehidetheciesofppreiwitineaseirofnge e, 1-3, 1-4, 1-5, 1-

di f lp
AP BT oy i,

dPreEfeEbly 3t leat aboxt 30 wfichih ereent, pfithe misture Adjowgeskthef domeorfeate th

r #hieh A QinlthGarzP 8196 atlob 5. thﬁﬂ%gﬂartréé et éré s A \hidH X Bleast 20
chan ein heat transfer with time can decrease or

n'FBRHPIEent. BgTePRtsratipat beatt phowt 35 ["GEEBU]“CF‘%I{@Q‘G Fpixtyrg is composed
asfbipsne @ AGHioReNg in@e rir3k 51 1 OYBHE3.0N, there are

B A o RS B ST e S
pmoﬂm@dobipﬂsmghddlnfspcﬂ@&ﬁeri Mmhagyul@ﬁveighﬂpﬁl B emehlﬁlﬂﬁldual
a%ld(i‘i{lcdsr (gld o\rélgr% 4 a%lo?vgxg) eé‘f%}i aggga Wn&ﬁ%&ﬁlgﬁe) tl.gest cgr? be represented
Aby- @HRfmECH2 CR( Ar ' ) ] o- CH2CHR- Ar'
Ar-CH,[-CH,CR(Ar")],-CH,CHR-Ar'

wherein Ar, independently each Ar', and independently each R is as defined above in the first

process embodiment and n is a whole number in the range of 0 to 79, which process is as

described in the first process embodiment above except that:

1) the feed rate of component B) is maintained at a rate such that the total amount of
component B) introduced into the reactor is in the range of about 5 to about 100 mole

percent, preferably in the range of about 5 to about 70 mole percent, relative to the

15
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w0 pooshetasange of 0 to 24. Preferred val ues f orP@I/E8m™08/066219
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wherein Ar, independently each Ar', and independently
each R is as defined above and n is a whole nunber

the range of about 1 to about 20; nore preferably, n
Is in the range of about 1 to about 9. From at [ east
sone of these mxtures, certain portions can be
isolated (e.g., by distillation) such that the

i sol ated jgortion 15 cont ai ns com onents i n which

val ued™ acf’glpwe{’thg% ‘“érog‘i?i’q 4% Wﬁa'ﬁﬁcéor the pseudq Sﬁady -state
1-4, :boh'x;entﬂatlmﬁpf @m@lor&ﬁt B)ds atove Riref@ing @l onbubktbltieSy &I 6F the

or ef er a2y BhpltpBlente 58 et Rl RS RRpe Forpent )
m xtu rlsammstamhtp @ged»hgxﬁnec vitihoréthbet ninimizivgipolymer fosnation; and
the r E}Mﬁalﬂﬁg t:l'le E&heﬂg%k’l Fhe geactg %gﬁe (Hrﬂ'%EI tré&lé gatlﬁpe XIB lfheergnée of

are those in east rcen
pr ef er2APHt §5°&tto 4bewtd B0 Grseferatdp intlesi reyize Ofbiéput 857C to abbutt 136°C; or

MoXt Urg thedl a&@ﬁﬂ? QtSc%El Ag fntrG&lﬂRHHtG P Peaktbl rﬁﬂlv@ R a!m%udt Br

t he range of to a out A fourt roce

enbodi CH’BPI‘{“G‘SP) ffrpducsdigta e Fe@ﬁ"r 1%“‘ 3‘%4“6@:@@@0“& topb@pmﬂlnrv@
a progeetnt, pPﬂféﬁWlﬁ th@ euﬂperdf&bdngs tadwapiosnoléye}dc&g BRbRpoRR®),

| ow nol c?;["hul ar \/\Elag tg mers. The indi Vi
adduct?8 1§ Ppeydnzady-sty a"%’ CERIFEHY Y comprnettdd) dhpaipiaingdyie ferm
of t heigonm Wﬁhﬂr&&h@ﬂiﬂmbﬂmh@@l)@&eﬁhﬁﬂlon o niafth&nf RtEeb@ents

2 5 Ar-

i ndepée %ﬁglne %_JZPR@ CR AP Jrl gm%%"’%‘ﬂ 45 éaﬁlgfé?{{a}?%}lt $5E I apeyt 13056
def | n@ebfqmwle themartghefabomssw tpamoess°@nbodi ment and n
' ﬁol?rné’f’ﬁ*&hl@titﬂ%% andl the E(nlgﬂn{s%ﬂgﬁre {torglreta on?a %t mg\ffe] temrf)eratures in

process Is as descrl process
eftb LTI AboUL B3 do dbretd PA°Ct dndiprefc@dlylin the Inselgé efabiout 83°€ t@dbout

C QU¥RPONR His pﬁ)cedssthé@éd% akdag gtaf@%or@et{tﬁﬁ(g'l of oﬁéﬂﬁg) 1{1rt1]z§ntamed

total amount of gponen I nt roduce Into
r QdeMEplymer af the gxpense b}%astdpm%tgame@ormenoawmh poig@enferimation

P& ®e ﬂ&tectda'b?firﬁfeﬁgé' of the QiffelBtid] ANAF r&f:tuﬁbﬂ%re%st:&nfg‘gﬁ% the
5 WD 2008/ 154454

P%%{m) b‘fé rfelatlvetothe

PEEB, fz‘%ﬁgs or ARAE ?ff“a'é‘t?r?ﬁ‘b‘i’f’é?ﬂ‘erﬁ)miaﬁt’ frerriipized) or

| diczadeth emmaﬁmﬂ)aiy adjtidfiag S Rudkate$d tﬁ@(dﬁng%tirﬁtlﬁosny with time and the
ncent onponent B) is above zero during all

ars‘%f fan&Fr VVthg{ﬂe of the feeding of conponent B),
aWd37ﬂ Iﬁ’ersmeu dotist @eaoyinshtaf tistoeaa thas Areﬁoﬂﬂed@&ﬂﬂmnﬁéfﬁl

oligo

. ﬁ(:tu?ﬁs E?rhn&&ﬂ% Fh%gctst Qlllgoglﬁrg,tan% lﬁ% mn]%aulargve}ggt pﬁltygllerﬁ Pﬁﬁ "{dﬁ’éj“al
cisiduats Plsgomﬁrmh‘élowel@@war veightpulyners ofithese nixeurpeneiicucpeseritdd
t iend ARAR.:0f about 85C to about 130C, preferably in

t he range of about 85C to about 120C, or 2) the total
amount of conponeﬁfitCPhﬁCHzﬁﬁ(év)ﬂm@dizCHRt@'the react or
relative to the anount of conponent B) introduced
into the reactor is in the range of about 5 to about

106°Rip P& indseepdeaily cachyhmp prdindspspdently eash R isapdpsingsfabents in the flyst
t frocitbo&iflerTahdn & VRS huriter HAEIANEBE 0 By

[0038] The reaction mixtures of this invention should have a liquid phase. If, in selecting
components A), B), C), and D), a mixture is formed having a higher viscosity than desired or

a higher solids content than desired, a suitable solvent can be used in suitably small quantities
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10 and the pseudo steady-state concentration of
conponent B) is nmaintained to form oligonmer with or

the contents of the reactor at one or nore
tenperatures in the range of about 80C to about 130C,
preferably in the range of about 85C to about 130C
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solvent having one benzylic methylene unit per aromatic ring can be in the range of about 5 to
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preferably a solvent having one benzylic nethyl ene
unit per aromatic ring, especially 10 ethyl benzene

viscosity of the reaction mxture are propyl benzene,
but yl benzene, and i sobutyl benzene, which are articles
of commerce of nobdest cost. Thus, the preferred
sol vents for use in reducing viscosity are
eth Benzene di phenyl pr.opane, propyl benzene,
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[ 00411 O her solvents that can be used for reducing
the viscosity of the reaction mxture are solvents

tert-butyl benzene, which solvents do not contain
benzylic nethylene units in the nol ecul e. However, in
usi ng solvents such as these, 10 the anount shoul d be
limted such that the chain transfer process is not

e Bl A L
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quat ernary carbon atons are present in the backbone of
the nolecule. Thus, it is preferred that the

Compounds in which the nolecular backbone is free of
quaternary carbon atons are nore stable with regard to
10 deal kyl ati on under certain conditions, in
partlcular duri ng bron1nat|on with a Lewis acid
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5 1.1 to about 4.0, and preferably in the range of
about 1.1 to about 3.0, and nore preferably in the
WO 20§54 about 1.1 to about 2.5 and in each CBSEUS2008/066219

havi ng a standard devi ati on of about 60 to about 2100
Dal tons and na3 in the range of of about -4.5 to about
4.5. More particularly, preferred oligoneric mxtures
producible pursuant to this invention have a

o di s in the range of about 1.1 to about
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asymretry of aboutCH:;éH(dHmCaRGU),CH,CPLASUCh m xt ur es
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I dvalwh@olulbaamngvtm \@{yuarcm}iny OoRipBuridShreigh MOMRES SxillER1oN0 ki)

of ntion I ation
th c}h’le/ gdn{a%llg c?nlipound 1Pt|g?h fr%arc{m ngectfﬁlécE pgwgcgwtnsik? agll‘j‘élﬁ other
r |swgbla pdsbibyritesurhons sqbpz{ggbljmﬂ Sarwnﬁon-mhﬂ@b feyind @6 Be dsbt&ﬂ rémove
edi ec d esir e inmhibife o
SRRl PSR P o M R e
20 preyrpEnd; 89 sucquoam@é&alf underea mynmum@mtmw et e,
hysbaoICAI tRRAD kil Fr the &QEE&%&%&&T ﬁ)ais miG8dor 5110 H&m c%@o%glﬁssare

The character of such rin ation uct s

e)l(qé(ﬁlﬁ}eq In; tBeaprip% REthis; lﬁ‘ﬁf’té@t the WP ghop ddsfe copghpted in an inert

Mainfdbphede Svhickie fudésindBle 2dssyhiRddeR) @n@ﬁ%%ﬁkefﬁﬁong %padyrﬁﬁi‘rh’tg ot
one or nnre groducts represente formula(s):

3G™CH8 terials l@ﬁmﬂ‘m&#ﬂt of Kt asagayt used, itis
25 Alim}ﬁHEIﬁZHZ(aN drﬂdﬂ@iﬁ)d@%d?e@@h@éa@‘d%%ﬁ%nts ﬁr&@k‘@@ﬂ%ﬁﬁtlallg Gree
Ofgoqg/lg 4dPCE/U82008/066219 wherein each Ar' 1Is,
indeﬁ% dént 88" %escri bed above, n is a whole

N 056 rin ctmdnbtwg ths pcaste® bfghioinvéntia; the@an! nubidiolays BWhitHRe
f’nUﬁHtlpS)%een@ ﬁntge Wesirdd Sr% l‘llOHtS OcanO IE)ﬁ: cl?a%gc’edtmto the7r8eactc\)4‘% IGorlt-an?iting
examples of such modes of addition that can be used in the practice of this invention include
30 the following:
1) Component B) is fed to the reactor containing a mixture at or close to reaction
temperature formed from A), C), and D) which mixture is preferably formed by
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ol igoners, at |east about 0.005 wt%to | ess than

represented by the fornmul ae: 5 CH3C6HACH2CH2Ar'
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Ar' CH2CH2( Ar' CH2CH2) nCH2C6H4 ( CH2CH2Ar ' - ) " CH2CH2Ar '
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NI ety n i s _a whole nunber,

f r act i°BHENe Rrseacior aéﬁt?mé’?fét“"fﬂ?ﬁ'f’?iﬁb%‘f %Qng mnthq %d%afu@l then (),
or | essd thtwan). about 24. 10 [00481 As articles of
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coht sl e Pl RS e e B ar ol eaton
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hydr oxprafeabhefieg aa%rtemxmmrebmdahmt g0h@ products of the
PEPCEIR gnegtlg g’j %f) %) eaah P Arg‘ fed {oqg O g%galglxb%a;mlxttuge at or close

inhibito nponent
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to t
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st or o PREVID SR BIP St iy B SRR T BB R ehpCiterberk e
such d¢ospoowndoid@mandidde btgcha;ged yudpréfzrably dthe rﬁhg"e BEabout 20 and
stor agfouy ¥¢ Ee%ent ([f%‘ltg 1 d%uﬂtn)?%ﬁ or?ch?intlo %e chaliJ h?n tﬁ caseC of a

appreciate, in as much as orga onen s are
i nvol veamwnls bask-pr rgectdrdids @Slfﬁtblfﬂ agstirigp elrftmt olmrgetalmlt 25 to about

react '1@6‘15&&9@# k&nﬂ&ﬁen@ﬁ?&ﬁ%h@ﬂu Lfhrgdhe b?eﬁfdé)) SI?CRI %‘?lﬂp &sfred

whi ch i ncl udes nob ases, nitrogen,
hydr o&&#tye prgporggns aw %thﬁ)@re@?hle‘ﬁﬁyNQW)(ﬁ) %qmé DY fire fed

t hese comingdusiakcSthe Jeﬁbtdr'agiﬁea&f ra&hﬁth&%ﬁed@ﬂﬁ%hw%rﬂons with
[ithium rea?ent used, is 25 i n‘gortant to have dr

r eage AP 8VeragF {Fsijepcp imé QHEF 1gaged aboyHd minytse ipraboyt 6@ é“fb‘FeS ol
subst adhiofthé &e«ﬁﬂg&ﬁbdeQfescﬂlﬁeélgﬁlhls@ﬁ}dgrﬁ;ﬂﬂb Q&nﬁﬂnéﬁﬁd A¥B), C), and
[0050 Infcé) Ct”lgé@\ roce ?E hi's invention,

t her e PAPS Blﬂf’ Sy B%CWN ey L BiBb feprabipgtion(s)
the d esqepteldit be Dypntof BYrembiaed vith @) ireogeiek ai fedd Goridieng C) should

r eact es of such nopdes of
addi t?l{)t‘ex%\%&]%tjohlrgt ers]‘f}hemoaesnpé)t he practice of this

i v entGomporiepis By dd, ar@(D)t dne fefl b b ogsctivgy: mikjureGo rvp clognto ra):tion
i's fedy Qra{uR%oﬁ&@ﬁB& A), %‘?QP(Pll)ﬁbvgigl} ﬁlxmeﬁéfgr%lflts atQ rr%lfr% ure

to reactlon rrperature orne
whi ch bﬂp‘x%nu{esq"s‘ Prchngxtars lis fofepd fionh abhyof cqnpouym A) a portion of

2008/ Js&ﬂlﬂy'i_iéht Eg I z‘n@%z&gt‘ﬁfnqg@gl%gonem D). In forming such mixture, it is
desirable to first charge A) and then C), followed by D), the total amount of C) and D)
so charged being in the range of about 10 to about 50 percent of the total amount of C)

and D) to be charged, and preferably in the range of about 20 and about 40 percent of
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charging to the reactor at a tenperature bel ow about
80Cin the order of A, then C), and then D). 2)

m xture at or close to reaction tenperature formed by
first charging A), then a portion of B) not to exceed
5 tinmes the 5 nolar quantity of C, then charging O,
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I ned W
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8‘?‘?1‘!5‘19 s Ruer Rovererctinn sshamengrilpy wiHBRAfEhis dissloptse, beserdil apparent
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xture or close to

a r action t

; E)a%:]tli)i)()f ﬂle a?OVﬁﬁlgéeg{)Eq,dgl ipyy Flﬁ)é%o gi %4%01 w 651 a p%mdp q_f)):omponents
wa) ank Divis feduwith apeasfmmadniem B)&freqirefa:jeﬁ ?sqaese e lL'We@afge beliavof the
a I S or I. O 0 R
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recycled component A). Another example is where a small amount of B) is intentionally

introduced into the reactor containing at least A) prior to introduction of component C) as part
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22 WD 2008/ 154454 PCT/ US2008/ 066219 the total anount
of C and D) to be charged. Conponents B), C, and D)

individually or in any subconbi nation(s) except that
the amount of B) conbined with C) in formng a feed
containing C) should not exceed about 5 tinmes the
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the ligand in the course of the reaction. For example, when such light hydrocarbons are
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recycl ed conponent A). Another exanple is where a
smal | amount of B) is intentionally introduced into

i ntroduction of conponent C) as part 23 WO
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i ght hydrocarbons is that they facilitate the

removal of volatile am ne(s) which nmay be produced by
deconposition of the ligand in the course of the
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t f

E)ﬁoﬁ'{f)i%y gﬁgén%Q ixergﬂgftﬁg E&st%at%%gﬁ)éctegen% pe:fné)[a? nfgr ?S%I)lls%l&lg 5eact10n
cemnditienyand pageprs pararuatess to als;dltch gnyigiven grodugtfor moutqotnmanmmh)wnmm
Cfﬁgp&@iﬁ&tof %atqpﬂﬁlgﬁﬁhyeﬁraétrcgi Pfo?gx@itlﬁ g{} cgge \thgyéqﬁe aqarameters

nol ecul ar wei g terial 1Is
s’fkf@‘éqél {;Pfoﬁ??l%r%éaé’s%l@é proqueiter erpde eilsmbum @Va@dﬁjbﬁes fully

aEsRibhe] Wit 8l is Rlquired Qs WFTpéiEdtmESrew bpistciieh §xp@1nrgents based on the

ol igoners, or mxtures of adducts, oligomers, and | ow

nigfolagiion givenaths FxarpRipsmprder todevelopsushPargnsis, t he nol ar

' r ALY Akait AETRAREGRO ﬁ)boun Rebie cg-a )Jfﬁm tﬁé/@riuﬁ?oﬂsé{'véant
e range. of about 10:1 to about referably
%?‘ i eExa?lp%g?a'f’Ww ferrpsg, of %loawatengm@tlgn raé‘ﬁd tohe Yimplest

25

30

péxﬁh‘oﬂiirﬁbﬂ of thiiginehifonl BOGRApIed plRSY ts rdfdldented!ty tiRlFBiulal 50: 1.
Using (i) a constant rroh(Lé?r r&# g of conponent B) :
conmponent A), (ii) a cORdtEHiCH8Ed rate of component
260 Bpximiadks forinktjonait GOREds@R! tolkeEPME aiohidnter @dnckilt@tidnddelyOlow

nent ?% oaches .10:1,
L M N L
f mvrmvmmlaromthyd@edﬂ;Op (¢.9r sxtrieptn addrge excess of the chain transfer agent

(the monomethylaromatic compound) at relatively slow rates. The rate of product formation

and hence the rate of consumption of the monovinylaromatic hydrocarbon shows a functional
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hi gher nol ecul ar weight material is favored when
hol di ng the sanme paraneters (i), (ii), (iii) constant

500:1. -- generally speaking, in processes in which
one or nore adducts are produced, or 30 m xtures of
adducts and ol i goners, or m xtures of adducts,
ol i goners, and | ow nol ecul ar weight polyners are to
be formed, the nolar ratio of conponent B) : conponent
Dyeneadengaypgthe Anifiaforicpncengations Gpnseqyent nEYB'&FJthfU qcopgpniggion of the
5%131}{ pdya@fiRrBRpMxdd Norgn6lithiaM I8ageit, ﬂl@%‘&fteraﬁ% anﬁ&myﬁﬁm}é@:
29 ‘E % 454 PCT/ 2 08/ 06621 about 180:1, and

EIEFRBE y° FHSTHE: ech et t‘fd@"‘f’vl“&‘a’z%‘atﬁ h ‘t?afi?""
andlcérlnetmmlbarand rhaﬁcle Oxekpi tlﬁ Qﬂ’fﬁiﬁ ﬁﬁﬁﬂfer@}ac’uorﬁ pNRapes twith) adist

t
¥(P | gtl?onf zhe rabi: oth l?am tfaﬁgﬁ?r rl reases 8#‘1 15%'8%111{; %mferiturteo’}%tﬂmlze the
1 T%@: @ caenmltrmfeg\ tl‘pl’pﬁfC% sbyductad gthiee highag &nmératqulmthcable The

. : f

e Bt i AT TG R e
s honptlexedesganglithigmreaggné rid temperatatsomachBO@e alout 1d 5 W ddcomgyisijion
. efﬁl@@rg&faﬁ@ﬁm%mﬁi@pwcu@Q@léhqeaﬁ?ﬂehanlémat@ggmcesses

preferably 1n the range of about Cto a
wiOR0IHiog eopemie regpong pag Would hpesp & balagce ﬁ@b@@dnm@tomomwée

t BRcASSbI 6 ROERHIE (e g %Oﬁb\bﬁiﬁdr&ﬁbtlc AYdroe ARG vl Yhe fnliGtor
qgerature is _preferab he range of about 80C

I
Haton 698t W eRVa “F@&E‘X e*t!‘dr Q’Fea‘B?“ nefi Rhain drresfer, apept
1@n61ﬁﬁidlﬁ52hrérﬂatlb EQ@BP0RT) w}@urﬁkawf&tdo %Mﬂ&ﬂ réth@ér i buti on.

e curSIOns qut si de of such nper at ure ranges
a.ldé‘ {J rRF ERFH PRI AR #e fgsaed %p?éeteo\vhep il &f somperept Riris
peasimkeld Ehikcih mo@t)((tbweﬁleﬂll)sdeﬁhbmm@d byTﬁxfo&)hI}&Jrﬂk Yor le@d &fnf/@l[eﬁtly
mﬁégnﬁe quHr a%} tak nﬁlglace E dduct
sﬁomnlb S EXAND ol esenP@ﬂy b tfep ’mngﬂea ucts
r a@emduqeé fretaf vl@omensplmﬁemfennmtamall quantitiesqf s@mde areaaesbnt(nm to

S
E&}tﬁ&{/ \21';’/3(?{?% t(g%ﬁea@ljién nhﬂ{]r%j’ %El%eeﬁgjgfqéﬁquﬁ% --a? gome‘?lﬂ'\e%occur in
otméqssﬁ qsldition lambewi Dang})abeyee aufi afsfelt monmmdmme of 1% to 5%)
dipfthd tbQHﬁﬂogl'ﬁ%f é’&rﬁ)meﬂt d) REanS ARG r c&ntfﬂoﬁ?n't aﬁﬁlédnﬂ)gnent D) can
Conversely, chan any two or nore
v &¢ P@rﬂeééo gipnleie gﬂﬁéfraeﬁmg Tynisally: Bentastiegothe feaﬁtone@hture with a
Po@ae® N8R! LY., b PRItk is6Réint REAIN Glatetliadd/drl RUAIdoRAS ternlifHS the

the . Exanpl es presented hereinafter constitute an
e FogiPentiy %‘ﬁrheél"ée PoFlowlytiaEdues Hy uenskipg ggent to the reactor

C odHeHiihOIRE reaftidn PiQGES A IPALREP] B feadtion RIS 6H RMNMndéned o
pro roduct distribu 20 .t he confines

uct .. or
orE i PR niaths REafine tsg e opiope g soven
c asletionk of mirtchbarplairginietaeids canrteedeiths fvall, it aduoidgaudsions it is
r.oduct or .o uct. tributi ve_not
geré:{)]ljnégrld?d’ thﬁ the aggﬁous % o? F |ac1<% ﬁaﬁ orI aSbO\Feea CFUI ?,th go ?g
p &1062r ﬁeaewlwwbmg,meMa ton siglafi@s forehick sdoasbad dlﬁf&rehthﬁ)rk-up

Lgﬁﬁ&ﬂﬁgbgﬂm&h¥aﬂrin the Exanples in order to devel op

paraneters 00591 Again not wanting to be bound
by) t hdorogses ghere dhenreactiph ariirure e farmeibsing ©bsssrvear (uantity of

component A) relative to component B) or when a large quantity (greater than about 25 wt%

of the total mass) of added solvent is employed (e.g., ethylbenzene or 1,3-diphenylpropane) it
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w0 pwensd4en, the sinplest product is represent eBCHYS1008066219
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20

25

25 least in the Exanples, below) in terns of conpeting
reaction rates. In the sinplest enbodinent of this

formul a: ArCHZCH2CH2Ar' To nmaxim ze its formation, it
IS necessary to keep the nononer concentration very
low relative to the concentration of the chain
transfer agent. This is acconpllshed by feeding the 30
nmanovi n Iaronatl %grocarbon . 0., yrene) to a

| df §E@XCELE° “PH‘@ f é‘?erfe*lq‘%@?@'e Q@é?ﬂchan(% gstirred reaction
rrmesmleblkwhlag mmdsgeﬁ atbOspREtid)wattt. The fiat dnygé Mwa{epwoﬁlabﬁﬁ the

oo 3ot EP oLt UYLy 1 Ftrebese BEME sibinsd
a rﬁagsmfpwmpmad:nt ARSmyDeRB) Sid bbyl«iiBet sbieEnt. WE2R0ER G 6.6 hike reaction
d %Qﬂgq&%ﬁfﬂ? 1{?9197 Ol’ tdﬁo%i C forl§ 1%%1 {tg{me%gne&lly f‘%"gt 0.25 hours

Conse que nt e CO n
t &9 abogt 1,0 mﬂr yéatitamen 5 @rngruewé dndothgyaquedus phriselimrengergd rthis wash

t tb‘?oc@@t?&%g}:ﬂ? e'ﬁ@a@éa\()hwlm%ﬁeqmg et thpé()ggeﬁ{fa% p?ﬁltﬂuﬁn }%ydromde

consuned his in effect e monovi nyl ar ona
hy/#i 6 EerBie Rhaseis Frébged ¢%1F$Sc§1?ﬁnl5@\nplan%]h¢fem@éom@ﬂapsssmhelly clear

C hoddafic pha8&E 8 pH K @861 theQudo s vRINR flaRatie i3t AARYGE solution ns free
r%@tl on., The rate of chain transfer 1 ncreases wt
[

way §e eastigr mas ithen strigpedgkiecodPresiee torraqoper GPmpamerit A
traamsﬁtwaddécfbewaﬁocess i s conduct ed at t he hi ghest
er ture acticable. The pper |imt of . i
?ﬂg Byctiee oS femn b oI B i Sy %g? wg%eawemh%m low
t meoldcalat vedghypabyoneysaard pratuced asipgd aﬂkﬁdng(]fogaﬂ 6f doinPdndiiNA ) (typically

r Ures mic above about 5C, .

SRR RSO ST B AR g s
mmlmt Inghechortion o trathan abent melts bithe prbeessesass, s c[oﬂ%@ﬂx fo
FQfan€G 0RO 'Hea@tlcfneﬁ e$ t(9 %em%hﬁléiu’y“ Ilﬁé?t?dﬁ ][eta%%%rb éa(ln almr%ge su%F cient

rate (tII’TEtO con process
( vgrocarhep pAVANtHY rnaktmbwt B é0 m%zi foabeut BowitPs sefutibn oftle product in the

| bVt Blthe GONWIRAL KAIHQN L ER Shs Red Elﬁlvgo n%ﬁtl llg toﬁlgﬁje then

the anpunt of chain transfer agent aromat | C

c SHpBaI ) selsms theioy &t thesage Wl@rere%wéaen@r«m the@ padyent, then

[ QQ@ﬂ-&nﬂéh@w&ﬂ(ﬁ&I d &&&réﬂfsoﬁlé}h SOfh Eﬁé?&rfe@ Ry @b&rtd SIFRH:s include
nmponent 15 consuned.

ete {1
Tﬁ?@‘ﬁeéa“ﬁﬁ%dt m%@ﬁ%‘ﬁ Gl >¥t i§ é?“é(F’fﬁ“h Han prifitiop & sohvenivbe wipred
| esistocid ralwaege{d @sl‘i]f\l/leVMter bkfbre Erﬁisﬂ:ﬂﬁlglﬂl&l e tiGoGixERY, qgigtﬁ% ERARRYBE
n n en uc
g rvglte% %]%glﬂ ge éxyt?e range o abgfltl'gf ﬁéﬁg%ut gél/e axtc{\;ge g@@h i.%)opnlgt/ to about
s @8l of thganinbinédesase bf SiporenieA p L @npn@s B)) hnd(aup addad s(ab:(ﬂu tThe
ré%l{ ‘i‘lf?lfwo ph%e Eegtztﬂ)ln n{nﬁf’i}% tlsl S?Hecmlt agouE ?()"C to bagcl'b% (,? E)r a perlod of

ad'melgP@Wllh &fnﬂb@r 12.5(:110!1.1)g t(awbdut 2)0 hatro sAeltatloarsahtampwa hrid the aqueous
PQhdsk R Pen(o'v&i trhe wﬁs"ﬁ'}}% fafe id 1 %etd@d én@or Adre ﬁlfn stlﬂﬁl tﬁeoctogce?tra&sm

amount of rrponen or a ture 0

aﬁ&llthlﬁﬁﬁb‘ﬁ@ﬂ@e ifhe @rﬁﬁllc Hbése éstreduepddo 1?&3 ﬂ@mf’ﬁﬂpet EE h¢ flemation of an
I @aedtialeleal )6%2]1571@ Ibhaée a&i%}@‘%tl'o RY tHe RGueb GACLh Rindikabl UGt the

vvlth a guen agent, g., a protic solvent suc
gr%{: g}lu iop i§/f1se © ﬁhugp C"gﬁéqacn@érfaﬁq i, thenestripppgiat reduced pressure to

recover the bulk of component A) all added solvent (ending conditions are generally 230°C

and <5 mmHg).
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WO e@stifam m xture. Alternatively, the reacti onP@i/K$2008066219
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reaction. This can be done by slowy introducing the
guenchi ng agent to the reactor containing the

can be transferred to 25 another stirred reaction
vessel containing the quenching agent and optionally a
sol vent. Solutions of mneral and organic acids can
be used as well, but to avoid enulsions it is
reconmended that t he aqueous phase of the acid be at
o043 o\Fer workp gf materinl enrishedin efgiMS ddmennsugniopt 18 frelateithegowest
t |B6i[1ﬁg AR tsteheids bEvEb R BstilI®on\MMeE i 2 SABEIMIGH inSHuE I)&Fa%@ﬁ A

F (5) &chedur es ar eut{ econmended: 30 1) In cases
WREIEE ML ZBpIos S iRed 1B SvEPoPRIQUELSE ey ol yged fim
rmba@oratqua MFrorh yhe Qfiducc@miptea exiterid)) addatt@whMe nliOeANPONENlcan

uantit reater, than about. 25 wt %

#e'ieha”yt %f"“}“‘?ﬁ%@? et ity 8%“‘&%1 {pitgn bYsPasying 8 é‘{ﬁ’“‘(t'éFrgc.h?d

etaietiidnaugh e WIHE oftering axl0eSmythiiig g allitﬁi) 280%C to EIYOUVIDOT Isolation
/ 00 66219 .S gnera n

¢ SPHirkhedta oF ke OB Y e 8505 Sh e BRI ihon

sthirpugh dher WEE t(@rdhroughezs §uetherCWRE avhen thg VFEsi dr¢ ogeries) at a lower

a?e%%ﬁm?er Qh@&)qwm{s %Ich mﬁ‘adg fegcﬁ'gte & cg grgzg(gf tﬂ&h&raﬁ?sh\%léuu%

be in the range about 5% t o abo
p ARFtErRReRIYe g Prsyide mqaéy enpehed lw/er@ﬁdctuw@arcmmdwmwrmmed

Mehe h&fvy &ﬁmgﬂ(ﬁﬁﬁle(ﬁ)lat&ﬁm &Hﬁﬁfsed@ed@ﬁﬁa@l@ﬁf fﬁg&t?s(ivhere n=4to
The reSlJltln hase reaction 5 m xture is

| v
S T TRt 00 SHEBTES PORE £ Ko PSP Gratian sk Bt hahare

genebalnky frém 06 WIE 2B bd@bieFed by acidnd HistiiddoNR Wduced pressure
e aqueous phase is

F o0l 5 Sl Bl s PoRils o (v @i en

opalymoers (e lalxturdmﬁaddllidm ahd 6l[gem61@ anmnmfeabﬁaaaucarolﬂgmhéu ah@low

hﬁ%fegg% welﬁm v1 ?1 aro a 1c mersr? p%%ﬁ:'eéﬁng 1 eﬂsto[:vgl% fr)?mct’lreéxg?(ture can

o nghidé: d) pﬂaal&thtamdemal pllrbugh 4 Col@fin aslraefalangjﬁlmm ebaasdd téngperature

| PR Ebletr O Bk o n RSP X it Bed P e Shdtnscey

pnmsgemroe ofher in@Co;air 2§ pmlﬁmma nadial tﬂﬁﬁﬂh@rmbé’ﬂe{ilﬁ&d:d%rator at
this invention ere m

t
o Sl GRNEISE P SPriciod PHoTBRE B fgeh o
vvéfrvghtlhqamrymn®r,a¢re4) pritodiilogin usmg’u gpembfanm stuit:ﬂga o0 lsépaffing

oka&%@&%ﬂ?ol@m&& Xx%l Oﬁ’i ynﬁeﬁé fromelow ot ul[ara‘tgv?,ll% ﬁt rré(%egbl?s or 5)

conponent gr eat
1 pregipigation Qﬁﬂndvllamn@-‘cmﬁé dgolyiBers mlh mﬂuctlm dftte npagerinli as m mef: into a

l Gelp aélaéﬁ] (ﬁEﬁ) Qﬁeag%ré%loo lfl s&l&% Esgzhal'ts &&ﬂﬁﬂ) X{ﬂerpgqggung the

i's convenient to ans e reaction
nBEsiRiffcd APy ety |ﬁt“‘r’a€eiﬂ ?fé‘a@tlmom epticaishisadessprefeiresd teshhique for

hyigh@ R brsRleyi@Rhridhed mhgoma/oﬂoé%o%dam@%e@

Wt % sol uti on of the produc solvent. In

cﬂ’§€5 wiseAraiop §f a'wa'amsaaﬂ pedvets e easle @themig peasrpbn eghievea)) by

| Slsﬁlﬁh&{ﬁ‘ g, coh(hﬁfhg th@ Hislﬁll?lﬁoﬂ Sny - lﬁﬁinﬁ%ﬁlp&ﬂcentgw Ctﬁ"nrea(!té’li
Sﬁ ase where e benzene was t he add sol vent

oY Oélteﬁgﬂ‘aﬂsﬂh E’é‘h@"\%d‘l“lﬁ‘O'B%th%arB‘F‘@FéW?réﬁﬁr@élr?ﬁé‘i"}tlt(s) are
Otnhany iRl @l foadthi ikhee. ariRaRxiSAiveRictors BgiddBeinvolve the lower

molecular weight adducts, e.g., 1,3-diphenylpropane, 1,3,5-triphenylpentane, and analogs of

these containing one or more lower alkyl substituents containing at least two carbon atoms
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cycl ohexane and net hyl cycl ohexane. It is convenient if
in addition to solvent the stirred reactor is charged

The first charge of water should be in the range of
about 5% to about 50% and preferably about 15%to
about 25% of the conbi ned mass of conponent A),
corrponent B) and any added solvent. The 25 resulting
hase reaction m xture is stirred at about 70C to
’&E c-ByFdh BFoPEl preke deyves plkylp) greong eivaers of (e amgtic tingp s The
h aistilBtidrotregdile islty Slcall@ ileastA@e ArdtubidNy & Sixkund (ﬁ“ﬁﬁe%ﬂ&(ﬁ@rm this

 BieRPhG herBreaeist, b Ao pebi. Lokl ravrim. obe

Ipmhmmﬁshyﬂm@xmdmmb@mﬁbenab@amwmnphasemnﬁxﬁaﬂﬂﬁa&km@ﬂw
I m__The for 0 £ssen
ot e B Boar i, 48 a0t 2B Bl e
i sddummlallgwrs et totbhmmtmlomrag@hi distiflation tcarobe sl th reve finy
| hétﬁl éﬂdglucﬂ-%%nfeg(ﬁ&ittblg&e gp(ﬁlge %tl@%})efawso%fllhgglggo)&%{hg ﬁgé{%ﬁed
pressure to recover u
atfgmgficdyfirpeashon eaptartesly Hle e ainingrmixtaree! grdney and lolig@BEGE this
afidlention BAFHEMN bl glxb}é@ed? ARt HEGd A %ﬁ?%s{egﬁt%]b?ommated
[00631 For worK-u materi al enriched in adducts, It
| MiXEEHEA berppediag 2 B@mlr&teé flamerefagsil egditive o ustig Paltmers tresins,
bﬁmmaﬂmgsof vacuun1d|stlllat|on either in a batch or
conti nuous oper ati on. preferred nethod enpl oys a
w8t 17 P%C%%%mwntw E5°dEFred gnd isplpted vithougdjséitiation,| ifnis
evonpalieat 10 Eéinové:ﬁ&.ﬁhrtﬂﬂemﬁﬂﬂ% Eﬁ@?fsé(%ﬁ@ﬂ oﬂfgel ®dtdral in a solvent by
re.n 0 an era

adduct

"Bt SOST eSS HTom e Pronay ao it ey rﬁ%i%%‘?%t?
t bremandiitnc Diternads@bead forrmilires taalbe edyloned buch asVéEEchpﬁﬁlaatdr Elgca
R TN T R T T N

agsil durethe bypmpatisri ang lhhepmegtthdohgnt the tatmo tekdranget tagim g bther

t heoMEE (or through a further WFE when the WFEs are in

series) at a lower tenperature. The conditions which

i D867 dhondliiting expmples efimdnaaiductyof thisirfventive ara pepéntealiniBaple 1. The

VﬁGﬁUé&ﬁué‘t@ stqu il BFRE ?etiidlrn%d 'ﬁ{?onQE H&nq)Zg g Pfrﬁc% g&'}ld(%ent é) of

enriched in any one adduct can e r term ne
ThelcHazndyolumayithhe pardiur vqmpeepnhﬁtt@mracularsormm Byafthe top

PR the RdleCihse Qfon@d@liéfétc& M&[a?ed NEot efhntp, upbn Mactid SPolune
and ol |%omsrs 12. Furt ner purification

oIt fheredcy th dtitial h*a\ﬁah'@ Pﬁ’duct Oﬁthe rea(siea isnletidiphegyipropase (i the
Cﬁfﬂlpb@daﬁth’hﬁﬁ & skyiod sfaAGble @ AWvhkre tiliehé dndfyteRBindseét GEHHRA).

k f | I hed
A R A R e
( metbylbenmnxst and/esuiatitued styretics ara aployed [/ @I,T*ﬁhrtl& n&fhylbhﬁﬂmbﬁ &£l the
b8 S S RRORE 9l | Rt R et o
f hawmg aﬁwstmvu tauirop ato@E). Itlmltbameerstdo)d ttpamlengnetdn;erepfedeem a fbv
t Wtﬁ%o:ﬂld&c%l p%m%ﬁg' bﬁh{ﬁ&clml:er})g this 1Avn91t*of- ﬁor%? t ?otr th(: Ryrpose of

t enperat ure tercurrent
2meking aghreipinaied E0 Ctarand fup teed byl of e posRi2GON either or both of the

phenyl groups of the initial products of the reaction can be occupied by alkyl groups having in

the range of 1 to 4 carbon atoms as long as steric hindrance permits such substitution. Ifa
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nitrogen or other inert gas; or 2) passing the
material through a wi ped fil mevaporator at 20
w@b@sasass t enperat ure and reduced pressure; orPGh/US2008/066219
passing the material through a devolatilization
extruder; or 4) ultra-filtration using nenbranes
sui tabl e for separating macronolecules (oligoners and
pol ymers) from | ow nol ecul ar meight nol ecul es; or 5)
pr eci. ion of the o opers and pol yners vij
P HEPRAC bR S anhis e AoHTY S5 18 Bt Rroqei Iive positions on
welthier aghiothalf ehd pﬁdﬁyl@ﬁo@h@faﬁe)mlﬁil gﬂﬂh&s oI HeircaSt@In\¢@& e o(:é‘déléh by
ol ERPBE Bl f B8 it B bbb BB i pegis
Ie$$swmmmmmred technique for further work-up of
material enriched in oligonmers and/or | ow nol ecul ar
wei ght polyners. [00651 Separation of oligonmers and
adducts from each other is preferably achi eved by
distillation. In conducting the distillation, any
| ow- boi l i ng conponents, e.g., unreacted toluene or
other relatively |ow boiling nononethyl aronatic
hydr ocar bon reactant(s), are 30 initially renoved from
the m xture. The next higher fractions typically
i nvol ve the | ower nol ecul ar wei ght adducts, e.g., 1,3
- di phenyl propane, 1, 3,5-triphenyl pentane, and anal ogs
of these containing one or nore | ower alkyl
substituents containing at |east two carbon atons 29
WO 2008/ 154454 PCT/ US2008/ 066219 each (e.g., ethyl,
propyl, or |like lower alkyls) on one or nore of the
aromatic rings. The distillation pot residue is
typically at |east one and usually a m xture of the
oligoners of this invention. Although distillation is
a preferred nethod of effecting separation, other
procedures such as chromat ography or sol vent
extraction can be used for making the 5 separations
when such separations are desired. Instead of making a
separation between adducts and oligonmers prior to
brom nation, a light distillation can be used to
renove any |ight ends such as unreacted tol uene or
other relatively | ow boiling nononethyl -substituted
aromati ¢ hydrocarbon reactant(s). The renai ni ng
m xture of adducts and oligomers of this invention
can then be subjected to brom nation. Here again, the
resultant brom nated 10 m xture(s) can be used as a
brom nated flane retardant additive for use in
pol ymers, resins, and coatings. [00661 In all cases
where material is produced and isol ated w thout
distillation, it is convenient to renove trace am ne
inmpurities after dissolution of the material in a
sol vent by passing the solution through the acid form
of a strongly acidic cation exchange resin prior to 15
brom nati on. Ot her adsorbents for am nes can be
enpl oyed such as acidic alunmina or silica gel. Wen
the material is to be brom nated, the material can be
di ssolved in the solvent to be
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used for the brom nation and then passed through the

cation exchange resin or other adsorbent. [00671
wOoRMsl154354 | Nng exanpl es of nonoadducts of this PC/ERL008066219

are depicted in Table 1. The 20 nonoadducts shown in

Table 1 are forned upon reaction of the particul ar

conponent A) of the left hand colum with the

PRrti cular f cutar T conpomept B)IJC f
the top %
50l at ed.

ibstitute
L yrenes a
he nongvinyl 3
Ach Vs, | ¥7
Pa Car.
¥l e [1 ner
Fod«Ci bl e| b
br eover, 1
| ae retafdant,
ther or both of phenyl
oducfs of the ffeact i op™c 5
oups |havl g ‘ 3
ng t
3 2
affe fetaf
od S,
enyl gro
be occ
l1to 4
rmigs s
2008

nd

— QT O "= 47 0O TN T 0N T
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R
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o
R
>
R. ; .Me R
R

Component A

!




10

15

20

25

a ou- - aaaaa u 32 W 2008/154454
PCT/ US2008/ 066219 [00681 The ol igoners and the

w@odwsasas4 whet her separated from each ot her supdI/ES2008/066219
distillation or kept in adm xture, are particularly
useful as raw materials for brom nation and consequent
production of flanme retardant additives and fl ane
retarded pol yner and resin conpositions. Wen the
adducts and oligoners are separated from each ot her,

[0068F TREISH g6 ine s )andhe addets Gl HeBRNRp&ratd G3M chdhehep §hch as by distillation

arately subjected to hrom nation tq prepa
or E?f? LA pqixtuFe, a'i?é)aft@tﬂ&f Yyl Es Ay magEa Sf(arbr%@atm and consequent

proRtHIRS FlanfeSSlaifant AAHiveLAd MG relaffi DbiyAlRe ald REINNBIpStions.
conditions for effecting bromnation on aromatic rings

Whesrihe addpetiand oligemers e seppifed diom qasleether. e addupisy) epd the ahgomers
cafh ﬁE@B&%B&ra@&QQMS&&- to im)ﬂﬁnatﬁ)ﬂ fo ﬂrﬁﬁpetéfﬁ&n}esﬂaw Pegraldt X(]gmpounds

conducted in the dark (i.e., inthe total absence o
for ysg by polyineprs, agsins, aad 6pAIBS bromi nation. In 10 additi on,

[Odpéag ThE B}B?ng@%rﬂ{%nﬁlﬁ tfh%?tgg 1 aE‘&n? gat%?l%g Qx%in%qc f'lﬁ]gs cl;\]n then be used

resence I qul ed S0l
to digrm- Blichi useﬁug brexamtddefannd refdriapi prmdtubtad él" hus, the reaction is typically

CO%JU% orme rcf‘c)lr zlgaQIi thgqg {);?Tbgtél}cE é)lg ?igﬁ% iy favor aromatic bromination. In
addifi@n, dhecllsrbmmaﬁdnhaamon[1@6ffdmcoimmddrm thenatdeg Ad@diyfuid logenated

usyal | vy onlne ne chl ori de r.Cl).
solt il epipflioE bbfuples R e P oS Rgthotetnt S homethane, 12
dibvorasdtinge,i 11 -dibemdethbne) aid B2-dichibhethapount of bro m' nati ng
15 used shaqul d suff|C|en to produce
(0@ BE e D B0 apeat vy Bchromig STPYS o RO Gl Recerably,
theBrorafatitn i¢onwdtaifsing BfomafAt in e 1iGHIH State! TR amduB@®f brominating agent
brom nat ed_ol i goner product should contain at | east

usegsBonld hesuffiagenbfo PrrdyRs Haompyaisd eligamer prodwst havinerbiemine content of
ab@ltl48 W@F@h %56/0‘3{ &"ﬂu‘;rﬁ( ,QO MerOmined DednRP gl%dﬁ’cft sh(ﬁll?cpégntaﬁiﬁat least

t o about wt % of romne and nore pre er ab
aboud g wt'epf briemine. Bferced Alomaret@dant oligamsts thpiealysentaiiethe range of

ab%glg‘(t:({‘a i n\ﬁ?’fﬁf b?(trﬁlgg Q%(?ﬁ%g]pﬁagérﬁﬂy ggﬂéj&%ﬁt e &' ag%ut l.SI ? t07a£)0ut 60

wilit ofcbrameing r Bfedrering contentsind th‘eetmtgem@tﬁ:d ablocts alz¢5yma9«b’ tirothe range of

ab@tﬁ@glnwt‘ﬁ %o d‘% H'I-sz/o Zr;ld:slprygx%bg/flg me I"lgnt Ie%F aboual%\%%:%l alb%gut 68 wt%.
rom nati on

conduct ed e presence
[00741 dhy bltomthmn lis typicaliygconstagall mSh&)f)reBaﬁlétEGI a Lewisewidsbromination

cata% dNto)n 1m1t?r?gteeli;§rﬂ?}%sa(}f e% %%Lelvﬁg_!gﬂ e;'o%}n% mystis 1nciu%e aluminum

haWdh@]sﬁB’f as for exa@iple] Al(f,‘lmAlB@,SAlB‘L(ﬂhor&SlC[zBi or E4EAERAIRIes, such as for
the brom nati on reactor

1 3. Nter el
e e L REFSia MRS b U SSCAREOT I () Wb aminom

metQiid the ﬂﬁﬂ&dﬂfml botrdbr Na%ings, |fﬁkﬂ@3ﬁlnfg|s | dr 'ﬂﬂ:shkeo KintiRfly | Whe8 an iron-
Simla Bﬁé when an iron- derived cataly isto be

deﬁ%e@‘c?ata S foehecisesh thedprotns cembrgaigedutth rph Glingsi Forriganings, or the

likk. " PHE alusfiied Btal &iroh BRtal IsichSrertdd 1R Rl priEkaad BF tHBbRniRto aluminum
iron nmetal is converted in the presence of the brom ne

bromgjde, sngpieefferric bromide species.
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brom de species or ferric brom de species. 33 WD
2008/ 154454 PCT/ US2008/ 066219 [0072] Bromi nation is
wao yBasd4by performed at one or nore tenperat urBGT/US200$1656219
range of about 20C to about 70C. For continuous or
sem -conti nuous brom nati on using al um num hal i de
catal ysis, one or nore tenperatures in the range of
about -10C to about 20C are preferred. For processes
in which perbromnation is desired, involving a
[00722] Bro@tniation i ey:plinallgq pefampdandng ob noéd ©mpedtuted imfthe @ange of about
ea-of - brom ne", preferred tenperatures are in the
20 §ﬁ@ byt 78K for sertinpensags @w-co%@ouabmeﬂwnn vs;rmlmatrmmehahde
of about 60C at about one atnpsphere
?ﬂeé’ﬁ{"ore[tmmrw“%ﬁ%&f’ﬁ‘?@“&‘ﬂ8 (Eﬁﬂéh‘?lﬁ&Q iCoe prefigaed. For
PfP%?%% AT pEBRMin B 3L BB YRR ¥ g esprigus ggymmonty
refendd toras at@aof-brobinfT) phefbir@iterapdraligsire irtAiradge oF Hb&u@bﬁc’@ to about
i nert solvent. O her nmethods of bringing together the
655 Fortellux femperatianef shput 60Fe atladows|ong atrrospliereds mde doemnmg

G885 A08Bfy B BB BPPR 5, bo vmio, ca e

intreductd ;mntumom i1te A inditure Bfthexlisaer Anidfpid hdtiubt; Mnﬂﬁtl&[@talyst anda
ni.m ze omnatlon on the

sl toR R oDlEs Fhodt r PRiEEith el e promigaing asent and the

oligemir abluge febding HRANgEmrR/OF QdHuBtaﬁdrﬁHthMet itk RPWithout a suitable
eact i tinmes. The | onger the brom nating agent and

S0 ePtg?fn‘gﬁ‘ePte P & TPAfFtien APTECEOntaiting grregsst liquid E@mme and bromination

caPBSE 1 1Y thinfnYizd 6m Bkadich AlthCal BHAT ARbA ABmb BF R Giomer Iﬂlfsc‘desnable
15 the brom nation reaction periods are typi calq
tosandysf the Sramiratign txjth sher, reastionrimasy élﬂlerlmplythab@mmtmg |ament and
ol%hn%elr Beia upéon?a@f)ﬂlte gl:e\ﬁﬁr g]g @Qf%mt?' Fo‘{‘@ﬂ%}%u%%}ﬁﬁ faflo tL)Q)gglﬁ‘] Thus,
pon_ conpl etion of “the brom nat e cru rf
thebramietiorrgassion pesiogs aselty pidaliyikept bemtaéoutexghumnuqueomgreferably are
wiklth e ke BF aRSG o (St @AY dr O de. pot assi um
hydr oxi de Ium car ona e, or ‘etc.) and when base
[00°&4] Lﬁl‘penl comﬂlemm!etﬁtthwdnommatldmtﬂe@mld obgomﬁtaed/omaﬂhcttrigtreated with
I s dist n.order to
ekt an o s ondetent, Sy Hafo iRt oo BRI esodiom
cagl®nathios etc @ by len bhsfeés ﬁSE:dlﬂhe tleitmgﬂﬁ@follb\ﬁe(h@ Wdt&&laﬁﬂn@ YThen, the

e S B SR Lot o o s s
enpliiestie S@{EG1ROMOIto B ﬁl;ﬂf&i Byhftréiiasing 1 cRide OkbmtinatedMlizSher into hot
\Wr k- up procedures sucl%

can he dried, if desjred
wHigse 5}%@1& splyent H}S&Hsp%fF aHreéFﬁﬁelh 391@5% pr@aratienyieldy thy |deSIred product,
wiileh/@R bagigedoif désaeD W HH - W@Mrb@s%cﬂ zﬁ‘aleéégbaﬂn hf?é’}.’)apa%l'dﬁh H&e the
adgr om nated inpurities that resent

ftignal adyastaee P Is@RBERS immyoifisy mfﬂuiiltl& bm breminaied émpiiritigs that

misftR (REORA Ak bRiANE SEbmbor Lh Delow in Exampl es BR-1
wherein the bromnation is conducted on a

[00%h Furis d@talbagmmll[g(lm?mlnntlcam set forth beléve indixemplesBRd to BR-4
Gjeﬁllgﬁ,%%ﬁ)mm;ﬁfoﬁ Lﬁ%d%lnlagg s {ang/ or broninated | ow

cular wel g ynmers na e ¥ BRt he adduct (s),
[09576i] dro ndstition, &mdfrmmnhte&Vadl‘dlictéQublammh&ldghigomers and/or brominated low

molecular weight polymers made from the adduct(s), oligomers, and/or low molecular weight
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34 WD 2008/ 154454 PCT/ US2008/ 066219 pol yners
produci bl e by this invention are deened useful as

WO b@sesqet ardants in other polymers such as ppdT/DB2088/066219
formed by pol ynerization or copol ynerization of
nononmers having a termnal double bond. There are
three groups of such polynmers, nanely (i) one or nore
vinyl aromatic honopol yners or copol yners, such as

. pol ystyrene and i npact nodified polystyrenes such as 5

polyfRfs produeibes Bithi ifVefiion afP@Re® BdeVifl by l@REretatdahs iPHBerPolymers
nore acyclic olefinic hé%{ocarbon honmopol ynmers or

Suelis 8Py e ormet Brpolxm Ry a5 G PRABENCr BRI AR O Bpganasichaviag d terminal
doGIP 8bTeIHBreQire Mtk ?of Rich Bélﬂﬂ}ﬁls erﬁﬁlew (fon@lor hm%ﬂ:sstmﬁﬂgmatlc
hi gher ol efin and w or wt di'ene nononer,
hopyopelymeys er expolyimstse swcb;% pylwﬁyrgn@rndampae apdifigd epolystyrenes such as
HIPS MYl IR high-impRe PolysRRde atii)| @ r. AHE ac%'cllc olefinic hydrocarbon
non-vi nylaronmati ¢ nononer contalnln uncti onal
hogropelpmers ordepelsmersysy¢hons |pplw¢meleneamlmpwlm,@ndmmmrs ofethylene
or ﬁ]i) é?leﬂg‘a\{r 'ﬂ%x [eXét %Ball OfERE andf \H]\ c?%ltﬁ%t}tgggh%@g%r&r@%d (iii) one or

group (rr
m@AhbpoannbrSBSAat l@erzmbr\mmardmaminghmey apd atﬂeaseorieommedn}bgtomauc
R PR 3 e BB G PR Pl Frerdo B piger. or o
médslyacryjeod yomhier avith onwitioutodiadeynmbmaa thxanples oiFesupEl) fclude ABS,
vi,ng. a terpinal ubl e . ho 00771 he l.a .
MBS SRl P Ther PB4l Uient PR, S e dP Rt 1
dlﬁﬂeﬂﬂﬁ'opa&kasf d@iics tCBNan dfech@lahdrenidyar foe arma PeRhfersSetied by
gs | ae retardant aids often referred
po YWHéﬁlljff‘gf OPOYTHZation oLmEngmss, atvrqu%F‘Hlé“al %‘Eﬁ'%‘?ﬂ“d
[oeTTy TH@ﬂﬁﬁ&etaﬁ{ed &?h&@EMﬁ@d%mQﬂfé%ﬁoJe'b?dﬁﬁth@J dntaBlafiants can
especial ly qurd al kyl at ed trrphenyﬁphosphates such
CO%muO&‘EbF%mﬂn vehch as Bﬁ%g?raﬁc}raéqa%qf@n refpraeddip A (Sheasgists” such as

A 6 N LT 02 i LMLy i

al@a@qqléqmlgngdp{@sﬂga@g such p@g@g@y}p@edammnylphqspl@mandagmppnents used to
[
1m?{(l)g¥ I&tggrgﬁ%ertfﬁg o tﬁ?;]%ﬂl)ﬁ'rtéé g‘!‘gég r?t; gt{tl%)élg?AtQ \Mea de%gtg\%g‘?‘% U;%pstabllrzers,
pigmhentstand d)zee,rpsocessmgams fntpel, adidscgyengers, tml‘lhdrStalelers blowing agents,
| Exanp es ara.ores
lul?ﬁalﬁ% dl?l%lgastle %glggn%]' ﬁTt % gt\éﬁ ﬂg'%t Clzets, g'iu;t 1ff?eta;e:anc{] otl?er such
mdtérimist t his i nvention to only the subj ect natter
j osed th gL el 00791 Adduct for I on be I ns
O T R E s rase i o Ao P st P an e Bpgended o
hnaﬁthabmhu&ﬁ@on@nnh JuBjeadautet dikssa@tnem.i S favored over
i gomeri zati on and pol ynmeri zati on when the reaction

l“?@hpéﬁé% fasmationdheging & compsts veirligomeriatien ansiyrolymrrsiaation above

abé‘nItW)@ fnd 1§adfd§§i f&&a@on"i?fayo& Shr 5l%ﬁlerlza§ ﬁffﬂghl merization when the
nbod IITentS of his invention ead|n t1on ‘?]

re%flm igmperatgre laamrelt tharpabguiniORtGiexeept Wiren aﬁmue isdedmtd very high rate.
Se%rhlga%ﬁﬁl eflts ngﬂfs mﬁﬁo%q?afﬂlé-{%hﬁat%n%ﬂn&\%reﬁlf ad(h:féé gp%r%&tures

were conduct e here pressur
of adddgs apd gligotrets@w frésentedinl Taklet2dwfvey. adtlIJEzemqﬂesMwe @haucmed at one

(1%%%2 %eregygesg\%g Bc{ iﬁj #’,I etnboemt;: s ré g%é)e?at 0? r]% e am transfer

agent toluene. Three reaction parameters were Vaned (l) total monomer (e.g., styrene) fed
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35 WD 2008/ 154454 PCT/ US2008/ 066219 relative to total
chain transfer agent (CTA, toluene) charged

w@ 2iognenss t ol uene); (2) total styrene fed rel BET/US20089066219
total initiator (butyl Iithium TMEDA conpl ex) charged
(styrene/toluene); and (3) the rate at which the
mononer was fed. [00801 Exanple 1 sets forth the
general procedure which was used in each of Exanples
1-11. 5 EXAWMPLE 1 [00811 A dry 500-m 4-necked, oil

relptakie toadl Cmiﬁﬁﬁgfdr agdﬁt EIA, Qﬂ?}ﬂnﬁ}lﬂﬁrg‘dﬂ (sg'éléhettﬁlﬁéﬂ'égqmﬁﬂaﬁstyrene

fedlsfiiRpto o dntimay By iy NERR e AP gD dhage (S Bofpbenc): and (3

thd it Whigh the.mdnoet wasdBiy dr ous tol uene and then
subsequently with 2.7 nL (0.0054 nol) n 10

[0} Fxamplp il s¢is fortythergengral nspresara hichryes @sepin pach OO Esanpdes 1-11.
0. 0048 nol e) tetranethyl et hyl enedi am ne (TMEDA) at
anbi ent tenperature. The tenperature of the reaction
m xture was increased t @XAMPCE 1St yrene (50 nmi, 45 g,

4 ed.ipto the reactor _at over 137
l“?ﬁlﬂétcgg g‘i‘{-fﬂﬁin@g% P'i-mcﬂ?t%& gasiflpskevaraquinrst With g themmrsoulg, elass
ov@ﬂhgadss'ﬁﬂ'_ﬁi WithGddak ﬂaﬂgieﬁ @hiléBer@hd NNBlefN PRt Ha&or WR@Rarged with 150 mL

conmpl etion of the st Kfr ene feed, 20 nL anhydrous

(130t Behe> WaY 39bvrsens tohyens Méhffne%véquewtlmv%ﬁ\ﬁ%é 5 (G.Q954 mol) n-
buSIRRGMID if §RRhd<ahS 281185 OC‘?'Z Al B85 g, Jb@%&%ﬁ(ﬁ&é&ﬁ%eﬁ%%ﬂ%ﬁe#ﬁmine

was then cooled to and then quenched .
(TMER G mbisntcpesiratures {The tesmpetafungiof the regetinntraipfyes wasLineseased to

11879 §i6lhd 50919%s5 rﬁg,g(gm% ngf) g%gép%&ﬁ%l&a@ﬁts R gorég(é;eﬁﬁtlﬁ&)utes ata

reactor was sanple ySI'S. area
copgtantt yrafe swhilexmwiinidining eamstertcanddsigrificash egitatisn @ thicomiixdurs: Upon

- 9 9 -132 8. 2%, . H40 .. .
coig BN oLith s 6k “ kSl Ao im0 S ggmintor
to CRBHBO 8% lineT 8 Benan dlhkirededon m2Aure|viay ahar é‘ooﬁ:%t(é BXANRInG then

2 100821 The procedur s, ln anmple 1 was used except
it G P SorRire) Byl A penl e G e bechaF el of the
lithilif ioPropeidedits, thedeac A t/hd AMpIEA $& GPY ERE sif. ' THIGIE Darén o9 analysis

i&é 55 nol e). anhydrous, toluene, 2.7 25 rr%Lﬁ)éfO. 0054
exppfling uareagied tqluang vas asipayys Sl Ao g 2t StH8: Grie .25 Castlio

2. 9PNEDAH, The, B 6:3% Rl v el J i
t ol uﬁﬁg was ang?ﬁ:)I | ows: Cjigﬁ}igh%ggg}f C?:%E&f g%?%&)and higher
oligamens 8%. 14, 704 C39H40 9.9% CA7H4A8 6.5% C55H56 4. 3%
C63H64 3.0% C711-172 6.2% C791-180 0% C87H88 and
hi gher ol i gomers 0% 36 WD 2008/ 154454
PCT/ US2008/ 066219 EXAMBMAMPLE 2.

[0082] The procedure as in Example 1 was used except that 45 g (0.43 mole) of styrene was fed
over 56 minute period to a reaction mass formed from 130.5 g (1.55 mole) anhydrous toluene, 2.7
mL (0.0054 mole) 2 M n-butyl lithium and 0.56 g (0.0048 mole) of TMEDA. The GPC area %
analysis excluding unreacted toluene was as follows: C;sHys 32.9%; CasHas 22.5%; C3Has
14.7%; C39Ha0 9.9%; C47Has 6.5%; CssHss 4.3%; Ce3Hes 3.0%; C71H72 6.2%; CroHgo 0%; Cg7Hgs

and higher oligomers 0%.
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[0083] The procedure as in Exanple 1 was used except
that 45 g (0.43 nole) of styrene was fed over 46
worvatieperi od to a reacti on nass formed from BGOUS2008/066219
(1.55 nol e) anhydrous toluene, 2.7 nL (0.0054 nole) 2
M n-butyl lithiumand 0.56 g (0.0048 nole) of TMEDA
The GPC area % 5 anal ysi s, excluding unreacted
tol uene, was as follows: C15H16 15.23% C23H24 14.6%
C31H32 12.18% C391440 10.87% C47H48 8.83% C55H56
7.63% CBSFB4 5.93% CrExXivirLg’s’y C/79H80 4. 269@
gﬁgEQS an her ollgoners 15. 62% EXAVPLE
[ § Progh “fﬁra edrvassadsresp thiids g(d. éam@ie&eﬁtyrmafas fed

ové|r516&11ﬁtﬁe PeBiol® Apaclbn Hhs¥ T&Hl@d mes 13@slg (1035%0%%1!{9(1%% foluene, 2.7
period to a_reactjon mass rnmed from 130

i1 005 el AR BB 8:5% & (004RIR S TEIZ)- DhehPC arca %
ani(lﬁsgwiéydludl gﬁ}iréﬂaeaﬁqu&e Pasths (t"&loqg4§15ﬁ?6l 8) 3% CIM’EPPA 67 he31H32

ar ea anal ysi s excl udi ng unreact ed t dl Uene
12¢ 8% GhoHank0- 87@]:%8 8.88% Cabls-Ra3%:. Q@/B{64@3}.B9482378{734@5%, Cr9Hso
426924 Q1. Land HohSAA 9% C55H56 6.1% C63H64 6. 3%
c7i% 106" c793f°‘1‘§'§ lg‘ﬁ%:smss and 15 hi gher
ol i goners 37.5% EXAMPLE 5 [0085] The procedure of
Exanple 1 was used except that 45 g (0.43 nole) of
styrene was fed over 1E LEd period to a reaction
[(N)'!FilfS $hé ﬂﬁé@drefcff @Khr%%@ 1%vad ubel: egl@epmlaﬁlﬁ I\?W%&U)Sof styrene was fed
uene, 1.8 0. 0036 nole but yl
OVefr7g nemkt?pegw(l B ac;eﬁ@eornws«sfor@ﬁd frve 5 gﬂeﬁ@n@)anlefdrm toluene 2.7

mIORI0R8 rIeF X fégmggnmﬁl%ﬁb%gg}ggg@n%w TREDA! TREPC arca %
anwlysz%xcl@dm%mmm@%lum @s follgws: GeB8A%a Gd:Hhi @}h%l; Cs1H32 8.3%;

Ol IRTE s s Ct 1% ERpk R GG S8 S ot and
hl@tmlgnmemégﬂ/ed over 79 m nut e perl od to a reaction
mass formed from 130.5 g (1.55 nole) anhydrous
toluene, 1.8 nL (0.0036 nole) 2 Mn-butyl [ithium and
0.42 g (0.0036 nol e) of pgMApPLEEhe GPC area %
anaig5|s excl udi ng unreacted toluene was as foll ows:

(0083 Chesprosedymyof Ezgppla 1 x@s 29ed egapHbat 4537(0B OB 551t avas fed
o B HRAORL B82S 8 R 0 S G 5 e,
1 srﬂﬂg 0036 giole) 3 ven-buig] lithinmEXANAL E (F0B6[n@0s 1 TNIEDA. The GPC area
o exc 4

% ?%ﬁ?}%%%g?ﬁdﬂé P?é%@l%nmgs aSngH%W m@ﬁh{_ﬁ 4%31ér |23 ;9%5( 9’7 é31H32
13 16%@ €rdtlon’ . 2ts €1 Har3nis6t Gsgkbsgnl 73 CosHyy i(nﬂ.l@lemﬂige)ners 2%.

anhydrous toluene, 1.8 nL (0.0036 nole) 2 M n-butyl
lithiumand 0.42 g (0.0036 nole) of TMEDA. The GPC

area % EXAMPLE 6
[0086] The procedure of Example 1 was used except that 45 g (0.43 mole) of styrene was fed
over 79 minute period to a reaction mass formed from 130.5 g (1.55 mole) anhydrous toluene, 1.8
mL (0.0036 mole) 2 M n-butyl lithium and 0.42 g (0.0036 mole) of TMEDA. The GPC area %

analysis excluding unreacted toluene was as follows: CjsHjg 25.1%; Co3Has 20.4%; CsiHa,
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anal ysi s excl udi ng unreacted tol uene was as foll ows:

C15H16 15.5% C23H24 14.2% C31H32 12.6% C391-140
WA 2008964460 7HA8 9. 5% C55H56 7. 7% C63H64 6. 5% PCLE2088/066219

5.3% C79H80 4.1% 10 C87H88 and hi gher oligoners

13.5% EXAMPLE 8 [ 00881 The procedure of Exanple 1 was

used except that 45 g (0.43 nole) of styrene was fed

over 134 mnute period to a reaction mass forned from

130.5 g (1.55 nole) anhydrous toluene, 15 1.35 niL
15(50%6;, @Rs 0 hind %;)CZH VB AYd Ut sHke 3.8%;TesHpy 4t%; O B4 268%; CoP2ahd higher
oli om% f, TMEDA. The GPC area % anal ysi s excl udi ng

ERPE3&&Y tol uene was as fol | ows: CL5H16 23. 5% C23H24

20.0% C31H32 15.4% C39H40 12.1 % CA71448 8.8%

C55H56 6.1 % C63H64 4.6% C71H72 2.8% C79H80 and

hi gher oligoners 6.7% EXAMRMIPLE 9 [ 00891 The

0.43

[0“7? qg?éj gr][og dg;er(g)r%%lg 1 ]i'vé §%(fjve§;?a)é ?ﬁ? 9 % {d lﬂge‘ur)llg)go p‘rene was fed
overfdaninge pmvgso & rezotipmhgsdormed 6ot 130.6 g (5B Imﬂb)a)lhydrous toluene, 1.8

TN S5 B OB LB A B e

analy 68 exdodigalnyaicted exlednd dvas @s Bslfoads t@cH t; ab ven €, wns mg%, C3Ha,

OIS e A P il b Eat S o

Cs(3h:3 IihighePBigoméisHEds% . 10% C791-180 3.6% C87H88 and
hi gher ol igoners 10.5% 38 WD 2008/ 154454
PCT/ US2008/ 066219 EXAMPLE 10 [0090] The procedure of

Exanple 1 was used exce%}‘ .9 g (0.58 nole) of
styrene was fed over m nutEe period to a reaction

[0068$ 3hé propesldref af dGixarhfls .10vay ube. Kbeptrtiac) s g (h4Bomolesof styrene was fed

ovérglbu St}r}%i}e %ezrlc)é t%%“fé‘?“’?ﬁ%}%g{ fog?ed%}\ﬂgbgﬁl %@%lél atgpyéléowtoluene

1.35mall. (01027 evslel 2IMi m@ltylﬂitlﬁamhﬁﬂo 8 D 0027 Wals) FITMEIDA O GPC area
! H16 64 8% C23 22. 3% 1H32 7.6% C39H40 3, 0% 4,
488 RS o 508 EC] 0wt Cislacieflipsd-2efas 20.0%; Canblz,

1 sax/ammo . ma,mua,@sl 886X CEPLLs 6. NBLC504 9.6%; CAHRE. 89DICSIHP4nd higher
Be was fed 10 over 120 minute perlod to a

Ohrg dif- mass formed from 115.0 g (1.25 nol e)
anhydrous toluene, 2.4 nL (0.00487 nole) 2 M n-butyl
[ithiumand 0.57 g (0.00487 nole) of TMEDA. The GPC
area % anal ysi s excl udi IEXAMPEE(!I ed tol uene was as

o 05 G A s 002 by OSB3 e s
ovE&MITHidiAuR pdiiad 1€ 9EdBon &aé%m@&ﬁﬂﬁﬁl%ﬁ% (59 ele) ahhyGIRAR iQuene,
1.3%"11%2/?0.0027 mole) 2 M n-butyl lithium and 0.31 g (0.0027 mole) of TMEDA. The GPC area
% analysis excluding unreacted toluene was as follows: CisHjs 16.3%; Ca3Has 16.2%; C3Hso
13.8%; CioHao 11.7%; Cy7Hag 9.4%; CssHse 7.4%; CesHea 6.0%; C71H72 5.10%; C7oHgo 3.6%:
Cs7Hgs and higher oligomers 10.5%.
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15 [0092] The product m xtures were anal yzed by GPC
usi ng an ol i gopore colum which provided baseline to
whamehsass resol uti on of adducts as well as parPCEHUE2008/066219
resol ved the shortest chain oligoners. It is
therefore possible to discuss these product m xtures
in ternms of the relative formation of discrete
nol ecul es. Still we applied the sanme statistica
treatnment of the GPC curves for conparison to |later
tables Conpari ng Exanpl &XAMeng 18 (see Table 2,
shows that 20 relatively simlar product

wa?@ tTth BoesduFrofExpmple 15196 sed @zﬂcenythat&a@pge(ﬁéé ofe) of styrene was fed
ov@pr'BfrﬁIlhﬁlg périif td DEBGion\Wist ARhESHH | B %Flt ISﬁa(‘ngﬂ Anﬁydrous toluene,

nperature constant. The res
2. ﬁéﬁﬁodﬂ&g‘fi?dtr@ﬂe)t?thn “utyligrinre ad 57 gr0Q48E s106D oﬁBM@BtAs The GPC
Ny 084 RS o

B P e FAGMEN TIB0E s IR L B R BRI 2 06
Cqlils 7167 Ghitbn3. 0UeGohlst r.2%e a dependence on the ratio of

nmononer to chain transfer agent, on the ratio of

nononer to the tertiary polyanm ne conplex 25

organol ithiuminitiator gpxaanNppR 1ihe feed rate of the

nmononer. [0093] Table 2 summarizes the conditions and
10944 Jhe gropeshur plg 1 pag ysed egwpidlmt 5092/ (258 4®ke) of styrene was fed

oﬁﬁﬂoqﬁﬁ&%&rﬂ)@@@}%ﬁmﬂ erdss fbrrh %d fﬁmg)ﬁi d é 8'5&5%%\4)% Rﬁc@\?l{ytwene
2.4mi.d0.00487pole) 2NM nmmsw@l@x ml O (YNSD mvleDoFTMEDA. Ol GPC

o9 D) N .N_N C .
R s R B AR 0 59l B
Cﬂ@sz @318P5; &30Hab 96%0) Mg 6.5%l; XCs9H s .8%: OgfHly PrO%h; CMH7, 2.1%; CroHgo
1.5%; Cg7Hgg and higher oligomers 3.3%.

[0092] The product mixtures were analyzed by GPC using an oligopore column which provided
baseline to baseline resolution of adducts as well as partially resolved the shortest chain
oligomers. It is therefore possible to discuss these product mixtures in terms of the relative
formation of discrete molecules. Still we applied the same statistical treatment of the GPC curves
for comparison to later tables. Comparing Examples 1 and 3 (see Table 2, below) shows that
relatively similar product distributions can be obtained by independently modifying the three
variables cited above while holding temperature constant. The resulting data demonstrates that a
variety of mixtures of adducts and mixtures of adducts and oligomers can be prepared under
different process conditions. The product distributions demonstrate a dependence on the ratio of
monomer to chain transfer agent, on the ratio of monomer to the tertiary polyamine complex
organolithium initiator, and on the feed rate of the monomer.

[0093] Table 2 summarizes the conditions and results for Examples 1-11.
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EXAMPLE 12
[0095] A dry oil-jacketed reactor equipped with stainless steel internal cooling coils (chilled
water) and a glass overhead stirring mechanism (no PTFE wetted parts) was charged with 3.46 kg
(41.11 mol) of anhydrous toluene and heated to 80°C. To the mixture is charged butyl lithium
(0.36 mol) in cyclohexane followed by 64.13 g (0.55 mol) dry TMEDA. Styrene (3000 g, 28.8
mol) was fed to the reactor (through a plug of anhydrous basic alumina) in 72 minutes at 90-
95°C. The reaction mixture was quenched with 100 mL of water and subsequently washed three
times with 1.0 kg of tap water. Toluene was distilled from the crude adducts. The crude material
was then distilled at full vacuum to yield 2.0 kg of 1,3-diphenylpropane, 900 g of 1,3,5-
triphenylpentane, 550 g of 1,3,5,7-tetraphenylheptane and 150 grams of 1,3,5,7,9-

pentaphenylnonane.

EXAMPLE 13
[0096] A dry oil-jacketed reactor equipped with stainless steel internal cooling coils (chilled
water) and a glass overhead stirring mechanism (no PTFE wetted parts) was charged with 4.325
kg (51.39 mol) of anhydrous toluene and heated to 80°C. To the mixture is charged butyl lithium
(0.18 mol) in cyclohexane followed by 33.47 g (0.29 mol) dry TMEDA. Styrene (1.5 g, 144
mol) was fed to the reactor (through a plug of anhydrous basic alumina) in 150 minutes at 90-95
°C. The reaction mixture was quenched with 100 mL of water and subsequently washed three
times with 0.5 kg of tap water. Toluene was distilled from the crude oligomers. The crude
material was then distilled at full vacuum to yield 2.0 kg of 1,3-diphenylpropane, 300 g of 1,3,5-
triphenylpentane, 120 g of 1,3,5,7-tetraphenylheptane and 8 grams of undistillable oligomer

bottoms.

EXAMPLE 14
[0097] A dry oil-jacketed reactor equipped with stainless steel internal cooling coils (chilled

water) and a glass overhead stirring mechanism (no PTFE wetted parts) was charged with 1.73 kg
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U OIt 'r; O0OO0ONt NMdcnrnk O0O,~NOOOOT
rNNOr Nfn W1l- "~Cr Met CACDCCDO r r U
wWOR00®182454 C md ~ 3 Ea) L- Y 1- QC 0 r N C) PEr/uR200m66219

t w+d) U CD U 40 WO 2008/ 154454

PCT/ US2008/ 066219 [00941 Exanples 12-20 illustrate
processes of this invention conducted on a | arger
scal e. EXAMPLE 12 [00951 A dry oil jacketed reactor
equi pped with stainless steel internal cooling coils

0 59 thbl) Shnhypdr¥@tiSludnednd héatdl 18 36°CO VRS HE ARGk tHE iy thl%gd butyl llthlum
mechani sm (no PTFE wetted parts) was charged w

(0-k grol)(im gyclohexage Yollotved iy 67 g40.19mab ey BMEDRe a&txzrgnet @500 g, 14.4
mo%%s fg_cpto th@re%t&t M{rguéfhsﬁ\ [Flh§l5g§%§&}8ﬁs3’ﬂa§ ail%{df.\’dg]én gr%m%ﬁléers )?t 95-

I n cycl ohexane

115|°|VEDA.11 it V508 rpeof( (A0 Gacgon AfdxtBre wasl quendsd fvdth 10D fnheof water and
reactor (through a pIu?@of anhydrous basi c al um na)

Subﬁzqu%uwbe%ﬂveg tmengith I §kg of téawtieb Tolene wasedigiiled from the crude
£ e cdt BarkAD vmsaméyze@wap@qu ﬁup@swe%' ¥ m@@ﬂ@d 1137,

hree 10 tines wth of tap water. Tol uene wa$
Mugi BPiDalters relatovate Wellw@hal@iéert;édjmrsc polyseyrenetiadards: Belydibpersity =
i?as then distilled at full vacuumto yield 2.0 kg of
3- di phenyl propane, 900 g of 1,3,5- triphenyl pentane,
550 g of 1,3,5,7-tetraphenyl heptane and 150 grans of
1,3,5,7,9- pentaphenyl ngnane. 15 EXAMPLE 13 [ 00961 A
dry oil jacketed react oFX83Idbty with stainless stee

[0098f & dMRbil GRRLUENEEaEBF Eiifped 'wlltlh%gnnlé’y@tsﬁél)méﬂgl @oﬂﬁmm (chllled

overhead stirring nmechani sm(no PTFE wetted parts
wageRAng a alag ovprheadspging mpchanisnygo RHF weﬁedmﬁwmb@rge witha 500 g
hgat P>
hedl letogmﬁlrl?%?ljm%(tgéjhéepwm ngledn@ iydc':l{% (Ehggﬂrt:ﬁ %g' gﬁﬁ%& g\)b%%ne prior
he®®g 47 8§°¢.0 T2 Shermiixture WSM@N n-Butyi btham(l 1. 645gmon 4n 4y@Ghexane

foléﬂ%lﬁ V@(Zgé %g) (|59((:)m(z)ilF1 % M X r Stygegg E#E 491 Hasgfgd toéhe reactor
(thﬂihgh i plag bff aahymustbusneammﬁlanu @m&ﬁdteﬂ\httl IIIO-lWCmT he feat@in@fixture
wa?rc]p(ilensclliI %S\Slt ufonot rln}/ofv\v@zagrea%dtsgl;sgc?uently washed three times with 1.0 kg of tap
water. NMR analysis of the quenched mixture showed the presenée of a relatively small amount
(ca. <2 wt%) unreacted styrene. The unreacted styrene and toluene were distilled from the crude
oligomers the resulting material was analyzed by GPC and found to have M, =2512, M,,=2321,
M, = 9.62 Daltons relative to well-characterized anionic polystyrene standards. Polydispersity =

2.61.

EXAMPLE 16
[0099] A dry oil-jacketed reactor equipped with stainless steel internal coiling coils (chilled
water) and a glass overhead stirring mechanism (no PTFE wetted parts) was charged with 0.4 kg
(4.76 mol) of anhydrous toluene and heated to 85°C. To the mixture was charged butyl lithium
(0.12 mol) in cyclohexane followed by 18.55 g (0.16 mol) dry TMEDA. Styrene (1000 g, 9.6

mol) was fed to the reactor (through a plug of anhydrous basic alumina) in 16 minutes at 85-
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times with 0.5 kg of tap water. Tol uene was distilled

fromthe crude oligoners. The crude material was then
walp@sits44edd at full vacuumto yield 2.0 kg of PCT/US2008/066219

1, 3-di phenyl propane, 300 g of 1,3,5- triphenyl pentane,

120 g of 1,3,5,7-tetraphenyl heptane and 8 grans of

undi stillable oligonmer 25 bottonms. EXAMPLE 14 [0097]

A dry oil jacketed reactor equipped with stainless

steel internal cooling coils (chilled water) and a

90et. ahe rdﬁ&tﬁfnﬁﬂﬂﬁre&ﬁdshﬁéﬂ&ﬁedﬁﬂhﬂminﬂﬁéf(v&@br ErlddabyatdnBd washed three
parts) was charged wth 1.73 41 WO 2008/ 154454

tingsg-yyith@ . e@ena:)\gasmtl)lle%frona ﬁl;wyc}mglxm qf @}igomers and
low Hﬂle@ﬁ@ttﬁéil%ﬂt golﬁqgs TR chie n‘[ﬁeﬁﬁl%ﬁ aﬁa‘fyz@@@}r Gﬁ@l aIQHBerld to }éave My

hi um i n cycl ohexane fol | oved (y 16
= %5011,1Mprm|4 TN TM@@ADaEwrreh@ve( t50l-gharatigrized aninjc p@lsstyrene
1 (through a plug of anhydrous basic
Stag’&%?r% %é’mfsﬁ&g@pmg%t es at 95- 115C. Al but 500 g of
the reaction m xture was quenched with 100 nL of water
and 5 subsequently washed three tines with 1.0 kg of
tap water. Tol uene was BXOMPLEL7 £ r om t he crude

[01U0] AOdFR roﬂ-Jac_EQl@d %a%? e(j}ﬂéfféﬂ ih Mesﬂ@%Vﬁ?c%ameﬁiéuﬁﬁ%hﬂled

found to have tons

wates) apdpglosy qya&k@ﬂ ﬁwmaﬁ@b@vsnz@e PZFE pisited nseyes phasged with 0.4 kg
(4.[5% gagg 8 %ﬁydrﬁ’@ té{{ﬂénjﬁggigétaleeg tG580°€: Tethe ?n%uﬁ%(égﬁ \Ag?cﬂ‘n%tyl lithium (0.1

dry ol react or equl ppe
maod} igicptleexarstiolidweddry d638lg (803 Mohgnc BMEDA( Ctyrknes(@000 g, 19.2 mol)

. I h
wa\é?.{yﬁﬁl\)}vee(ﬁqgla 98 %Ft%z ?0\}\1%}8466 é i tﬁen ts Ei Itor {hlﬁ n%ctgbé g{l]gllﬁa?%l'(.l f)ii‘, a&lﬁ'drous
bafix aimnirﬁ) ih42 minutésaes$rees Gl\la?ﬂe &ﬁdﬁiﬁl rﬁxx&u?egwdsglué&h&&wiﬂpi 00 mL of

f a drous toluene prio [ to 80C. To t
Wﬂfﬁrﬁ?ﬂﬂﬁﬂﬁsm@ﬂz Waffggﬂ"wq%ﬁswthq % rgﬁw tegy 450l pRsE )”aF qlfstﬂled from
theccfﬁde@ng@&ﬂm THe cfuak hﬁt&ﬁ@lv&ayarﬂa@zé@b@ﬁ@a&%malta hzﬁEM =1513,M,

rene. (1500 nmol) was fed t

NVEDA. St
= léé‘bt%‘p %% PGU?,;‘H rglaﬂmgo o*fellevhmﬁ?r&aé aswwcpcdywmastandards
Polydispaitys ppyes at 110-125 C. The reaction mxture was
guenched with 100 m of water and subsequently washed
three tines with 1.0 kg of tap water. NMWR anal ysis of
t he quenched m xture shﬁﬁgggéﬂﬁlgresence of a
relatively small anount wt % unreacted
[0EO1y Ae&frl? ozjlﬁfﬁeﬂdtﬂl ﬁ'ﬁt&ﬁf e@éﬁieg gﬂmlﬁ;tzﬂlﬂékstsféh?ﬁfbﬂla%&fing coils (chilled
i Sti r e.cru 0 Qmer s e resu
00 o e LA s i P OXGHEN RBIS b GhRLith 0 364

: kg@@ 42molyBf anhdddds tolubit aforig. viith (PRISHAGS of rﬁétﬁﬁ;lb})éﬁ)hb@me and was then

wel | -characterized ani oni c pol ystyrene standards.
heagd tpd03PeFsihe yeactionZniGlure EANREE iyl 2ihiid 0D BY nlolplinyyclohexane

fo (m E$ﬁ39 Eg?ﬁ ggxogglpr g&%g]ﬂ | ’I[t“lgdr?lg(t?llrenvlve%stﬁensl}eat%cli to a gentle reflux.

Styrene (1913 g, 18.37 mol) was combined with 0.427 kg (5.08 mol) anhydrous toluene and then
fed to the reactor (through a plug of anhydrous basic alumina) in 120 minutes at 116°C-125°C.

The reaction mixture was quenched with 100 mL of water and subsequently washed three times
with 1.0 kg of tap water. Unreacted toluene and methylcyclohexane were distilled from the crude

oligomers. The crude material was analyzed by GPC and found to have My, = 1545, M,, = 1243,
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water) and a gl ass overhead stirring nmechani sm (no
PTFE wetted parts) was charged with 0.4 kg (4.76 nol)
w@Rooankes ous tol uene and heated to 85C. To theCTUK1008/€56219
was charged butyl lithium (0.12 nol) in cycl ohexane
followed by 18.55 g (0.16 nol) dry TMEDA. Styrene
(1000 g, 9.6 nol) was fed to the reactor (through a
pl ug of anhydrous basic alum na) in 16 mnutes at 85-
42 WD 2008/ 154454 PCT/ US2008/ 066219 90C. The reaction
M, 646 Waktoivaslatiiean & big-chatdctdnizddMhidHic folysWadne ktadddels. Polydispersity =
ubsequently washed three tines with 0.5 kg of tap
2.Mat er. Tol uene was distilled fromthe crude mxture of
ol igomers and | ow nol ecul ar wei ght polynmers. The
crude mat eri al was anal yzed by GPC and found to have
= 3211, M = 4279, RXKAMHPIIG® Dal tons relative to

[Olﬁﬁi A h%{lac teé reagtolg%u?%w&%gain}gs% %{%gbﬁI%ﬂla {]}thaﬁr ?osll's (chilled

wajeR); kleipl}:dilstlﬂaﬁﬂrﬂg)paeﬁws apeaghidsoherkéadistidriag tetlia@Rn (no PTFE wetted

parg) i et it PeE ReLrighnah ot v ebrcinees Bamufe B Suers of
meﬂ’@%ﬂl@ﬂe&%& #hdOvb thh hedt®d (FA9026. Mlthe RbctAA W%l%%s char, ged butyl

tol uene and heated to 80C. To the m xture is charge
lithdwrp (0.058;mah) ipy pycfadrexang follpwedbyc 6,86 afA O aeb diyoT MERAd Stfyene (1500 ¢,
r
A s T A T S e e

of hnhythhes basaluating) i 20ugihutas £1909C-017°@n ywing U stybas ifeed, 0.216 kg
n1na2 in 82 mnutes at 85-105 C. The reaction

@. ﬁé spl) pEtolpsae wescrdderkia fine P1959 baligmotsdp contepl e visprpity of the reaction
miRHRS GfE §Bklich MRakeRad fefGel WiRS OUVHLrbf Lol %64 besetqﬁﬁltly washed

wat er. Tol uene was distilled from 15 the crude
threg fimgesrisiths 1.0 ¥ f tep walter- nidresdied) tokens and siethy lssiclpyex@ravern distilled

frof AT ud b 138N Ers 10?11 é‘rﬁ)ge?ula}\@elélg p&ﬁﬁérs We & cr de3tmtitl &erh%alyzed

relative o we teriz I oniC po ystyrene
by (iR{hdad duind PdhvedMspersi4 M= 21570, MaxANSE Baltéhsdelative to well-

chirpeHeed SUOHY pl sk RERRIIR, (AR RPLBECT, 1 o

wat er) and a gl ass overhead stirring mechani sm (no
PTFE wetted parts) was charged with 0.364 kg (0.43

nmol ) of anhydrous tol ueB¥A 20 th 0.128 liters of
[0198} AYdr$ 369115&@%@%0@{‘%&[@% W‘tﬁ@tanﬁ@s@tsﬁgl &er&pg)lh%occﬁl@% hilled
reaction mxture was charged butyl |'ithium S

wator), afidd ghtseerhead stistingmechanym (p, Pi@Egve(t@d aa@tsmwlls)chdggd with 0.242
ke SR AT o 03 4106 ot RS L e B B Ryt fepoc
Tkihe (BxtA8 was khargadtopgil Gthsund (1.08and) mngclbhaane ﬁ)ﬁmetctbytm g (0.07
) 5B R, oy S e A2 i i B2 oD s e

to fhe eetde dhidhitha 4 ofr&nhy%uéfwsr%rahﬁﬁga)w bﬁﬁ%ﬁ{é& hiv Mfzh@ The

three tines wt . of tap water. Unreacted

reapmmew@r%lw qerchyd w%l@n@xamr@twn@swegwnﬂv aastfed diree thnees with
l.d:l{glﬁgﬁlp water. Unreacted toluene and ethylbenzene was distilled from the crude oligomers.

The crude material was analyzed by GPC and found to have My, =2127, M,, = 2101, M, = 933

Daltons relative to well-characterized anionic polystyrene standards. Polydispersity = 2.28.
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ol i goners. The crude material was anal yzed by GPC and

found to have M = 1545, MP = 1243, 43 WD 2008/ 154454
weFansusasN8/ 066219 M = 616 Daltons rel ati ve POI/US2008/066219

wel | -characterized ani oni c pol ystyrene standards.

Pol ydi spersity = 2.51. EXAMPLE 19 5 [01021 A dry oi

j acketed reactor equi pped with stainless stee

internal coiling coils (chilled water), sinple

di stillation apparatus, and a gl ass overhead stirring
[04@4H hdnilahie 3. sepepTRRtalvesulte dbtaiped fosthe paparativarog exdktuvies ¢f adducts and

vigr 3Pzt W ot bR R RE S S R g i

vinyJaro@@ic ]Solymhs frexactbiuem: andx btyrege mcmn@ﬁsﬁerbﬂﬁp{bying catalytic

nol clo exan followed b 86
R, 050l e AR A e S ) e
suwmsariealyioif E&ﬁiomdctsfgnﬁicﬁhcb isalie 1ﬁhpﬂﬁ6d lﬂjﬂﬁ lighiein ﬁtﬁlﬁ:ﬁtld&ﬁﬁs ihfeded from
to the.re r.ou anhydr ous basi c

th
thg Ryt S S iR o Blytiote Jrio 180 gommes 14, 15, and 17),

s@tlﬁ;/[t@rlﬁatftﬁe ﬁroc&s&lcﬁ" tKlg inveRtict0arBBligh P £ Ei@htu e‘ﬂﬁh\’iﬁﬁroved lithium
in five 0. aliquots to control

“t@ﬁzgt@ag? the resplt P%fée Faé%lxteq RgEre pf the m’ventwméccmmdu tg gtandard anionic
lltmﬁddfaglzﬁ@fro&ldﬁg ahektci fnkhich@ of stgfchmte@irc aElBgm fof llthlum is used.

subseque washed three tinmes w
Thediland S é‘i@%wlqsareuéﬁﬁwah@emnww@ F@Hiéxlalnmomeymcally about
2 Wit sthd 8k d%@aflétﬁgﬁénmr&ﬁ Bl ﬁio‘ 19 X0t Pood Tﬂltln% In addltlon the data
nmol ecul ar wei ght polyners. e mat er |
degnogstipies that thgre @adpvadﬂgrere@ﬁmmmtrnm akmmetey vamamnm from about
2396813 753 Daltons relative to well- characterized
ani oni ¢ pol ystyrene standards. Pol ydispersity = 2.81,
EXAMPLE 20 20 [01031 A dry oil jacketed reactor
equi pped with stainless steel internal coiling coils
(chilled water), and a glass overhead stirring
mechani sm (no PTFE wetted parts) was charged with
0.242 kg (2.88 nol) of anhydrous toluene and 1000 niL
of anhydrous et hyl benzene and heated to 80C. To the
m xture was charged butyl lithium (0.08 nol) in
cycl ohexane followed by 7.88 g (0.07 nol) dry TMEDA.
The mixture was then heated to 114C. Styrene (1500 g,
14.4 nol) was fed 25 to the reactor (through a plug of
anhydrous basic alumna) in 150 m nutes at 114-121C
The reaction m xture was quenched with 100 nL of
wat er and subsequently washed three tinmes with 1.0 kg
of tap water. Unreacted toluene and et hyl benzene was
distilled fromthe crude oligoners. The crude
mat eri al was anal yzed by GPC and found to have MN =
2127, Mp = 2101, Mh = 933 Daltons relative to
wel | -characterized anioni c pol ystyrene standards.
Pol ydi spersity = 2.28. 44 WD 2008/ 154454
PCT/ US2008/ 066219

45



[01041 In Table 3,

experi nment al

the preparation of m xtures of adducts and

waoewghanemati ¢ ol i goners,

ol i gomers, and | ow nol ecul ar wei ght

enpl oyi ng catal ytic

and of adducts,

vi nyl aromati c
polymers fromtoluene and styrene via chain transfer

organol i t hi um conpl exed with

results obtained for

Vi NyPET/URBD$/666219

TMEDA at el evated tenperatures (greater than 80C) are
5 summarized. OF econonic significance is the inproved

butyl lithiumutilizati onTAﬁg gisnferred from the
quotient Maic/MN on the order of 160% (Exanple 16)
I O 1200% ( ExarmkﬁﬁleMlch I\]a'éangﬁenldoleJuZ)WelgMSILtgﬂl fyl ng t hat
-,—,—.,— Lon aAr N ~hl s r\'F r\ n

élcmgyl ULl T ] 1§ LHI St ||vbC||L| UTT A1~ C ||| :gln Y7ot 9; :. .|F|+20
SUCTT 1P PV rec—H—thium—ui-—Faton he—rest-t !
WEEat al Yt T %%nat TPE of 'PHR | n?}’&oﬂ?l nn ‘%’s cond#t ed| t ¢°®
stvamdelr d ani‘dhi c 44 t hi updocatl allyzed procesises+4n whigh
asumnmmrmm 0fo.09a 5t Quchilomeh,r i ¢ agypunt qf, TT h'o‘dem ' S oo
IS&Eds, 10 |||e PBand—S|—for—att—Exanptes—are—smat—w
| eosraminum BD E 2781 b mpre'®ypicdMy jabddt |2
MNIEBA@ st anday d| dewui ati Of ssf angllgkg firom@about (&GP0 [t 0 ;4
dipM%Hl 0J.c)u.") Dﬁi t ns- Hr—addi-tiron—the—data

SN r at €™ hiat *Phene PE all oW delgr 8&° of| ad¥rmet r -
vﬁ“t;[j‘“%i%’y rTTHBhl’eu)é Vabit@s | amgk NQ fham jabeikte 2. BRnd O Toluene
dU%JUI. A1 NB—2008+ 154454 PCETYS20608+-066219—FABLE
R anpl eb ‘WﬂO h ®de | H‘YHer | MBP&cul af3Wei |ghts2Wat jer 122
Fcampl e 14 13, 16 17 18 19,20\ Syrene .g 1500.,00 288
1500.-00 100000 200000 101'2 1500 1500 _Stlyrene npt
Y ho19. 6p 12, 20 18037 | 14140 |14.140 |Buty 280
L i ammpt 0. 09 W MG [0 120710 O 14 Q06 1088 Mot e

”‘é‘.’“‘ 1 6L 2™01] 16x38 1. 35™1. 02 "I 02 $1o8Gne [RyORBicEr bhngne
B\,‘Pm‘l’flf’f TMEDAG0016| 7e800d 0] 4600b8. 55 ko. 39 L4 15 6. 86 7. 8800
|r\‘/v|:FuAum 0-—44P--090:+1603130-150-06-007—-Chain
TF8¥nsfer [8HEENR"'TBIUen&T8] (ISHESTal HEREC TolPUlete | 114c
lokugne Tplugnel sodgent &FA ¢ 127n§10 00,2#9- [23 540 5qS0mm
0050463531 82-00242-42 t 20.56 2. 72 4
g-82 5. 51| 21%%6 .88 bt ¥8t yi eﬁ‘é?SI\/bI BB 3222680 19320001
12.0m210 28053, 8UlLl sheell Tsom Methyl -| MRENYT- EGOYT 5.0
M, 1137 2321 4279 1454 1239 1570 2101
M, 729 962 1369 732 806 753 933
My 1278 2512 3211 1513 1661 2114 2127
M, 2023 4955 5082 2552 3125 4415 3722
M, 2880 8359 6755 3789 5049 7059 5538
M, 1184 2237 2941 1383 1495 1849 1926
PD 1.75 2.61 2.35 2.07 2.06 2.81 2.28
g\:::;c;a:) 400E+05 | 149E+06 | 2.52B+06 | S5.72E+05 | 6.895+05 1.02E+06 1.11E+06
Standard

Deviation 632 1221 1588 756 830 1012 1055
sn (Man'an)”Z

Skewness 6.22E+08 6.78E+09 9.42E+09 1.18E+09 1.99E+09 4.29E+09 3.46E+09
Asymmetry 503 2.46 3.72 2.35 2,73 3.49 4.13 2.94
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Added Sol vent none Ex 14 none none cycl ohexane
cycl ohexane benzene Vol une of 0.00 600.00 0.00 0.00
wa22®s85043000 Sol vent Tenp 95-115C 110- 125C 85rC@DTS2008/066219

85-105C 116-125C 90-117C 114C Feed Tinme 15 mn 150

mn 16 mn 82 mn 120 mn 180 mn 150 mn Kam 16839
33594 8416 20165 13368 26114 20001 K I./ W 13.18

13.37 2.62 13.33 8.05 12.35 9.40 M 1137 2321 4279

1454 1239 1570 2101 M 729 962 1369 732 806 753 933

[0008f ERdifipledi2235md dontindohs Wi Wit bhdk-mibdrp. K 2023 4955
5082 2552 3125 4415 3722 M +1 2880 8359 6755 3789

5049 7059 5538 M 1184 2237 2941 1383 1495 1849 1926
PD 1.75 2.61 2.35 2.07 xO6uPrLB%12-28 Variance (MW
M 2 4.00E+05 1.49E+06 2.52E+06 5. 72E+05 6. 89E+05

[0106 2 Fhe @pprratuseriice glatsatant oildgdkatedl dafflsd zylimipital 1688 r with an

oy A8 M SRR D

blals yurbipe imypetl@l SdRa2hetBaloiisle. 21HE SeaRtor BaslstDutfitted with 8o suli€urface

fe%p n%% gﬁla%%4146%4st(5eq/8y§1%198%lme Qﬁ“%md Qril' Oa5 1x§>r<e %}Q&W@dﬂ}uene

contl nuous runs
anfl @2)063taiMless stpep il 6lf insh WS lise fot %Smg @%lﬁﬂl.lrd)ﬂohncjdatedfﬁ ’be@l lithium

T e O B a0 R BRE s prven

en&hgleinexﬁtwlmrthmgeaﬁﬁnw stdrinf appamnlmemrm@ the@6urkéI6td 8. The tip of the
elltee and a fherma reactor was al so

e Bt 0 o el ela Rt e medie) T . ggverflayy pgrt was directed
do%%ﬂil 3 ed%%lelén%t ‘D%f {iﬁ&uen lr{l&gs ;Snt ! 9{' e%d@ Teﬂon

m xture o sty ehe an al n €ss

cofiie@fbn th/a 2OLidthilsHE IR jhikeRd fi S’ﬁmf @ﬁ%la@gtuﬁe Mg bihe€enl OF KB 95 mm
from butyl lithium TMEDA and toluene. The 1/16th inch

?SP fyge WW&’&M 't‘tﬁ‘ra shyg-iackated stired Feartopley mepnp piaseeand 13 mm
SR TR B e o 8 SRB B
reactor was equipped with an all-glass overhead stirring apparatus, bottom drain valve, chilled
water condenser, and nitrogen oil-bubbler outlet. The overflow line and reactor were heated to
100°C with glycol.

[0107] In a stirred, oven-dried pear-shaped 500 ml flask under an inert N, atmosphere at
ambient temperature, an organolithium mixture was formed from 91.75 g (106 mL, 1.09 mol) of
anhydrous toluene, 42.98 mL of 16.5 wt% (5.28 g, 0.0824 mol contained alky1 lithium) n-butyl
lithium in cyclohexane and 8.62 g (11.19 mL, 0.0742 mole) TMEDA; this mixture was stirred
with a glass coated (no PTFE) magnetic stirring bar. About one half of the solution was drawn
through a 1/16™ inch stainless steel three-way ball valve into an oven dried 100 ml glass syringe
mounted on a syringe pump. After infusion of the syringe, the ball valve was lined up such that
the path from the syringe to the 16" inch subsurface feed line in the reactor was open and the path
to the magnetically stirred flask was closed. During the course of a reaction, the infusion of the
syringe with the second half of the mixture was achieved by lining the 3-way ball valve such that

the path to the flask is open and the path to the reactor was closed.
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1/16th inch feed line was directed just below the
i npeller. The overflow port was directed downward at
w@2@8/15448N0gl e, and was attached by neans of a BEGI/DR088@6219
Thread(r) Teflon(r) connection to a 24-inch |ong
gl ycol jacketed 15 mm OD gl ass tube. The other end of
the 15 mm gl ass tube was connected to a 2 liter,
gl ycol jacketed stirred reactor by nmeans of a second
13 mm 15 Ace Thread(r) Teflon(r) connection (neither

[0108] | RPhE htat BPHRL | hﬂlgﬁle\f@aﬁfér wal éh%%eﬁ’ Hith 500 mL g ﬁﬁ%gfofué OYene and

react or was equi pped an al | ass over
heaged torljl . d\dmw&ﬂ%é“ E(ﬁ@@mﬁ érQélnilplmstb’eene@M 1134 & 2908trelr, 20.6
| I
mAPTAFIE s HiAe Nk QB el xR it et 5 W 3000 mi
graglugted by linderireefvoim Ehedoliueneetyrerewaintugs wemlpqmqad s thapexdtor with a

t
S Tl B i AP REERG  omr
twb werseenfentenm®the véactyr; (He@eedrvias stbp @ and ktjrring in tﬁl’é&}tﬂifr@slas initiated

8 nL 16.5 wt 0
- %@dnrtnm? ﬁ%‘(l:fy }t%}lp B ?ycI?h Wa%&‘[&aég'ed gﬁop%m: e t%ﬁ reactor by means of a
L.ecyd! ejringane T ddditi6 v@ls(s'tdppl@ wiken fiBe Q%A&ct@ﬂit?) red MY, of the
ass coate

S xture was stirred. w no
P°f¥ E?‘%@ﬁé{%ﬂ@vgﬁareﬂr(fnﬂgfa%mkmm005 jHonsy| Nextsabppie.8 g (0.012
maUfU 65 MYty g akd W DR A0 1 )G tIVEDKE ti'eﬁ:tcﬂér?&ﬁ§ $he reactor.
St eggmthreiJﬁ way ball valve into an oven dried

Theg fi Befedts (iobignt-urepmmictury pRchefganglithivm ppixtuie) were preset

tohudhd1sthRRe fxtirbes. BUhILAGE ordaRSlithRk mikakd !
(Osuchﬁityhat Xtﬁ ath fror(r)1r aheltsyrlnﬁlgert 23\?@2&/&1?‘29“&[}%10““1”

weggq ¢ndibrated sucty a2 00imicoficambined feechpassed thepyiglo Perreastrd pethieour (two
rea@ﬁ& Potuh& ﬂepﬁoupﬁglnaeid SbleYestdchld Bk, Tlh@PK) g@@agoﬂ?\?cg d for about
During the course of a reaction, the Fus i on eiw
198 yinutggat WOCH. t he second hal f of the mixture was
hi ve by lining the 3-way ball valve such that the
[0@§ ?Sl’f@f? qoélg%edl agpreis'érﬁt%ﬁdewe Hes aftey thefisstdéaminuse period.

It %§ fo‘ﬁh&ﬁlﬁﬂwnlﬁﬂ tWied 18/ olupftd e 8@%@%@ Q&%ﬁ&@@%&ﬁ state conditions.
0108] At the start of the run, the reactor

Th& ﬁgﬁg%ecwaf Weighfaistrbutien efis firpidtastionsiolieste veps ds foh@asr M = 1992,
MI0236b08%, MBRNMHohE M, 2475 @ 4832 S oMl A
styr ene and 1732 g (2000 ni, desper?rigz n;? gal Steady state
fragtin anaky zedersefolowit e o, 41¢6.del =A567.t Me i tmé,r]ye& 1164 aDaltons and
P R0 cyl er
o%gpétrgmggggst yr earlll{é‘yrsrllsx? 3%@3%@ © °¥ S%ea(g' %tate rﬁc mns natlyozf’ d after
strippink tadudBe hab b -alipheyyprepase wag asribhqust M.otdgls1aMgo BzmnMgf— 1879,
an I | uni.na il the first drop or two
M’V\e%qs%gﬁnseaﬁﬁ llyggpetr%té’ r%ggctor the feed was stopped
and stirring in the reactor was initiated (- 400
rpm. Butyl lithiumin %ﬁm%e was char ged
dropwi se into the react sof a 1.0 nL
[0199] | Tigerun TMls&EidmbleQEpeh‘@ﬂnaSbm&ﬂfﬁle\me&c%ﬂ%s descrlbed herein. The
characteristic red color of the polyst ['ithium

toluge S reps ridiEd s Prds EaridAge &R yel 6.¢s hvToon gnd 1730 g (2000
mieas6 m@b gdfbu&toﬁneﬁ@ T 8rgJ19olﬁiﬂhﬁ1 nﬁf&tu&@va@ fdM:nc/ﬂ ﬂoxﬁ ll'i VJM g (1.32

i thi um an 11m)% A Wer e

mol,H@9 md ) ef @hydroqq{@luq(n@eﬁz &mk et Hf.5 Yyt% Eﬁ F 10 Q§824 mol contamed alkyl
lltl(lﬁrﬂj HERET 1ﬁﬁ1¥&%ﬂ€yclﬂh&aﬂé Qndadqug Plrlgﬁ%l 'otd:)ké*{ﬁ‘ofé} ’1‘1(4%5)%) After the

wer e prese
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(toluene-styrene m xture: 6.28 nL/mn; organolithium
m xture: 0.386 nL/mn) and the punps were calibrated
waowk/1s4ass 200 ml of conbi ned feed passed t hr oRQTUS1968/066219
reactor per hour (two reactor volunes per hour) for a
30-m nute residence tinme. The process was conduct ed
for about 15 195 mnutes at 110C. [0109] Sanples were
col l ected approxi mately every 30 mnutes after the
first 45-mnute period. It was found that within two
red @it bbthe pall syreRithitirh @nisiy sipe#red) about 6 ﬁﬂhﬁfﬂleﬁr@%dl&‘thﬁhﬂhﬁture was

e C no ar, wei tribution, of
chH R p ePocio T 0 Bl PGt o s Grepe oD Sy misfre: 6.8
mLVe orgaMl’itlnurﬁ AHiBureMn579 n{llhid)ahd B8 pumpvere PibritedBkh that 400 ml
2.78. A typical steady state 20

PoI ersit
F?‘B %e%ﬁaﬁsgﬂz though ﬂ?fo'reﬁﬁwsper mr4tw«1mctowolums per, hoypy thus
prcrvuﬁl@gB@ BOJMZnute robidfndeRinteO Nhe PstessRPAsYBhSREISHL dboTit Z00AHinutes at

¥S|s of a _conposite of steady state fractions
1 lgﬁla] ])}Z%d ofthesgcond 200 Bies thegplyeneestyrpre mixture feed rate was set at 6.31

mL]/fn§1 zﬁllki F’?Mﬁr@ﬁfﬂmﬁlﬂﬁé fé'éﬁ rJté)lV%)soéé@at oMs, d“%mI' 051, Mp=

tons an ydi spersity
[01:11]2 'I!!p GQ@,mEkanglm d{s‘mljgt_m)]n of htypicakstdady stite fradEion dyires the first

setlo ?ﬁ%@}eﬁes?ﬁéeg/zetg FrgwRIN 2}1516Meﬂﬁz?i4de§9‘“2rlggeqs%1  Daltpys and

herein P Uene- 'styrene’ mPxture vas
Polydisp@sityrrt 2.56. GBC amdlysisoff tistlyst énctioandal$z23 @s @)ll()@ﬁl(mw 84, M, =

& ol to The n
2R00E TP SO R T Pt
befofe ramtinptoofprdfeined ragend? TA8moteciddr wkEshbdivitibot{oh c&ﬁmﬁed to shift to

hlg?ler weyé}'tsgﬂé))\%vapﬁ tdgﬂ%g %logé/sklf%gdglh Lr}f{llovlsjz n?:ymn put eégléllll:ltgllne(r\!vhlle
thehaeddlar Meight ditthiButio3hME Biged batdds4 PCT/ US2008/ 066219

red color of the polystyryllithium ani on appeared,

about 6 nL of the organolithiumm xture was charged

to the reactor. The feeﬁxggmmﬁEgg both feeds were

preset (toluene-styrene m xture: 08 nL/mn;

(0132 e up 1 i Hespp Grrepealg gy of I?PLamﬁeni)l BFFEPiEas éeqﬁuhqslsherem The
tol WRE Bty Pl hhﬁtﬂie%s %A@er&lﬂ@m #OE2HL, 595 nftEHis gi? e af?ﬁ’sls g (2100

passed through the reactor per hour (two r

mlv gl-afeDmd @nlwécml)i talpang. Therergerodithigmn amg@re was lﬁcnrened from 177.27 g
A ?ﬁbﬂm} A TRhydid}E t&ﬁe%%%@%&‘ﬁﬁsotqg 3qyes (Eg 0& g,d) A3 %tl contamed

m nutes at - 110C- 1 or the seco
alkvhlethmm) aehved dithjyre irecyitichtxane ards24B Ir | €18. 1asL, §)elt64fatno&) E‘MEDA

Aﬂth}%ggﬁgyftnngQ%WT% \Eﬁ;]h arﬂe%np)e(gr% u? ?(g %VLOa(fzﬁlm\A% of % 8 t5 wt%

n-hoiyd tlthmhnmimdd’rﬁ ©60.22mop)i of AMED e wvelie chztrgécﬂo ﬂfe&&tcto@ NTlebLfeddigtes of

bot%;tg?s WI\%'; preT %l%r'\% ?yergrgzrgrglt F%%%f‘%@l%%?g%ﬁé&ﬁl\ﬁgmlx%ezo 764

mIPainy.diThp essbihad ﬁe&ra,'&nwaﬁ?@ raerecairwsmﬁlequoa M@ geR38.4 minutes. The
fraction an %ééed aﬁ MP = 2025, Mnh

progcesy 3ps cqpguciediog abass Po‘ﬁ’é‘“tﬁﬁﬁf 1P‘>8I(§/H 3S,Eer sity = 2.19 (a

[01&3}5‘ ashmpidsaete dOBECt bg_l@ﬁlma%wf‘éi'eryb’@ b Resa BB Thd ¥tstY iniflte period.
reformed reagents. The nolecular wei ght distribution

It g%{op%@at \tflgng AYG keagtey volumes, the system had reached steady state conditions.
The GPC molecular weight distribution of the first fraction collected was as follows: My, =2154,

M, = 2293, M, = 953, M, = 3510 Daltons and Polydispersity = 1.65. A typical steady state
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hi gher wei ghts. Low pol ydi spersity, nodest breadth,

and | ow asymmetry were mai ntained while the nol ecul ar
waweioghs44ed stri buti on shifted to higher val ues.PABUS2008/066219

EXAMPLE 23 [01121 The run in this Exanple repeats that

of Exanple 21, except as described herein. The

tol uene-styrene m xture was nmade from.547 g (602 niL,

5.25 nol) of styrene and 1816 g (2100 ni, 21.58 nol)

of anhydrous tol uene. The organolithium m xture was
fratmmﬂlyfzwu folléws: Mg =283962M), & 1m0, MZG:5101215) M;f— 4246 Daltons and
P 8% %drous tol uene, 90,26 nL of 16 wt % (

ofy dispessifipT 238n (Gl Ghawlysis 9y Comppmem#)steﬁ%mty IffaF‘ilQ“ﬁ ipoayzed after
strﬁo?ﬂ&lg@(flﬁ‘éi@@ﬁd andiightnAprofare Ws 4Orolbws: B4 15%'88”}31 Q)ZOJAVEPA- 1200,

After the red color of the ponstyryI7|th|un1an|on
Mzppeod Redfonsand Relydispgssityg: b4 nol ) of 16.5 wt % n- butyl
l[ithiumand 2.6 g (0.022 nol) of TMEDA were charged to
the reactor. The feed rates of both feeds were preset
(toluene-styrene m xture: 6.28 nL/mn; organolithium
m xture: 0.764 25 nL/mn). The conbined feed rate was
one reactor volune (200 m) per 28.4 mnutes. The
process was conducted for about 419 m nutes at
110C-113C. [01131 Sanples were coll ected approxi mately
every 30 mnutes after the first 45 mnute period. It
was found that within two reactor volumes, the system
had reached steady state conditions. The GPC
nol ecul ar weight distribution of the first fraction
collected was as follows: M, = 2154, 30 MP = 2293, M
= 953, MZ = 3510 Daltons and Pol ydi spersity 1.65. A
typi cal steady state 49 WO 2008/ 154454
PCT/ US2008/ 066219 fraction analyzed as follows: MN=
2395, MP = 2410, M = 1026, MZ = 4246 Dal tons and
Pol ydi spersity = 2.34. GPC anal ysis of a conposite of
steady state fractions analyzed after stripping
tol uene and 1-3-di phenyl propane was as follows: MN=
2288, MP = 2094, M = 1200, M = 3767 Daltons and
Pol ydi spersity = 1.91. 5 50 WD 2008/ 154454
PCT/ US2008/ 066219 Omt™ 00 N+ + NCL OMC, 00 CD N
NnNO- Wrll N--~NM'c NM--~NOU-~m ONO
~D N
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WO 2008/ 154454 PCT/ US2008/ 066219 [0114] Exanples BR-1

to BR-4 illustrate preferred procedures for preparing

brom nated adducts and/or brom nated ol i gonmers of

[0114] SEkdnysit BRN t@nBIa-4Cl<ll[i§ttabe§)‘éfenJ@@%k&edlwgﬁp%glbl%minated
(Egntl nuous om nation of. a 4-Ring Tol uene/ Styrene
ad Eflf&fl/or broTlr@teg]ollgorqeéi ?fd gwyptrp@mnaﬂrp@ntn{mp a51s
Distillation Fraction from Exanple 12 [0115] An 80-niL
capacity cylindrical glass reaction vessel was used
for the brom nation. TEEAMBIEBBr1 had an outer
' | JRAC and an inner jacket. for
Cotz{h?z%h?é%ol%a\hg? é}é‘%‘ f R?nglg%zluﬁf:%}gtyrene L %, 51,< j/3y"etmphenylheptane
(TPH), Distillation Fraction from Example 12

[0115] An 80-mL capacity cylindrical glass reaction vessel was used for the bromination. The
reactor had an outer insulating vacuum jacket and an inner jacket for circulating glycol coolant.

The vessel had two inlet ports on the bottom for delivery of reagent solutions directly under the

-bottom blade of the dual turbine agitator made of Teflon polymer (operated at 350 rpm). The

reactor had a thermowell located next to the bottom turbine blade. An overflow port located just
above the top turbine blade allowed the reaction mixture to flow by gravity to a splitter that could
direct the flow to the main product quench pot (5-L fully jacketed round bottom flask with paddle
stirrer) or to a secondary waste quench pot (2-L Erlenmeyer). Exit gases from the reactor passed
overhead through a Friedrich’s condenser and into an aqueous caustic scrubber with assistance
from a constant nitrogen purge at the top of the condenser. During the bromination, the hood
lights were turned off and the reaction vessel was wrapped with aluminum foil to minimize
photobromination. Two peristaltic pumps were used to deliver solutions of AIBr; in bromine and

1,3,5,7-tetraphenylheptane (distillation fraction from Example 12) in bromochloromethane
(BCM) to the reactor through the bottom inlet ports using feed lines of Teflon polymer (1/8-inch)
and Viton polymer (0.10-inch). The operation was started by charging the reaction vessel with
172.8 g of dry BCM (< 10 ppm water) and then cooling the liquid to —6°C (circulating bath at
—10°C). The AlBrs/bromine feed solution was prepared by dissolving 3.60 g of AlBr; in 856.7 g
of bromine. A 30.0 wt% solution of TPH was prepared by dissolving 311.8 g of TPH in 727.7 g
dry bromochloromethane (BCM). The reactants were delivered to the reaction vessel at average
feed rates of 1.45 mL/ min (4.44 g/min) for the AIBrs/bromine solution and 3.63 mL/min (5.56
g/min) for the TPH/BCM solution. The reaction temperature quickly rose to +2°C and then
stabilized at 0°C for the duration of the feeds. For the first 50 min, the overflow stream from the
reactor was directed to the waste quench pot (containing 768 g of 5 wt% aqueous Na,SOs). At

this point, it was assumed a steady state condition (over 3 residence times) had been reached, so
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The vessel had two inlet ports on the bottomfor
delivery of reagent solutions directly under the 10
whoisosm4bd ade of the dual turbine agitator nmadeCD1S2008/066219

Tefl on pol ynmer (operated at 350 rpn). The reactor had

a thernowel | |ocated next to the bottom turbine bl ade.

An overflow port | ocated just above the top turbine

bl ade al l owed the reaction mxture to flow by gravity

to a splitter that could direct the flowto the main

theﬂfv@ﬂlabﬁvt strdat Rah dReried(t5 te rﬁdillx haentRpdt@ERehiniRE T8l PO S W aqueous
flask with paddle stirrer) or to a secondary waste

NagfdshEheqdiset thoprodyst mixipisyeyed a periqdi of J36 @ain gt dniPiwith an average

resid@AG! e iR 82 $G@ ol or 18 VeIl it 1bWERURY Frofitit ﬁlg:lrsé @Bi$2 g) in the main
condenser and into an aqueous causticC scr ubber WI%

quensh paltivan separated iemeheasiequs phaspiand engeingdin y2-Laepardiery fuppel with

|

S (OBt b kel e O it S ol WP Smer i

aqugobNH vaind ﬁn@uylymtqtamefn@w resléuahacnd aridzsalts. Solvent was removed from
Bhﬁ ] [ I

th (le :iig g(?&gg(?] gﬁostarg%@ R?%E(%?%ab&l Pg?nr%qggg‘tafg% 152% 2g it clear viscous

light, @ty Hquldethaamﬁdrﬁcﬂ e p ghseurodicetlirgl tatimbienf empérhiore. f Amaibgtical

r onmochl .o hane 20 (BCM to the
resg%sa{?{ pfqzﬁilmar%s" 1n§lr16%dtl{1:)[oﬁf1;ilgél et ports using feed

lines of Teflon polyner (1/8-inch) and Viton polymer
(0.10-inch). The operation was started by charging the
reaction vessel with BXAMPIEBR-Zry BCM (< 10 ppm
CW:BE)B:%%ME)B@ el Jiguid to -6C (circulating
? at - 1OC§? s é(y ﬁl%f%?gvf)or#ne feed sol ution was
lﬂldﬁbﬁmr@dle BY-1ag Qeobmdmgmg tl@@)hgormfr mAHBInFxamplg 56. Theppemfion was

stag &Pﬁx%g é-% {&g}% e?s?ehr%hq@7 -I%P#;'}é W?g/l g{ )f;‘d’gﬂn? gvaPeY) and then

codding ridpecliduad tmn’e7l°ﬁ a(cle:u(aBﬁM)ath Thel 0°€p diha At Brsibvernginel &Ied V(ﬂﬂtﬂﬂl was

e f.ee .4
proppl R A BT Tors T 1 RUORRPromuor JED B¢ By e 14
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The, reaction tenperature quic rose o, +2
i e S D SR A il R B I

forftme A3Br3/bmihd W ldtioh sid D08 ML mint(1€ 1 @x@hf foPie %Blzﬁl@ﬁBtKMuuon
reactor was directed to the waste quenc

Foz %ﬁfsa} IniTpig. theeveflast stesamfomhe rearier was disesigd to the vgeteﬂmr@h pot

(coRBirfihg 800ty M85t 2 GuEBRN, @S@;)e@gé’ov%ﬁfﬁ)twestr‘e% qlaF, 4108 QMRA psint to
resi dence tinmes) had been reached,

the i Ayeseh gat (Peotfinise BBE 06 621% aapenus Mé@sv WOélecrt dhnsteads state
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Wt % aqueous Na2S(CB8) to col ect t product xture
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results for the product are summarized in Table 5. 10

EXAMPLE BR-2 Conti nuous Brom nation of digoner of
wex@spsas44 [0116] Exanpl e BR-1 was repeated uBCTYS1008066219

ol i gomer made in Exanple 14. The operation was

started by charging the reaction vessel wth 167.5 ¢

of dry BCM (< 10 ppmwater) and then 15 cooling the

liquid to -7C (circulating bath at -10C). The

AlBr3/brom ne feed solution was prepared by dissolving

ﬁl&&dza@ldghem‘ohm; anseﬂ 03 m&il&r oith fwabsr G3RIDR. Tlﬂs VachﬁkeV@% 5 g) was

uti.on of omer was prepared
dﬂaﬁ? egliteesg P%@d %Vea ab’f""t it bfongfatheteis 0f24§§£ %Agalwvl results for
theBdite plbtRict dré airidized WeraBledel i vered to the reaction
vessel at average feed rates of 3.75 nL/mn (11.6

g/mn) for the AlBr3/bromne solution and 7.18 nL/ mn

(11.1 g/mn) for the p olution. 20 For the
first 115 mn, the oveEkIAow s]fggg%fromthe react or

meamzodsbreowmwbomofct)ldgammeﬁlecampkdgh pot (containing 800

O ST R AL S S e
fro(rﬂﬂﬁtrﬁdulﬂ lqOhc pét @@fméﬁlg\/\ﬁl%aq%ﬁﬂ bﬁasM&@ﬁueﬁ& &@'\ﬂ'lﬂchCM as
m

t ad te oduct over a period n
de%CHE ‘fl@ié?%ﬂﬁ%@? 5 foping fed ratgevas seeassd deithd? era'@t(i%?]g/mm)
wh\i‘laiﬁoldﬁl@'tllle&ﬂigﬁﬂeﬂ feed AR AhR4HE B PO mﬁﬁn115(1]1qcé;ﬁﬁﬂ) h A$Br allowmg 20
average residence tine in the reactor of 25

minfq pchysirady gate icppylitions thy ayerilomipmdbs qepréorrveae@cbwc%tq the main
qu%ﬁ ggt (Eﬂiﬁﬁﬁiﬁg Bt adubsis MW%MH' drfle PrAIAL sGluum%ollected for 68

in the nain quenc ot was separated from
mltﬂﬁ@ aéaei@su@l tﬁﬁaefétun‘eﬂf&°@ @ndaarh@@ralgﬁ regidene|timeeyf &% mionips. After

reditdHe! thiVo b dinéw %(BM ik qgﬁtoq' 44 ﬁlezwﬁke,r(ﬂfenéhhfgot gt Se g%ﬁi%ephase

remaining in the quen vessel ueous wa
(1237 0@) 80he gaio qudnrh mt vtah ecparatyd fiiom tbﬁtmeowphaee Lasdsebmlnned ina2-L

seﬂgfag&x ﬁgn%ﬁé%%@%?&ée?4w%? heﬁuencgves eeSa_qu u wg%ws (700-

80§ g gmhpwete ysesitto ranexte l'ﬂstduarl/atﬂrandl snlis bTlzd \mashe(Sera’IﬁQ/plﬁﬁe (1629.1 g)
n. wat er

wal B R S e S Bt B B ool ey e
sluvgsvas sutsion fiiered, lad fhie lwthéte solldtvras\tiabe@iron(txdilkey Wltﬁh\&tdﬂ@}le) The
wel GRAB0D eyt sl -roreed gvent SO0 Al Spicaiwreht o 648,

g. AsalyticaBre$ulis forttiew it gréduet 26l simimaied mUIBRIS. zed in Tabl e
5. 5 EXAMPLE BR-3 Continuous brom nation of O igomer

of Exanple 14 [01171 The brom nation of Exanple BR-2

was continued after ower organi c phase
fromthe main quench po % g ri ns+ ng the aqueous phase

ContintoneBrpuenation POQ!iguinteh oﬁﬁﬂn@k 20glescri bed in Exanpl e

[Olrr@ %xamp(lel g%lo mn et‘ﬁ)fjaa etfj usmg ﬁ'le\/\(ﬁi%oﬂlgrcrglg esi?l xtar%pldé' 2%3 The 80-mL
reaction vessel was charged with 162.3 g of dry BCM (< 10 ppm water) and then cooled to 0°C
(circulating bath at —4°C). The AIBrs/bromine feed solution was prepared by dissolving 6.74 g of
AlBr3 in 1669.9 g of bromine. A 30.0 wt% solution of Example 20 polymer was prepared by
dissolving 650.9 g of the oligomer in 1518.6 g dry BCM. The reactants were delivered to the

reaction vessel at average feed rates of 2.77 mL/min (8.60 mL/min) for the AlBrs/bromine
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10 while holding the oligonmer feed rate constant at
7.18 mb/mn (11.1 g/mn). After allowing 20 mn to

wo eashsgseady state conditions, the overfl ow fPORUS10E8/066219
reactor was redirected to the main quench pot
(containing dilute aqueous Na2SQ3) and crude product
solution was collected for 68 mnutes at a reaction
tenperature of 9C and an average residence tine of 6.9
mnutes. After redirecting the overflow fromthe

soluB@Cdndb.78 (ﬁlﬂlllﬁﬁl MlaStgﬁnﬂ)lﬁﬂﬁxB pBIOner/BORL swltibe FOF B8 Mikse35 minutes,
phase 15 (1233 mal N quench pot

thegonisirenry ﬁ%‘mlteﬁ%%%?a ‘rYé%fH‘@?C‘ﬁﬁ il Wil PBRnaining 755 £ of
wis dqueo%@Na{S@isP rAf thib aaﬁd th@lol dH18w BEdMnd WA SvetEBR- tﬁe lgam aﬁench pot

t he quench vessel. Three aqueous washes (700-
(containting 3812l 36% aeroneNepSO:re solltatihe seady stats @r@amoyer apggod of

15%&%@ MW&&U&D@&E&Q&[@%%‘% tg)l 1°AVa§, t&gﬁﬁg&e ﬁ&c&ra@?&n was

igorously stirred hot water to o
colé@@tqddn ithe quenelr pot ik e-108C avithyanersrage edsidomcef tirh¢ i b ,reaatmd of 8.5

ml%l.g Vtﬂ tl%v&%gﬁqmgse (Eﬁeksl(eﬁ%)gg ﬂ‘%nﬁ?g Letnglli CfllgisFPaaa%ed from the

aquroty ges aiplogbined with a BCM 00€ (43 Bg)ob ﬂtetqamch mghm@é aqueous

wa@ne?n(r\gate i d.l'[e qu%s lOé{ e%ﬁ}%@?«%‘dﬁg o\éhgh‘%)s%%galéalf acid an(F salts,
ThBwashied argaio plake (GDIZg&gI)Bvas phmpedan vigoR3ly brdd Bdtl(84- 97°C) water to

o SR e £ 550 T S0t I e s

sumoh |ﬂilt&16&’, add the @blidhias riBced dnthelHttdp ith Watep! Theaﬁlelpy Weitake (2661 g)
to (‘)"ﬁ@ﬁglélrc | atjng bath at -4%93
wa P%e i on deiedigRtiogen Rugged oy e Ctscyreeﬁhéscequﬁvgelght
of 615828 & ARhlytid Bislts fBr thO FrddStt BreQimPbABIHE Tatle 30- 0 W %
sol ution of Exanple 20 polynmer was prepared by
di ssol ving 650.9 g of the oligomer in 1518.6 g dry
BCM The reactants were de{gpeged to the 30 reaction
vessel at average feed rates of 2. 77 mi/mn (8.60

Exmlm n) for the AlBr 3MBR-bni ng 5ARYD 2()08/13]54454 BR-4

1 4 n [
Vﬁgkﬂf UDIUOOLiv SOl on uuu o HLIHI ;u
or the pollyner7 BCM sol utlopl For the f|r>t 3539‘7

ThermalHBs ppmt(B°0OAEr|f | ovoXt r eam f r oot he |r eagt®r wWas 677
.(gkrect ed to the wgste quenchjpot (containing 755/ g of
mi )vvt%aqueous NagzS3). At this point, {the overf|ow

ThérdnaEdmMtWASb oot 6d to the main quench|pot
ntai ning 587 g|of 5 w % agueous Na2$C3) to coll ect

Cofoﬁ&@t%é%V‘IWQte aroduct over a period|of 5 159

m nutes W th The feachiqg te[iperpidge at 9 0 L[ Crpss
The steady state product fraction was [collected|in

Bhe quench pot at |5- 10%2%i th| an Hvﬁ’érage re§Bllence tilids

b1 theTeactor uf_a Synutes g Hower—prgat
phase (3451.4 qg) ijn tﬁég?ml n que3r'15c: pot Wajs7'1§eparat 38'19

AEomthe aqueous phasesland| comsi.ased W t M2ep9BCM r i 3303

nnnnn h | Thr apn aouHeous whachaco

A
gucctTroeTt VCQQUI . LELILL IS S s A2 VVEAOTTCOO

Hu’h%{“aeboso‘ﬁgioplﬁo agyeous NaCH, | and water) were usefl to
(1oneomehlogsenttiéad) agi d and salts. 10 The|washed orpanic

phase{3923.8 g} vas punped | nto vigorously stirred

A\~ A~ a4 —=

ot (94 970) wat erl to097-99 99.20° 99.69 96.91
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obtain a m xture of agglonerated |lunps and finely
di vided white solid in water. The m xture was suction

wo pdoBesas4y and the solid was rinsed on the filPer/usion$066219
wat er. The |lunpy wet cake (2661 g) was reduced to a
powder and dried in a nitrogen purged oven at 100C to
reach a constant weight of 1158.8 g. Anal ytical
results for the product are sumarized in Table 5. 15
TABLE 5 Exanple BR-1 BR-2 BR-3 BR-4 W% Br (XRF) 58.3

£6.0 69.7 58.7 THernmedofBr, [ ppmy(4320C[15 JFa 10A9 7¢hs
677 mn/N2) Thermal Hunter |ab Solutign Calor

P320C/ 15 min/N2) L 91.%% 72. 55 76545 70. 52423 -9| 23 11.36

Af-85 5730 1125 b 345 §3 3537 36112 35 143, AE B6-9F 70

. 61: 1 .79
46. 25 42.99 47. 03| Hunter Lab Sol ution]|Col or (10wt %

DSCaTe®iCbr obenzene) |L 97788 99| 20 98669 96. 912.255 WO 983

laVaVaVaWi a N a ¥ N A

20081 154454 PCT/US2008/066219—a0-95—+-0-43—=0-830-25
b 5.52 6.54 4.22 11.36 AE 6.08 6.61 4.31 11.79 DSC,
[0119] LE£amplEBR-5Tusratédpréfe&d procddrb I brépiaiiYefor&RinRed adducts ina

i]lustrates a preferred procedure for preparing

batgh PI9FESHi nat ed adducts in a batch process. 5 EXAMPLE
BR-5 Preparation of Decabrono-1, 3-Di phenyl propane by
Batch Brom nation [01201 A 1-L round bottom fl ask
equi pped with a refl uxESANHIAEBRS a t hernoneter with a

P S P R AP Ll o MR 2"

1 onh unne tic scrubber was
[01@AbAget raindhb@@BSHlagk zreippaippitio & refigOcomtignserf a hapmbmeter with a

ten?ﬂ%pah}rg b&tr%[l&'}? mgcthagi@ﬂ)égxrrgrygn é%%h%]ég 421 and a cold caustic scrubber was
charged with 2355 grams (approx. 700 mL) of bromine and 12.5 grams of anhydrous AICl; was

added as a catalyst. The slurry was stirred and heated to 60°C. 1,3-Diphenylpropane distilled
and recovered in Example 22 was then added subsurface to the stirred Bro/AICI; slurry at 60°C
over a period of three hours. The reaction mixture was stirred at 50°C for another hour, cooled
slightly and then 100 mL of water was added slowly to decompose the catalyst. The reaction
vessel was equipped with a Barret trap, and heated again to distill excess bromine until a vapor
temperature of 98°C was reached. More water was added to the reaction mixture during the
distillation to replace the bromine volume removed in order to have a stirrable reaction mass.
The reaction slurry was cooled and then sodium hydroxide was added until most of the trace
bromine color was gone. The solid was isolated by filtration and then dried in an oven at 200°C
for one hour. The solid was cooled then washed with toluene to remove colored impurities,
allowed to dry in air at room temperature overnight, and finally dried in an oven at 120°C for
three hours. The white product thus formed (476.65 grams) was analyzed to have a bromine
content of 80.79 wt. % (theory=81%). TGA showed a 1% loss at 317.9°C, 5 % loss at 348.5°C
and 10 % loss at 363.2°C. A DSC melting point of 309-310.6°C was recorded for this material.
It contained only 12 ppm of free bromine and 104 ppm of ionic bromide, as analyzed by ion

chromatography.
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10 added as a catalyst. The slurry was stirred and
heated to 60C. 1, 3-Di phenyl propane distilled and
wo emeneusd in Exanple 22 was then added subsurP@ErEsS1008/066219
the stirred Br2/Al C13 slurry at 60C over a period of
three hours. The reaction m xture was stirred at 50C
for another hour, cooled slightly and then 100 niL of
wat er was added slowy to deconpose the catal yst. The
reaction vessel was equipped with a Barret trap, and
[014t &ds tagaumietsawod itl&t ﬁhb teaextestl chimpotiehie rdﬂé’i’lieid |to lﬁy dh&ﬂ@ﬁl name or

15.te ratufe  of reached, Mdre wa
For ARy W BT F S SEmoB v Rt (i ey i piar Pt avsidpigiiod as
thdyCexiseprict@cdntifg tOSntet With AH¥ther QIFBYAL réf@rr&f 198 ch@niba¥gme or
a stirrable reaction nass. The reaction slurr

chergispldypedng . A0lsT et Rspiyent X Pige I\mttemwh@mqﬂmmqhemwal
chiged, R@ndférAaBonsRhPO RS LiGR, ﬁfan gfé@@m tﬂ_g}@sﬁtmg n%xm?esor solution
i sol at ed by filtration and then dried in an oven at
or pgpiton megtiurg Awsugh ghangesh Ea@élrmathnasnc&@db@@ionmm thamafned result of
bri‘ﬂ@ﬁ‘ng theOdpUGRE P&ctﬁﬁ@ﬂﬁoﬁ&k@%ﬁ&té %E&ﬁértdnga' t{u,z Qorld dtlo?lg\%ﬁled for
in alr at roomtemnperature-overni
Pufspd k9 tins distleshré. Thupthe veaptants ani20@pérents atehqlemaﬁhtns urgredrdns to be

br(}ﬁ%h{’]tg%e a(?rgcg(}gnméérﬂ]lgﬁ letﬂ r?t eg?n(l 76%63??‘728 ha{(rl? al)})\l\rl)%%tlaon or %a&lon or in
forfrtingomixt@d hbe usedAin csincbmdg adssired gemtian or3éaZt1&C A15:) Boeh dsagh an

en bR 55550 5 B sB B audo, p o s it tense (s
coinprlsed of"alcnmgries!, Yis'] 2rcpie r@fere{rij%etoblidmbsrﬂzﬁlca i36mPdentdP Meredient
rom de, . as anal yzed by
asbﬁ’é‘&ﬁ‘ﬂ?@'&q E%fefevwaé SFispi tlnd Qi gms gmore ot
sulﬂs&haélslcdrﬁpoh&ti zﬁldbﬁ 1@%&&1&1&1@ actotdadde withahd RascheditGosard
dto chem cal name or fornula

ent s r ferr
l”‘?ﬁﬁ% ooy 6&!%?1@@ VIPIgE Fopubsiances i dhey present tamee (e.g.,
"ccﬁhp’tﬁbls]"a’ﬁs"oétc P'tw teren8é B tb R Rhbstan6asABexidid W ¥heithSiust before it is
or to comng into contact wth another substance
ﬁf%‘ éFP’étP"rt%jd blegdgsh orapizad with one remere othesesnbstaspest ip gecordangg with the
praffldisbsur€act ant, a solvent, or etc.). It matters not
what prelimnary chem cal 5 changes, transfornations

[0128L/ Breepleasanaydusxpressyariherwisa kealiqafed the anticle e ardsllif amigps used
hefShnst A !

oL S SRS B Bl ERE RS T S pgion oraclaim
to mgingle elbmens snpvhichathe article l’@ﬂ:mg{dﬂl‘ﬂa thsoaeiidlé Tal dr 'iaﬂ'altf hra ek fsed hereln

. ts t d

AR SR ARSpYpd ABRLRLIARL, DIRSESILN, B03oE0b b5

[ordp h(wrpame bt ﬁndl:rwodddm tthef terach "a:aastaﬂ@ﬂ'eahde'@ﬁlﬁtahﬁalbe denote that
er, i.n conngect

B e R A -

an higso Nite) § ivfaninsite Wédisticro desctibeMe vitiabRRAG H&ﬁ%]ﬁgh@sugﬁﬁitiraﬁﬂcmlty of
reactlo Al so, even thou

eration
the SR bifny) oF GRERPIG B her diseribinset tolcipeRE dpantian itk more

realllﬁlﬁ{ts E’df&% fhe hﬁhnftll}ﬂls BERS %Etaﬁt?dil? e st()lch%meﬁ'ﬁrﬁﬁﬁﬂtﬁfgn& one skilled
etc. ) he reference i s

in @8 B’§ f"albré %ahz%sdh‘ﬁ éh@ﬁ f‘evefr‘twilﬁ@@le me@htolutastomhlomirswe@ld atoduce no
apprB&atlld diBedehRlin RESIR! Phistin Xi@%ni 51! I%Epgu g,gl%lg%gcglgent%o%m%ad with

or mxed wth one or nore- ot
theapplirgtiemelsommphsensengr edi ents i n accordance with the

present disclosure. 57



15 [ 01221 Al so, even though the clainms may refer to
substances in the present tense (e.g., "conprises",

WO p@8/15a5£. ), the reference is to the substancRCEHES1008/066219
exists at the tinme just before it is first contacted,
bl ended or m xed with one or nore other substances in
accordance with the present disclosure. [01231 Except
as may be expressly otherwi se indicated, the article
"a" or "an" if and as used 20 herein is not intended

[0123] | ERthtand @Gy phian! fhidaPippheatioR And ﬁgrﬂﬁéﬁ Adlitdtith Féfé\}ﬁ:d t{g} Bfove is
description or a claim to a single elenent to

inqopRoTated heggieby wefesense imatotie the fulkpst @stan pdrmitted 'as pmatterof lawf.

[01"%1j @ﬁns lt’rﬁ%ﬁ’tld?l% ?ﬁs@ tl'bf% th 9$1§[agﬁgletvgrlﬁﬁ)\llqﬁ 1t9 ﬁ(gmt%e r:f% l%fore the
such el enents, unl dss the text expressly i

forggdieg dﬁSS@ptlon[IS) notintendedyol limiy | and Sbtslldj nolelres¢onstehet! raathmm@ the

\ ant i al | denot e t hat

B S L T
absol utes. Thus instead of describing a variable as 25
an absolute, it is far nore realistic to describe the
vari able as being in the substantial vicinity of the
expressed vari able. For exanple when describing a
stoichionetric quantity it is far nore realistic to
refer to the quantity as being substantially a
stoichionetric quantity since one skilled in the art
fully realizes that slight deviations fromthe
absol ute stoichionmetry would produce no appreciable
difference in results. Thus in any and all respects,
this docunment should be read with 30 the application
of common sense. 57 WD 2008/ 154454 PCT/ US2008/ 066219
[0125] Each and every patent, patent application and
printed publication referred to above is incorporated
herein by reference in toto to the fullest extent
permtted as a matter of law. [0126] This invention is
susceptible to considerable variation in its practice.
Therefore, the foregoing description is not intended
tolimt, and should not be construed as |limting, the
5 invention to the particular exenplifications
present ed herei nabove. 58 WO 2008/ 154454
PCT/ US2008/ 066219 THAT WHICH IS CLAIMED IS: 1. A
process of preparing a reaction product enriched in
(i) monoadduct, (ii) a mxture of adducts, (iii) a
m xture of adducts and one or nore oligoners, or (iv)
a mxture of adducts, 5 oligoners, and | ow nol ecul ar
wei ght pol yners, which process conprises: 1) bringing
t oget her conponents A), B), C, and D) hereinafter
descri bed, by feeding at |east conponent B) to a
m xture formed at | east from conponents A), C, and
D), or to a mnmixture that is being formed by the
feeding of at |east conponents A), C, and D), in each

58



10

15

20

25

30

case where conmponents C) and D) are fed separately

fromeach other and/or are fed as a 10 conplex forned
worookessaags f ormed from each other; 2) correl at i POI/UK®08/066219

pseudo steady-state concentration of conponent B) in

the reaction m xture during the feeding, the nolar

rati o of conmponent A):conponent B) and nmintaining the

tenperature or tenperatures of the reaction mxture at

one or nore tenperatures in the range of about 80C to
THATWHIGHASICLANMEADAS: sai d reacti on product; and 15 3)

termnating the feed of conponent B) and then

term nating the reaction; wherein: -- conponent A) is
1.at |A€ﬂ6£es@ﬂ@r@faﬂﬂ§§ i‘é?lctmhqfr&ﬁ@f é?l@lehédrlnm h\%hoe{dhﬁ,rt Kii §m1xture of
one nethyl group in the | ecul e, I C

on/
adﬂ%%?‘lﬂ) grojuiyrs o addprdeend: e mare Rbganeers; o 6y) aumixting of adducts
olipbimed, Ak low ﬁl@ﬁtzul%lm%b&h@ﬂ Wftich Pocds @ ris r' ng

bearlng the methyl group is unsubsStitute --
D compeinging togsther soraponerind ), Bo§a, and Bdbéreipaiter d\mmbed by feeding at least

hydﬁ:@rﬁ?&@ﬂﬂ?, ) toa m&gﬂp ?d}r%@& atCl)eagt %roﬁlt comﬁ%ﬁet[»wsoﬂg C&’t aqd D prioa

organol i t hi um reagent; and --
one mextpysiibat isbeing fqr(tlbtéb)t ﬂlafeszdlagmﬁaeyeadt cgaputerithiA), C), and D), in each

co n@&s@%%re%ﬁlp%ﬂeglélr%q il?({ ) i‘edt gér 7 qgly §'a% esw(g%er gﬁ?rcaﬁeefad asa
Ar'

process as In preparing
in mpia:dﬂmoed afbeinigdorired fitelnecach &herAr - CH7 CH2 CHR-

mher dr ocar hbon noi eLy. . .

2 Con it b fia SR o e b iesacpryivar

hav dmgng the febdang, atregrolafratlo sfeompaldiyA):conijdnéid BS hid ARG Ring the
and not nore than

mhegeln n such suF tituents,

one eg}pegﬂ,?}g tﬁ'ﬂ}g?rﬁt{"{j’é Rt e rqagtion Iﬁ]éflﬁ?qﬂ oFf BUBOrE A@nperatures in the
whe figé oBdbohtG&BS(C tdi)db@uﬂ@ﬁ?@ toQfRodiRe tdiEreadion 'iS?Jd'u& £ddn g

3 bearin the nFt ylL group is unsubstituted

)i nd&yergting thy feed AT compragnt B) anyl th%tﬁmaartwsﬁherfeac@py

whegdid:ai ning in the range of 1 to 4 aromatic rings;
wherein Ris a hydrogen 59 WD 2008/ 154454

~ PCTFPURZIIOY//0d6 3t lenst eedramantic fydreedrhdn in whigh, thexkiseine and only one

mdMyPERAS intAMSILSRS Wth)l rrfeﬁ?fjér&% 1@5 d@@ﬁ)t 9.1%%99 ﬁ% r? in which at

herei nafter descri bed info a mechani cal’ 'y ag
leqsféa@wesﬂtlorwﬁhmrﬁmn@c ring bearing thy mathm growr is ufisibstitated;r om

_Cco 'TP onen UB?)is at @ast oﬁg ﬁo@)w}é}ﬁ rginnt? ¥ocar%es cri bed,

mhlc e option a ns conpone et B) in an
- am) mmpoablmﬂ) i Ugabt one ot‘gamrhtlhlmsseetghtanarﬂh e anmount of

- COMBAER 5% 2o S5 R St AT e i

saldforgamiphmmrre@eﬂ) O, and D) and optionally conponent

- conparER IO it FBRetBa e oo s i pponoadiiet of the formula:

Ar-CH,CH,CHR-Ar'
wherein Ar is an aromatic hydrocarbon moiety containing in the range of 1 to 4 aromatic rings
and having in the range of 1 to 6 alkyl ring substituents, wherein one of such substituents, and not
more than one of such substituents, is a methyl group and wherein at least one position on the
aromatic ring bearing the methyl group is unsubstituted; Ar' is, independently, an aromatic

hydrocarbon moiety containing in the range of 1 to 4 aromatic rings; wherein R is a hydrogen
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[1) maintaining the feed rate of conponent B) at a
sl ow enough rate such that the pseudo 10 steady-state

w@ensam4sat i on of conponent B) i s maintai ned aPCRESW0066219

at substantially zero, and maintaining the contents
of the reactor at one or nore tenperatures in the
range of about 90C to about 130C, and I1I1)

term nating the feed of conponent B) and then

term nating the reaction; wherein: 15 (i) the total

ata;mumnegfylg@ﬁpmtpr&sslc%ﬁ,ggggced into the reactor

relative to the amount of conponent A) introduced

Di nt deeding at leagt companentiB) herigimafierdgesribéd intoaumecBanicallpbgitated reactor

70 c@ﬂdaﬁln&e&ﬁ@p{l) gf % ﬂ)plﬁ&} ﬁ'@e’l r (é‘l C%en{shg)g %{}Dal}q %) ﬁeremafter

conponent uce Into t
ran g@scdilbefhm nmturetootlerbﬂm tor@aids cmmipenqneB):ne ah arddunt about equal to
co i de) a f co onen
i n{rﬁ) g %(Q:té%ﬁ %9'0 Ilet drf eac c?nen{rgi‘l h( %3haem &(Qreé’fougzﬁdcﬂ'i‘“ed from
10 opmpmutA)LB);LCnmidé))md adﬂiﬁontaf anf@ini of@#ipofnts ANT), and D) and

LQneal”D r%ronenté)o of co ?ht D reI ative to
corrp nent” ¢ 5% {HE 3048 esc? 2 ditignag amoyry, ofgomponent C)
8:1. mtﬁ)duébdpmoal&ﬁmcaﬁ in Cdaim1l for preparing a

m xture of two or nore

duct
U o AT o BPorDf sl ShonBieisuha the pcudo

M erteminagpgths feed @

i nd Is’tbb@?ﬁhte &ldﬂbiﬁiAaflo@éf cSMﬁJSheHi l%gtl%jﬁ]ﬁtahﬁﬂ ﬁ‘throro? B sERentias zero,
or nul a; -
vvher38$ Maigfainiag the C%*F%?f ﬂee ISYARrGE amwnn%teemyratures in the range of
contagbiiiooq 10%&1{1&13@0@19&1 of 1 t o0 4 aromatic rings and
having.in the range of 1 to 6 alkyl ring substituents,
pPragpent By aetihen iepmidatingtthe@agtione t han

wik¥ign0f such substituents, is a nethyl group and

3.

wherein at | east one position on the 60 WO
2008 1349191 mﬂ@x@l@mr@@@mmdamm e reactmg relteiae forte amount

t he net hb{fcoﬁfpgﬁbﬂt A)Slanlcﬁl::dpdle{Ott Greac‘tor 15018 ﬁhe mgg {)gf-lbout 5 to about 70

i ndependent an aronma
cont ai ni mglelmrcmt@fmamgmemfA);L to 4 aromatic rings;

wnor ) nhEaSuRoRAIRRAETO Rfierd i Bremdieribh Htungtepabout 10
6 vvh| chto qbomd)elsmlepﬂpfdtsea;mp'énén)t Bjeedi ng at | east

gt T3 e P Bt §F el D s d b gt mpigemese ofabout 10
for med f toabowonNaste pérsenfbt componéit 8),Bhd her ei naf t er

5T 55t e R e o s
amount of.gaqspsduesds ©) or (2) a m xture previously

formed from, : : :
A process as in Claim 1 for preparing a product enriched in a mixture of two or more

adducts in which oligomer formation is minimized, the individual adducts of such mixtures being

represented by the formula:

Ar-CH,[-CH,2CR(Ar")},-CH,CHR-AY

wherein Ar is an aromatic hydrocarbon moiety containing in the range of 1 to 4 aromatic rings

and having in the range of 1 to 6 alkyl ring substituents, wherein one of such substituents, and not

more than one of such substituents, is a methyl group and wherein at least one position on the
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conmponents A), B), C, and D), and additional anounts
of conponents A), C, and D) and 10 optionally
weowposat B) in an anount | ess than the addi t PONEE2008/066219
anmount of conponent C) introduced into the reactor;
I1) maintaining the feed rate of conponent B) at a
rate such that the pseudo steady-state concentration
of conponent B) is above zero, and nmintaining the
contents of the reactor at one or nore tenperatures
ardmitit hidg reemiyey thé n&ﬁ@ggrofﬁﬁ@ tuubddiausdd; lﬁoﬁdlnaf]ﬁénde'ﬂtlj/ | dn) aromatic
ermi nati.ng the feed of co ne and then
by G P REDT g SOHEEA HESHES S B LAMAY §eshsnargp & is  hydrogen
atoaTOUdinethl] Lo @neWherBh andni9 6 WhER rufiber fnhiRe FaBACHV to 6, which
relative to the amount of conponent A) introduced
PIOCRS GOMARS®Feact or is in the range of about 5 to about
) 70 foaBihgatNedsCRpodnt BPHERGRERE deiribed thd & fn):chtanl@al@rﬁ%iimsd reactor
of component C) introduced into the reactor is’in
r angftadning gigher (op mixgura ered drom ?ﬁJPIEmB@i* é\én@) @hd D) heremafter
co
e e A
10 ot lgssathan thepantount plecqmepopentC)afr (@bmmrﬁ prB)ipusinfbrmed from
v 0 lative
CombTRetes 713y 7 ah B QR BAA tgioks rElyBbigtls 45,03 and ) and
abooptiogally, 0041p0weanbmaB smat fess Bhrathendditianal mraepeoficogpanent C)
pro;:{{l%{mcg&l{nltoc:glggealctn two or nore adducts and one or
nmor Whi ch pol ymer formation is
IHm nmmnmdng thh deeidake wi demaponactdR)cit 8 rate QuchGhdt genedd) st@bly-state

B D D B e b e Bacor

hy ditoaa bbabren@hRidure iRt/ AhdD T about b 8RB P50°L; 4l 4

aronatj c rqufs gtl WD 2008/ 154454 PCT/ US2008/ 066219
thentepdif oo

I, dteﬂg'%itﬂ'@ Qﬁ@‘&nb@ @dtﬂaﬁnge%up@gxpg the Agpction;
wherehst i tuents, wherein one of such substituents, and

not . mpre than one of such substituents, is a nethyl
grotib Hértaliamonntef eamposens B) iredysed infq haregetor lative to the amount

aromat i %f%blﬁ&)t@@@()'lﬁ’[g)dh&g 11{f§¥h|3¥éacQF8lt|rpthb range of about5to about 70
unsubstituted; Ar' is, independently, an ar oma

hydr ocar%ﬁp?fé‘?né?ﬁﬁommvfaﬂ M.ng in the range of 1 t o4
ar Oﬂﬁt | tfre dphdMABof c&ﬂ%&h&)&tbﬁu@ednﬁﬁg rtﬁ%qge{&to? Bﬁl@lre%ng? ﬁfe about 10

group, and erei’'n n a whol e
range ofto@bqub024noleprireiht gfrcompsrent Bonpr | ses I') feeding

o 7 FRORRA D B9 S Eh BERHH 5 DRLPefygngo
m xt ure tf) abaned. 1fmampe¢mpmfmemp&1em) B),and and D)

her F | )n a he Hlolar ratio of component D) relative to component C) is in the range of about
0.8:1 to about 8:1.

4. A process as in Claim 1 for preparing a product enriched in two or more adducts and one
or more oligomers in which polymer formation is minimized, the individual adducts and
oligomer(s) of such mixtures being represented by the formula:

Ar-CH,[-CH,CR(Ar')],-CH,CHR-Ar'

wherein Ar is an aromatic hydrocarbon moiety containing in the range of 1 to 4 aromatic rings
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descri bed, which m xture optionally contains conponent
B) in an anmount about equal to 10 or less than the
w@prmens446f conponent C) or (2) a m xture previpPUEU§2008/066219

formed from conponents A), B), C, and D), and

addi ti onal amounts of conponents A), C, and D) and
optionally conponent B) in an anount |ess than the

addi ti onal anount of conponent C) introduced into the
reactor; I1) maintaining the feed rate of conponent B)

anﬂihav’ing atte rSrLg’e‘ lof 1 tdataligi fifeSubskiucndk) whdndin bitoRbuch Wf"ﬁlmﬁg and not
onent Ei'{rl)tlroduced into the reactor is in the

m?rg ogf © %’(‘B’b sefuens, dysouethylooypsnd "@é’fe&féﬁtleaﬁté"ﬁippﬁ}@n on the
arbratichéngdbaaHng tHf mERYIMEODNE uwiubstithied: Oﬁp‘f'se%dewngeﬁ't an aromatic

reactor, the pseudo steady-state concent ration
hydeapmoictEentaing g e rmagecld e #atpnatic riggs; wherein R is a hydrogen

at&h' Bsd Aethy @rdup, ﬁldl whefeid 8 a MBI HbS in ﬁl%g%%@ &R0 to%)4’ wh@?grocess

he pseudo steady-state concentration
COF“?“PP&F ntained to form 20 oligonmer with or w t hout

D m n'fé@dﬁn‘g%&}g&?h&f%ﬁeﬁt% H&y %d%@nbe‘ﬁamtot al nﬁang:g{l%?%tgtefi feactor

cont ent e reac one Or nore el’rper
t he cortpiging ehthertdua ngStGret bme}ibfnmh chBPEienBrA) E) dnh G)) hereinafter
I.nto

t oo pesPORE RhicR i A GRRBR TRy (oY BOTRE i it bout cqual o
i Nt oodhss danithd andine of eadp@knt S) bi(2) AemixaiR@ prevfoudd Qd)ﬁnea from

to about percent of conpopent B) and t
pae P 0 8y 1 G B YRR A enf GroaTe SiapBrRAl AByCh 9 D) and
mai bbﬁirﬁ&ﬂcdmﬁ})oﬁﬁft B) @ dnGiivRsit 1%s tHan Ble aWlliti B AmEind bmoﬁpe&nt C)
pol tion and mai ntaining the contents of

ma
reagthpu‘ﬁg“&ﬁg‘ed?a"w&re tenperatures in the range of

Iabowutain®fifing ﬂw&"&@lﬁte bBQmpoadifi BY bt drafeQ04H MAthRG t he feed
of cQnponent and then termnating the reaction; 30

whefBi n: fhestzt@!/@l%@sf qasmpegent BY-rtgdperddnto glepreactoris i the kenge of
amount  ofpoGOSRY A 160 rﬁcﬁé E)é}géﬁ@ “r‘éiatid%ttQ th! Frg&ﬁ:@%? %mboshtent A)

in the range of about 10 o about per cent
C orrponen'tmejuce‘( intq the telq@mlaﬁwmmudg‘ste@bmmnmerm)anon of component

i nt roducgflisi,pive z(:nl?)%uf'lﬁégltl of su%ﬁaﬂtgll% he of f?ln Q?edlg)g 0 Qgr%;ogent B),

1.0 to about O. e percent
(iv) th eanﬁlhvalseudatste@dyeﬁat@ mrlp@mtamn (Eﬁ)compcbr&hﬂ B)ds mmntamed to form

COMPODyhe 83k b Lo B9 Ake PHY i 9 R

product cnnentsoéthe ocuptor st@de m‘m@rel chnplefitured ih R RIS of abdBR5°C to
| ow nol egl Italr y{rs 0a,ht pol ynmers, the individual adducts,
oli gomers n?'8 nmol ecul ar wei ght

(2) the total amount of component A) introduced into the reactor relative to the amount
of component B) introduced into the reactor is in the range of about 5 to about
100 mole percent of component B), and the pseudo steady-state concentration of
component B) is maintained to form oligomer with or without minimizing
polymer formation and maintaining the contents of the reactor at one or more
temperatures in the range of about 80°C to about 130°C; and
Ilf)  terminating the feed of component B) and then terminating the reaction;

wherein:
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pol ymers of such m xtures being represented by the
formula: 10 Ar-CH2[ - CH2CR(Ar')]n CH2CHR- Ar' wherein Ar
WO g00ansaspmat i ¢ hydrocar bon noi ety cont ai ni ng POT/UK®08/066219

range of 1 to 4 aromatic rings and having in the

range of 1 to 6 alkyl ring substituents, wherein one

of such substituents, and not nore than one of such
substituents, is a nethyl group and wherein at | east

one position on the aromatic ring bearing the nethyl

gr o) i the koW ddnipofsht CPNntrodied infWABPRAASNS InYhe r@hke of about 10
aromati c 15 hydrocarbon npiety containing in the range

of 1 to %P 23P¥Pek'neleperged of comuiors i BR i s a hydr ogen

at ONfiiPr the amBhd Bt comipddht D?ﬂﬁom% ﬁl’td"th@rehcctoﬁs WHR fBnge of about 10
nunber in t he range of to 79, whi process

conpr i se®:abpyt Oflogele ﬁ@‘cg{t Ofwﬂ%%@nént B)
her eiviaktesholslessd diR6A 6&5@))@6%&'}@ @(lnﬁlzdnlsﬁ[t A ih g‘tefr?n&%of about

reactor contal ning el t her a m xt
conponen®-8:14p abag) $:1and D) her e| nafter 20 descri bed,

5. V\’h' Irh eﬁsté&{irﬁcelgﬁg {%'ngj %Mlngggltoﬁinﬂ Q'? o erpsted ?q)ad?ucts (I;llgomers

anou
and towpoelesular @pigbrpolyd)ersathaindividusl godeo, olt@lm,ersf zmﬂ ieombleanar weight

nd addi tional anounts
po@?{ggo(#%‘é%herﬁ'tx m?&)@ei"é)rgpr%sﬁ% ‘b@@ﬁ ™38t i onal | y conponent
|n an anount IAe-KSHﬁ DaRCR (e RH,CHRA&Y am)unt of
d i.nto the reactor;

C
Whef FRRB AT A P G o g bt Bt Bt 1o grognatic rings
anS hﬂhng ih &e ratigt BEIrto 6 A)kyl Mgy stigsktiflentd, rmiéfﬁn e oﬁé&@lﬁ)ﬂﬁﬁﬁﬁen@ and not
r oduce mt%the reactogylls in the ran about

m%‘e %*B“ 8B sualbiy BOFEPE S Braces rgQ“atanhfrsmta% Eaﬁﬁﬁﬁmm@n on the

aréHIR QiR Hearg the Midid UERY it DARDStRRed; %‘Cfsofndeﬂe'fl@enﬁg e omatic
hyat ead -state concentrati on of Conponent IS a

@F%{b%‘F‘Plﬁ‘@ cqnipingje 18 thegangsof At § aramatl@fmgsmhffreledi ing hmﬂrogen
atdhPOARARA gBup, A8 wABHint 18 2 RAGIH HBmBdr SREY ra%%@ézﬁ: to 7 C‘))Fhrlr(]:h process

concentration of conponent B) Is maintal
comBrisasy 2008/ 154454 PCT/ US2008/ 066219 ol i gomer with or

1)) Wi t I%%an o 1@4&%0%#%9??2 Bk HJISBaffePH Beg rhtclg anechanlcerl“y aigﬂlttgtgreactor

t he Cont ents : eactor at one
t enpentainiog eiher (1) feixtune dernekl fainou:bm]ﬁﬁaé:ntk (A), @pand D) Iefeinafter

or (1 Igé?iewﬂ gl% 1?1 xtlﬂgﬁé onal?f(‘to(ﬁ%ﬁo Igl%%)ulﬁ )I %&n&?nolfllgt a%out equal to

into the Fea
conprohesnthaB)ha abount uf ecnpanta @)he (2R aGihiftord prehﬂusil)h ®&rmed from

range of i éoo nmol e pe

conpa n%on{ai%%&‘] b?;‘i%a ﬂ@? 1513 1o§ftl g@agptgqfiﬁ?lgponents A), C), and D) and

Cconogtivinalit doatpotént BE R @ﬁh@ﬁﬁt 1433 thiu$ theBddii HaN@ibuhPoffcBpPonent C)

ol i mﬁ gn th or without mnimzing polynmer formation

andgﬁrﬁ Yedinte thg "@AkGcont ent s of the reactor at one or

I)NOT thaintaining the feed rate of component B) at a rate such that either
(1) the total amount of component B) introduced into the reactor is in the range of

about 5 to about 100 mole percent relative to the amount of component A)
introduced into the reactor, the pseudo steady-state concentration of component
B) is above zero during all or substantially all of the feeding of component B),

and the pseudo steady-state concentration of component B) is maintained to form
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tenperatures in the range of about 80C to about 130C;
and 10 I'll1) termnating the feed of conponent B) and

W@ b@s/154a641i nati ng the reaction; wherein: (ii)PCTES2008/066219
amount of conponent C) introduced into the reactor is
in the range of about 10 to about 0.1 nole percent of
conponent B), (iii) the anpunt of conponent D)
introduced into the reactor is in the range of about
10 15 to about 0.1 nole percent of component B), and
(1v) theoliginer withtdr evithbutanifmiiag polner BIrRitione akdmaintaining the

conponent is.in the range of about 0.8:1 to about .

8: 1. 6. AO’E%%SSCO&&%G reetqrat %gf Bpre¢ymperatures i thiangsiof about 85°C to

conponentbody 138C{ér) tol uene, (ii) toluene substituted
roups, each of which contains at

by opne or two alkyl g | _ |
| ga@ 2th‘5’.’% BRout Brfemppren 4) inpesluces) iptoree reaskns relative éafhpgmount
one or twPcoaPRRGH: BY int@HAME $nto (H&fﬁgf%%ﬂl&zl%ﬁgf labdti 840 about

by one or two 1 phenyl propyl (

groups, (99male pereeny Pgﬁé?p‘rﬁ’?ﬂﬁalr Bhand the pseyd steady-state concentration of
met hyl naghhhabangy is’) 'ﬁs%&’ id °§ LW ninimizi
1-5 wherei nlgb?orrpqg)ngn%lalBa [ SQ((?Z?mg? lf/éroglr?g%?lb ' gtﬁuﬁmmmmng
al kyl at eBolymer ferpaatiop @pd maingainiyd ths tcpntente of the yeaator hngne or more

al kyl ate - o7 25 V] napht hal ene
or (f) Zfé\r}?ﬁ%ﬁ#a%mlﬁg%ﬁgggﬁbgﬁ@& %rt%%beogtsﬂaagé’i aﬁlgany of

@ aiterminptisg thi &ed oficanpopent &) indShen ®rminatidghtlyd deadtiohum
Co”%‘éﬂ:ﬂi- phenyl lithium benzyllithium or
1-phenylal kyl I'ithiumin which the al kyl portion
cont(@i nthe imbwnt 5f congohain Cainabducedidtdhe Ra@6rds BSbe f@dgd dTabout 10

Claim8 rein c onent .D) is

N, N, N, N %-I‘\’Atq%{"?eté’p}e?ﬁk‘inﬁg?ﬂv I"E?f?é'a%"a?ﬂt B 64 WO

2008&iii] Sthé arholCof ddnipoRdht DF mdSuced fito the RAAGAS M tRSrahdt FBout 10
of d ai eﬂ#S \Sﬂgrel n: --_conponent A) is (i) toluene,
(ii) tolrrg’ QUL 0 1H0plE PEFERY ofsPrygEe B).aie al kyl ~ gr oups,
eachivpf theidlartateodTicainpénefti D) BRSVe 1 cEApIAR BhOGHBhe rhideiof about

tol uene substituted by one or two phenethyl groups,
(iv) tolééﬂéoéﬂﬁ%§ﬂtuted by one or two 1-phenyl propyl

Co6 v)o - eifi co i e
S ol AR SR

subgtifiptedh@y, onergr tyo ikyyhgralrsy Each e vhicjraeneins @t Jeast 2nmsttioy latoms, (i)
r . rd ren e)

oA S0k, oy 0 T DGR 1.

phewstpropyd nt(Celis-CHGhbCoRy | drpupsi utm) compethpitaphthalene, or  (vi) 2-

Lthi um benzyllithium or 1- phenylal kyllithium
m#ﬂ%\%h@hﬁﬁe al kyl portion contains 1 to 5 carbon

7. at odeprocess as in any of Claims 1-5 wherein component B) is (a) styrene, (b) a ring
alkylated styrene, (c) a-methyl styrene, (d) a ring alkylated a-methyl styrene, (e) 1-
vinylnaphthalene or (f) 2-vinylnaphthalene.

8. A process as in any of Claims 1-5 wherein component C) is an alkyllithium compound,
phenyllithium, benzyllithium, or 1-phenylalkyllithium in which the alkyl portion contains 1 to 5

carbon atoms.

9. A process as in Claim 8 wherein component D) is N, N, N, N'-tetramethylethylenediamine.
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10 11. A process as in any of Clains 1-5 wherein: 1)
conponent A) contains in the range of 1 to 4 aromatic
wo 20vgasand has in the range of Ito 6 al kyl riPQI/US2008/066219
substituents; 11) conmponent B) has in the range of |
to 4 aromatic rings in the nolecule; I11) conmponent C)
is an al kyllithium conpound having in the range of 1
to about 5 carbon 15 atons, a cycloal kyllithium
conmpound having in the range of about 5 to about 7
10car ROFroceds %qﬁan)pmylhls'ltmhﬁﬁmbenz)" l'ithium and
1- hexyl -1 -phenyllithium and IV) conponent D) is A
=di ( P@@P‘P“ﬁ?ﬂf‘\)dﬁ{h@ lueng, Garefuensrsphatithtedrbyranp poiwip| alltyé groups, each of
wHIEREOnRhs aBIbAYS ER6on M liRFolule sBQth}’\ﬁéJ‘éJ dnl %s Wgﬂﬁﬁﬂﬁ?groups

A process as in aim7 erein co
(lwtom@ter%lhﬁthﬁw &y hw en&wd drmheeylpropd (@ais-@HmeHss gasIpk,n(v) 1-

d tenperature is in the
r an @Bthg mB Vﬁlf@%qﬁh%;hﬂb?& 115C. 14. A process as
-in amypment(B)as (apstirede, (W) @rimp nlkghaied styenpac)ai-methyl styrene, (d) aring

{ at u rein One
O ASERLB1T8 g OB R T
-- Con‘pomﬁnt:ntByl) ii$ ah ralkkéthiuan gﬁnplfuna,bplwnyﬂlﬁlﬁtﬁ) BaRYMithh@R, or 1-
rocess as I n

cent qf .c ent. A). A
ph@y&eﬁﬁﬁ@t‘i\ éYthi tﬁ n‘@g}}] pf’ﬁlé’“t"%‘?‘?ﬁ'@? 5f°u$‘\‘eaﬂ?°§ 4% he range
110f  abyrbdesSHGn iy ofalsiths 19 06herdid:. A process as in Caim
5 wherein c%nponent B) is in the range of about 5 to

D) aboGemeRyenighsontaigs mdherange off ta4arpmeticingagnd hasinigs range of 1 to 6
2008{1(;;5,41@554.1,3?@5{,{5;82008/ 066219 18. A process as in any
of Cainms 1-5 which has at | east one of the follow ng
M) eaP‘afP@gleth?élai withg rapgrcftio dpramsiip singsin tRymalequtepduced
111 Nt GorhfiheAt®BGE A alkliRbnY SordfRuhd favAEAH
b) |%té§lgut§2d |natlqut1 he reac‘%cl)lr IsiInt eergéggr??gqgg%%pg carbon
10 emapotrclogty highiem corapevad haifig ingherongeraf abc)ut 550 abait 7 carbon
amoYdins Ph r 1N [ or is
s el AMRRRE B il G R R IBBERRL T
IV}o npqmpgmpntg)) is Al'd@;(tcmmu aming} lignoddened from) propyﬂeme diaseek, ethylene
i nt i.n the range of about 1 to ‘about
0. 5%‘%“%’%2@ en le(r)l lr]rélgnponent B); the nolar ratio of
12¢ onpamenets aBjn Cleiiel wheeeih congonfn D Y, N})\’ NSstetrdindtil@ethydéi@@iamine.

Of %bp%l)‘gess%s ?nSany of (:!’Ialmsq A v?herem saup temperature is in the range of about 105°C

to about 115°C.
14. A process as in any of Claims 1-4 wherein said temperature is reflux temperature, and

wherein component A) is toluene.

15. A process as in Claim 4 wherein component B) is in the range of about 15 to about 100
mole percent of component A).

16. A process as in Claim 5 wherein in (2) the temperature is in the range of about 85°C to

about 90°C.
17. A process as in Claim 5 wherein component B) is in the range of about 5 to about 70 mole

percent of component A).
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19. A process as in any of Clainms 1-5 wherein the

anount of conponent C) introduced into the reactor is
wo pooshet4seange of about 1 to about 0.75 nol e pePCENS200$/066219

conponent B). 20. A process as in any of Clains 1-5

wherei n the anount of conponent D) introduced into

the reactor is in the range of about 1 to about 0.75

nol e percent of conponent B). 15 21. A process as in
~any of Clains 1-5 wherein conmponent D) is NN, N, N -

18 et Paprecdsyasan gy efiftdaiimarti nehiclRas aflepst onee.sfshmnbmngmgamés

d ai eac en atom

pr oé@gégén%?%eéo ¥ en Bﬁm\/\ﬂ e%?/'ﬁ @‘g ﬁ?%'i’féf"ﬁlat‘,&f tq @e amount of
t ol uemgqnemohpmneducedB)ntm thegtaut@rie in thamghgs absht [10a6 Wbdut 30 mole
furt Igr%gntcggroori serg t least 1, 3-diphenyl propane, and

wheP&i R LT Smepge iAg’nenyI propane is recovered from said

r eache agtoupiod chiitponerd €) infropiced Bi¥Sthéfeadtdr iéinMeFardzd oPMHoB to about
has t | east on‘iec of the follow ng features: said

rea@ter?'}eB?rB‘ahB oZPePent Bl t her conprises at | east

1, 3 ti-akroufthee Wﬁﬂiﬁéﬁtm htroditdd WS EleRetordd inttR3dee of about 1 to about
1,3, 5tr|phen¥ entane is recoveredfromsaléreac tion
e

pr odudrele Bepey EPPBRt Bhoduct still further conprises
at  kiRasdlartatd of cd)
e R pyaion € in 88 IO Fh s 0.95:1
sali EP?b@HTCW%h product: said reaction product still
19f ur %gﬁficegsoa[mﬁ ﬁrg%? i§S nylrlL 23St herein the am%nt of comp01t1en|t g%‘ gfroduced into

9- pent nonane, and er el
thelre@t@ iy mghmngmfhbw o atzane0.7S mokgexcented cdmmimesd)d

r eagt LOCesSsS as in )
20} ° 8 AR Y8 g it £5RURRTREs Bl ofitmient b ifaduged imo
th&aﬂekgwd i$ mhhe,mmﬁabmmd to aboalt mmelerpefcexm@ @@ﬁ\;tona)t B)s
2NNN tetrameth r&i;(lenelamne .
corrpo?r?l on %1%5‘“ %Ip B \Wbe‘fﬁ’OE?PTB%h D) is NNNN-
tet@EHYyEAGOBLdMGnES a) an adduct or a m xture of
by the formul a:

addycts represente ) )
227 Mﬁce&f@wwo £ aip - Spyrhepgin eachRep & hydrpgenjatprm
23ar OAErodess Y G Clad bm W &h ?z'on\m'b‘n&n Alj ?sstolgmey co%}ﬁmém Bl}]}élstyrene

group, and wherein at |east one posSition on

ar offedt F2d prodyctpfurthsr rgmprees s tleapt 1,érct§d1,gnylgr05ane and wherein 1,3-
uns uiphddyipiade isMcovdred frbM IR %&9{% Alrgdhyfan aromatic

hydr ocarbon noiety, wherein drogen atomor a
241t Ayarocgsscs in Claivel 2h whish Aass dﬂasi oncl nfibe fallowingdeatamge of

O t %uﬁrea&)on ?momle(ttsw ﬁlrtﬁgﬁmﬁlb%eg gﬁ,]lga 1 9 k. trgﬁra ylpeé'xgad]%,catng wherein

one or re ol i gomers “hdi"vi
a n d atdpdstyb bty lsijenyipetttm seregiveted firom sainrededon podes;ent ed

by Ezpc? rJag\rJEuérg%xcérétﬁlgsz h%r C()é’lépé’ﬁgsA?t. l)elsé %ggg@ﬁr@élh%g%pe, and
each'hﬁplmaslem lﬂéf 7-teeﬁbheﬁlyl®ptana isckedbvered from said reaction product;

said reaction product still further comprises at least 1,3,5,7,9-pentaphenylnonane, and

wherein at least 1,3,5,7,9-pentaphenyInonane is recovered from said reaction product.

25. A process as in any of Claims 1-8, 10-11, 13-20, or 22-24 wherein component C) is an

alkyllithium compound, and wherein component D) is N,N,N’, "tetramethylethylenediamine.

26. A composition which comprises
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is a whole nunber in the range of 0 to 24; or c) a
m xture conprising adducts, oligoners, and | ow
woriosasd4ss wei ght pol yners, which individual BCOUS1088/066219

ol i goners, and | ow nol ecul ar wei ght pol yners of these

m xtures can be represented by the formula: 15

Ar-CH2[ - CH2CR(Ar' )] "CH2CHR- Ar*  wherein Ar,

i ndependently each Ar', and independently each Ris as

defined in a), and n is a whole nunber in the range

9% dnhfindlr addiuft SARRRILREES v} the BB 26 Wher el
contairns in e ran aromatic rings and

has in the rangeAoﬂﬂbb(mbGRGMkykﬁﬁCﬁ@bAﬂbstituents 20

28. A co oSition im26 or 7 whey ei n '

cont ARG Kb S e Pl & s bangh e Ui s onl g aicihyberopp and

CorTmsm:Iﬂ anleas ot fdsiom oib thoh@bMhti SiAg d>e£xﬂ@om‘élﬁnetay1 grdup is
ct or a m xture_ of adducts. 25 30

an add
conﬁB%’sftftk‘)tﬁd dY' Isningerendandy apmegraatis hggﬁoaare‘ahﬁa% whereingR is a
an agdbgdn, atodbChmalifusdupl Snddris a whole number in the range of 0 to 6;
phenyl - 3- (o-tol yl ) propane,

b)1-p rpgnytureg,co@mrl@mg W9 gymepeddducts and one or more oligomers, which individual
1-p n
3-(p Q&({%{rstaﬁ% g)l?%/oﬁT%k n%/f{?lgeg? %g(g%rgs’lcag I%g éf)resented by the formula:
1 p h enyl - 3- (p- et myqum{}@?lzq:mmp}amzcm-m'

1 P W&Iﬁ%?np%oﬁ’ée&n%"%ﬁ}’ f}?ﬁﬁ({ %frgd 88%&@]3{, is as defined in a), and n

1- pliseawyholSnirdbed &thé tbhké)ﬁﬂlﬂa n&;orl-
phenyl - 3- ( 2- napt hyl ) pr opane,
91,3 asm’?tugf GOEmFISBA é&’fiﬂcwoﬂ%@emﬁﬁrﬂwmgﬁﬂﬁ Agight polymers, which
PCTiddS30384426&3. blgonicks, af 6RHRAS Llat RBighSDolythefd Rt ARixtures can
wherein said conp03|t|on Is a mxture of "adducts in
whi enrepresentgdhytbefosnula: i n t he i ndi vi dual adduct
formul as are con conp05|t|on as
in daim26 wher 2?%2@%%@2@?%@%% @ a mxture
c onpihesinny, independentlyreack Aglchakd dtdspenriehtly aech® is solefined in a), and niis
ollg oE um%mqnﬂwra qu§§ ;don as in Claim32 wherein
nis tHe range B18°bolt "1 to about 20. 34. A
27C0 n‘ﬂa&htpbﬂﬁorﬁfs 1h Ela@h a6 Wb inKYeotalhs ih thé ranfe $hiBo UARBEtic rings
gg 35. A conposition as in Claim
an él‘“ﬁgeé’ |16° &gtSP'EﬁtftWegtsa m xture conprising
28adducdosaposifibrl BT [afm 266€07 IR AL Chiltaihs WRhIBlge of 1 to 4 aromatic
polymers. 36. A conposition as in any of Cainms 26-35
ringherei n sai d aromati ¢ moi ety contains in the 10 range

of 1 to 4 aromatic rings. 37. A conposition as in any

of Clains 26-35 wherein said aromatic nnlety cont ai ns
29%nl y\ eompositien painj (Jaipr %wherem said composition is an adduct or a mixture of

adducts.

30. A composition as in Claim 26 wherein said composition is an adduct, which adduct is 1-
phenyl-3-(o-tolyl)propane, 1-phenyl-3-(m-tolyl)propane, 1-phenyl-3-(m-tolyl)propane, 1-phenyl-
3-(p-tert-butylphenyl)propane, 1-phenyl-3-(p-ethylphenyl)propane, 1-(o-isopropylphenyl)-3-(p-
tolyl)propane, 1-phenyl-3-(2,4,6-trimethylphenyl)propane, 1-phenyl-3-(1-napthyl)propane, 1-
phenyl-3-(2-napthyl)propane, or 1,3,5,7,9-pentaphenylnonane.
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38. A conposition as in any of Cainms 26-35 wherein R
is a nmethyl group. 39. A conposition as in any of
W@L@BMMB4426- 35 wherein R is a hydrogen atom 15P@DUS208/066219
conposition as in any of Clains 32-34 wherein said
conposition has a polydispersity in the range of
about 1.1 to about 3.0, a standard deviation in the
range of about 60 to about 1600 Daltons, and an
asynmmetry in the range of about -4.5 to about 4.5. 41.
31A CcoNquagotitiGasasClalin 28 Rhérbia SailMbeisHioh RlaGnifAFEASddutQth which
has a pol glisper, ity in the range of about 1.2 to
the,egs o G¥ the indfvitradddue &omatas g copsesgnumBESt o about
322100\ EMpoSiNSn asah &10 26 e@ IR MPoHondOLMixtird comprBing two or
about 4.5. 42. A conposition as in Claim32 whereln at
morg gdductygndpneftitmoseeligomersof said mixture is conposed
of ¢ j: ' P t ut
7 FETRRENEa B COT el g it 85 5 R IPuBly Pl df
3420 esayimosipier asan Clagh 33 avherein xisum the irange 2Babootnipo abolit Of
onponents..in which is i.n the range of 1 to about 3.
3554, PAORIBOT 451 26 Wheepin g CpRRRIEPLE A Mg goyprising adducts,
oligbmexis, dhd 0D mvfetalhondigls polymdR. about 5 wt % of the
36? ggpA? %):n%ﬁ?gg%rlx gs 1%%@%%%@%&&%15 ssaidr S’grrnst?cenrlléieetg cct))rzltains in the
rafrgdoE0 k4 GloafatiPAngs: ) 1ICH2CH2Ar' 68 WO 2008/ 154454
PCT/ US2008/ 066219 )
37nr ' dyepomegilipn asipanyief Hlaimps e (vharet miskaranyatic @iqfeeHgoatains only one
arhglcging. Ar' i's, independently, an aronatic hydrocarbon
moiety;” n is a whole nunber; mis a whole or
38 r adk Somasitienuasie pny ef{daimy @696 whefeinR éradmethylgrasgual to
rla\e . bt ' aim
50 haraP ARG, A IRy o bt e SATRAGR 1MW aRel ot
401, 3-Adiopipesitydnss oyray ef Claing 32134 whearstn saild oorhp@itidn baswtpdtytiispersity in

t % i ] xture . conprises
W EAR8 on Mool T el qeSBRL T Smngrof g i about 1600
Dadtods, 4nd & asphmiatyy @tthy/tapgecodflaboe —4 5,13 atiout 4.5phenyl pent ane,
and ,at | east about. 0,005 wt%.to about 5 wt % of said
1 (P in R POcleim s Sl Rafhgin s pelksp R n the range
of latdnb].Z 6 ebovaplopn ylahdapd déveation dd abdut 1 6@t abdON00 DaBORs, and an
wt % of said m xture conprises

Ww%to ago ut
aSYL'I-"f‘SW?? oY 4 i_%ttP PREAYI hexane: or

1, 3,5,7,9-pent aphenyl nonane, and at | east about 0.005

W % to about 5 wt% of said _m xture conprises o )
429 ¢ & SAmnpsiorn agin Clain Bh atgtebicat dpst 33 Beight pusrrpbef saidmixture is
cofipodel] P%cﬁﬁﬂ%@rﬁs MREH&I s e rdfbX bHT £ HQHRBN | Ses at | east

one O e
43. A composition as in Claim 32 wherein at least 20 weight percent of said mixture is
composed of components in which n is in the range of 1 to about 3.
44. A composition as in Claim 32 wherein at least about 0.005 wt% to less than about 5 wt%
of the composition is comprised of moieties represented by the formulae:

CH3C6H4CH2CH2AI"

CH3C6H4(CH2CH2AI"-)HCH2CH2AI"
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15 foll om ng conmpounds: 1-phenyl-3-(o-tolyl)propane;

1- phenyl - 3-(mtol yl) propane;
wda2@hameb4 3- (p-tol yl ) propane; 1-phenyl-3 PCT/US2008/066219

-(p-tert-butyl phenyl) propane; 20

1- phenyl - 3- (p- et hyl phenyl ) pr opane;

1- (o-isopropyl phenyl)-3-(p-tolyl)propane; 1-phenyl-3

-(2,4,6-trimethyl phenyl ) propane;

1- phenyl - 3- (1- napt hyl ) propane; or

about b GO SR AL B R R TR T R R & e
wifehdin! Qlr'U, 3hdeb &Ry, @h aroftid h{d?6darddH Qnoié%;- noi§ Satc\s’lw{%f/fl?%ﬁﬂeﬁrln isa

as in C aim46 wherein at |east about
whelroerfrastigpabguspbes and the spmiof meand gripequalts oplesy thamsaboulid.

455t T UWCLOMpRLitibS TR C1h 28 3 ndrefOARGH A ire (.60%1prises

1,3-diphenylpropane, and at least about 0.005 wt% to about 5 wt% of said mixture

comprises  2-(2-phenylethyl)toluene,  3-(2-phenylethyl)toluene, and  4-(2-
phenylethyl)toluene;
1,3,5-triphenylpentane, and at least about 0.005 wt% to about 5 wt% of said mixture
comprises 1-tolyl-2,4-diphenylbutane;
1,3,5,7-tetraphenylheptane, and at least about 0.005 wt% to about 5 wt% of said mixture
comprises 1-tolyl-2,4,6-triphenylhexane; or
1,3,5,7,9-pentaphenylnonane, and at least about 0.005 wt% to about 5 wt% of said
mixture comprises 1-tolyl-2,4,6,8-tetraphenyloctane.
46. A composition as in Claim 29 wherein said mixture comprises at least one of the
following compounds:
1-pheny!-3-(o-tolyl)propane;
1-phenyl-3-(m-tolyl)propane;
1-phenyl-3-(p-tolyl)propane;
1-phenyl-3-(p-tert-butylphenyl)propane;
I-phenyl-3-(p-ethylphenyl)propane;
1-(o-isopropylphenyl)-3-(p-tolyl)propane;
1-phenyl-3-(2,4,6-trimethylphenyl)propane;
1-phenyl-3-(1-napthyl)propane; or
1-phenyl-3-(2-napthyl)propane,
and wherein at least about 0.005 wt% of said mixture comprises at least one structural isomer of
said compound.
47. A composition as in Claim 46 wherein at least about 0.005 wt% to about 5 wt% of said

mixture comprises at least one structural isomer of said compound.
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