ADDUCTS, ADDUCTS AND OLI GOMVERS, OR ADDUCTS, OLI GOVERS AND LOW MOLECULAR
VEEI GHT POLYMERS, AND THEI R PREPARATI ON TECHNI CAL FI ELD 5100011 Thi s
invention relates, inter alia, to novel and useful (i) vinylaromatic
adducts, (ii) mxtures of vinylaromatic adducts and vinyl aromatic

ol i goners, V¥AABIIH3* ni xtures of vinylaromatic adduct s FOHUSHOPSHEL i ¢

ol i goners, and | ow nol ecul ar wei ght vinylarornatic polyners, and novel
process technol ogy for produci ng such substances. These adducts and

m xtures are desirable raw materials for preparation of brom nated flane
retardants. 10 GLOSSARY [00021 In connection with products of this

invention and tgpy dgazu &I?BEMER;@ e MbSu B%M hggh&&dl ng the

clainms: 1) theturma whet I'n t’he singular ura denot es
di screte nol ecullddV MPIFGHIAR WEHHERPL Y YERSFAND TBEWPAWMIVI aromati c
units to a nonomethyl aromatic conpound; 2) the termoligoner”, whether in
the singular or plural, denotes %}Eﬁk%.& S addi tion product(s) having a
degree of pol ymarlzatlon in the range of about 8 to about 25; 3) the term
"1 ow nol ecut arl08RE Tstinvgitioy Fedates ritriadia, potoyshend usefiled mieylarpmatic hdslugs, Ggul ar  or

20pl ural , denchi@srey bWhydriRat bésu@ggidt J; rmaaauggoﬁér)s Aa@\(fupgnﬁnge&r ee of
polymerlzatlonl[;the {‘3%5 thr}yI&{about 26 to about 80; and the term

pseudo st eady” ¥ PRa"S omgholignrsy Ay g E‘Blﬁ%‘@ﬁ‘t"?’%kt‘ Bﬂararrlaﬂa
ki netical | y agblymes,rabotdipbcegitech@mgpfivembducmisucthsuboneentheehddes sngémai NS

constant of SURSLAN @hilbe GANRIANL oAkl oS efah&act 1 on_ (ot her

t han startu(P and term nation), although the reactant or conponent is
contlnually bei ng consuned and replenlshed. For exanple, when a reactant is
being fed or introduced into a reacti oGLOBXARN € at the sane rate that it is

consuned, a p gentr t|o hat reactant is achieved.
In the speC| aﬁ% Ciﬁ%;ﬁe%ﬁ’&ﬁ thgrtogsc%u 1S gl{leena ané]ttem)[moliog%%sg%n?l\iy]‘g{e,lnbtrk]l is zero or
subst anti al | y dgement, 1quﬂd§1gih3013@lﬂr| eved by feedl ng the conponent at a rate

sl ower or abouy 3Q&ﬂﬂé@l “aﬁ&hctbu\bhe{h@lslﬁ tﬂemﬂr@ulﬁm pludti, Glefbies WREED wofecfRul d

ot herwi se cons C ue sonetines referred to as "starve
f eedi ng" P% Wﬁ%ﬁ@%‘ “I‘#g t‘f%’f) g\?ﬁ Broga e & malFELraegatiel | ust rat e
t he state of the armpdundS. Pat. No. 6, 008,283; U. S. Pat. No. 6, 657, 028;

g(l)J 8605(3_“ J NO-Z) 6, K@Qerﬁ‘izﬁigg)ﬁé?’eﬁ/héﬁﬁginw Qgg%fat &r&}mral, t}enoté'unylgaﬁl%c a&f?tﬁm’ (1958),

product(s) having a degree of polymerization in the range of about 8 to about 25;
3) the term “low molecular weight vinylaromatic polymer” whether in the singular or
20 plural, denotes vinylaromatic addition product(s) having a degree of polymerization in
the range of about 26 to about 80; and
4) the term “pseudo steady-state concentration” denotes a concentration of a kinetically
active reactant or component, which concentration remains constant or substantially
constant during the course of a reaction (other than startup and termination), although
25 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. Inthe 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
30 equal to but less than the rate at which it could otherwise be consumed, a feeding

technique sometimes referred to as “starve feeding”.



Eber hardt and Butte, .1. Og. Chem 292928, (1964), and Polyner Preprints,
13, 667, (1972); A. L. Gatzke, .1. Polyner Science, Part A-1, vol une
7 pages 2281-2292, (1969); 10Y. Tsukahara et al., Polymer Journal, VoI

: ‘g ges 1013-1018 (1994); and T. M zuno et al., Macronol ecul e
2005 38 MQZ0WARHS 100041 In the anionic pol ymeri zati ALY Pene, one
nole of initiator is generally necessary to nmake one nol e of pol ystyrene.
Simlarly, for making | ow nol ecul ar wei ght polyners and styrene oligoners,
one nole of initiator per nole of oligorner or polynmer is usually
necessary. 15 Thus, it would be a consi derabl e econom ¢ advantage to
produce many nol es of pol ymer or 0%4 Inb€E- -, fromabout 2 to about 50)
for each nole of initiator consume A nee](\i thus exists for an econoni cal
ol i goneri zat i dFPOPk B &dlgwing daeungnis appsariilrshipss Be sittael traitght pol yneri zati on
process, that is capaal So. «ifoozm'saduci ng, under comerci al |l y-feasible
condi tions, oligongEs,P{,. 6%¥‘9 (ggl ecul ar wei ght polyners that are well-suited
for use in the preparation of 20 effective oligoneric or |ow nolecular
wei ght pol yreri c fY-arfet NedptElhts. This invention is deemed to make

possi bl e the ful f ithhdsmatwidhedchi s Resdh sa5 (Wbl seghommaki ng possi bl e the

production and is S dducts which are

t hensel ves very ugéet’F ﬁ]?rgté‘g‘fgug r?%? @L?‘f”é?&&’%%fw?ﬁ@"% BEETLER B 1yp07
broil-dilation of @Rective flane retardants. 25SUMMARY OF THE | NVENTI ON
[00051 Pursuant toa, tLhG'ﬁzk'e @VWeroﬂzenc@q’aﬁermmrﬁe %ga%gsgéﬁrﬁgp&lgeﬂndem ly,

aral kyl at ed by a nonovi nyl aromati ¢ hydr ocar bon

various addlicts and/'gketsiictpsrgheenforingmy M5&%P’é’?ge§\ﬂlﬁ’ﬁ‘fl%’@ﬁ5ﬁéﬁs with high
sel ectivity, higher Mizmm/tﬁﬁlsV\@EPO@M&M.QEQOSJ’MQJ%ZZ&BN yst utilization.

Moreover, pur syt N eaction gan be utilized 30
whi oh or oduceﬁong é{}tﬂ%&é%a&lme%zghono uctone{no e{)ﬁeltlateo)r(lsfgenerald/ nece?s rPg“ gher

ol i goners. So ' ike & Mol oknedyiiirenca Ptk ft nakingdtv aiculemieisiiipebimgt pdene  usi ng

catalytic qu al’ﬂtyte'hd (ﬂix§0n€bfs dnk bk bﬂ'ﬂltfaﬁ)aﬂﬁﬂt)@ ofGOETRIe £OF Sty bk it Kkuaﬂl? haebkpytiary

per fof manct | TFRA TR S B SRR U GRS of MOBR T on, (11 s
deened i nport@h&onaﬁégh@?W@oetéim abaih PO fergach motdetivitigpodusonsl. whieghhusave a

monot nodal  unickigs mrml &6hbh@nl WebAbzaibh ShsbRULileRRe Wi bh hdidhibede; 1@“ ance,
skewness and as, Var ance, skewness and asymetry are t par anet ers

that are usedPP'd™ g %“8%/5"8 1S FRPRPER WO?“E‘P%H‘HQ’PB‘H“‘SC‘%@\;?&%{‘?I? WH‘)‘“"&hd t he shape
(Gaussi an or mbm&u@swa«sl}cukafwe@hpmlyymsmatarmen@dmegmmémttfepﬂapaxambtr& nol ecul ar

wei ght di sy i Qgéct,wbhgme}é@orﬁd% Ji%a@aﬁwelglngg@eﬁm&fe By lfﬂ{glggolh%mv it s ENCe_and

Engi neeri ng, Academ C Press curves are
nost conveni eftamgd chﬁéiea?@%‘?t?letﬁ}e EuHmgati of thiy “e&d pqélvvpré? mekipg pastiblgBeer i ¢
m xture by GelproPesisreat istliofhr dximd: ogtiaydnydd(&eRBich aﬂte\éﬂﬁél&ElG&y mefuM3 1740- Ma2)

St andard devi at | = Sk S 124 1 '3 Asymmetry or
11 3 04, 114mﬁ?7&{19§7\rf(‘é§]%fhiﬁrgﬁ?a%?ﬁyﬁbfmﬁmm%% %gcli‘ﬁg%/l’?imi: 1&"r esent i nvention
provi des processes for maxim zing chain transfer reactions such 15 that

novel | ow mol ecul ar wei ght pgbmmmehﬁWh@N and adduct m xtures
derived from ydoﬂ%l ar omatl conpounds such a %Ir ene and a chain transfer

agent (CTA) a FeaFERE ”P\" Ho?‘PoH&‘Pa“ﬁDhly CUFRP “fhebyAeiditet PY Butions, |ow
pol ydi sper si tWOQ@Dylarosdermabdm inderfeadaatyrdricheaddatsiaain) oligamdls dr ow
asymmetry (nagly mbiAABYeBR o tHkE Gk nBR LR ZALIP DOl SO wigh! 15 wh dely
under st ood t hat merization occur a very cont ed and
uniformrate ﬁ?ﬁﬂ’é“‘?“t%éﬁ"t"}aMPr“i?Y"é’d’é’é%a“‘d%Fi‘Hl“tVF‘B‘ﬁ%re%ﬂa’ Eptoapsin prwglasée a nearly
nonodi sper&@ed whioh prodte ontbr@for distrere sididSt@dhe &xelﬂﬂ@rbﬁbdglﬁxf ol1§tﬂ@rsd5(5fﬁlfak pution or

pol ydi spersi t ches unit |.cal meri c product
having a PD i )rén%gﬁear? a?Ma y%fft(ﬂ%g%%? hyrine usm%gatabyyr S ieﬁ}e{ﬁ la%“Er T EPEred. The
degree of pol quida”l"thd’ﬁlyitwyy qunegszgudhlay TMERAY ispplagwi @ﬁheartgl ven

pol yneri zati on process and can be described by the equation 25below. DP =
nol esty"ne/ nol ennna, n, The DP is then @sed to cal cul ate the expected

nol ecul ar wei ght McAc as follows: Kale- DP (MMtyrene) F MAend gn]) 30where
MA,,"fin is the nol ecul ar wei ght of styrene nononer, and MAé"d group is

t he nol ecul ar wei ght of the alkyl fraction derived fromthe al kyllithium
initiator.



For high polyners, this term (MAénd group) is generally ignored such that
Kal e= DP (MMtyrene). 10009] Prior to this invention, the extent of chain
transfer could not be uniformy controlled in batch and in continuous
processes to produce polystyrene with a normal or Gaussian 5 nolecul ar

wei ght di stWOBMS1§H5Wi t h significant reduction in initif&To5208HEEPti on to
produce | ow nol ecul ar wei ght pol ynmers and ol i gonmers where Merac/Mvis in
the range of about 2 to about 50. [0010] It is preferred that for the ratio
Mcrae/ Mc is in the range of about 2 to about 50. Thus for econom cal
production of ol igoners for use in producing new, highly effective

brom nated 10jpbdepNEor Erﬂ&rﬁéd%@ﬁ)tnﬁancé i thé 1§teIQlE@Jn@ﬁsE Srhidadtal of'@}rkenv@l@it)ﬁ pisMeatc/ M,
(the quotient of the ex &gg or. a cul ated nol ecul ar weight I'n the absence

of chain trans‘%?“%mﬁm? @ﬁ?m $8 PRy et PR P RTSda ISR t he or der
of about 2 to abemhr@M@ndhn@mmepmesmmdgmabauhmmﬁﬁ&mmamﬂbmptwﬁﬂﬁ696

i mprovenent i NglelsiaAd a@§mﬂ1@tﬂy Ialle %E}ﬁr%t%fﬁm heg u %3 oﬁ%ﬁgﬂe%lbﬁe%dtﬂ (QQI%E % ance when
maki ng pol yneric and ol1goneric mxtures wt an or equal to
about 4000 Dal ‘Eeeslﬁ%f’"b%“d é{F&?W?c(Gﬁ‘ﬁg@ %B@rﬁ*afl@mn)[oé@aob]mmc greligomerc piktugehj s

i nvention is tihdéculat wﬂﬂ'kﬁﬁtrlpﬂﬁ)ﬁ iclrlee(A. fRadin,t The Hidmet oft PoKEner S(h@nced!trﬁe‘(:t
Zégsz?zl SO:_)f mvé{ hl?egﬁg 5 ]pa%i?rglgﬁre%s Or{ar?(;aa&?ld 4%2% %Stéés ar0¥nosrt]10)r(1$eu1'én 13 duct s,
ol i goners and geBsAriefoPecpilais ek glatympris ylmeh@mremv e@@tembv aq?dl yPEtnimetlosarre process
equi pent  f r onciritcpap® (GBYy. materials. Thus, this invention 20 nakes

avai |l abl e w types gf.co sjti.ans which in many cases are thensel ves

novel , andqghlch |n9aPang&]hhk§ cases, are highly suitable for use as
raw materials for prBavetidomiof(SHreHiMaMéy’ f| ame retardants. The | owest

nol ecul ar wei ght  addulygesngh Ni AR M GH@r t he monoadduct s

(1, 3-di aryl propanes) prodUC|bIe by ‘this |nven ion are vwell suited as
starting points for EHETSENEs. AMp st 2M0) / FRAMNdL:” f or vari ous

comerci al ly-i [mﬂﬁf TR PlescAliRA®RAbrb@RSproce 2 6 %xﬁ?ﬁﬁé@llmﬁtrangf@re%ctfoﬁk\é%t ion makes
possi bl e thg gIhrgct econo cal t hesi 1, 3- phenyl propane, a product

which is no 8981 Py M8 ET&B@Eggﬁm? éiﬁﬁFﬁéﬁﬁﬁg@g““@Pﬁ% vl fiBRdduct s can
serve as bui | diimgrdglhtakspdunts suche sigpmtahbshsn wohsfa ageCBY aeprones ved product s
of potential PRI Abledtlad Mol gidebupsdi L9

1, 3- di phenyl pr opanc, 1,§,a &1'ményﬁgén%gﬁgwmg%§hgh$ﬁt%%ggé=%nylheptane
and 1,3,5, 7, 9(ﬁﬁﬁwﬁﬂﬂﬁﬁyvﬁah@ﬁe$VW¥¢V@WBOpoIyd|sperS|ty greater than 1.25

can be conveni [@(ﬂ)ﬁi YFopﬁn%ﬁ Qpaﬁ%ﬁ] of S0 Wlsc\ﬁhel)bl@laérﬁood ?‘Bﬁ)o@ﬁlgl ln | suited
for bronlngﬁlon as flane re ardants for pol yurethane g catlons

[00121 Sepa at'd! B‘i%fﬁf Havicerelied pndygiduim rade uapr cexfpia Brogsps conditigaviat Gerg oduci bl e by
t hi s i nvent i orproda@\a@edrig sishddaperict pdlydichBihérd the Ehfntrzﬂfefl@,ﬁctyl of fe fibtab@od @t ar dant
additives. Al om nat e rs is.low fat

sol ubility. gﬁggﬁﬁgggﬂg 8¥ﬁ9$§g8£wgpﬁngmeéap nwncr&?gﬁwggoﬂgnated
adduct s havi ndheo‘ﬂnga\%}%gté 13 cyy bspuiechaprensssd. p@hﬁ dag’@rPévfrlr}nerlmgl @& isol ecul e,
have been foungsily @rebices ol 8BV foBmMBhiR ProcSOIMRM 1%, deRINEEY Ak bihaton

i sopropyl ated t{lphenylphosphates 5 thereby yielding highly effective,

| ow scorch, mi%ed" br omi ne- cont ai ni ng and phosphorus-containing flame
retardants for usePk nmpleexibdlenpol yur et hane foans. Such ni xed

broni ne- cont ai ni ngriRN PhRS PREIHSEAL LRI PG A0BILE ¥ESH Mg 4l SO deened
useful as flanme rqi@rdants for other polyurethane applications such as
rigid foans. In paftiéul ar, one of the bromi nated adducts enriched in

1, 3, 5- trlphenylpeﬂManﬂXﬂwﬂduanmeN@um;his i nvention has been found to be
10 essentigily as effe as retardant for flexible
polyurethaﬁg f oam as a&%%%ﬁ%?%?a FB@%§%€%§§¥&£§ AT & AT dARE=Whi ch has
been wit hdrawn from t hié thigioketiar peighipd ée gikylfrnetiop derivedfromo e alkylitbissi bl e
adverse heal th consequamess. [00131 The interdependent variables of this

i nvention nake the invention well suited for industrial application. The

i nvention affords many options for conducting the process to 15 obtain
either the sane product distributions under different process conditions or
greatly different product distributions with only slight nodification of
the process conditions. Wthout wishing to be bound by theory, what is
believed to be occurring in the processes of this invention is a bal ance
between the rate for chain transfer and the rate for propagation; suitable
sel ection of conditions and proportions of reagents will set the bal ance
such that 20npbnoadducts, m xtures of adducts, or m xtures of adducts and
ol igoners, or mxtures of adducts, oligonmers, and | ow nol ecul ar wei ght

pol yners are obtained. [0014) Thus, in accordance with this invention, a
process of preparing a reaction product enriched in (1) nonoadduct, (ii) a



) bringi ng together conponents A), B), C, and D) hereinafter described, by
feeding at | east conponent B) to a mxture fornmed at | east from conponents
A, O, and D), or to a mxture that is being formed by the feeding of at
| east components A), C), and D), in each case where cor]T)ponents C% and D)
are fed sep¥P2PB(154454 om each ot her and/or 30are fed as *&TESAYPEYPor med or
being formed fromeach other; 2)correlating the pseudo steady-state
concentration of conponent B) in the reaction m xture during the feeding,
the nolar ratio of conponent A):conponent B) and nmaintaining the
tenperature or tenperatures of the reaction mxture at one or nore
tenperatures in th b Ct about 130C, t roduce said
reaction product; ?0 &@?‘?é‘?eﬁ%ﬁa& ng\%?ﬁ@“’“f’ ne"’f”ycgtr)’?’rﬁ%sﬁ@h “B) and then
terminating the reé(batcTBhiM‘BWaér ei n: conponent A) is at |east one

aromati ¢ hydr omagopefor tothisiNesifn, ttrleeft&téf%hamensﬁmu@mtyeugﬁﬁmg"é&nmaledﬁr oup in the
nol ecul e, whi thcg&m%# EoﬂrouLE is bonded to gn aromatic ring, and in which at

| east one posi Hpuats FHSESFEE 19 PREPCH BAFIRGE 9B 3oty Pr 6?“656?}5 i's
unsubsti t ut ed; mplrafewddht distritodgomydh eptificl)t rddectiamin aftemadohsompripd [opadtdon noi ety
containing in toa%ore@.negevegﬁt pbifrferfhnd &%oa&pmwm mn@rﬁn@g}& Q@t‘éb&?z N the range

of Ito 6 alkyl ring substituents, wherein not nore than-one of such
substituents i ®°%§> t hyl group and wherein at |east one position on the
aromatic ring pest itisgprefdned @ fdayhk raf6 BLPM, B intBSaEs bi abstl 26;abdwpsoe TRsef er abl y,

conponent A) hﬁ?ec%ﬁmﬁ&roﬁ%on%?& 1nyn§ersci'orru§e 1 rddéé‘ﬁglnew hlgq¥ gfegltveebn%rén?a?edy ’

conponent has one aromatic ring,
monovi nyl ar'8mefdme r PRt Cia istrstierred Q‘ﬂt '@@ nafm NenrfM.C)he jguotigitt of tha stpedeieor

organol i thium cfaﬁal@ledlﬁolecﬁlﬁldvelght in the 8642490 OREIM trahd¥er hrd tlﬁkvelklg %;agec?ﬂ)?ec@ér' phatic
nol 1t

poly(tertiary am ne org
reagent. 10015 ﬁl{} QOnlthr?\?gﬁrto?%tﬁ’mglt%%’"%%)%&fé?”&"é‘ﬁﬁ%"é‘ 0P8 %%?@H/"are adduct s
or m xtures of imatpderenign injtiatrit wilimgongodip pfipgitindpr tvwortapee wher Bakhgigolghsicand one or

nore ol i gomer Sand@f@m@ﬁ@?ﬁlk’tﬁt@%@ﬂ@QE@EHa§$rQ9&1a?{gQ%%4%OO BlibSOTBL R maRd | ow
nmol ecul ar ﬁgl ght pol yners. The adducts or m xtures of adducts represented

by the forntl a™ ?Ar-CHZ[ CH2CR( Ank- Cf | 2CHR- M wherein Ar is an aromatic
hydrocar bon moj0etly Aviwunhorhisisinemtion iother inmikayposgHlQ i terTist wheried dire@t | east one

posi ti on_on. t New ks QWRL:fius bk oPRRH) B&O%Jagcrsggr Hre U 401 B dies bstituted;

Ar' is, 25 indépendently, an aromatic on noi e In Ris a
hydr ogen at om rUck ardefiginersgr Biipyres of adiugs, P‘@Ofaefﬂmé)lloé mﬂh%éwelzhhp‘)!mmr ange of 0
to 6. The m XtideRSitidyHasinRipfdgess d4flprdnt fFA tﬁe s&d@ﬁ@h&teﬁ’aﬂdeﬁB@hlﬂﬁvemﬁe

ol i goners, i vl du duct s and these m xtures can

be repr esent edr&;i %eg %iabl? o1 ﬁ{ﬁesgc%\"m?ﬂoﬁft" %ﬁty,&isgﬁgret sEPREaF™ 30uher ei n
Ar, i ndependen‘t’ﬂ“&f1 ’@&UPPSYAWSt caggh dre highle péinidetat sy sseme matRjalsife paduadefifned above

and N is a WhokénitddaRme kﬂirdﬁlﬁ@ 'ﬂﬁﬁ%st%ole@ul;r(}ve%ﬂt add 28 ahd X b & ar gRMpri sing

adducts, oli go%%sdducggg3 ow rmlnes ulog 1%@9' ht po (}/rnarV?,l whi ch i ndi vi dual
adducts. ol | gorrer% FSWPHJBT S92 hjedye glhs[m ention are well suited as starting
points for the synthesis of a host of products for various commercialty-important applications.

25  For example, this invention makes possible the direct economical synthesis of 1,3-
diphenylpropane, a product which is not generally available in the marketplace. Other
monoadducts can serve as building blocks for the synthesis of a myriad of new end products
of potential 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

30  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



pol ymers of these mi xtures can be represented by the formul a:

Ar-CH2[ - 0- 12CR(Ar" )] . - CH2CHR- Ar* wherein Ar, independently each Ar', and
i ndependently each R is as defined above and nfi S gl whol et nunber I'[]ht he
range of O to 79. In the conpositions, Ar preferably contains in e

5r agge of 1WPG'W/ &K & mati c rlrrﬁgs and has in the range offCT/USHYOYORERY| ring
substituents, and Al preferably contains in the range of 1 to 4 aromatic
ri ngs. [0016] The above and ot her enbodi nents of this invention will be
still further apparent fromthe ensuing description and appended cl ai ns.
10BRI EF DESCRI PTI ON OF THE DRAW NG 100171 Figure 1 depicts the proposed
reacti on mechami&ssdundd nCi@ﬂﬂﬁh@lX)@@ffelstlvE h&&mt§Mn%d1§¢egeAm§Eh@ a@ﬁr@z@@&@t' on and

tyrone it nerbFRSid N oS Ry e o BhRE CRER PSSRy 1 ¢ hi um
conpl exed wi t horeminaddiagshieis liaping eayerage 3/brefhisamtome pdr rgaaid risg pehna@gule, have

ENBODI WENTS, GF ) VR Ok, | ob ) e et pstrmaumy BT e
term " produti BMEY §&lie @hlg‘a\}fﬁL‘B’&d%‘f seBiel dtited groppe é"“l‘aé’é.‘tﬁtaf‘%i’i‘ofﬂh?i&%ss

descri bed her eiontpinigfragnet@dnis Yor 0ge in flextbleepoly aiBant @AME. | Swth mixéd WékiR:- wWor ds, 20
e, Xt o DBl MBI IR ALELPRELELAR X IARUGER L ogcther
Zs bygbl eﬁdl nd thep, é?fhé'regpﬂlﬁ%tﬁ@cf"wbg@éfﬂe@% In pgticp, opgefthedeaminated t he n and
m val ues i n t h@duakirions infiBrsrriphas ipefank bﬂo&mm@wmﬁmvenumf Red@dfodemul a is
number s 78mmenrr R Rratyats LB B R Py b et nand m
are average vaoﬂ@grmalblﬁﬁix?sﬁwélafé‘aﬁaré@tW‘r"é’dl?ﬂ bomalithdrpvp0iR@the@orkpidrrewt A) is an

aronatic hydr Qﬁ&éb@@pﬁo%%bsﬁilbatih%éﬁealt@co%@leﬁ’e@ﬁ only one nmethyl group in the
and |n whi ch at

nol ecul e, o to an aromatic rin
| east one pos Fh lgﬁlth(%%meir%gc g‘%’)’b‘(?éf‘ti g E%Hd“"ﬁ'g'él? A “Parfé"eﬁté’l“l’{‘ﬁ?ﬂ sYied (b
unsubst i t ut ed.indusirigy @ppéicagipn. TBOinfeotiontalferdpmoy @pit@s foo fontilviisy thenyremsl t@n t he

hydr ogen atl@”&)b@in ettﬂ?th@m%%d% Qlﬁnbdﬁgl%%n&e?dllﬁgreﬁmﬁ)c{w tnd1 eaB%Ot ons in
t he nol ecul e lgf qu must have 1 mgest Ka vf ue
conponent A) iUER" PERedsbutre iR qnlp steht modifisaia q H@r@oq‘@ Ce?i’éloasnd only one

met hyl group IVﬂlthouthﬁshmDioéebﬂued bywhebrg hwhaE tlstyévegﬁ)mmcurﬁngb@ﬂﬂd@dceis& odn aromatic
ring, and tn il 6l d SRk A0SR 8400 LB A6 QIR £ Ling,bear i ng the

met hyl group is unsu | Benlecon alns P range of I to
4 aronmatic ri b 5ﬁ“dF°Wé‘§fF%‘d*P% apdgpippertions of repgenig wil] dei/the balanep suaishat i t uents. A

few non-1i o t infvgosddAEHhieSreOf aBAUBE Ok MikGurds DAL 6@ anb Blidétnbrs,| of Bk1B& gONMPONent
adducts, oligomers, and low molecular weight polymers are obtained.
[0014] Thus, in accordance with this invention, a process of preparing a reaction product
enriched in (i) monoadduct, (ii) a mixture of adducts, (jii) a mixture of adducts and one or
more oligomers, or (iv) a mixture of adducts, oligomers, and low molecular weight polymers
25  isprovided. The process comprises:
1§ bringing together components A), B), C), and D) hereinafter described, by feeding at
least component B) to a mixture formed at least from components A), C), and D), or
to amixture that is being formed by the feeding of at least components A), C), and D),
in each case where components C) and D) are fed separately from each other and/or
30 are fed as a complex formed or being formed from each other;
2) correlating the pseudo steady-state concentration of component B) in the reaction

mixture during the feeding, the molar ratio of component A):component B) and

5



5 A) are toluene, p-butyltoluene, misopropyltol uene, o-ethyltoluene,

3, 5-di et hyl t ol uene, p- Mtanyl tol uene, 3,4,5-triethyltol uene,

1- net hyl - 243 phenylpropypbenzene 1- net hyl- 3- (3- phenyl propyl ) benzene, and
1- net hyl - -ﬁ ropyl ) benzene. Preferred conpounds for conponent A)
are toluene Of yg 2- (3- phenyl propyl ) benzene, 1- met RHTU$2(08066219

phenyl propyl ) benzene, and 1-i net hyl - 4-(3-phenyl propyl ) benzene. 10[ 00211
Conmponent B) is a nonovinyl aromati e hydrocarbon, preferably a
nonovi nyl aromati ¢ hydrocarbon having in the range of Ito 4 aromatic rings
in the nolecule. A kyl substituents can be present on the aromatic ring(s)

of conponent B). Amilﬂ&ﬁhd@tﬂe tleﬁl}b'é.\“a'ftdré’lg teﬂ?ﬁ&ﬁf&l‘:sﬁo‘f iR freaMoR Wlx@ OBl f mGRNMPOUNdS
t hat can be used as component a L Sopro ){I st rene, 2, 4-
?%eral s in the ran eé) gboa‘p 80 (ngattj?@ e;ﬁ(éiuce said reaction

di et hyl styrene, styrene,

2, 6-di met hyl styr emerodug,@tl hyI 4- 15met hyl styrene, 1 vi nyl napht hal ene, and
2- vi nyl napht ha) encieml, 4022l A GH AhFondl BAAAHeS BIiRLAGERLS, Can be used as
conmponent C% either singly or in mxtures of two or nore al kyl l'ithium or
cycloal | cyl t'i ¢ 1Ty species. Preferably, the alkyllithiumreagents contain
in the range of |tomadeun)Sattas herroabiempdrodrbbdEwiTE HRed e &0 onlf i
cycroalkyl 1Lt Nhid 6AYE0LSoRAM By b BT 2055.AAL ARG Bl QyEROut 7
carbon atons in nmo| ecul erred are organorithium
conpounds whi cH %Fb‘eﬁv’&? pesiypreondle aggmpticing beaging Bomeiet greup lPenSuhStlfutbfhrl y

pr Sf er {j edI Ftr e phefdvablyydomdriant s arnu;bn&earymu&abbbth&ay &bﬁ?amﬁgaqmaaéeloin twﬁen used

i ndi vi dua r i na anol i thium
conpounds é%yhe?&%ﬁégﬁltgshaﬁgha:viﬂ%in eran rfi I8211 Lngsy SI'[B%] su\%tgﬁln%m?relﬂ?aﬁl ting
exanpl es of SLﬂﬁﬁOféfch@rbStélﬁgfaﬁemﬂﬂlﬁlgwm @éwp@umdéeait prelpodien phbayrbrhdtic hi um

benzyl I i t hi umrmébéamgyﬂemethylgﬁhﬁwxlsdbbttnhédumre;%gfé’fﬁkgi,« BRpYRAAD ¥ds bicbitiyym conpounds
whi ch can be pre 02 f Component D) is at

tlcrm t(?l og %I’ qued Ipn StI L matj g
| east one al i phatic BorY(PETRT PP SHPALT P Gara™ i 5P conpl exes with said
or ganol i t hi um-r eagempongm 8) infiil@bi ogeotdnydiyégomatid Hydatartors, nonoadditi on

(propagati @) .. an%oﬁmwc}&ér‘é@t%ﬁe désmﬁdldnme&glﬂngngxaﬁp' es Of such
poly(tertiary am ne ands inclu 0gpﬁsertlar am ne) ands derived

from propyl ené” di Wéengaﬁﬂat}?ﬁsf‘éw fipitie pobytegiary prpipQ Hegandipd) complenesvitBo | i gands
derived from etiiylenighidh aagene or from pol yet hyl ene hni ne. N N, NcTi t

tetramet hyl et I erred aI| tlc

pol y(tertiar yl’lg.dr%‘lg%g uﬁgﬂtxgr? éJ ?ro@ndnﬁ%&%ﬁpg@c{n?‘év;élyhoa?e aﬁ(ﬁ] {s or. HH)\(/%rﬁ ucts; (00241
Thus, in accor"ﬂ’&\‘f&sec‘\mp’t‘%‘l“gafwf’qué‘torep?dé‘é?é;s@d é’ﬂbé’dmﬁferﬂllgqyfemt htldsmlxmﬁentl on,

there is pB(DVchﬁ;ﬁlsﬁgdﬂﬂtQ&Qﬁ@ans oBd 18P AbledGir Reight s, ARbdaeAR mixrgONOAdduCt
of the fornul a; A udm enltegg:l—@e Y \[\,her ein Ar is an aromatic hydrocarbon

noi ety contai ni ng n A he rn?‘”’Ito4aromat|c rings 5 and having in the
range of Ito 6 aI kyI ring SUbSCHﬂ'@@E@RﬁArWz@HR}AOHG of such substituents,

and not nore taaBin@NSarfordtGarSURSH Iln&H?\pﬁxél ha§ only BneFel gpd wherein

€T

hgﬁ@m#g
at | east one p015|t|on on the aromatic ring bearing “h% group is
unsubst i t ut ed:* '8t & PositipiRefeRaRts Yne begsing e methy! émﬁy’élf“&ﬁé‘%ﬂ*tb‘é A et y

cont ai ni ng2i n indyendeattyge agiatid hydrdcaboDinBitty;Cvhereil @S5 a WOERdmP: 4 Setdy1 Ny dr ogen
atom or a net hyl, 9EQUR, Witk r 101 | east
conponent B) her%l naf t er %@egﬁ\}ef}h%ggﬁ%t&&% Jrhe éxﬁ?r%séfl%gflsﬁ‘éi“fogfmoereact or
cont ai ni ng ei GHEFS pof)ong ofingre gligemersryhish 1$¢chaéﬁbp7tme¢wlgomr§s) @) thesand D)

her ei naft er desairtskarhe raphkmird B3 Ks fdfniI0pt i Onal 'y contai ns conponent B) in an
anount about equal to or |es t he amunt of conmponent C) or (2) a

m xture (i.e., a heel) previ %ﬁéﬂicﬁb%rcﬂ"%wfﬁéﬁponents A, B, O, and
D), and adii t ivbereih Amimdeperdentlp fach 5 amiioiagendestiyAkch ROk as dafetd ioveundn iopt i onal |y

conponent B) Wﬂol@-ﬁhn@m%rarlg@%t&ﬂa@h rxtl?tuxgg:ghl% s%Q?rl 1Iner9 naqonponent )
introduced into the reactor; |1)maintalnin corrponent B)

at a slow enoﬂ’ﬁﬁcwaéf"@g}gB‘Eﬂ"efsh‘é‘i‘d‘t”l‘ﬁ’é"‘dﬁ%‘éﬂpélﬁs §'t‘é’é@§§s—a§<ila‘t’@°'€%‘ﬁ&‘émm ation of
conponent B) is maintained at zero or at substantially zero, and

mai ntai ning the contents of the reactof at one or nore tenperatures in the
20r ange of about 90C to about 130C (preferably in the range of about 105C
to about 115C, and nore preferably at reflux tenperature when conponent A)
is toluene); and BOermnating the feed of conmponent B) and then
termnating the reaction, preferably with a protic solvent; wherein:
25(i)the total anobunt of conponent B) introduced into the reactor relative
to the anount of conponent A) introduced into the reactor is in the range
of about 5 to about 70 nole percent of conponent A), preferably in the
range of about 5 to about 50 nole percent of conponent A), and nore
preferably in the range of about 10 to about 30 nol e percent of conponent
A), 30(ii) the amount of conponent C) introduced into the reactor is in the



10 to about 0.2 nole percent of conponent B), preferably in the range of
about 1.25 to about 0.5 nole percent of conponent B), and still nore
preferably in the range of about | to about 0.67 nole percent of conponent
B), (iii) the amount of conponent D) introduced into the reactor is in the
range of ab¥@e'%8054¥ about 0.1 nole percent of conponedCTASF8RRPer ably in
the range of 5 about 1.25 to about 0.5 nole percent of conponent B), and
still nmore preferably in the range of about 1 to about 0.67 nole percent of
conponent B), and (iv) the nolar ratio of conmponent D) relative to
component C) is in the range of about 0.8:1 to about 8:1, and preferably in
the range of abiguirs &kt rlixiluds APBUEPrbEled 8pind forgpeci al | y when conponent D)

is TMEDA;, and wherein: conpone gne aromati c hydrocarbon in
which there is one and only gngﬁﬁl@%‘ Rr?’“g é;?@ﬁ;% Mhe nol ecul e, which net hyl

group is bondeterip Apindepersianityicech A apd m@m!idfmﬂyWhlthasaiﬁﬁﬂeédmeaommpom tion on

the aromatic Mhagnmlhﬂgr&nF@ofm&&Whn %Q&ppomony%lﬂk&?dbtyl&nﬁgns i-fie CONPONeENt

B) is at Ieéast one MONOVI ny arorrégltle ?/ﬁ“ oag(t onent C% is at |east
rléo oBHac o fijb e gelﬁj2 y“lméé Rk 288 fhhat i ¢

one organoll t At"BM
pol y(terti arypecfprathlaf)coritalrgarrtde rtarlrgabfbonrpb@mesmym th said organolithiumreagent.

100251 In pr ef[ﬁ)'i&]qfﬁeﬁ)mqum%odlﬁ&ts%}&gm&'{l&mmﬁsu MR hér pgrg‘gfrgn?nge of 1 to

4 aromatic rings and has in eranP ren stituents;
| 1) conponent B °F488 fF5erption apdipg@drelimst o 4 aromatic rings in the nol ecul e;
[l1i)conponent C) is an al kyI |'i thi um conmpound having in the range of | to

about 5 cafgpon Cﬁ?ﬁ‘* corrpound having in the
range of a[)o to about;3 car ?gﬁgjﬁi{%enyw hi um benzyl lithium
and 1-hexy 1- [@121ﬁhféﬁyIdPnlqtﬁhWPOS&ﬁ@aqﬂv)m@hﬂmﬁm@ﬁwm@?quéthmmpm gdet i ary ani ne)
| I gand188;%\{e:dhafﬂpﬂiﬁhgaﬁ(ﬂﬁbdcmﬁraddf@-%dg@nsta@ﬁ@bﬁc@%m@ho@@ﬂ H@ﬁvcenQ(glueQQJna’ft hyl ene

m ne n_nor odi nen |sto uene,

t ol uene subst|?u?81nt%f)'5resence°{an mmf‘ﬁ‘iﬂpo B‘iféésnobngﬁ’ﬂ‘ ‘Blfcomglﬁ WH®h contains
at | east 2 carbdinhatic tsriigry diaping bgred sidis MY M tiryetiyhthylerediamine.phenet hy|

groups, tojsuene substituted by one or two 1- phenyl propyl
(C61-15-C112C112C112-) groups, 1-meth hal ene or 2-nmet hyl napht hal ene;
Bty SERu

2) component B) is styr FWLEP QN BORIMENHY 1 styrene, a
ring al kyl ated a-nmethyl styrene, |-oF ngEmspinhaiNnene or 2-vi nyl napht hal ene;

3) conponent 901§] As@dd olﬁ%ly‘{ltlthtlsmh%mexﬁq e yﬂf)dup Lgfcgll;o%elg a Xrig 2 mro%{]ﬁ@(lj ng up to

about 5 carbon atons, Ium um or al kyl'l'ithium
in which the 5%t 'R%?F“"’g’f‘tﬁifﬁd“é‘éﬁfdé‘ierﬁ%" cpncpgsently erai thoymeeestign. In Sther WOde

20  the mixture products of this invention are preferably produced together in a single process,
although such product can be obtained in other ways, such as by blending separately-formed
substances.

[0019] In regard to the n and m values in the various formulae in this document, where the
formula is described as representing an individual molecule, n and m are whole numbers.

25  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,

30 for the processes of this invention, the hydrogen atoms of the methyl group need to be the
most acidic protons in the molecule (.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



4) conponent D) is TMEDA. [0027] Pursuant to another enbodi ment of this
i nvention, there are provided new and useful adducts that are producible by
process technol ogy of this invention.3 ?uch ?dgucts i ncl ude 1-
henyl - 3- (o-tol yl ) propane, 1-phenyl-3-(mtolyOpropane.
LOphenyl - 3- (p-teri-butyl phenyl) propane, 1- phenyl- 3- (p- et hylphenyl) propane,
i sopropyl pheny0- 3- ( p-tol yOpr opane,
1- phenyl-3-(2, 4, 6-trinet hyl phenyl ) propane, 1-phenyl-3- (1-
napht hyl ) propane, 1-phenyl-3 -(2- naphthyl)propane, and
1,3,5,7,9- penttﬁeprh@&}u’l'em%thyl(f%gﬁ]borﬁm(ﬁﬁ Sodtik 9& &AM MEcH LlRgPUr SUant to

this invention ar e i1l ustrat e followng non-l1imting exanples.
151. React i on H&TW |9W%WT¥m%m§ﬁ8¥§€ éﬁﬁwk%WW%S%m§“WWﬁh8W91%W%ﬁﬁne as the
i nitial adductcont@ips iRglgcotigont betdveemtit chgsendhamdthe rangt diyi |16 6 ylkgingf or ms

1-p he ny | -3- ( 0- shﬁ%'h%!:n)(sp Aqmﬁ llﬁlﬁmg Q&mbl[}y otf!: po@ggl"ila? Ea‘n b§ uuh%% %‘sc golmgorPle Qet ween

t ol uene and m net yrene forns 1- propane as the initial
adduct . 2047 ReHEE] t%%ﬂ%?%@'ﬁenfm iﬁ@f?@ylézwalﬁ ‘%'f‘r‘l‘é(gtﬂw‘%% figihydtoluene peert-

1- phenyl - 3- (p- aﬁr@lt@‘llle)lerﬂﬂpsaﬂahﬁtsluédael-mathjzuze(k p&dﬂmﬁyl)b&zenﬁelgﬁ&my@mdoet }N)een

t ol d e ut enyl ) pr opane
ag ?ﬁgelﬁptlgﬁ%ggﬁmgﬁ%&%aE éﬁg ?E 4"lﬁ@@%qum?ﬁn m%ﬁ%ngmgﬁﬂpgfyrene for ns
1- pheny1- 3- (p‘MQBQPﬁyﬁﬁhéﬁyFﬁﬁﬁ%péﬁwﬂwkz@ﬂ@ﬂWhﬂWﬁh@maﬂﬂubmdmm3CF@act|on

bet ween o-i sophaRiptobAIbURAR, a8 dmphyTBI MYk iNbENEentas, M5
ropane as the initial adduct. 8. Reaction

1- I ety L) - 3- (-t ol yl.

pet ween t of el aT ¢ Pl ST - PR SE B BApIT i, o-
tr|nethylphenyb%pmépEM®mamﬂmhaghmimMahmmadmgﬁnmaﬂmemEEBmﬂBMﬂnhﬁ$meen

tol uene and 1-gi Mr@&thH@Armc angk) %P&ﬁl&)&n@? B?eAW %nggg)g%g&%ght hal ene

and styrene fo -3-(1-naph pf opane action

bet ween t ol ueﬁ’é’ng’f?amf ‘i?F‘PI‘S}‘P‘Hé'Bf F%"W&P@ﬂés QHECYER F) Rie Grisoprepslamme. 24-
met hyl napht haldgsigls@nrok, Sdgﬂli}ﬁsn&néOB tEli-idobplieiiede; 32.4-Emamiiidiy| bRhapane. [0029]
Hi gher nol ?_‘f:u'nga'[h M?;legéhg- gﬁkﬁen?tapoq-w%y_l:ﬁrhthaﬂgge exenplified as in 1-10

above can also b 1 SO eneral, the adducts can be
repr esent ed b)loqzﬂevaf%‘fsr?tﬂa%?hmﬂ“WFag@tfz{an @HQ@R@SAEIOBHBOH@HEQZHNJGAﬁmgAheTIel n each Ar

i s, independemtittyres amiwar &Iadré Gl kﬂﬂ)ﬂhﬁﬁl}/orv‘@blmk}@ﬁl’hdnp @&Lllesy SRALBly NEe al kY|

endent at | east
tS\l;l\gS E: :'if’ EE) In on Ia%,g%m%@ea%eaﬂ S contalrlx( % thege{ng U(R 1?ooarl;guaf I'5 I(’:]aisrbon atorglse flr)1 the moleculé¢ and

the cycloalkylhthlum reagents contain in the range of about 5 to about 7 carbon atoms in the
20 molecule. More preferred are organolithium compounds which are available as articles of
commerce. Particularly preferred are n-butyllithium and sec-butyllithium, especially when
used individually rather than in combination. In additioﬁ, organolithium compounds other
than alkyllithium compounds can be used. Non-limiting examples of such other ‘
organolithium compounds include phenyllithium, benzyllithium, 1-hexyl-1-phenyllithium,
25 and polystyryllithium compounds which can be preformed or generated in situ.
10023] Component D) is at least one aliphatic poly(tertiary amine) ligand that complexes with
said organolithium reagent and which activates initiation, monoaddition (propagation), and
chain transfer. Non-limiting examples of such poly(tertiary amine) ligands include di(tertiary
amine) ligands derived from propylene diamine, and more preferably di(tertiary amine)
30 ligands derived from ethylene diamine or from polyethylene imine. N,N,N'N'"-
tetramethylethylenediamine is a particularly preferred aliphatic poly(tertiary amine) ligand in

the practice of this invention.



10 wherein Ris a hydrogen atomor a nethyl group, and wherein n is an
average whol e or fractional nunber in the range of about | to about 20.
Anong preferred specific adducts of this invention are
1,3,5,7-tetraphenyl heptane, 1, 3,5,7,9-pentaphenyl nonane, and nm xt ures
thereof. WO244(30% A second process enbodi ment of t hiPETIUSOWRPI08Y i s
process technol ogy for producing 15m xtures of two or nore adducts, which
m xtures are substantially devoid of oligoners. The individual adduct s of
these m xtures can be represented by the formula:

Ar - CH2ECTI 2CR( A0111- C1- 12CHR- A wherein Ar, independently each A?, and

i ndependent | y [emhﬂfu’s ii5 a@8raghed hined ﬁ%b@r\&&s@éﬂ@ocﬁmé& ok RioRURRes in the
range of 0 to cess i s gs described above for the first process

20 enbodi ment prév)?f‘e?)?m‘te%a?? PIRRAGIE fPESUb prrieiRd ingRonprgust ok e fPerde: ar e f or med,
oligonmer formation is mnimzed, ARGHiCHeCHISAUIdO st eady-state concent rati on

of conmponent B)peles Aat;qmor;atlg,droéa%%&etlj’wnamgtltﬁeange%?ttt;@trorﬁﬂpﬁggéﬁem of

this invention, there are provided new and uSeful m xtures o ducts t hat
are produci bl ea“wvw Bgeéegtoé&ﬁﬁatﬂgg}g YestituptssWherr{Ropt of B sulstiwents 8di vi dual
adduct s of t hembnem thdnwnes stmmsmbslnexemep b @518y 06 A0y wiichegh of 1edsrdd @iition on

25Ar - CH2r - CH2 r each Ar', and

i ndependent | ng%cé]tltﬂapcrlﬁg as élé £ "th\é{g?"(“g%@‘é&%}]&ém 95 epm?tdterft% PRURBEF in the
range of 0 to fgdrowrbgwimeiety pasigiging Gidfipmangsof Wé§@mhﬁc>tm§r‘e@remé?e$ﬁtladrpgeport| on can
be isol at ed ( eudsh or a Bithgighup, I\dhaﬁpleda)sc&u&laest hat the i sol at ed portion contains
m xtures Of adIgUCtt%edn amas?c m on nt hueS of dn lbn |1 ll dual dduct
formul as are conseciiEve oshmReE SIS desgst %*'“336’?18 '>°<at UrEledf adduct s

[ ncI ude binary m xlteqsrtoesonwwetgelﬂeer gl) armxtﬂretﬁoraﬂdfrcfm campuonefits Ahd)2and )= 2 and 3,

n =3 and 4; ter nal{ebémﬁite)fgééé’r%&l mﬁfn%xt@tegptlonaﬂymngmsél:mp&@th%narﬂlmour} 2, and 3;
quaternary mxtur forth.

10032] O her pref eaf"P‘an“H]‘&tftﬁg%‘Ea%‘te aﬂﬂ‘a’h?,ftc%mﬂoﬁe@ Cﬁ?cﬁ’é@ﬁ IS%‘t“H’Fé‘§ fERh conpri se
a particul ar adductrevamgy fmeddomronengtsrA)01)UC)adnd D emexditionl dnbats cidduct .
Structural (3 soner Scoé\E;&‘xelﬁé &)Ocﬁélldb‘?ﬁixd%ﬁfbﬁélfytcb&doi?&?‘é) lllt%% lhlﬁess%égﬁtpl es of such

m xtures incl ude, are not rse

1, 3- di phenyl pr oparfdd 'H‘H‘GIaa'f’“‘tt%féglt“p"a%ﬁt‘“’G’d%?)mt/@tt%rfaﬁto%tbout 5 vvt%of 2-(2- 5

ph(enyl ﬁt hy: )t(I:]ll):J)enmmtéﬁmﬁgZHthﬂmydoetdﬂtpbﬂeht@) M@BIBw erdidh rate such that the pseudoI

4- (2- phenyl et hyl )t ene. . [ I C am 3.5-1ri e pent ane

and at | east aboutsp%&gsg%?\?\t&%ﬁ {aoonaﬁ%o O%QV\E % afnltamed%zen‘? %tahsru !éS% %I’I ses

structural i soner semse Baiftaining the Eﬂﬂenfg()fahfc'@ﬁmww of mprE tegipertteres ibthe t he f or nul a

CF130C61- 146 - 12043@@3).@&@%%&%@@3@@@@@1 ﬁtltmha@a/dfwmaw):mmtxtur es which

conprise 1,3,5,7- tegc,r dmo% f«tal%éane ant “&l 005 Wt % to about 5
W% of structural i 3cHaes Lon BeFRAY dgfux FrPf’c?Taﬂ‘Ef’ S‘CQmEOB?PbﬁUﬁal“‘?"@pﬁ“%sent ed by

t he for mul a CHBICG Ttermip@iR Cidi¢eP k) CHP@RIR BPimy GdR Gzl Riting the reaction, preferably

(1-tolyl-2, 4, 6-triphempdibexane); m xtures which conprise

1,3,5,7,9- pent henyl nonane and at |east about 0.005 wt%to about 5 wt % of

structural i's F4¢ thereof, including a conpound represented by the fornul a

CH3C6H CH2@H2( Ph) @hb2 Cfbdﬂ(tdphl)l@hﬂﬂcdrﬂ(oﬁ%h) Blintld(de? B thelredenl jlhtiv,1élihb, 8-

15tetr aphenyl oct ane). an;]ogrqgf?ﬁl) &I‘nkrlt,k) 19%;13@(!’% Bto?ﬁe?gagtgrls nrlqh }abj e b(())JtSaddUCt S

whi ch conprise a particul ar duct one or r aI I'Soners of

t hat adduct incl ude, btﬂtboa‘r@mﬁ’ét’erfep‘rﬁft@woﬁe@A)mT%fftf@tye%thMil%hf&b@n@r| se

1- phenyl - 3-(o-tol yl )prtﬁﬂﬁ)ﬂﬁoaﬂﬂp&ﬁen{(ﬁ’a&ﬁpoﬁéﬂwgan@m@x@%rewﬁa%@@ftheﬁﬁrrgbmt ur al

i somers thereof; mxtur, bmﬁ?(mol J}p %/ 3-(mtol yppropane; and at

| east about 0. 005 wt%qfﬁ troce uraf PYsoferdrt %ﬁeof i Xt ures whi ch

conprise 1¥phenyl -® (tbﬂatT@Pfy Pf)‘:pmmt)ane) itreducad infoghm stactertiGuthe GrgdOGbut % of

structural isomers thetro&@tboum :thbts Sé‘rceM'UfQBlnt%%ﬁpﬁ ?x%ferably in the range of

1- phenyl-3-(ptert- buty eir% %‘n nd at | east about %5 % of

structural isoners the O\We&“ﬁmé’ér‘fﬁ?ﬂogeé“ B and sl more

1- phenyl - 3- (p- et hyl phcnyl )pr opane and at | east about 0.005 w % of

structural isomers thereof; mxtures which conprise

1- (o-1isopropyl phenyl)-3-(p-toly| ) propane and at 25 | east about 0.005 wt % of

structural isoners thereof; mxtures which conprise 1-phenyl- 3-

(2,4,6-trinethyl phenyl)propane and at | east about 0.005 wt % of structural

i soners thereof, mxtures which conprise 1-phenyl -3-(1-naphthyppropane and

at | east about 0.005 wt % of structural isomers thereof; and m xtures which

conprise 1-phenyl-3-(2-naphthyl)propane and at | east about 0.005 wt % of

structural isoners thereof Mire preferably, at |east about 0.005 30 wt%to

about 5 wt % of said m xture conprises at |east one structural isoner of

sai d compound. 100341 A third process enbodiment is a process of preparing

a product m xture conprising two or nore adducts and one or nore



15 with or without m nimzing polynmer formation; and naintaining the
contents of the reactor at one or nore tenperatures in the range of about
85C to about 130C, preferably in the range of about 85C to about 120C;, or
b) the total anount of conponent A) introduced into the reactor relative to
t he armount WP 28HpYent B) introduced into the reactor PCI/USHRME2¥ange of
about 5 20 to about 100 nole percent, preferably in the range of about 5
to about 50 nol e percent of conponent B), and the pseudo steady-state
concentration of conponent B) is maintained to formoligonmer with or

w t hout m nim zing polynmer formation and maintaining the contents of the
reactor at one or nor eptEEREhatey n?&ﬂasbut @ abRNOE nRie RRQMLS BRfent® about
130C, preferably in thg 25range of about 85C to about |130C, 2)the pseudo
st eady-state concentratYon of conponent B) is above zero during all or
substantially all @D thhendueteﬁhomgonaftDa\,iomdcmémtotl@)qactanﬁdanngesEudm
steady-state concentrajg @Rpdf o. pmgpgs}@emof@ gaoﬁennﬁj %@aﬂg graﬁﬁg om ol i gorer
while mnimzing polyner fornmatjon; he ‘cont en e reactor arc
mai nt ai ned at one or nBP¥ tEnpébut Glsélg’“i ch”ﬁé’fr“%{?f@ée“bﬁ) apbiit! BUE t o about
130C. Pol ynmer formati opreferalily fehedeeatrat by abdlCr @as® pefcent Bieodponirer ent i al
rate of reaction mxtug)e viscosity and by the differential rate of heat
transfer. Adjustin (g the eed rate to the change in viscosity with tinme and
the change i n heat®r dhsnd# rafip peompopent Darelatheecy eompenen(C) ifiimihaiapgs obol ymer
formation. 10035] Pur Satbaxnb8I1®oz‘b&@8h%d}ﬁé}‘aﬁldyxmtan@fofibbh@95 nw&Bsd On, there

are provi dgg new and usgfu tures c two or nore adducts and
one or m)reglol i goners fﬁsa * ec'a”)b eaﬁ%’?PB?e“ﬂﬁp W’%ﬁdgﬂd technol ogy of this
~invention. Suctheieidi vi dual adducts and ol i gorrer(s) of these mxtur es can be

represented bYCoﬁlftﬂexft Q)HETM leﬁ’s{ od@‘ﬁrongf@ Lydg'@ggﬁrﬁbﬂxch%gdﬁ AN (gnclfo ein Ar,
efi ne

i ndependent |y each ﬁ a1 de elndentl each R 1is as above and n
is a whol e nurfbdP Mt T%"é"?ﬁﬂf mgtY gravp s Sondedsp g wppaligriggapdds VSt n are in
t he range of dizshene gositian oalie atom@Q;ringrosadngpiicadety Bfaduy js unsubstituiery, t he range of

about 1 tolgbqg,;“g t Qgplqut IL%% e, ok m xtures, certain portions
p ent BT i's il %ﬁ? shﬂcrﬁcgﬁ)ﬁat t he |soI ated portion 15

can be isol ated 9 istillati

cont ai ns conpc?ﬁ'@?ﬂ“%" CHs ﬁ%ﬁaﬁﬂnet"l“ﬁ’é“‘\yﬁ‘f”ﬂ‘é%ag%‘lt % are within a certain range,
e.g., 1-3, 1-4pmiondnt Diis atGeastamchlipitid @ry{teriarPsndhed [gaadihalcxhpx@Svidl@d t hose in
whi ch at Ieastorg';;?thl\{g]lng[Qatg Jercent, nore preferably at |east about 50 weight
percent, of the mxture s corrposed of conponents in which nis in the
range of |to dWBtkngrefemydismpodipesterred mi xtures are those in which at | east
20 wei ght peragnt, coﬂ'ﬁti‘n@ﬁ]&)’lﬁg ARRInYe @l 1d SRt @RRMnd BR il (Bt ogE §ent, of the
m xture is corrpose ?n Ulbtqur’rgonents in which nis inthe range of 1 to
about 3. 10036l A E) ¥ss enbodi ment of this invention is a process
of preparing dl)prdemneﬂtrﬁkltaum@hec@gmﬂmmmddmsg:the(nioieg\oﬂers and | ow

nol ecul ar wei gm Q@Ilny(ﬂ&ﬁé)ls JQ@ﬂhtﬂﬂh%rﬂd&@rld hm%ﬁhéan Q(Iﬁ‘lg)oam §ca8) d l OW

nol ecul ar wei ght po mer s ese m xtures can represente

formul a: 25Ar - CH2[* S’-“f%’(‘@l‘“ﬁCmmﬁvﬂﬂ‘"tWﬁ%lE%‘if?Po}&étoﬁb%"éﬁﬁé’ﬁﬁent I y each
Ar', and i Adependeriisyphegitithivi, beazydlBhighe hidiedxabouaylimivihhadf i r st process
enbodi ment andyy i§ A NHIRES a2 i ch process
is as descri bedpl n r{ﬂé‘;}’ey}{?ﬁ)lrlst Hr og%ig’é )lﬁ%nﬁa%ﬁee(ﬁ%mg%qemgané%ép?thyl 4t: 301)the
feed rate of é‘&?f?ﬁ’&r?é?ﬁlyeﬁyleﬁes}mﬁm ntained at a rate such that the total
anount of comqnﬁm&}pieﬂﬁéd&dlumﬁkntsnto the reactor is in the range of about
5 to about | nol e . preferabl he range about 5 to about 70
mol e percent, felative At ?E?{s mh%n%%uerr'l S“%f'w% Brﬁé’ﬁf‘“%ﬁjky{%?“rpﬁ)&%é’a into the
react or, t B pseud’dlwé'@@@d*yatéftaa@earb@mpelmttcrha:m wbrstiggfed byomp ontenpheBithyl s above
zero during all orgm%bgbmmgu%md%ylon% Maq Jh@r%wgg @6H50c94*@9%@1n5 B), and

t he pseudo steady-state concentration of nponen I’s maintained to form
ol i gomer with or \:%f"t“ﬁsohfnetﬂéil‘?ﬁ’l?ﬁ‘afi“ﬁﬁr7p'8‘f”§/”|’f@Ph“TalﬁPer’rat| on and 5mai ntai ning the
contents of the reactor at one or m)re]oterrperatures in the range of



about 85C to about 130C, preferably in the range of about 85C to about

1 20C, or 2) the total -amobunt o ['conponent A) introduced into the reactor
relative to the anmobunt of conponent B) introduced into the reactor is in
the range of about 5 to about 100 nole percent, preferably in the range of
about 5 to about 50 nol e percent of conponent B), 10 and the pseudo

st eady-state concentration of conponent B) is maintained to form oligoner

wth or without mnimzin ol yner formmation and i ntai ni ng_t contents
of the reaétor ¢amromentdpi ’6“‘%éﬁ‘ﬁ%?‘gcﬁ'{?r?e8§tyf‘ﬂ’et%@%§{:sé@°'gfaa%%%‘% to
about 130C, pr e&.%{eagh)étyiréae,t1h€in91ﬂ£l;9ﬂ1a%‘ne@bwtnyﬁﬁ&ltﬁ@e@bout 130C. Pol yner
formati on occurs and the contents of the reactor are at one or nore

t enper at ur 85 i ncom®neneC) rrgealiofllithivgu corgmand,refesbly coBHEINGIR) DR abl y i n
t he range of ab 8 . [ ] the

st eady-state co(gag{’eonr} ?‘gw %%@%H@S&n@gﬁgﬂ{[ 1ﬂ%§1ﬁ+ ?r ﬁg?ﬁ?gd?lﬁygghtﬁﬁm&p& ymer at
t he expgnse of akylgragt comtains IdbiSgerben afogshat i on, whi ch pol ymer fornmation
can be det gct ed br%/ incr[?)fais?gﬁ{mghe differential rate of reaction m xture
viscosity ahd b§PERPECHilPFR 4l rate of heat transfer. Polyner formation
can be eit g@n7j NpEeaReH ansBicribadihenf iRidention sietk rapmiidtdred)anbyseadj ust i ng
the feed rate to the change in visco iteé W#{B tine, anglé(%{]% cQan?qediln heat
transfer wrddpctsithag arepaeiieipladyreprsatteengolorp PR R addyetyippigde I-

i nventi on, pgaﬁq,g_(grtay%,gy&@,eqi-pn_@[yylar(%-m)‘pwpam, Nt pHef - T@FPIY I d@ngdduct s,
ol igoners, "and | ow nolecul ar wei ght polyners. The indivjdual adducEs,
ol i goné®s, phendl-BdmersbulylnharyDREINGRE pol yphepy-Ltr-¢mdRietyDRIPREs cahibe
represente - AL aukha. Qbﬁf]n@:@q%{ : e, 1- €3.n Ar,
independen%oé%gg%ﬁéngg'jj%ﬁ%bﬁrr?gé%’enden I éécﬁhll?&filﬂs as de inedmatg%ve in the
first procéssagindrapae, laﬂwnhlﬁ-é?-aanmwlgpfﬁwdilﬁ’i,ﬂg'l??@h@‘@“ﬂfm@“?-o 79.
30100381 T ion mxture f IS | i | i A.d
phase. If, T@ﬁhgg\ﬁé‘é‘% r‘l”gr%}l cé‘o%oﬁeeﬁ%rgl%&)p?"&%we‘gd,lﬂgrrﬁggﬁ gg}hﬂlﬁ%aﬁerd eﬁyﬁgﬂef or med
havi ng a hifghs¥inghachsiting ekiapledesi red or a hi gher solids content than
desired, a suitable solvent can be used.in ggidtp?lbl smal | tﬁ%xartlt{ t. es to
provi dd5a rore Rewslign peween ighvens apd syeene fosgs bi-dmhepdprapang as thyitia] addydt. o
second proegess RERGGHEBIMEN RIRnEMIGEBstyFent REMADPREGE3 Tb-talyl)praydted
solvent or in the presence of up to about 10 weight percent of a saturated
al i phati c hydr odripiéial aldpctent based on the total weight of the reaction

m xture. Sych apnun 1Al i dreQcal. ) the asNCl udes
(a) sol ven'?' ' con%ﬁ#&gﬁgweél%gggé%g%ggﬁ@%?%gﬁgﬂyg?gﬁﬁg?l??. ktl(?ﬁl?rqf%agent

and/ or (b) an addiihitishalduguantity of saturated aliphatic hydrocarbon

hi ra 2Ra four | ReprbRece anRRaRen bty Bk e chfER b ST SARHGRRE 0%,

utilize a viscosidiyitiabghdating sol vent, preferably a sol vent having one
benzylic nethylene unit per aronmatic ring, .especiall 1 t hyl.benzene
and/ or 1, 32 ph&sgttiono patreen ajolisng serd,ip- H?b“F}E%E'?ethXWSsgggﬁe?)szé '[frﬁ"e
reacti on m xt ur%u@qﬁlegylﬂgylgag@ggg@%ﬁm&mﬁd@enzene, and i sobutyl benzene,
which are articles of conmerce of npdest cost. Thus, the pre&)ﬁrriﬂ sol vent s

for use in 6 edudengion sdelveey apsthylpfeisensbhe,styrens gifofmsny | dr
propyl bgnzene, hui. | t nzene, or m xtures of any two or
nore of "t hese. E{dﬁﬁl@ﬁ)ﬂi@ﬁ%ﬂg%&ﬂegﬂgﬁsﬁgﬁa propane or m xtures 15 thereof
const it ut e hor e Reaetdamr r betweal v eriseprépyttolusie | andt hp-npthydatyrene oformpi 4-(o-
invention. It is to be.not that\th YA | ene unit allows for
the sol vent to ;5%Orpf‘?péﬁ?%'g?}g;?ﬁp'ttﬂg)érﬁ arﬁlggfﬁgélggalgﬁé @i n transfer agent akin
t o Conponerg, A),Reattidiobeivepi ashusmbhyd t24,6-idmabdstyend doins ppbeyhddil.§.6due to
the increased pi Ga of benzylic nethylen ot ons of such hydrocarbons
(recall that fort“f“ﬁg‘yﬁ’gﬁ%apir@aﬁ?6%%%?‘%$ag{%bl benzene the pKa is 43, as
conmpar egh t ot he Kaion RAveda {oient hahddanANhhIBEIGEO RS f @hctionl bawesn dee

Hsi eh and Quirk, p. 100 and p. 40, respectively). [0040L) Thus for exanple
et hyl benzenc, V\mﬁhﬂa@éﬂlaé@ean%W%ﬁfqrmﬁérﬁhf?@iléa@égapbﬁly PERENY extent in
the processes of this invention, and small| percentages of adducts, adducts
and oligomers, and adducts, oligonmers, and | ow nol ecul ar wei ght polyners
havi ng an et hyl benzene-derived end group.(-CHWPh) can be made w t hout

del eterious effect upon the product m xt'drecar the 25 performance of its
brom nated derivatives. Simlar behavior and anal ogous m nor co-products
are expected when propyl benzene, butyl bcnzene and/ or i sobutyl benzene are
used as the solvent. In the case of 1, 3-diphenyl propanc, where conponent A)
is toluene and conponent B) is styrene, adducts, adducts and oligomers, and
adducts, oligomers, and | ow nol ecul ar wei ght polymers fornmed from

1, 3-di phenyl propane and styrene are chemcally 30 identical to products




variable for optim zation. 10041] O her solvents that can be used for
reduci ng the viscosity of the reaction m xture are solvents such as

met hyl cycl ohexane, cunene, and tert-butyl benzene, which solvents do not
contain benzylic nmethylene units in the nolecule. However, in using

sol vents myich Réactib@SBotwed® tbhRn@ Nt iRaHAthiRBede Bhil efbastiGh dehdent Be
chain transfer process is not materially 1 nhibited which, as a consequence,
| eads to fornemetbpilngphthialgheandwyrese faams uephghyl-pO2-paphtbyporepassi ng nol ecul ar

wei ght di i-but i ons of high. try. Tetrahydronapht hal ene. and

di et hyl be@?@?ﬁglg&%‘“?ﬁm& g’&@@%‘mﬁtsﬁw e tE?r’%&"_B‘PPEg?‘CW%\H? AoVE£AN be
used for AecioRBed i iVdISEOSTRVS, ﬁfgteﬁélﬁl, ERAAHL QAN belrbfBsentdd %hifo‘?ﬁﬁfi:t he
nol ecul ar structure of such solvents contain 15 nore t%an one benzylie
met hyl5ene unit per aromatic ring. Such a feature leads to branching in the
product and |leads to formatio h n-|inear structures and

wi der nol ecul ar wei ght di stéf'&fﬁi"ﬁé&%ﬁ%‘é@@ﬁl{t‘%’é f or egoi ng nol ecul ar
structural characteristics of the solvents discussed in this paragraph, it
is desirable, when utilizing such solvents to reduce viscosity of the
reacti on whereinreachtAx is, indiepertdestly nuabmatic sudbtysehich nipsionaAtyo baritsink alkyihe
range 20 og %ﬁ.to.ab.uh %ﬂlwg}ght ercent of thg total, reaction m xture are
r ecormrend¥gstiBon, wewhigh each 316y 5rAEp Gonugsiingerspdantly, atdgast itwa casbep grams,
10042% StyhdreidN@ N8 hydRLYS Blont 8P % 3hh%0M, Yand i | GRSle Y1 t
per aromatic ring thgt an be useghtdy%%dﬁ%envﬁggggﬁﬁgkéﬁl%ﬁ%ﬁ%eactfgﬁ

m xt ur e ifgactiogaldiuptbeninl the rrange of T 1sohbv@n20. Wmidng pefieiredspdcificidductkwfe to

1, 3-di phepyl.pr opane, an t nmol ecyl ar 25 architecture of  the

or oduct o BIdRUERAR e d o> GERRERU G o4 A9RE ORGSR ESed | n
t he produgédegn of the oligoners or | ow nol ecul ar weight polyners of this

i nvention, should be used in anmounts in the range of up to about 10 wei ght
percent dDO30jeA satoall prazast dntiodifxitwl ¢his Inventdont ie phgessateitholdpatfor ﬁf)roducing
1,2-ﬂiphen%leth§pe is used in the Eractice of this invention, oligoneric
m xt UPes BRTET Ol W@ ormosaddyets whigh mipyre st substrpiibgdeyaid deligemensc She

havi ng, f:0f:. , . | oW las: AY-Cl

1121 i3 KR SRR o Bk R o b s Pk Y 3% Gt

PhCH2- CHPh- [ - C117CR( Ar ) k- CHAXGERALCHYSORAHALCH,EHRM@Nd in are as descri bed
herein, and wherein Ph is a phenyl group. 100431 In each of the formulas

pr esent ed"EASHKE Bdepandenily epgb Arnandindepsndentlypaeh R ig 25 defingd pbaveandpliya a
hyd R_i hyd th
ydrogen 4045 abAsh ‘Fl%ggﬂhgaof mgs E%‘L’l{“ﬁ% ngggﬁ(s\{!]gydes?ﬂl‘qse}q%bﬁ% feog ﬁ%&?r@éﬁg{;‘es& |eg € a

are no quaternary ca tons | bore 0 _
met hyl gremipdimemf excepstithat gk s Ateosr MbR: dess ite formdd)olifaakirensatn it he
nol ecul e. Thus, it is preferred that the nol ecul ar backbone is free of

quat er naryinEazgd rnd thpseuds sipyiyntate icanggriration elecomnoaeni) BY isphowdtsne is free

of quater r | Lth.regard to, 10 deal kyl ation
nder - corV | TAELBAC THORE: AL FRC ey SRR B factned g Wl

aci d cat ahixaires Sbaddudeadhiy hit produdiBlRCy proedUtiibldNyONT s iRenti®ad Sueh
formation qof undesirabl e brom nated aronatic hédrocarbons. 100441 A feature

of this indigidupladdpets ofthess mixtpics cambe repraspaedly the formuke: i nventi on nakes
posshhl e the production of yeagti duyct rh,ched in adducts, or in
nixtzges of adducts 15 andAﬁﬁ?@éﬁgaéaﬁgyﬂﬁﬁ§ﬁ§§#BF£% of adducts, oligoners,
and | ow rtleesinlAay indEieBbént Ba¥iBi'SandAbllegehdMilyGclrREs ¥eddfins b &R dnfh iige as

raw materials for |iquid phase brom nation, thereby providing effective
addi t i ve Wholmumbear i thamnge s tatrFrousat abispmaoéthesdpdavs certainpodivdwen s and

the olig be_s ted f ach,qt her . thout much difficulty by
reans. of AR G o B tRhEFsokh AL B8 AUt Sonipheoina Pipsiopradiisct) and
t hen subjvefitiehe vBluks GitH B (RO Y idth] REOTE: RAuRR ab@In8ENHOE HEMbES. EQﬁmples
opportunity of providing different flame retardants for different end uses.

Br onBAat iobprchmixtures efadderdsinekide binagy mjxtuteewbeiegomar s and 1 F i ind Ben + Dw

nol ecul ar i ght, pol yners, or (iv).mxtures of (i),and (ii) or of (i),
(i), an&n%ﬁiﬁ)- %gndp%l’g?ré'ﬁg té’Sﬁ L‘i'E{eeedg-bQ“&ilné“‘L%t%rhanl}dr%rﬂustg

brom nat ingRtuetwhets b.gOMm -Ap, 1ab WTaRy Ot ArsedoRkom nation catal yst, but one or
nmore other known Lews acid brom nation catalyst (e.g., 25 antinony halide,
etc.) can be used. The adducts and the | ower nol ecul ar wei ght brom nated
oligomers are each readily soluble in l2quid al kyl phosphate esters such as
i sopropyl ated phenyl phosphate thereby providing liquid flame retardant
addi tive products containing brom ne and phosphorus. Such m xed products
are suitable for use as flane retardants, especially in polyurethanes and
pol yur et hane foans. 3010045J As noted above, the chief reaction conditions
to he controlled in order to produce reaction products enriched in



and the conplexing |ligand; the tenperature of the reaction; and the rate at
whi ch the reactants are brought together. 100461 As regards oligoneric and
pol ymeric m xtures produci ble pursuant to this invention, those having the
structure as set forth above and havi ng pol ydi spersities in the range of
about 5 [00B2] Ot YPitfede® mi § kel t :
about 3. 0,110 an%:l m)rgﬁprefePa?%sﬁfedtdﬁg&?éﬁncé%&oélhg%{gﬁs\g%@é%o a oaugméf: Qrand
in each cadduchand ong ar ngoranttesturatisenats ofitha fad dio.u BtréCutad isaheud ard 260 cBhdd ons
t.0 about More particularly,

d,a3 in tkl f bout -4. . 5. ar, |
SP ef e?r ehg(g}spﬁ’é{?gglgg(”ﬁ??? E%%Eg%ﬁ BEIﬂ’cCgB‘i"ét%‘i?ﬁ ‘é‘ﬁ'éla?ﬁ{“é agerfjog RF‘H’\?@ ﬁ‘?»i%“%éﬂ/e a

pol ydi spegsi | r A r has a
standard devc?lécto ?Ig)rﬁfs?gﬁt%gﬂfrgﬁggﬁ%@%%g%gﬂegﬁg b@@ﬂ%!%o?a gﬁttg%g%lg %ﬁ%gggxgnd an
asymmet r yphenytetley tolngee, 32 phenticthvil)toluene, ahd d(2-phényl Rhglfiteluene nfrtuyesitich
m xt ur es gr oduci bég rsu&{gt to tcgair‘iei nvention have a polydispersity in the
range of SHBRASC1H7 u‘??é‘éf nigngan astabont GRS Wivaleabput wit'daf said sviktarg on
of about : h I SyI - .4 5 to about
45 Such o g S0 KIS ey, RRRuEH AR sCreBR b7 4 Bpbfidfiat ea
flame ret @HIGH.CHCHHEIHTH,CHARIS (L-tolyll3 4aliplgagbutte i ndixpaky FHiLE cOinptisy €S
w.th which they are bl ended or physically incorporated.
t

So Tar o P kIR RSP A AL IO S8 it SbaHbIGY el Hrueraisomiseen
produged fgrpf of .Oriﬁclﬂﬁfngi:?‘ g*er e(r:r(gn?goﬁﬁe\” Or#érlegenl%&f) wn bﬁ?gg?}lﬁ()gy go"’}gﬁga' e of

directly synthesizing s i go Cc or pol'ymer1tc m x vin

af or ement CHe@MH /GH,CE (RiNCHeCHAPhICHICTI PN |(QR05Ra126 tifftea) heRare] anixturel ©

st age reacfl,l lan usi,ng, catal ytic 20quantities of an organolithiuminitiator.
100471 | tWishecgmplstb? ad -2-hartapheny openegnd atigatt ebyut 00 viPels abbutdduideof and

ol i gomer ( a e dduet oligoners,,and |lo ecy] ar .wei ght
pol yners %?s‘icﬁg{’lpﬁgé‘éé% t% té%%?\fgl g“&y“d?ﬁ‘?g t fhi g"’i“R%‘?ﬂ i{?ﬂfesgrﬁﬁ‘iqumbéngﬁﬁ‘?]t for 93ri ng
ar al kyl at CHsC{H,QHCH (Fi) EHL R (PRICH, 19 PREH, CrpPRMOUNt S Of  SYgh 1 bR 8-

aral kyl ati on products are typically |less than 5 nole percent, ahd nore 25

usual Py |1€daphenyloctangbl e percent of the total anopunt of side chain

oo oo AR R RS bR LA ST T LY i et R gheor ™
al kyl at i onofer aflieedral isdnRre BPkHak ia88ud?Yinkinge, SHitPAre Sot TRRRES {03 )mXfured Which

materials. Such ring allcylation product(s) can include oné or nore
product s GoEHss dnpleaty by-(pfielyDpropang aifds jit 1c3GGHBTEHHTHREYA 8Pstructural isomers

CH3Coh1-1 11CH2CH2Ar ' . A .ri,CTI 2 | | 2CHAnal. 2C6H4( CH2C
DA+ EERE R Boarisk 1 pneny E R e BaRe APy Ao s 1908 "alove,

n is28 whelseubiaigsomed thefedrs i i 1517he of
rn and n is equal toénor | ess’ rpﬁ(%&‘é%\@u%%c{]rﬁﬁﬁ% lmnﬁpgr@g%ﬁ)?gbg’éhﬁ%‘fw
nor e addueassabovd 0006 wi¥s ofstractotal omerstheradf; ndiastesattdeit cinfid Mty L3 (eSS

t han about % of . the m xture is conprised of noieties represented by the
f or nul ae:fe’g%ﬁgé%fﬁ?d’&ﬁ@f?&@md at ﬁ*@&%ﬁ%ﬁd@@?fﬂ%@é@fnﬁﬁhﬁreof; mixtures

Ar i CH2CHZ(6h &drh ) _g:ﬁ_ 5% iy ' [ LoLS,
i ndependent |y, a%gaéaol%%eﬂﬁcz' y éhggé%r% @gﬁﬂ% %’Qeetaillf?&ﬁg"%aa m%'gp\g%%r?gse@d%aliss a
whol e or isonaers ithanedf; mintbees whichdedninerissun{oefsopropyiheny s 3 €gualylpfopane hesst t han
about, _24. ip ({\g%ﬁ(ﬁ% As articles of commerce, vinylaromatic conpounds such
as styr ed&sEaRIY; nii“bof srectaal isomersdhereah moigtirgy whichersiprissihdthenyl-3-

i nhi bi tors g | L1 o/l ' catalyst .

i1 zat 1o ey Pl 588 AR bt b HBGR RO bl P AR ErY ersntin

i t hi um hyidtwss dhicheshgaisarieplpayf-o4( Madpphy hpopRicOSUELSlet abbe RDOS SIRESE
i §.reconmended that such _inhibitors be renoved from conponent

Therefore it ig, ) . [
B) prior SFB“G&% isoferHilicisef apg guxtunes wrich ennapriseephansh3-(2-maphidy Daropaid and

vinyl aro j L nhi.bi wth di-t ut vyl cat echol, passi t he
vi nyl ar O%H&% aggﬁrr%gund %o/hr% g%ﬂ%&%ﬁh‘%&ﬁﬁﬁ#f&??&%?ﬁe@ &?@%\Eyeé{#ﬁ% aScP]LgT)gOOS
vi nyBar orvets ¢o abomosingt% oif GaidngitteRCEahpedek 4 18ast UkR IMIhirICRbIGP of said
Al ternatively, other suitable adsorbents such as silica gel and various

i on- exch&AB®OHRG| ns can be used to renpve the di-tert-butylcatechol. It is

desi r abl { Q. to store the.uninhibited vinylaropati¢c 20 conpound, as
such congg@%%1%QH&G%HQ?G8“%8&?5@?Ff5?98ﬁ5P PERAriRg g PHRICT BRI COIPHBTE As
those skilled in the art can appreciate, in as nuch as organolithi um
conponents are involved in the practicgzof this invention, the reactions
shoul d be conducted in an inert atnosphere which includes noble gases,
nitrogen, and |light hydrocarbons, or any m xture of any two or nore of
these materials. In light of the small anmount of lithiumreagent used, it
is 25inportant to have dry reagents, dry gases, and gases and reagents free
of or substantially free of oxygen and carbon di oxide. [00501 In conducting




30 the follow ng: 1)Conponent B) is fed to the reactor containing a m xture
at or close to reaction tenperature forned fromA), C, and IT) which
m xture is preferably forned by 21 charging to the reactor at a
t enperature bel ow about 80C in the order of A), then C, and then 13). 2)
Conponent BYOR¥8MAEHS% o0 the reactor containing a m xturddfUS§i8ege t o
reaction tenperature fornmed by first charging A, then a portion of B) not
to exceed 5 tinmes the 5nolar quantity of C), then charging C), and then
charging D), which mxture is preferably formed at a tenperature bel ow
about 80C. 3) Conponents A), B), C, and D) are fed to the reactor
contai ni ng a rivXbrio: adduct EndohOs eotedligo@d6 twhdh mixeig@ el albkthialyevirths pr ef er ably
at a tenperat I fr.om rtion of A, a portion of O,
and a porti on%?m%%ﬁ%\{ﬁ&?ﬁ%; aggugtgargfo L Omgrgsr)n -Bat'c Qur?séaé{lcb% fspre seai‘%y %hf“' is
desirabl e firdPmuls charge a small amount of the total desired amount of A),
\glhi gh smal | anmount ilsI at Ieasﬁ-chﬁa:;gmmﬁn_@gﬁﬁﬁs@ry to reach the agi tﬁt or
ade in a chani cal. stirred reactor qr .the anmou ecessary to achi eve
agi tation igr:eaW reac r’(l)nrdgpeea‘%f’tbﬁ%%Aw af’(ﬁm%p%‘g??ﬂy ?‘F*b‘gt‘fés ‘%?)ﬁgf‘boﬁ%ﬁ?}é@) , fol | owed
by 0), are charhgledumtchetht ahglof GindmhictofrocEy isarddscBhedsivein de Gothbricsssi n t he
range of aboutemiflihft &BPHhat20 percent of the 15 total ampunt of C) and D)
to be charged, and preferably in the range of about 20 and about 40 percent
of the total atourlt® B r&yolspigpopst Bds mantapdsesiiat | n t he case of a conti nuous
back-m x reactor, at thesotdesbunadiicenmbensB)diittodyed idto e kGttordhiamg@ngdut 25 to
about 100 rcent of c [ f,. O..and 13) such
that the dgdsai red rel at%\%9%%g%lé@ﬁgﬁger%?@%%@a%ﬁ%gﬁ%geﬁ?abaoggmaa@ i eved. Next ,
A), B), O, and D) ar e’ repent.cdnivs taths armeupt of eompReent A drirodiceddinto the st eady rat e
[ R t heir defsi r gd r el atdeatr, e @RAotsic State\Bbrcdhtr@idn BALEH St B]ﬁ%bf@@@&@ ]Ei mé‘ in
the range of about 5 mnutes to about 6 inutes. In C t he feeding
nodes described in th{qsurllﬁgaaﬁé)ﬁsrugsﬁ%lg@y all %@%8‘%%‘?5“&)’?“@,“@? PS&@& D) are fed
continuously to the rededotae joprdtiiehnd cdmporent B)ris mainyained krclomiilipener on( s)
except thats t he amountwigfor BinoGiRinRRE pdNtePfofalatibd) add Haitlalhe e E&REs CONt @I Ni ng
C) shoul d 25no0t exceed .about tinmes the noles Conmponents B), O,

5 of Q. 4) G
and D) are fed to a red irGS‘fjiorﬁ’i(’)?'fﬂr‘“geéet’“pgf““r(‘ff‘l}g‘émf“ﬁ°faé’3%tg? 6P Pehper at ur e
fonned From A), C), ani@iD) prefarably i tiwirapeisfebqor &f@oabduy 1208C;at a t enperature
bel ow about 80C. %‘)‘Chthmo?t(ai Hﬁ(ﬁntlo?cctnﬂ)gﬁmpA)fiﬁt%g%@& in‘iog!fnefrge{g{gpgﬁ%tto ﬁi):’ @ portion

of conponent C), and a portion of conponent D). formng such m xture, it
is 30 desirable to fi¥¥trteirapgRenal) infpduoetialq theyeactprdy ip Bouapeeslabew S t he t ot al
amount of @ and D) sooatatrgEdoldy@ich, praferdblyen thaageofboutdrostioutsOmbile about 50
percent of the total t t harged, and preferably in
the range of about Zoaﬂég%%nggg%nfp%%ﬁggrag%ﬁhteopéﬁ%o gtﬁagy%%facfncgl%ﬁ%ﬁp()fof C and
D) to be charged. ConpSHewed Bpjs mamyained tpcform gligemes witle o withaetimnioisisky or in
increnents to the reagioQmei fiehatdndatBhdinaiig oy oBOCRMPL bRl ARE S) except
that the anount of B) combined with CL in form f eed _cont.ai ni ng O
shoul d not exceed about 5™ |ersn§“st¥¥I ﬁger?t)fﬁbé’gt %)f&g)ﬂg‘%h@ﬁ (grp%eff‘g{;dlbth& product
enri ched i # 5ol i goi nerrangapichbort 8536 koyatrent £30°GAhen produci ng adducts, the anount

of B) COIT_bi ned)Wi tike pgt)udd.) Qeaﬁﬁgtm OflccRurdie st ¢ (.Fbﬁ'\al'tﬁj 199064 ze%”béjallrb?t exceed
about 2 tines the | es. of the nolar ratio of B) to O

C), and preferab
is equal to or |esEsPRal ! f? “’S)f?fg'ﬁg(?ﬁé?ﬁpé’"e,& Bhriad By Pssde siedyeiget he react or
cont ai ni ng a m Xt ypwemttiarof cdngeent B) is @sicthing@ino fenpigoaktiwiele nodimetlg pref erably
at a tenperature tg,gll[y,quf@,plgt%;aﬁg)c, froma portion of 10 A), all of
conponent C(:% and all of conponent D). It is desirable first to charge at
| east a potti dh ofthercpientsgf ths reagtosire ByttaiAYE0e YmomemppaiuEchin s Fngeh i s at
| east the anmpbunt neaegs@rubivdizaach the agitator blade in a mechanically
stirred react .anmpunt, n ssary to.achi ey itation.in a reactor
equi pped Wi t h%aly'g%r?%)rggt?ogﬁaﬁl ‘"‘|d8%cge?‘%Y fncf%seg tgeo& Gy l"r‘ela{%?%ftrfaﬁtén“f"ﬁ%re amount of
A) be sufficient to have a honbgenous or at |east substantially honbgenous
reaction 15 mxture formed fromthat plélrtion of A, and all of C, and all
of D). Conmponents A) and B) are fed continuously or in increnents to the
reactor individually or in any subconbination(s). The above nodes of
addition can be utilized in independent operations or in operations
conducted in series. For exanple, a continuous back-m x reactor can
overflowinto a batch reactor or into a sem -batch reactor. Also, a
conti nuous back-m x reactor can involve a series 20 of continuous back-m x
reactors. Qther variations in nodes of addition, e.g., use of a continuous
pl ug-fl ow reaction schenes, will, by virtue of this disclosure, be readily
apparent to those of ordinary skill in the art, and are within the scope of
this invention as clainmed. [0051] OF the above nodes of addition, those of



25t otal anmount of conponents C) and D) in the reactor is reduced. These
nodes of addition afford a nore steady-state catalyst activity. [0052] It

wi || be understood and appreciated that there are instances in which snall
anounts of conponent B) may be present in the reactor in advance of the

i ntroduct i oMO398d&onent C) or a conplex formed from E&APYSHENPE2E) and D).
For exanple, in the event of inconplete 30 reaction in a process operation
conducted with recycle, an anount of 13) nay be contained in recycled
conponent A). Another exanple is where a small amount of B) is
intentionally introduced into the reactor containing at least A prior to

i ntroducti on ofscsipmpdiyeintdifEjeniabrapartiat rokfen Apfuangtefea ritoto detiargdime t he poi nt
at which wat ervisgogiw \?iﬁ;[ tgnlnenané‘)[ elcﬁangJ fnrﬁeal??rgn%gr tht{-I irﬁeugan d&re%eoo(r: ?n(iInLilrEé after the
wat er has been corisuned by the addition o Sl T PReFenent &6 conponent

O, the char a®P¥pirérmgtioned col or of a polystyryllithium appears and serves
as an end poi o3| PdisGattb AgthaimBduihEal DS ir €6k, ther@ Bre oHdA @& MndGRIeVed. I n

ei ther or thhig&ﬂ&Qe%%m ? exanghﬁs ié i S rec.nnendfd thq%.gh n maki ng
adducts the molare 3P se P om) mes P hYs 01 RO Habrpuody nged at the
out set shoul d piseesetgeiaplogycof ¢his inesniont [$ash inditidualMddwts awhdizommis) ofghasé xt ur es
enriched in ol @QpRASHAPsQled BPLYRBIE: the anpunt of B) should be | ess than
about 5 tines the anount of that portion of C) to be charged at the outset.
The situations described in this paragraph are real world advant ageous
situations in a plant operat AcGH{CHAIR(AON-GBRCEALOI ndustri al scal e and thus
are withinyghe spirit and scope of the invention herein clainmed. [0053] It
is possible to utilize nodes of operation involving feeding techniques

ot her than t hgS&eiaap infepprdpntly gachiir . pdinglspprdestfy catydyis as difiiedaboyerad s esent ed f or
pur poses of i wholshunebbd iDthe &angk o Oto 1) Prefeddivaldes fPUGR iIOhbRhgPMes 1&f operati on
wi Il now be a .Skilled in th t.u r eadi t he present
di scl osure. 1@%3%@%0%%&%9&{&?%%%[% “grrdE %ﬁ‘%\%\h%?rggg)asﬁ%f" & ﬂgelse enriched in
ol i goner s and/MBFUESeRRrFHbIEONT @R boiretatsh te-gp bY distiblptipn) sychiabiieieddedpyrtipi mi t i ng t he
amount of EOMP&ENER tondphneds BGvhice habaliéEorh fre GRNPOAREIM rar%)a,:e. @-l—ml&lt, HE & of C) and

D) is fed to %q%dgegﬁgo rpoqpur&ently W.t h cfngon%gt é%, and m xtures of QO
and D) woul d Cofe ? 5G&t REF o FEIFHET HSH TBME #0M e E8M Refenbdn¥esi rabl e t o
conbi ne C) andreyably at lgaskahpup h weight pgrcentpfshepuiripe secompdsed o cehgmhanaldd e t o
utilize an ar QmRkiSin e CnbYAH RGARO BHSPAERE mMls fe HAS inih AELEPenzyl i c
nmet hyl ene unit per aromat nmol ecul e and 1 s devoid of nethyl

) ic_rjng.in the no |
groups. Sol veRF&MgIeThpere prfs; {’IY %thm afiol 3p el Perest o B mixdee 1§ 9mp9sek parti cul ar
si tuat i on 30nc bidspdinkrosie whih cis inghegarighioftihe@abbutqui d state at a tenperature
bel OW_ a_bo!'lt 8%56] @xnfgurm;o%esp%xﬁgoﬁi%moymlsri}xv&pign js!aﬁH)l é:sis (%nge erinbeI r%g\{mfa bout 30C.
Non-limting exanples of a few such solvents i clude fe %yFﬁgnzene,
pr opy| benzene MArGRRPTHE At olisomes, priday rgechlaryeishiepolymers Tt indieipl pr opane,
and m xtures adfduanylighnds, oid 16WDHR@ecOlfir ielpt hOMEYSTIHG mi{t@Q2mbe Abre@RYd 11 M8 when
introducing Q and D).  independently or mxed, it is preferred to feed them
subsurface. Conversely, it is preferred to feed conponent B) above the
surface of?the |iquid react i OnCill-LH§iReAAE-CR.GHRalr y di vi ded mist, spray, or
as a solution in a light hydrocarbon such as isopentane, cyel opentane,

pent anes, nornal .pentane, | ow boilin 3 etroleum ethers, or.  the like. An
added benefit g??’% h‘é‘?ﬁ?&d‘é‘iﬁléf"f“??’?’gm" "ﬁ’%?‘g&@ﬁb“aﬁésﬁsgef‘f"fﬁ*é‘POVfﬁé*g?ﬁfShci litate

t he renoval oprosesi eatbpdimenaaridmay s\yholshiumber imate bage pf @OBUC.echidprodacvaposi ti on of
the Iigand Indésaﬁ,e&igwe%Qa,géce;sfaﬁb({dﬁ?eﬁttaw@excEleEha@Xa”P' e, when such |ight
hydrocarbons are renoved fromthe reactor as they are charged via
fractional®®or si niedect rada qf eompepesinB)(is mapinad gy a raig speathiel the i feesf are al so
rﬁm)ve;j. Al t er nat icMﬂJoyelm IB)inugajgechﬁ(l) addathr fs o thdrengt ﬁfaﬂ)o]lcd?G 104body)1 00 hoid he] event
that A) or nore v i |l e. added. sol ve er reflux. . 056 n
conducting the pr g%':%tg{é rgfergﬁy t'?lﬁh%rafgr%\?ggrlff lchg)go abgﬁz(?rrmélf 5etr?e’\}terelﬁ?v8;5%tg‘ii ons of
conponents 5A), B), C, and D) are cog%r olled to produce the desired
product (s). Thus: general ly speaking, in processes in which one or
nore adducts, or mxtures of adducts and oligoners, or m xtures of adducts,
oligorners, and | ow nol ecul ar wei ght polyners are to he fornmed, the nolar
rati o of conponent A) : conponent B) is typically in the range of about
20:1 to about 3:1, and preferably in the range of about 10:1 to about 4:1.
For a constant 10 nolar ratio of conponent A): conponent B), as the ratio
approaches 1:1, formation of higher nolecular weight material is favored at
faster feed rates. Conversely, formation of nonoadduct is fornmed at the

sl owest feed rates. general ly speaking, in processes in which the
product is to be enriched in oligoner, or enriched in oligomer and pol yner,
or enriched in polyner, the nolar ratio of conponent A) : 15 conponent B)

P ~ o~



30 m xtures of adducts and oligoners, or m xtures of adducts, oligoners,
and | ow nol ecul ar wei ght polyners are to be forned, the nolar ratio of
conponent B) : conponent D) is typically in the range of about 10:1 to
about 500: | referably in the range of about 80:1 to about 180:1, and
mor e pref er‘XBIZQIJ’)‘ilPr“?he range of about 100:1 to about 1B3§TASZ4EFIRe mol ar
rati o of conponent C) : conponent D) is typically in the range of about 1:8
to about 1:0.90, and preferably in the range of about 1:1.1 to about 1:0.9
and nore preferably in the range of about 1:1.05 to about 1:0.95. 5100571
The tenperature of the reaction mxture fornmed fromthe above conponents
shoul d be at a t empewatoficenmaipoy8) 5B ucadning tﬂbe&hdtoa,bthy pietidot diRdy-age of about
60C to about 135C, 0 about 115C
when hi gh rate of cglﬂcgt?rﬁﬂ{nr%gﬁi plle){t nszl:bg\% zé%@%% roar SUQS?QPTHE&I glg%f::tl?ed pr oduct
di stribution, and Eeﬂﬁ%%fr"%“éﬂ‘)?em}%)ﬁéd@@ﬁ%?%@ﬂr%ﬂtﬁf@ﬂcpm@ﬁfépﬁbmwnmm he range of
about goc tohabgutxsM&eﬂmﬂm%@w@mrmﬁo@trﬁxfum@zh]@lpayrwrmeft@ﬁ ahd 103eed]§d
to produce i he de t di.stribution excur sj ons tSI eo
such terrpersfal ture ?fglﬁlngaglér%al%gglﬁen}s of ere c]t?oer at aoigllaor Vr\ﬁlotr%terﬁpe{aﬂléesgl eprgng&e this

i nvention provi dedb%@ﬁc@kw‘ﬂé?"@n@ef@@lmmﬁe nrege efabat $5/C fombeat 287G omi t h t he

desi red react izpns theakil ﬁ}gouﬁﬂoa&&porkﬁfﬁﬁn}od&éd ﬁa@%aQMréJ’\%t%@erﬁf present ed
herei nafter, feed rates nmol ar rati os, and reaction

0

tenperatures are af"f‘ponen %’r‘%@%éﬁdd’ét?\&' \r‘}%ﬁrﬁmﬂé?a"%‘tfﬁb"ﬁ’ﬁé? abgut {04me onl y one of

15 t hem whi | e hol dmgt prhierably indesangofighbehto abwul 30 nplepeiuaeof dinfpbenay)t pr oduct

di stributi@ns W thhdint heuds SRRE.s@E &@&%&W@J&kkﬁ.@m ?ﬁ%%ﬁa%%&%fo&hang' ng any
il

two or nore of these vari abl es ers constant can
produce nearly i dEAgPERTih ﬁ?%ﬁ%?‘“&f‘@‘tgﬁlﬁ‘ﬂ??‘ﬁ‘ﬁ%mn apf ppaintaipipgthqoenipl es

present ed her ei nafoftbe recons bietotih@e @npeemes inl tiniingt @aphabe b goutesde@bl i shi ng
reaction conditi onsARE iPHOSES SRk roduce any given product or
product distribut Fjon ngl %ﬁ aﬁe g%ﬁ%oﬁh%é%fcpvmm is industrially
practical . HoWWBY! "“P%'O%l?fff‘"%%é e giisptaofitisacapaagpribene pranaseteriistitufesin. pr oduci ng a
parti cul arispr ddudge @EboprsOTWUE ibotti 1SE°C abulsrefaabmawﬁ rdd@d of RREMRs I hsue st abl i shed,
all that is reguing erforma few o ation perlrrents based on
the information gIIVﬁeLI’?lpll%(l’:]etssf *rl_llp ps%?o steafiy -state cr(])ncg{j)tr ion o coma%r\?xétsgﬁmglﬁt&lﬂe par amet ers.
10059] Again F?(f?m\mlﬁmfh‘ghete@elﬁeofl@Wﬁdorrwllaomemrylaﬂoe,n@ucbmhyn@xqohancm the results

observed (at 2hlveasdciel By ﬁlé’i@sd—:e)f RS Sntia AR QW}acﬁ(ﬁ x&ﬁﬁr@ﬁwé&l&ty%ﬁlﬁﬂ}%e' ng reaction

rates. In the t of this invention, the sinplest product
i s represent egl%ﬁrgg'talﬁm? gjgre P95 P SRS Cithes N3P HMPEM R o or mat i on,

it is nece@saﬁvreﬁsed (Im@rpmtdh@ afjpsiogibe fegloncie ik chabde drvisv@hywithamie bltat | ve to t he
concentrati onc@f etlmatqlla@repwmtg,@sf er agent Thi s i s acconplished by feeding
the 30 m)novh)¥ aromati ¢ hydrocarbon .g., Styrene) to a |large excess of
the chain traffdiaf “rﬂ@@rtﬂa“?t‘i“ﬁEmti’?ﬁ‘ﬁ‘é‘ﬁﬁff‘H?WWWPQF@f%ﬂ%th)WH{SSMeI atively
sl ow rates. Thé&tweataenpofingpddcly oligohers, Baitldvaiviaine vapneeyhde Thabdvi®hl consunpti on
of the nonovi unct i ence on the
initiator con?glrllc?{ gi{g?lﬁoéﬁscan%g@g&g%%% léﬁtf) (ﬁym i Ofﬁesemfxﬁ’éesﬁagﬁ%m %)?rge%l on of the
tertiary- p?él y%‘f“?fé"%’@npl exed organol ithiumreagent, the faster the

monovi nyl aromati ¢ hydr ocar bogr-dis-cioefidcen,Omrsad n ef fect keeps the

nonovi nyl aromati e hydrocarbon concentration | ow and hence hel ps the chain
transfer reaction to conpete with adduct 5 formation. The rate of chain
transfer incr&dgesAnintdpeidently esalshhgndtirdepomicaly dack R isEodefimx btnvzietht frer r at e of

chain transfeﬁmce;s%bmn%ﬁa%@n s § whAOEIEL S aknd BE Qhghest tenperature
practi cabl3§ E@l i‘llge limt of tenperature 1s normally governed by the
f T

stability rfﬁ“"’éll”i}x“ﬂ%sl%/H‘fﬁ‘Wé‘E’@?rﬁ"é‘Qéﬂ’e6?‘@%&1@?5‘3’( Hituprlecéagent . At

t enper at ur es mbneab@)/@) @bou D), 1 hbGre 1dﬁmﬂm5gﬁh1@l'&r@§co§ithﬂ)arﬂfeﬁl@@&| i thium
conpl ex 0CCUV§hlgh‘éﬁlbl%Qan§ﬁ%n é}e?xre(d‘qglluabl so?vent@a(%lltbl u%gd suczcb(le ] elF uantl i 9 [0060] For
econom ¢ reasons one woul d choose to bal ance at e ?’? t® conduct the
process) of the nononer (e.g., nonovi %I aronmat i c hydr ocarbon) wth the
initiator concentration (cost of raw nmaterial) and the anount of chain
transfer agent (nononethyaromatic conpound) consumed (effort to recover and
recycle). [0061] The reactions of this invention are deenmed conpl ete when
all of conponent 13) is 15 consuned. This is nobst conveniently determ ned
by proton NMR or |ess conveniently determ ned usi ng gas chronmat ography and
then only when m xtures of one or nore adducts arc produced free of
oligoners. In the event that small quantities of styrene are present (up to
about 2 wt% of the total reaction mxture), at the end of the feed --as can
soneti mes occur in nodes of addition nunbered 1) and 2) above-- and a snall
portion (in the range of 1%to 5% 20 of the total anount of conponent C)
or an adm xture of conponent C) and conponent 1)) can be charged to



conponent A) relative to conponent B) or when a large quantity (greater

t han about 25 wt % of the total mass) of added solvent is enployed (e.g.,
et hyl benzene or 1, 3-di phenyl propane) it is generally convenient to
transfer the reaction mxture to a mechanically stirred reaction vessel
cont ai ni ng WOHBASHE at nosphere and water. The first &%ArGE8PRK: er
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) conponent B) and any added
solvent. The resulting two phase reaction 5 mixture is stirred at about
70C to about 90C for a period of time generally about 0.25 hours to about
1.0 hour. Agi t@piogide 4 gor¢ fatidresctiptngigiurand t he aqueous phase is renoved. This
wash proc e_d ur e[()bﬁi f’r}{fgﬂaﬁﬁ ItlJe Yirsl aga?&%)thg ﬁoc%ﬂ%mﬁ)o%in{g?tg §te éoh TERd i 5'1% !cl‘t!sent ho
concentration of lithium hyc?rom e in the organi ¢ phase is reduced to |ess
than 50 ppm THE4IEHAYE S thrrpressiod yrdpaton 1P yeight psgentof gpamiated pivbatie and a pH
<10 of the aquedsrbsBshvehiSaicddh Gatdtl Seipat tht hectioh GaRirE Sk Mbduginnei s free

100f lithiu J Ss s then ri pped at r.eduged pressure to
recover corrg]o n%ﬂ%teé\i%ga&f&?ygrro%gSoévﬁrc’fénﬁﬁgeéﬁlsé)lr‘{gﬁ %’}’Yeﬂ“"é‘%{g@%‘*ﬁ BFoltHE%E i nventi on
wher e mi xt ur esin@igrlohive rfagengind/gréirer aldigenakanmiit nbetuiated dlipheticipibecutoar wei ght
pol yners are pd’oﬂgﬂﬁﬁﬂinu&ﬁiﬂgc&]pl)deﬁﬂﬂ) idkhdre4clot. OR c&{duc@i%@ﬂﬁ@gnd@ungt ypical l'y

the nolar rati oocofseco ] or][egt .A% to Congﬁ?nent B) is greater than about 1:1)
and with an add%& LBRITEIRYHE TEtond SPETFROR vde ¢ WEsSy FRIPFIngSIVATL 25 wt % of
t he total readtéforbhnuasdvent faving omoryeid ®etyldne vhit pansfoemntid i, epaedly on n Xt ure

to a mechani cayWerdbe b1 5.6; rofaf ab PR GroS i bib S QGafbon sol vent
L0 make Aot b ibeBhibIRs 1.5 EpARDARTAR MRS £y HRLAGR,

wt % sol ution o e product 1n the

sol vent. In tHEXUSESE GRRERY Bzt ad pbuihenigase ahish drecasigs iént A) i s

t ol uene, then doheren® nogest dog. JolsyOprefatedabl@inG Eor ubdin kdatcizASLosWgE € et hyl
benzene was thg,pdfed skve e benzene d be a preferred
solvent. O her ,f)lr eferréd I%yﬂépé?g%bgﬁfygb%fzg%’%b lt}e’ﬁzéllwu?felso\(@@@}[’%’ exahe and

net hyl cycl ohexX&Heres 9fpny o oprigre Af Bese: Fhylhepzeredil idiphenylpropask vemixtutehe stirred
‘reactor isIfhateg®tiomdtitult nwadpasferB@foRE s a1 heprhdiBbrinhienveRRE L 9R bl Xt ure. The
first charge qf r. shoul e in the _ran of about 5% to about 50% and
preferably abglﬁttex\@é&e? %lzyglﬁglﬁ.{l ﬁeélg%'tg#lo“fsﬁoer%ﬁg)%?tﬁoé’amﬂﬁaéesm fheBipShent A),
conponent B) én‘tﬂa‘&ﬁ?nsﬁti%@ Al tg EamponTih @), Mbougle gradutniatiy) td avpssphexset, r eact i on
mxture is stipd@hbigliuabadlincéd §2 2R Igglglefn;pﬁrot_@nspb?EchgydgjfcarBdngE general I'y

about 0. 25 hOL{rregaHttho itation is interrupted and the

bout 1.0 hour o]
aqueous phase ‘'S re”r’rfgr\}g%’.en%‘ipé“%é%‘ifﬂg%%@‘aﬂ‘feé&i‘ Ay 38 gt g koT nore tines
until the ébndéfirthabdnodic prbtodsiferiiluene; key Hrighand@uiikip. 1 d0@andy. g@RE@ctplgse i S
reduced to | esgpabind | i all | ear organic
phase and a pS[H < llopsg?@%aﬁg%taﬁ%gﬁ%g&\%g%dd?%s?Jrﬂ)glag’&%ﬁ @%Q%hg%m%ﬁﬁ%m?% organic
solution is frE8eBreesysehEnvertipeadsnl esentagesosadducts; sdistssnd dlippesss. at r educed
pressure to resmérctstohgnbts)akd ok melerpOREt pofned hiving kad 180k &BEved endi ng
conditions ar d . ) 100631 For. work-up of nateri al
enriched in agr&(ﬁ%&g( é}%{#&}hzég%r?%gen‘?@ﬁt T6 %?Sffeac?“gmft & rq%B‘if\Eg‘f”reﬂ’Bgfi ng adducts
by means of® vAETRIANER &tils|remitasa defvetver  Similar Hobaviohardrandegety minous- oper at i on.
A preferred npfli@d aRRTHQYISVha pApPBShzdnk, bl IBA RO ob kMR )en Qe \RedS€T | €5 Of
w ped film ev%%%gn?r% mEr.om I pg a€d ct-enriched material, adducts where n
is equal to 0 to 3 can 5eRe AL PUPBROPRHERE SYURPHEAY Qe e di sti | | at e
fracti on by p&ageionyt Bhestaddirzdductandduchad oligotmerns.iaad adtiivrspelgbmes, WaEovoper at i ng at
<0.5 mrHg and nakeud: wBAGoil RerdRAkt 13RAG. gi j I ts of the
i ghter adﬂ)UthF; £an brg gcki eved léy passidﬁgrg%pﬁéghrg?gﬁwﬁgta}gwr a‘?ﬁlon t hr ough
the WFE (or tH %Uglﬁ"pé"df“ﬁsrf?rﬂ‘é‘?ﬂw SRR St 1S apins usgobl.3-¢irhseiirepane ant a | ower
t enper at ure. Theldgiopigint doen®t it dipridagibristeny Gfgent @bl prod s mhagouabea of the
apparatus, va r.ovi de ,cut reat | nriched in
any one adduct%‘%:égﬁ]r?a%%oﬁiﬁgﬁzﬁr;{/m%%%gﬁﬁ%%? aFﬁrén c%nab\%/meeﬁ% C%Fboxutns istilled
material is conprised predom nately of1 adducts where n = 4 to 7 or adducts
and oligonmers where n = 4 to 12. Fur t hér purification of the adducts having
n = 0-3 obtained fromthe WFE can be achieved by fractional distillation at
reduced pressure. 10064] For work-up of material enriched in oligoners
and/ or | ow nol ecul ar weight 15 polyners (i.e., mxtures of adducts and
ol igoners or mxtures of adducts, oligoners and | ow nol ecul ar wei ght
vinyl aromatic polymers), further renoval of solvent fromthe m xture can
include: |I) passing the material through a colum as a falling film at
el evated tenperature with a countercurrent flow of hot (about 220C to about
260C, preferably about 220C) nitrogen or other inert gas; or 2) passing the
material through a wi ped filmevaporator at 20 el evated tenperature and
reduced pressure; or 3) passing the material through a devolatilization



convenient to renove trace amne inpurities after dissolution of the
material in a solvent by passing the solution through the acid formof a
strongly acidic cation exchange resin prior to 15 brom nation. O her
adsorbents for amnes can be enployed such as acidic alum na or silica gel.
Whien the malV@P%(15448' t 0 be brom nated, the material caf@&R188¥LYed in the
sol vent to be used for the brom nation and then passed through the cation
exchange resin or other adsorbent. 100671 Non-limting exanpl es of
nonoadducts of this invention are depicted in Table 1. The 20 nonoadducts
shown in Table 1 are fornmed upon reaction of the particul ar conponent A) of
the left hand alﬁbﬁ)iSlﬂmﬁngp&r&ntohﬁeEﬁrrédcﬁdﬂhﬁ{tur&mﬁhﬁﬁmintﬁéc raﬁg@@f apsf tOit(CU| ar

: th
corrponent B) ggou{'ﬁ wle%ﬁgerge(r)l’yy) eto¥ []rsacl:ion rqlﬁ?re ?re esfe rrqu?(h §1n%s outSI?eh e initial

i sol ated. For exa on reac ne W
i sol atabl e pr émm%ngmretm@nﬁhwmepﬁhs ineentjonghutii lpmmeldpmgaﬂmdlog widbe t he

conpound showsd difetdve aife lelssQJaorﬁxfmc;- ab‘h@m&dem @d’dﬂloﬁ Qf HERRANY galedfiene
i nt ersect |n Ta\t,q\k’n £5 re.co panes are formed by

[
this inventi off%h néha}“a 550 el et ‘?’i‘ﬂé‘h@% gﬁyﬁ’ﬂgi‘i?t %8 (STt dted styrenes

are enpl oyed (ariade for pptimizhi@nnet hy| benzenes and the nonovi nyl aromatic

hydr ocar bons ijgya] Me?so@er@ﬁha@yxn b@lﬁmoﬁeduén% th%&ﬁpm%a&lon i th?tl, elfé/ | gr oup

having at | east two carbon at ons) be understood t Table 1
merely repres ENYeRSS ok BrelyloxelpbexpisryRena et ﬁP%'B?j‘é‘?“EJIWé"Cbﬁ'P“teﬁédoﬁPhct i ce of
thi s inventi orentaMbreglicereihyle@iunitshethirisl@ols eH@fever 30uship kilvegts achais@denat ed fl ame

retardant, 10UP thte Qm@amt P&\fﬁi be gr‘mtgd%wh ft}Bptﬁé Jh!ng H?nstg{})rc?c%sts Q%B n?aqerlggtl&lbge%t he phenyl

groups of the initia ucts o e reacti can al kyl
groups havi ng"Pigh t‘sri‘é"”rs‘élﬁ@’ée t5#ds fo fereyation elhieernolze i cialy polyPRy PASSCsSibERr i ¢
hi ndr ance per Riokailas Udighs Ltbﬁrtliuﬁidﬁ lcﬂnhlgﬂ fasﬁnmebff Ommmﬁdonfa&raﬁﬁner %(ﬁr dant is no
t he desired “ﬁ;%thylﬁ’en t hes or both of

en areqluara ve o another ¢ of S(I)l\yeet 2 Icz}nl Ol?ssd T reduci E
the phenyl groups of the %ﬁ et'd f“ﬁ’h @& EFT 18K é’éﬂg e occupi ed
by al kyl gr oup‘gcoﬁavffh@'eacwnmém dm@ecaéffthelmfﬂ@uw S@l&hlb@ﬁsuettsewtsa@tdmng as
steric hi nldr ARGR RSB bdn S 1S HMERY BB bdr brdhhtRBng. SuchABhre koads® tnchingin ~ © 1 ¥ *
4 the product and leads to formation of branched or non-linear structures and wider molecular
weight distributions. In view of the foregoing molecular structural characteristics of the
solvents discussed iﬁ this paragraph, it is desirable, when utilizing such solvents to reduce
viscosity of the reaction mixture, to limit the amount of such solvents. Amounts in the range
20 of up to about 10 weight percent of the total reaction mixture are recommended for use in
controlling viscosity of the reaction mixture.
[0042] Still another solvent containing only one benzylic methylene unit per aromatic ring
that can be used to reduce viscosity of the reaction mixture is 1,2-diphenylethane. This
solvent, while similar in structure to 1,3-diphenylpropane, can change the molecular
25 architecture of the products produced in the processes of this invention and thus when used in
the production of the oligomers or low molecular weight polymers of this invention, should be
used in amounts in the range of up to about 10 weight percent of the total reaction mixture. It
is to be noted that if 1,2-diphenylethane is used in the practice of this invention, oligomeric
mixtures and/or low molecular weight polymer mixtures can be produced, having, for

30 example, structures of the following formulas:
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Ar'-CHR{-CH,CR(A1")],-CHPh-CHPh-[-CHCR(A™)],,-CH,CHRAT
PhCH,-CHPh-[-CH,CR(Ar")]m-CH,CHRAT '
where Ar', R, n and m are as described herein, and wherein Ph is a pheny! group.
[0043] In each of the formulas presented anywhere herein, when n is 1 or greater, R is
5 preferably a hydrogen atom rather than a methyl group. When R is a hydrogen atom, there
are no quaternary carbon atoms in the backbone of the molecule; when R is a methyl group,
quaternary carbon atoms are present in the backbone of the molecule. Thus, it is preferred
that the molecular backbone is free of quaternary carbon atoms. Compounds in which the
molecular backbone is free of quaternary carbon atoms are more stable with regard to
10 dealkylation under certain conditions, in particular during bromination with a Lewis acid
catalyst. Such dealkylation reactions during bromination lead to formation of undesirable
brominated aromatic hydrocarbons.
[0044] A feature of this invention is that the process technology of this invention makes
possible the production of reaction products enriched in adducts, or in mixtures of adducts
15 and oligomers, or in mixtures of adducts, oligomers, and low molecular weight polymers, all
of which are well suited for use as raw materials for liquid phase bromination, thereby
providing effective additive flame retardants for various substrates. Moreover, the adducts
and the oligomers can be separated from each other without much difficulty by means of
distillation or other methods (e.g., fractional precipitation) and then subjected to liquid phase
20  bromination thereby offering the opportunity of providing different flame retardants for
different end uses. Bromination of (i) the adducts, or (ii) the oligomers, or (iii) the low
molecular weight polymers, or (iv) mixtures of (i) and (ii) or of (i), (ii), and (iii) is preferably
conducted by using either an iron-based bromination catalyst or an aluminum-based
bromination catalyst, but-one or more other known Lewis acid bromination catalyst (e.g.,
25  antimony halide, etc.) can be used. The adducts and the lower molecular weight brominated
oligomers are each readily soluble in liquid alkyl phosphate esters such as isopropylated
phenyl phosphate thereby providing liquid flame retardant additive products containing
bromine and phosphorus. Such mixed products are suitable for use as flame retardants,
especially in polyurethanes and polyurethane foams.
30 [0045] As noted above, the chief reaction conditions to be controlled in order to produce
reaction products enriched in particular types of products are the proportions between and

among the monomethylaromatic compounds, vinylaromatic reactants, organolithium initiator,
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and the complexing ligand; the temperature of the reaction; and the rate at which the reactants
are brought together.
[0046] As regards oligomeric and polymeric mixtures producible pursuant to this invention,
those h'aving the structure as set forth above and having polydispersities in the range of about
5  1.1toabout 4.0, and preferably in the range of about 1.1 to about 3.0, and more preferably in
the range of about 1.1 to about 2.5 and in each case having a standard deviation of about 60 to
about 2100 Daltons and 403 in the range of of about —4.5 to about 4.5. More particularly,
preferred oligomeric mixtures producible pursuant to this invention have a polydispersity in
the range of about 1.1 to about 3.0, and preferably has a standard deviation in the range of
10 about 60 to about 1600 Daltons and an asymmetry in the range of about ~4.5 to about 4.5.
Preferred polymeric mixtures producible pursuant to this invention have a polydispersity in
the range of about 1.2 to about 3.0, and preferably have a standard deviation of about 160 to
about 2100 Daltons and an asymmetry of about —4.5 to about 4.5. Such mixtures are
preferred because of the compatibility of brominated flame retardants prepared from such
15 oligomeric and polymeric mixtures in various polymers with which they are blended or
physically incorporated. So far as is known, such oligomeric and polymeric mixtures have
not been produced heretofore nor is there any previously known technology capable of
directly synthesizing such oligomeric or polymeric mixtures having the aforementioned
molecular weight distribution characteristics in a single stage reaction using catalytic
20 quantities of an organolithium initiator.
{0047] It is to be noted that in forming adduct(s), mixtures of adducts and oligomer(s), or
mixtures of adducts, oligomers, and low molecular weight polymers using process technology
of this invention, small amounts of ring aralkylation products are typically formed. The
amounts of such ring aralkylation products are typically less than 5 mole percent, and more
25 wusually less than 2 mole percent of the total amount of side chain aralkylation product(s)
produced from the monomethylaromatic hydrocarbon, viz., component A), used in the
process. The character of such ring alkylation products is exemplified by the simplest
member(s) of such materials. Such ring alkylation product(s) can include one or more
products represented by the formula(s):
30 CHiCsH4CH,CHL AT
CHiCsHu(CH,CHyAr'-),,CH.CHL AT
Ar'CH,CH»(Ar'CH;CH2);, CH,CeHy{ CH,CHo Ar'- ), CH2CHL AT
20
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wherein each Ar' is, independently, as described above, n is a whole number, and m is a whole
or fractional number, and the sum of m and n is equal to or less than 78. When the mixture
comprises two or more adducts and one or more oligomers, at least about 0.005 wt% to less
than about 5 wt% of the mixture is comprised of moieties represented by the formulae:
5 CH3C¢H4CH,CHL AT
CH3CgHa(CH,CH,AT-),CH,CHoAY
Ar'CH,CHz(Ar'CH,CH,),,,CH,CsHy(CH,CHy A1) ,CH,CH, AY

wherein Ar' is, independently, an aromatic hydrocarbon moiety, n is a whole number, m is a
whole or fractional number, and the sum of m and n is equal to or less than about 24.

10 ]0048] As articles of commerce, vinylaromatic compounds such as styrene contain inhibitors
such as di-tert-butylcatechol. Such inhibitors react with the organolithium catalyst, reducing
catalyst utilization. These inhibitors also cause the formation of emulsions when lithium
hydroxide washes are performed on the products of the processes. Therefore it is
recommended that such inhibitors be removed from component B) prior to use in the practice

15  of this invention. In the case of vinylaromatic compounds inhibited with di-tert-
butylcatechol, passing the vinylaromatic compound through aluminum oxide prior to feeding
the vinylaromatic compound into the reactor effects such purification. Alternatively, other
suitable adsorbents such as silica gel and various ion-exchange resins can be used to remove
the di-tert-butylcatechol. It is desirable not to try to store the uninhibited vinylaromatic

20 compound, as such compound can undergo polymerization in the storage vessel.

[0049] As those skilled in the art can appreciate, in as much as organolithium components are
involved in the practice of this invention, the reactions should be conducted in an inert
atmosphere which includes noble gases, nitrogen, and light hydrocarbons, or any mixture of
any two or more of these materials. In light of the small amount of lithium reagent used, it is

25  important to have dry reagents, dry gases, and gases and reagents free of or substantially free
of oxygen and carbon dioxide.

[0050} In conducting the processes of this invention, there are numerous ways by which the
components in the desired proportions can be charged into the reactor. Non-limiting
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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[ 0068] The oligoners and the adducts, whether separated from each ot her
such as by distillation or kept in adm xture, arc particularly useful as
raw materials for brom nation and consequent production of flame retardant
additives and flanme retarded pol ynmer and resin conpositions. Wien the
adduct s andWOIXYHAEFS are separated from each ot her, tHETAGHIBPEEY and the
ol i goners 5can then be separately subjected to brom nation to prepare
effective flame retardant conpounds for use in polyners, resins, and
coatings. [0069] The brom nation conditions for effecting brom nation on
aromatic rings can then be used to form such useful brom nated flane
retardant product schardifghs the telior i@ B@iptr@iire bovi ARt BRL InyheGIBHIRS, @6h &N t he dark
(i.e., in the totqdlnd%?n nce of light) to favor aromatic bronmination. In 10
addi tion, the bromnaticoh reaction is often conducted in the presence of a
liquid hal ogerfat edogppagrtrl) is feed fin the repotdr septainizenpinixtiredt onkipse o feprtibuude

br onochl or onmet hanaemgdiafurasm Iﬂa,{bear iflg 2; thlia pémﬁ)mamfexceéd sltmiék {a¢ onoet hane,
and 1, 2-di cgﬂ or oet ent sual Iy brom ne

(Br2) or brom ne c’ﬁ‘i%rqr%r@yeé? fhgn C}IBFgg‘ﬂger) P fc‘,fki‘? "’Sde’rﬁ"}P‘f PRGN % s conduct ed
using bromne in tm@erzhbilycfmdgbmratﬂfh@lmmswﬁf brorninating agent 15

used shoul d b%)SUfédn%bxféﬁlEA)tﬁ’) @fmwf‘ﬁe@dgﬁ@maaakmlmgamamwcogyct having a

brom ne content of out ercent or nore rom nat cd
ol i gomer product stf’lﬁﬁﬂt‘ﬁf“i’:"ﬂ’ﬁfa%‘feﬁ"“é}fd Préférétily 3 pSEIecrae Rilowaont 88ia e, Pref er r ed
flame retardant olpogionEns apyxinoed) ad c@rtoabiD)] 1A the bke dfastgebaidh rabayt 45 to

about 65 w6 of  briaukARRAM IRRG. PLEHSHAR! ¥ nl Bl MG ANGR Pk, BRANT S5 O

about 60 wt % of brom ne. rom ne contents adducts are
typically in the rsﬁ’ﬁ'bém‘ﬁ‘f‘t ’2@t b tie *B3InhPEY oStk TPl Yobidelint ef erably in
t he range of abOUtme@ﬁnMﬁlB/Gttrﬁd 200 br 1e8mbdnPaecdsQB fddchifR@gifafidaia 418dcloPn |5|
typically conducte resen of,a Le catal yst.
Non-1imiting exanpﬁeép afp‘f%g r?l{?g% B g)cmovgggjfng)nar?&aﬁe % %?Plilst s include
al umi num hal i des, @G%Oféféaffd@ﬁ soechagrg isén thexpi@g 8f abowt Byt@abot|SBpep@ht of the Al C12Br ;

or ferric ali des ,totﬁldﬁbhnﬁﬁcf & D?%@mla@ed zﬁlﬁgeﬁragl'& infteeBhme otAbduionad 1 vel y, t he
brom nation react O{mu?f(p percent op t%er %t?lldamount of & and Dptorpe charged. In the case of a
continuous back-mix reactor, it is desirable at startup to first charge about 25 to about
100 percent of component A) and one full charge of C) and D) such that the desired
relative proportions of A), C), and D) are achieved. Next, A), B), C), and D) are fed
20 continuously to the reactor at a steady rate in their desired relative proportions, with
an average residence time in the range of about 5 minutes to about 60 minutes. In
each of the feeding modes described in this paragraph 3), components A), B), C), and
D) are fed continuously to the reactors individually or in any subcombination(s)
except that the amount of B) combined with C) in forming a feed containing C) should
25 not exceed about 5 times the moles of C).

4) Components B), C), and D) are fed to a reaction mixture at or close to reaction
temperature formed from A), C), and D), which mixture preferably is at a temperature
below about 80°C. Such mixture is formed from all of component A), a portion of
component C), and a portion of component D). In forming such mixture, it is

30 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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25 netal in the formof foil, powder, turnings, flakes, filings, or the
like. Simlarly, when an iron-derived catalyst is to be used, the reactor
can be charged with iron filings, iron turnings, or the like. The alum num
metal or iron netal is converted in the presence of the brom ne to al um num
brom de spe¥Pe@&8gi+ferric broni de species. [0072] BroiAGSPON 1315 ypi cal Iy
performed at one or nore tenperatures in the range of about 20C to about
70C. For continuous or sem -continuous brom nation using alum num halide
catal ysis, one or nore tenperatures in the range of about -10C to about 20C
are preferred. For processes in which perbromnation is desired, i nvoI Vi ng
a brom nation techm tqzulemﬁammlayd ﬁnefbemra@eh t@n@&]eﬂs B}se@am‘mmeom ne"
preferred tenperat contfi %yormm reme; ts{o%ge d d ﬂlt % t%) 5C a AR
tenmperature of about &0 out one at 0“" ’Vhéaéorl‘%a%?éonb GAVEHT ent . [0073]
I n conducting the %Wetﬁﬁaﬁmwwtofﬁh@ﬂbmmm& lﬂﬁ)gmazfefmdconmrefg@amw brom ne,

can be introduced rBDJxEde@@BMnSﬁndléaft& bl oK &N RN Pxfod&chﬁ %l‘dd&@@iﬁfche@r@rq/ or adduct,
brom nati on, cat al ysit a su ta nmet hods of

br  hoi ng. +0bet hor “THEBASHT ARG M58 A SEHE 1 BmONT GENER RG] uae
f eedi ng t he ol i gomgth Caindiroing alldisottaipar®) stondns exceadialbont 20imewhi haestof a sui t abl e

sol vent or diluentg), Mg;refeab#ﬁ@mrqnm%% o AN R85 |1 gui d brom ne
and brom nati OF cat al mnimze bromnation on the aliphatic carbon
i

atoms of the o gocf?E‘PO“e’i“i A) @d dpa are fedp ghe regetersqpfpipips § REYST §9F Alaeiton wi t h
short reacti omeattionesperaifrefolr@ngerferdbiyat abern@émtmabdld%gabagmmt ﬂamdp@hdngprrer remai n
in contact,thg gre a | jon to occur.
Thus, 15t hle0 br 2r?1 rt go%n?%nﬁﬁt:&z;g@a%fm&g OBe}ﬁdJB It K éeflpaglatﬁrsf ° Crﬁk%e aP la?fe? ow about

ei ghty mi nut e§°faﬁwfﬁw@ﬁaéﬂeémdyma%°wtVﬁIrCh p?rh@ 1?%.!’1’@‘@'“‘9?‘“%@19?353@“00 to about

twenty m nut eSeact tagddtor bip@in &ﬁ)d’(!]ﬂinﬁilly@tﬁl‘re@fea@t@@r thé’a‘ﬂ%hxﬂﬂécb@ﬂy tohdh@ver ude
ol i gorner and/ g{at]adduct IS ire s sol ution of

base (e.g. UM hy T ox TR “”ﬂ%eapsumlp Wiy (fI’P o]X’iS 8180 ‘Q%%@F ﬁ?ﬁ%&?‘%‘ﬁ‘hat e, or
etc.) and wher‘i?f bh@f‘esuff@‘ﬂmjéfebm héomqgemlsms at leastssut)fmalnh@MdmctgynqmtemnonNas hi ng.

Then, the 120 th@Qféﬁﬁed'ermdﬂaﬁntﬂtllnl &Q) lahH a‘ﬂro?@ranh 41| (nyc@anrQﬁts §9Jn¥§pt Use of
| ow b0| ling sol i s desirable i s, enables the crude oligonmer to be

a
treated by inffodie n?ﬁﬁustlyhoémé’?”[fﬂlémsd? %ﬁ'ie?f&’f BEVigra iy ReBb ¥ at er so t hat
t he sol vent diTht iboyesm@its of addittneaf beatti)ized ipindepend S pratidrs @N inydperhtthas t he desired
product, whi CRofa@ikdRfsehs] ﬁ)qexafnfnle q%&’l’[lﬁl%QS bam& reg‘gorggn OQS'HM A a Dt
descrlbed in this paragra ave di tional advantag farem)wng
i mpurities i néﬁaf}%ﬁ"ﬁﬁtoﬁﬁ?ﬁ)‘ Bé’é‘ihl“iaﬁ@)t B’rs%ﬁf‘ﬁé‘t“é'& bkt fegciopggn t"h‘éYe asdigny be
present i n2ot hef bjhﬁ)fﬁbtﬂaahdkdmﬁ)hdagﬁrEI‘EDtherlﬂQz?cﬁﬂs irutdifest atitoa) 4. &, 8OBCLr ni ng the
brom nation ar, S erein the

bromi nation i s&gﬁﬁ%is c é@aeﬁﬁgﬁ’é@’gerﬁels r‘?’E)iugtfr}pwrﬁje i AlT@ﬁ’?@]’e TSR on, t he
brom nat ed adubast Ferdingy gkl dlced il treywiter be Scan?d’f is ityentiod makiewtd| ow nol ecul ar
wei ght pol yner@sadee ifoamddber aﬂ@iuxctheﬁbfz)@ﬁdamggmrcﬁap&qﬂﬂ/o%mb&l\é\{nm| ecul ar

wei ght poly b nven are med . usef as flane
retardants |2%E)atnﬂe§ QEH t]?raéir%%smsg@ ?‘?e%lg %F’V#‘?E?dg’e“fawWEHVBWSH‘EPIWHEP‘? zation or
copol yner i Zat F%afmummﬁﬁmwerrests Rpanid By inghetreacion in eeluced Uthkse nbdndf addiier e are t hree
groups of suchirp®l yee&sdy- ﬂﬁ{@ lastbbivigPne or nore vinyl ar omatl e honopol yners
or copol ymers 10 ?ﬁ%w P rene and inpact nodified ?/styr enes such as
5 H PS, prefel TR ‘ieﬁ{? dﬁlﬂfeﬁ‘ét?‘waéﬁé‘e arg nptyncggipwhigh Sﬁﬁ WoHEy c| i ¢

ol efinic hydr ob:amimem Bmmebxymrmthmacmﬂm@&vyﬂfﬁemhe 18ttlﬂhbt1&80fra@hpys@etnhyl ene,

pol ypr opyl ene | east one

hi gher ol efi ncgﬁ@%@@ﬁﬂ)kg}r{e@%{;ﬁ b Or%tp%)ag@ 9°re)8n§lwmg “aie“y ilmcsmpoertlee or nore
copol ymer s*%f "agtior Basrpccgipeer %}ioﬁwﬂ%tﬁﬁ’ﬂ’ﬁﬂ recyplp ARARSNNt AR} may bd centginedgne

non- vi nyI ar ometyclzd ORNPORERT A XC QRbtBdr Rkl s \f/ﬁéﬁ(htshﬁlmﬁhougtr@ﬂépls iSdAGSha@S
acrylonitril cimr%m%mt&/tgere ate oner with or

wi thout a di ene nononer OHmQngyﬁ¥“ﬁ$8 %g”w BT:?H’?HB%W%‘ SPBS, SAN, and
ASA. Decabrono-1, 3- dlphenylpropane forned by brom nating 1, 3-

di phenyl propane is deenmed to be an ef P&ctive flane retardant for use in

pol ymers fornmed by polynerization or copolynerization of nononmers having a
term nal double bond. [0077] The flame retarded pol yners produced using the
above brom nated flane retardants can 15 contain other conponents such as
flame retardant aids often referred to as "synergists" such as anti nony
trioxide, sodiumantinonate, or sodiumborate; other flanme retardants,
especially liquid allcylated triphenyl phosphates such as isopropyl ated

tri phenyl phosphat e; and conponents used to i nprove other properties of the
pol ymer such as antioxidants, nmetal deactivators, UV stabilizers, pignents
and dyes, processing aids, fillers, acid scavengers, thermal stabilizers,

bl owi ng agents, 20l ubricants, nucleating agents, antl-statlc agent s,

A N PN — r~ T



10079] Adduct formation begins to conpete with oligonerization and

pol yneri zati on above 25 about 90C, and is adduct formation is favored over
ol i goneri zation and pol yneri zati on when the reaction tenperature is greater
t han about 100C except when styrene is fed at a very high rate. Several
ermbodi nent SYBRVBHIHESY nvention leading to formation of MCOHUIPWEGEYadduct s
and m xtures of adducts and oligoners are presented in Table 2 below All
Exanpl es were conducted at one (1.0) atnosphere pressure and 110C, just
bel ow the reflux tenperature of the chain transfer 30agent toluene. Three
reaction paranmeters were varied: (1) total nononer (e.g., styrene) fed
relative to tetaadrocedaaat@d&df@ﬂsstfa@;sm@g&mtch (vgmomén@inugm)immmd ge8hch a
(styrenc/tolu rene fe tal initjator (butyl

..e 1 1
Ol o R DAPRERiE- G bP B Pher owsirit, B hSaiS AO R aarielt b e e o oh
t he nmononer wagngoragt C)f BB cteia e btéor pf agely gyrflighitih atpbres agésaeesab angpdcedur e
i ch vaS USCHl,8aER AluEXAIPLRRId ket JFKANPLE chk GO8H ot y 500-

4- necked, 9l | -j acketed gl ass f was eg B‘ t her nocoupl e, gl ass
over head st r FEPPIH K rgPaRedsddtivhen maldreddire 5‘816’ rN? Oif?ﬂ 'Bihat PYE"  eact or was
charged with 2560 torhe hdrg€ll. ebthg putskt Hhbuldred e)quaat‘obytéﬁsahlﬁ itiolAueneheandkibhien

subsequently 4

cycl ohexane) \gfrll esgm%h%ogg‘?%%nd/dgp%%“ % the]ﬁ%oglm ?hg‘r]rl%%ﬂéswnl(ﬁag%nedl am ne
(TMEDA) at anbmeite at“é‘f?b‘éfha'tpalﬁ‘é“ of Ehig be @#ﬁ@ﬁﬁ’t‘%ﬂ“@e‘oﬁ‘fﬁlﬂl@mﬂé‘&é"{ %*r\" m xture was
increased to lQkragrihyre@ai@wlrbiQdvihiagedd satidhs h plmad c)perw@ﬁ c@umwadm it 0 t he
reactor at Overdusilhal sczH| aanhlerS ea { 1th('13‘n tﬁeo snsrlii scor a(;[f%)e 1nvent1en ne%lnnc ai EQiI ng constant
and signi f| canri i'on of tne mXxtuf Ef rrpf) lf of *t he styrene
feed, 20 [(&ﬁﬂytd? maﬂsbqumuugh@w%asf qyerntwedwplwv@feem tWé‘B@W? oer fiext ure 15 to

clear the feegokdserfin 1§ﬁ1ﬁbﬁ£ﬁ@%b0\£h@n€h€@9¥ebeﬂt@dmﬁﬁﬂdfegom%ah@ﬁﬂd&Qm ed to 80
C and then qu | cohol Aftelén{ cqQoling to room

t enper at ur e aﬁ@ﬁaélg’f tﬁ“f}hog‘eb?"df%"?eﬁ’ﬁ? Y‘ﬁ'ﬁ?\g% RIPEISKP g orsripe meat eact or was
sanpl ed for GP®nagadihgtbe wesenf Hiecld®RE area % anal ysi s excl udi ng unreact ed

Lol uene wars asoblh) A CL Rk bndt SRABA 2D A% AL, B, 2%
C391-140 2. 9% Cssliss O. 64 0% Cr11172 0%

C791- 180 0% @8‘?‘?@8’8‘“%{?1& Hﬁ?d@‘ﬁ%rby Smitige Fhe a@ﬁ%?&CWﬂﬂ@é&WH@@Wﬁ@@&] The
procedure as kdnpmeary)) semiktundalC) dsidn) isside it rehdﬁat:onéﬁregly(vﬂméanmsﬁdnel}.), of styrene
was fed over . o 1d - LOF nAM30-5 9 (1.55
nol e) anhydroglgmp% %eﬁ%ﬁg(&b)%ﬁlgg t(ggtﬁ‘ggg?{}ﬂ : ?') 5,9%1/?@89 f g Q(t) hi um and
0.56 g (0. 0048 mhsc&) agsk DITVEDRYent hEor Gumotsait o4 derinbly & '§lhéf><@l Ay unr caet ed

t90|9(lJJeHE4 Was) gﬁy&&ﬁrbtﬁmwenmﬁaﬂﬂa?a&aglgﬁ/@n}ﬁz&l&ﬂg}xe%&t p:eq/(hroﬁ;atﬂe]r&%?l tiléé g% (2:8933-0
: %) 7144 % /11-17 % 791-1 %)
C871188 and hi'gher a3 Lsg%’rorlgros %&' gm‘@f(iﬁ\?éﬁés %tr[md%ﬁg]a} T é%ei%fr‘% as in

Exanpl e | was thissedicx sigptiontidrdde thesegh{cd 24 3n tholigld sgfe ast pmenguadgof ed over 46

m nute peri odattoqtsaodﬁa%ﬂe&@feﬁaﬁtﬁeﬂamtefba@mb%&@m‘é Sorl-timi em g) anhydrous
tol uene, 2.7 0054 réf 2 Mn but lithiumand 0.5 0. 0048 nol e)
of TMEDA. The(’fGFgC Ty e%ﬂcr%so’ge né‘?%’f set yétB?’E,ZF‘t‘fdl fﬁ@”y{?ﬁ'fz%‘ﬁct'blﬂ“yt“ﬁ? ¥ne, was as

fol |l ows: CJ551kattylon28%%,3-GRsdylR dpadedart Mixt Sl ofR tiPor hidof 63 #bingl 0. 87%

CA71448 8. 83% %0575? il‘%r?@lmz wﬁe%(ypltro%ﬁ]g% al Eﬁ:’h{%%egeﬂ'?% 6ngx8e§ Qt/i% rg}zgr;d]tg 0 4.26%

C871138 and hi gher gpners rocedure of
Exanpl e | was G&Eer shedise tamurselist igpreloradd fgicerypopint %W%H’é sofed over 25
m nut e peri odite0iq@d kr@abh Inﬁ)ﬁurﬂa§5 ﬂfleﬂbr aRided fIMspk30 obasta éoiunEerrmh@) anhydr ous
t ol uene, 2.7 00 butyl |ithiuman 6 0.0048 nol e)
of TMEDA. Theh}a?égrgon sug'b /'13 1sop r)tane cyclopentane penlanes nofmal pentang, ]%w &1]1(1
30 petroleum ethers or the like. An added benefit from using such light hydrocarbons is that
they facilitate the removal of volatile amine(s) which may be produced by decomposition of

the ligand in the course of the reaction. For example, when such light hydrocarbons are
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anal ysi s excl udi ng unreacted toluene was as follows: C151115 8.8% C231124
8.49% C311132 8.3% C3911410 7.8% C421-143 6.8% C55H56 6.1% C431164
6.3% Cr1H22 5.1% C49H430 5% CB871188 and 15hi gher oligoners 37.5%
EXAMPLE 5 [0085] The procedure of Exanple | was used except that 45 g (0.43
mol e) of stYPEMHE/ 1Y fed over 127 minute period to a r d4dtUSeNs/AWIY for med
from130.5 g (1.55 nole) anhydrous toluene, 20 1.8 nL (0.0036 nole) 2 M
n-butyl lithiumand 0.42 g (0.0036 nole) of TMEDA. The GPC area % anal ysi s
excl udi ng unreacted toluene was as follows: C151-116 46.1; C23H24 25.5%
C311132 13.6% C361-140 7.2% CA2H4g 3.8% C551-156 1.7% C63H64 and hi gher

ol i goners 2% &tRleE R r%t%%%;argaﬁrgmmﬁawﬁﬁ opsﬁmmflti%n (flaRS), used except
that 45 g (O. f st rene periaod 't

4 | e a
reaction mass Vf’lﬁtﬂo?ﬁé‘a'chs? YRS @“%ecb\x?tirn%'ggﬁm &y b%lar‘i’ﬁ‘i?&?%‘i@ﬂ‘t"(?f@éﬁ@e 1.8 nL
(0. 0036 nol e) eS_knithfsA)wnbmﬁvplatﬂbaddhismmramllex@oeéﬂeﬂgp((0 0036 mole) of TMEDA. The
GPC area % an ] Cl1511. 16
25 105 C231. 194 6§‘2f0%/a(LfE %ggg%ggg @%&“@é‘%@%d@%@@‘&wffs 8. 4%
C561- 156 5.58%A>@7Cﬁ=@8w) ai%onf@ﬁidlwzrpéucethswre@wmog@ 5&*1{5 hi gher ol i goners

6. 1% EXAVPLE-7 5[g@&81ﬂﬂ.sp?dk&ngﬁr[ﬁ&€§§ééﬁrﬁvkﬁﬂm@bﬁrﬁ@k a&idﬂctswaﬁnxuﬁe@dfa@dﬁet@pt that 45
g (0.43 nol e) ut e eaction nmass

formed from 1§E)J oélgo s orglg(tures OI"a)edguc ho%aomers anEl Ervaneoleelﬁarfeldht Ipr?_ynceﬁs %6 ol e) 2 M
n-butyl lithi lhﬁfoawd ﬂ@ napjer pgti¢ @ 0@@@®HWI e9mporfentBYEDRicalTriethGR@e afabart % anal ysi s

excl udi ng. unr oaeetial UgRBeNASy aSuE bl CI8IG Bule 54 RTR 124 14. 2%
C311132 12, 6% 91140 % C55H56 7% 0631 164 6.5%

c411472 5. 3 ‘7ri‘i‘§)é°%“pi’%"@o‘éé*?&“°’f§é aSé'PFda‘W@’ﬁ‘@Fheb '} Gomrtipeof ighes o EXAMPLE
8 [ 00881 The pwcda urehomatbriehipiagordd walssten Sed r@wsc ePonvirkedit fethatipn (0. 43 nol e)

of styrene wa%o]fuggdugt\{gfgmgegﬁﬂqgsn,u,gs@fep(%tleod to a reaction mass formed from
130.5 g (1.55 nole) hydrous toluene, 15 1.35 nL (0.0027 nole) 2 M

n-butyl |ithidtm aﬁaﬂemﬂgﬁeea@nwmzsrewwﬂtsprommbwm@ Greticapeat % anal ysi s
excl udi ng unr eaihedch digdneeind pyiaser@Senfieied i@ P8y mds U@ Iibkbraiobr BMipofedind 1124 20. 0%

C3:1132 15 % .. CA7T11 0 6.1 31464 4. 6%
C711172 2. %%6%%%‘%%%&*‘#%%““ e"fl%“o“r?é%?a %W@%@Wﬁ%@ 160891 The
procedure of Ekaphla opbohs:7 u‘éseft% aé@@tfé@ptfeeq! TaigendpSongtagiQempgratts| ag jhe Ufflo styrene was

fed over 97 %ﬂ&&r@od@@cr/i)ocioxhﬁbn@m Iiae;a%wa@.@s TR SSrmh@n R hwbr AR cAROwe1® (1. 55
0027 nol e) 2 Mn-butyl |It%‘|l um and 0. 31

nol e) anhydrous tq? ¥en 1.35 nL
g (0.0027 nol ér)aec‘) If')‘,;% The GPC area % anal ysi s excl udi ng unreacted
t ol uene was as f olgbewly spekoibdih Grob&se3 U wiidB3dnt b2 Aok Gd B alcPlddild® 02513, 8%

C391- 140 1 7% bk bt adihds él%mé}'é%fmi’xﬁ@es br o BRAAGE o ol - 172 5. 10%
C791180 3.6% (871488 and hi gher ol I goners i
weight polymers are to be formed, the molar ratio of component B) : component C) is
typically in the range of about 10:1 to about 500:1, preferably in the range of about 80:1 to
about 180:1, and more preferably in the range of about 100:1 to about 150:1." Using (i) a
constant molar ratio of component B) : component A), (ii) a constant feed rate of component
25  B), and (iii) a constant temperature as the ratio of component B) : component C) approaches
10:1, formation of lower molecular weight material is favored. Conversely, formation of
higher molecular weight material is favored when holding the same parameters (i), (ii), (iii)
constant as the ratio of component B) : component C) approaches 500:1.
-~ generally speaking, in processes in which one or more adducts are produced, or
30  mixtures of adducts and oligomers, or mixtures of adducts, oligomers, and low molecular
weight polymers are to be formed, the molar ratio of component B) : component D) is

typically in the range of about 10:1 to about 500: 1, preferably in the range of about 80:1 to
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100901 The procedure of Exanple 1 was used except that 60.9 g (0.58 nole)
of styrene was fed over 173 mnute period to a reaction nmass forned from
115.0 g (1.25 nole) anhydrous toluene, 2.4 nL (0.00487 nole) 2 M n-butyl
lithiumand 0.57 g (0.00487 nole) of TMEDA. The GPC 5area % anal %SI S
excl udi ng uWPEYBHEd>t ol uene was as follows: C151116 64 PSFHUSEWPPIR 22 39
C3113.32 7.6% (C391440 3.0% C4711X 1.9% EXAMPLE 11 [0091] The procedure
of Exanple 1 was used except that 60.9 g (0.58 nole) of styrene was fed 10
over 120 mnute period to a reaction mass forned from 115.0 g (1.25 nole)
anhydrous toluene, 2.4 nL (0.00487 nole) 2 Mn-butyl lithiumand 0.57 g

(0. 00487 nol ehboof 18T:MaRPmord hefa@Cinaiicemmedofanal W6 % exe€ |l 0d| Agtdmbeact ed

t ol uene was as_. | ows; 31-116. 37. 7% C23H24 18. 2% 1122 13. 8%
C391140 9. 6% §a&§lgilff"if‘\i%“%. t%’m‘%‘}%%‘ﬁé)a‘sﬂl.’%fﬂ}a’ RS ‘ﬁ’.“%’v)%q‘?éﬂt%:%f 2 2.1%
C79H80 1. 5% esiprefgdlydntic nngghbabow [l d érabeus 1:89 goimoeR o in tiyenggpbduct

m Xt ures wer e awnal: yesaboyt 169§ usi ng an ol i gopore col um whi ch provi dfad g
baseline tq b i.ne resolution of adducts as well as partially resolve

t he shortest i‘ﬁgl r:[g%tl:’f"ﬁ’é‘ﬁ’éeroitl.he rFalC“‘?“ém’EtH&fc"@feSE@“ poderesPerorgtsdioddtss t hese
product m xt upi@denperatuepirge PPC,intvee desirhldy in vhe rahgerofigtbont 60PCod abokit $TSP@ @ nol ecul es.
Still we appli %iﬁ’g 1.Shdo %:‘P curves for
conpari son toblfé%{agpﬁtg eg.%%%gﬁgggr?ﬁdg?bé_&zﬁ%ﬁgénf?%ﬁ%pgc aénec%realn e{bﬁ e 2, bel ow)
shows that 20¢efed| taprogese yhesderifef grodyst disttibutiondiasd panpaelyoths tegrpeiatye obt ai ned by
i ndependent | y pRAbI Y tikGankd T afolif soe tUafoiltabﬂ"g&h&liatréaﬁlce@-@@%ﬁ:ﬁMirelnﬁerh‘so! d![ ng .
tenperaturg constant. The resulti ata dempnstrates tha variety o

m xtures o aaﬁﬁ%‘*ﬁ S péor(%léfeﬁr%lex eﬂfegégroggaggéﬁ% °’§'rr%ﬁ' %‘F‘Fsd%‘ﬁt?}’tgﬁec%nsugb pr epar ed
under di f f er efPptge easges @ pdinissibla gnd Tithin the svdrecf thili igtenfiop ptovidedssuchenonst rat e a

dependence ONefcliods@b ha materid HAFEE witR the Makdd rlb1RRSHE]: pR@ENt, ONn the ratio of
nononer to t h?o %S?r ti %%tﬁpol ;;amn‘i ne cotglzlillarex %ngéﬂanol | tit hi um i ni tiator, and on
the feed rate 8Qf ¥ dhrerampls pressTiedpaignaften feedfpigtel P a0 mpeNent MG ¢ i ons and
results for BErédepinégactiorlieriperaturef\telaiigitgdepndenfcidabiss SichithdDiang@oaigss of-or mat i on at
110C 90 Qg Lytk wﬁi(e)hl)ldingﬁ!: ﬁﬂérschnséﬁt%%rﬁug d%fe@grt'proguct (ggrit}aéicgs \Qiﬂgn the
scope of this invention. Conversely, changing any two or more of these variables while
holding the others constant can produce nearly identical product distributions. Thus, the
Examples presented hereinafter constitute an excellent template for establishing reaction
conditions and process parameters to produce any given product or product distribution within
20  the confines of what is industrially practical. However, in any case where the parameters
needed for producing a particular product or product distribution have not been fully
established, all that is required is to perform a few optimization experiments based on the
information given in the Examples in order to develop such parameters.
[0059] Again not wanting to be bound by theory, one can explain the results observed (at
25 least in the Examples, below) in terms of competing reaction rates. In the simplest
embodiment of this invention, the simplest product is represented by the formula:
ArCH,CH,CHAr
To maximize its formation, it is necessary to keep the monomer concentration very low
relative to the concentration of the chain transfer agent. This is accomplished by feeding the
30 monovinylaromatic hydrocarbon (e.g., styrene) to a large 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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dependence on the initiator concentration. Consequently the higher the concentration of the
tertiary-polyamine-complexed organolithium reagent, the faster the monovinylaromatic
hydrocarbon is consumed. This in effect keeps the monovinylaromatic hydrocarbon
concentration low and hence helps the chain transfer reaction to compete with adduct
formation. The rate of chain transfer increases with increasing temperature. To maximize the
rate of chain transfer, the process is conducted at the highest temperature practicable. The
upper limit of temperature is normally governed by the stability of the tertiary-polyamine-
complexed organolithinm reagent. Attemperatures much above about 115°C, decomposition
of the organolithium complex occurs, which leads to chain termination processes.

[0060] For economic reasons one would choose to balance feed rate (time to conduct the
process) of the monomer (e.g., monovinylaromatic hydrocarbon) with the initiator
concentration (cost of raw material) and the amount of chain transfer agent
(monomethyaromatic compound) consumed (effort to recover and recycle).

[0061] The reactions of this invention are deemed complete when all of component B) is
consumed. This is most conveniently determined by proton NMR or less conveniently
determined using gas chromatography and then only when mixtures of one or more adducts
are produced free of oligomers. In the event that small quantities of styrene are present (up to
about 2 wt% of the total reaction mixture), at the end of the feed --as can sometimes occur in
modes of addition numbered 1) and 2) above-- and a small portion (in the range of 1% to 5%)
of the total amount of component C) or an admixture of component C) and component D) can
be charged to complete the reaction. Typically, contacting the reaction mixture with a
quenching agent, e.g., a protic solvent such as water and/or an alcohol, terminates the
reaction.” This can be done by slowly introducing the quenching agent to the reactor
containing the reaction mixture. Alternatively, the reaction mixture can be transferred to
another stirred reaction vessel containing the quenching agent and optionally a solvent.
Solutions of mineral and organic acids can be used as well, but to avoid emulsions it is
recommended that the aqueous phase of the acid be at or above a pH of about 5.

[0062] Generally speaking, there are two situations for which somewhat different work-up
procedures are recommended:

D In cases where the reaction mixture is formed using a large molar quantity 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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is generally convenient to transfer the reaction mixture to a mechanically stirred reaction

vessel containing a nitrogen atmosphere and water. 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 combined

mass of component A) component B) and any added solvent. The resulting two phase reaction

5 mixture is stirred at about 70°C to about 90°C for a period of time generally about 0.25 hours

to about 1.0 hour. Agitation is interrupted and the aqueous phase is removed. This wash

procedure is typically repeated one or more times until the concentration of lithium hydroxide

in the organic phase is reduced to less than 50 ppm. The formation of an essentially clear

organic phase and a pH < 10 of the aqueous wash is indicative that the organic solution is free

10 oflithium. The reaction mass is then stripped at reduced pressure to recover component A)
and/or the added solvent.

2) In cases of this invention where mixtures enriched in oligomers or enriched in low

molecular weight polymers are produced vsing a limiting portion of component A) (typically

the molar ratio of component A) to component B) is greater than about 1:1) and with an added

15 solvent in the portion of less than about 25 wit% of the total reaction mass, it is convenient to

transfer the reaction mixture to a mechanically stirred reactor containing sufficient

hydrocarbon solvent to make about a 50 wt% to about 25 wi% solution of the product in the

solvent. In the case where no added solvent was used and component A) is toluene, then

toluene is the solvent of choice. In the case where ethyl benzene was the added solvent, then

20  ethyl benzene would be a preferred solvent. Other preferred hydrocarbon solvents include

cyclohexane and methylcyclohexane. It is convenient if in addition to solvent the stirred

reactor is charged with water before transferring the reaction mixture. 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 combined mass of component A), component B) and any added solvent. The

25 resulting two phase reaction mixture is stirred at about 70°C to about 90°C for a period of

time generally about 0.25 hours to about 1.0 hour. Agitation is interrupted and the aqueous

phase is removed. This wash procedure is repeated one or more times until the concentration

of lithium hydroxide in the organic phase is reduced to less than 50 ppm. The formation of an

essentially clear organic phase and a pH < 10 of the aqueous wash is indicative that the

30 organic solution is free of lithium. The reaction mass is then stripped at 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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[0063] For work-up of material enriched in adducts, it is convenient to isolate the lowest
boiling adducts by means of vacuum distillation either in a batch or continuous operation. A
preferred method employs a wiped film evaporator (WFE) or a series of wiped film
evaporators. From the adduct-enriched material, adducts where n is equal to 0 to 3 can
5 generally be removed overhead as one distillate fraction by passing the adduct-enriched
material through a WFE operating at <0.5 mmHg and about 280°C to about 300°C. Isolation
of enriched cuts of the lighter adducts can be achieved by passing the distillate fraction
through the WFE (or through a further WFE when the WFEs are in series) at a lower
temperature. The conditions which include feed rate, surface area of the apparatus, vacuum
10 and temperature to provide cuts greatly enriched in any one adduct can be readily determined.
The heavy ends or undistilled material is comprised predominately of adducts where n=4 to
7 or adducts and oligomers where n =4 to 12. Further purification of the adducts having n =
0-3 obtained from the WFE can be achieved by fractional distillation at reduced pressure.
[0064] For work-up of material enriched in oligomers and/or low molecular weijght
15 polymers (i.e., mixtures of adducts and oligomers or mixtures of adducts, oligomers and low
molecular weight vinylaromatic polymers), further removal of solvent from the mixture can
include: 1) passing the material through a column as a falling film at elevated temperature
with a countercurrent flow of hot (about 220°C to about 260°C; preferably about 220°C)
nitrogen or other inert gas; or 2) passing the material through a wiped film evaporator at
20  elevated temperature and reduced pressure; or 3) passing the material through a
devolatilization extruder; or 4) ultra-filtration using membranes suitable for separating
macromolecules (oligomers and polymers) from low. molecular weight molecules; or 5)
precipitation of the oligomers and polymers via introduction of the material as a melt into a
well-agitated (high shear) organic anti-solvent (such as methanol), then collecting the
25 precipitated polymer by filtration or decantation. Option 5) is a less preferred technique for
further work-up of material enriched in o]igorhers and/or low molecular weight polymers.
[0065] Separation of oligomers and adducts from each other is preferably achieved by
distillation. In conducting the distillation, any low-boiling components, e.g., unreacted
toluene or other relatively low-boiling monomethylaromatic hydrocarbon reactant(s), are
30  initially removed from the mixture. The next higher fractions typically involve 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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each (e.g., ethyl, propyl, or like lower alkyls) on one or more of the aromatic rings. The
distillation pot residue is typically at least one and usually a mixture of the oligomers of this
invention. Although distillation is a preferred method of effecting separation, other
procedures such as chromatography or solvent extraction can be used for making the
separations when such separations are desired. Instead of making a separation between
adducts and oligomers prior to bromination, a light distillation can be used to remove any
light ends such as unreacted toluene or other relatively low-boiling monomethyl-substituted
aromatic hydrocarbon reactant(s). The remaining mixture of adducts and oligomers of this
invention can then be subjected to bromination. Here again, the resultant brominated
mixture(s) can be used as a brominéted flame retardant additive for use in polymers, resins,
and coatings.

[0066] In all cases where material is produced and isolated without distillation, it is
convenient to remove trace amine impurities after dissolution of the material in a solvent by
passing the solution through the acid form of a strongly acidic cation exchange resin prior to
bromination. Other adsorbents for amines can be employed such as acidic alumina or silica
gel. When the material is to be brominated, the material can be dissolved in the solvent to be
used for the bromination and then passed through the cation exchange resin or other
adsorbent.

[0067] Non-limiting examples of monoadducts of this invention are depicted in Table 1. The
monoadducts shown in Table I are formed upon reaction of the particular component A) of
the left hand column with the particular component of the particular component B) of the top
row of the table; these monoadducts can be isolated. For example, upon reaction of toluene
with styrene, the initial isolatable product of the reaction is 1,3-diphenylpropane (i.e., the
compound shownin the section of Table 1 where toluene and styrene intersect in Table 1).
More complex 1,3-diarylpropanes are formed by this invention when substituted
methylbenzenes and/or substituted styrenes are employed (i.e., in the methylbenzenes and the
monovinylaromatic hydrocarbons in Table 1 below, each R is, independently, an alkyl group
having at least two carbon atoms). It will be understood that Table 1 merely represents a few
of the monoadducts producible by the practice of this invention. Moreover, for the purpose of
making a brominated flame retardant, up to a total of four positions on 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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brominated flame retardant is not the desired use for these products, all five positions on
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.
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[0068] The oligomers and the adducts, whether separated from each other such as by distillation
or kept in admixture, are particularly useful as raw materials for bromination and consequent
production of flame retardant additives and flame retarded polymer and resin compositions.
When the adducts and oligomers are separated from each other, the adduct(s) and the oligomers
can then be separately subjected to bromination to prepare effective flame retardant compounds
for use in polymers, resins, and coatings.

[0069] The bromination conditions for effecting bromination on aromatic rings can then be used
to form such useful brominated flame retardant products. Thus, the reaction is typically
conducted in the dark (i.e., in the total absence of light) to favor aromatic bromination. In
addition, the bromination reaction is often conducted in the presence of a liquid halogenated
solvent, non-limiting examples of which include bromochloromethane, dibromomethane, 1,2-
dibromoethane, l,l—dibromoethaﬁe, and 1,2-dichloroethane.

[0070] The brominating agent is usually bromine (Br;) or bromine chloride (BrCl). Preferably,
the bromination is conducted using bromine in the liquid state. The amount of brominating agent
used should be sufficient to produce a brominated oligomer product having a bromine content of
about 45 weight percent or more, i.e., the brominated oligomer product should contain at least
about 45 wt% of bromine. Preferred flame retardant oligomers typically contain in the range of
about 45 to about 65 wt% of bromine and more preferably in the range of about 55 to about 60
wt% of bromine. The bromine contents of the brominated adducts are typically in the range of
about 35 wt% to about 72 wt% and preferably in the range of about 45 wt% to about 68 wt%.
[0071] The bromination is typically conducted in the presence of a Lewis acid bromination
catalyst. Non-limiting examples of effective Lewis acid bromination catalysts include aluminum
halides, such as for example, AICl;, AlBrs, AIBr,Cl, or AICL,Br; or ferric halides, such as for
example, FeCl; or FeBrs. Alternatively, the bromination reactor can be charged with aluminum
metal in the form of foil, powder, turnings, flakes, filings, or the like. Similarly, when an iron-
derived catalyst is to be used, the reactor can be charged with iron filings, iron turnings, or the
like. The aluminum metal or iron metal is converted in the presence of the bromine to aluminum

bromide species or ferric bromide species.
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[0072] Bromination is typicalrly performed at one or more temperatures in the range of about

20°C to about 70°C. For continuous or semi-continuous bromination using aluminum halide

catalysis, one or more temperatures in the range of about —10°C to about 20°C are preferred. For
processes in which perbromination is desired, involving a bromination technique commonly

5 referred to as a “sea-of-bromine”, preferred temperatures are in the range of about 55°C to about

65°C; a reflux temperature of about 60°C at about one atmosphere is more convenient.
[0073] In conducting the bromination, the brominating agent, preferably bromine, can be
introduced portionwise into a mixture of the oligomer and/or adduct, bromination catalyst, and a
suitable inert solvent. Other methods of bringing together the brominating agent and the
10 oligomer include feeding the oligomer and/or adduct portionwise, with or without a suitable
solvent or diluent, into a reaction zone containing excess liquid bromine and bromination
catalyst. To minimize bromination on the aliphatic carbon atoms of the oligomer, it is desirable
to conduct the bromination with short reaction times. The longer the brominating agent and
oligomer remain in contact, the greater the possibility for aliphatic bromination to occur. Thus,
15 the bromination reaction periods are typically kept below about eighty minutes and preferably are
within the range of about two to about twenty minutes.
[0074] Upon completion of the bromination, the crude oligomer and/or adduct is treated with
water or an aqueous solution of base (e.g., sodium hydroxide, potassium hydroxide, sodium
carbonate, or etc.) and when base is used the treatment is followed by water washing. Then, the
20 productis distilled in order to remove the solvent. Use of low boiling solvents is desirable as this
enables the crude oligomer to be treated by introducing the crude brominated oligomer into hot
water so that the solvent distills off. Thereafter, a phase separation yields the desired product,
which can be dried, if desired. Work-up procedures such as described in this paragraph have the
additional advantage of removing impurities including low boiling brominated impurities that
25  may be present in the brominated oligomer.
[0075] Further details concerning the bromination are set forth below in Examples BR-1 to BR-4
wherein the bromination is conducted on a continuous basis.
[0076] In addition, the brominated adduct(s), brominated oligomers, and/or brominated low

molecular weight polymers made from the adduct(s), oligomers, and/or low molecular weight
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f)olymers producible by this invention are deemed useful as flame retardants in other polymers
such as polymers formed by polymerization or copolymerization of monomers having a terminal
double bond. There are three groups of such polymers, namely (i) one or more vinylaromatic
homopolymers or copolymers, such as polystyrene and impact modified polystyrenes such as
HIPS, preferably high-impact polystyrene, (ii) one or more acyclic olefinic hydrocarbon
homopolymers or copolymers, such as polyethylene, polypropylene, and copolymers of ethylene
or propylene with at least one higher olefin and with or without a diene monomer, and (iii) one or
more copolymers of at least one vinylaromatic monomer and at least one non-vinylaromatic
monomer cohtaining a functional group, such as acrylonitrile, an acrylate monomer, or a
methacrylate monomer with or without a diene monomer. Examples of group (iii) include ABS,
MBS, SAN, and ASA. Decabromo-1,3-diphenylpropane formed by brominating 1,3-
diphenylpropane is deemed to be an effective flame retardant for use in polymers formed by
polymerization or copolymerization of monomers having a terminal double bond.

[0077] The flame retarded polymers produced using the above brominated flame retardants can
contain other components such as flame retardant aids often referred to as “synergists” such as
antimony trioxide, sodium antimonate, or sodium borate; other flame retardants, especially liquid
alkylated triphenylphosphates such as isopropylated triphenylphosphate; and components used to
improve other properties of the polymer such as antioxidants, metal deactivators, UV stabilizers,
pigments and dyes, processing aids, fillers, acid scavengers, thermal stabilizers, blowing agents,
lubricants, nucleating agents, anti-static agents, plasticizers, impact modifiers, and other such
materials.

[0078] The following Examples are presented for purposes of illustration and are not intended to
limit this invention to only the subject matter disclosed therein.

[0079] Adduct formation begins to compete with oligomerization and polymerization above
about 90°C, and is adduct formation is favored over oligomerization and polymerization when the
reaction temperature is greater than about 100°C except when styrene is fed at a very high rate,
Several embodiments of this invention leading to formation of mixtures of adducts and mixtures
of adducts and oligomers are presented in Table 2 below. All Examples were conducted at one
(1.0) atmosphere pressure and 110°C, just below the reflux temperature of the chain transfer

agent toluene. Three reaction parameters were varied: (1) total monomer {e.g., styrene) fed

35

2179



2E2 asz 923 601 IL CO+3401..9 190+3L LES egg z duiexa (Lon/Lon)
auani C'if01113149 Styrene/ butyllithium TMEDA Tine of Styrene Feed
Adducts/ A igonmers Fornmula 9 tHSI.0 H CZ 0. zum so stiRivo scHgcp 99Ht 90

ZLHI10 cu HS\%/8 2!)(;[88%45?40 PCT/US2008/066219

relative to total chain transfer agent (CTA, toluene) charged (styrene/toluene); (2) total styrene
fed relative to total initiator (butyl lithium TMEDA complex) charged (styrene/toluene); and (3)
the rate at which the monomer was fed.

[0080] Example 1 sets forth the general procedure which was used in each of Examples 1-11.

EXAMPLE 1
[0081] A dry 500-ml 4-necked, oil-jacketed glass flask was equipped with a thermocouple, glass
overhead stirrer with glass paddle, condenser and N, inlet. The reactor was charged with 150 mL
(130.5 g, 1.55 mol) anhydrous toluene and then subsequently with 2.7 mL (0.0054 mol) n-
10 butyllithium (2M in cyclohexane) and 0.72 mL (0.56 g, 0.0048 mole) tetramethylethylenediamine
(TMEDA) at ambient temperature. The temperature of the reaction mixture was increased to
110°C. Styrene (50 mL, 45 g, 0.43 mol) was pumped into the reactor at over 137 minutes at a
constant rate while maintaining constant and significant agitation of the mixture. Upon
completion of the styrene feed, 20 mL anhydrous toluene was pumped into the reaction mixture
15  to clear the feed line of styrene. The reaction mixture was then cooled to 80 °C and then
quenched with 0.5 mL isopropyl alcohol. After cooling to room temperature and settling of the
lithium isopropoxide salts, the reactor was sampled for GPC analysis. The GPC area % analysis
excluding unreacted toluene was as follows: CyaHj 64.3%; Ca3Has 23.4%; C31Han 8.2%; Caolag
2.9%; Ca7Hag 0.9%; CssHsg 0.3%; CesHes 0%; CriHyo 0%; CooHgo 0%; CgsHgg and higher
20  oligomers 0%.

_ EXAMPLE 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
25  mL (0.0054 mole) 2 M n-buty! lithium and 0.56 g (0.0048 mole) of TMEDA. The GPC area %
analysis excluding unreacted toluene was as follows: C;sHys 32.9%; CasHag 22.5%; Ca;Ha,
14.7%; C39Hap 9.9%; Ca7Hag 6.5%; CssHsg 4.3%; Co3Hea 3.0%; C71Hpn 6.2%; Cr9Hgo 0%; Cg7Hss

and higher oligomers 0%.
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EXAMPLE 3
[0083] The procedure as in Example 1 was used except that 45 g (0.43 mole) of styrene was fed
over 46 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 %
5 analysis, excluding unreacted toluene, was as follows: CsHjs 15.23%; Co3Hzs 14.6%: C3Hs,
12.18%; CsoHao 10.87%; Ca7Has 8.83%; CssHse 7.63%: CezHes 5.93%; Cy1Hyz 4.85%; CroHgo
4.26%; Cg;Hgg and higher oligomers 15.62%.

EXAMPLE 4
10 [0084] The procedure of Example 1 was used except that 45 g (0.43 mole) of styrene was fed
over 25 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: CisHjs 8.8%; C23Ha4 8.4%; C3;Hs, 8.3%;
CsoHao 7.8%; Cy7Hag 6.8%; CssHse 6.1%; CosHea 6.3%; C7iHzz 5.1%; CroHgo 5%; Cg7Hgg and
15  higher oligomers 37.5%.

EXAMPLE 5
[0085] The procedure of Example 1 was used except that 45 g (0.43 mole) of styrene was fed
over 127 minute period to a reaction mass formed from 130.5 g (1.55 mole) anhydrous toluene,
20 1.8mL (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: CjysHjg 46.1; CasHag 25.5%; C3Ha,

13.6%; CsoHao 7.2%; Ca7Has 3.8%; CssHse 1.7%; CesHga and higher oligomers 2%. -

EXAMPLE 6
25  [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: CisHis 25.1%; CasHas 20.4%; C3Hjo
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15.5%; C39H40 1 1.5%; C47H43 8.4%; C55H56 5.8%; C53H64 4.4%; C7|H72 2.8%; C79H30 and higher

oligomers 6.1%.

EXAMPLE 7
[0087] The procedure of Example 1 was used except that 45 g (0.43 mole) of styrene was fed
over 64 minute period to a reaction mass formed from 130.5 g (1.55 mole) anhydrous toluene, 1.8
mlL (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: CisHis 15.5%; CosHaa 14.2%; C31Has
12.6%; CsoHygo 11.1%; Cy7Hag 9.5%; CssHse 7.7%; CesHea 6.5%; C71H7, 5.3%; CroHgo 4.1%;
Cg7Hgg and higher oligomers 13.5%.

EXAMPLE 8
[0088] The procedure of Example 1 was used except that 45 g (0.43 mole) of styrene was fed
over 134 minute period to a reaction mass formed from 130.5 g (1.55 mole) anhydrous toluene,
1.35 mL (0.0027 mole) 2 M n-butyl lithium and 0.31 g (0.0027 mole) of TMEDA. The GPC area
% analysis excluding unreacted toluene wés as follows: C)sH;¢ 23.5%; CozHay 20.0%; C3;Hao
15.4%; CagHa 12.1%; C47Has 8.8%; CssHss 6.1%; Co3Hea 4.6%; C71Hy2 2.8%; CroHso and higher

oligomers 6.7%.

EXAMPLE 9
[0089] The procedure of Example 1 was used except that 45 g (0.43 mole) of styrene was fed
over 97 minute period to a reaction mass formed from 130.5 g (1.55 mole) anhydrous toluene,
1.35 mL (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%; CosHay 16.2%; C3115,
13.8%; C3oHao 11.7%; Ca7Hag 9.4%; CssHse 7.4%; CosHes 6.0%; C7iH7 5.10%; CroHsgy 3.6%:
Cs7Hzgs and higher oligomers 10.5%.
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wet t ed par t 2rales ceetabgisvhile halding typrpragirpeoaptant. r%@é%@dwmwsﬁh@ heel was
added 0. 229vdf1§ty(02m7>2ur6mlf)add31f:ts aﬁmmmmss)fmw@aﬁ dhbbeidrs B8 BL pRPartPu@GC. To the
m xture was gh ed n- biilgwjﬁﬁhlum 045 mol) 1 n cycl ohexane 15 fol |l owed
by 10.46 g (OCGYPIRETS) cogrijons Rmdg‘ftﬁ'r“é‘ﬁ‘ét“’(‘i@ﬁ’ﬁﬁmatfﬁd‘ZPe‘PFGP‘)eOhﬁ‘graf‘%ﬁf to the
reactor (thmonegler @ cpdinlgarsfer sgehity o Mt Satib @ nGnoalek! ¥l tRatkrtibdy pbHBniE Bt at
110-125,C. The r.eact.i ture guenched with 100 ml of water and
subseque%t Y orgamfl ed "t“ﬁiﬂor anié Of e 5 fvmvg% e‘%[*%tf TGOV tap water. NMVR anal ysis of

t he quenCheﬁm?ﬁ])T'@h]tksmmthehﬁn@ﬂl(ﬁSﬁﬂGéSuhn‘foﬂEKaﬁhbmi-\VEI y smal |l anount (ca.
<2 wt% unreacted styrene. The unreacted styrene and toluene were distilled
fromthe crude 20 oligoners the resulting material was anal yzed by GPC and
found to have M, = 2512, Mo= 2321, M= 9.62 Daltons relative to

wel | -characterized ani onic pol ystyrene standards. Polydi spersity = 2.61.
EXAMPLE 16
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25[0099] A dry oil-jacketed reactor equi pped with stainless steel internal
coiling coils (chilled water) and a gl ass overhead stirring nmechani sm(no
PTEE wetted parts) was charged with 0.4 kg (4.76 nol) of anhydrous toI uene
and heated to 85C. To the m xture was charged butyl lithium 1) in
cycl ohexaneVPIPOWY by 18.55 g (0.16 nmol) dry TMEDA. SLyted 8/?(’%‘60 g, 9.6
nol) was fed to the reactor (through a plug of anhydrous basic alumna) in

16 m nutes 8- MeTr eagt|op nKturie Was [quenched W agnj100 i of
wat er and supsiequant|ley washed | Lhree| t]es| Wi tih, Q12 K901, taujag water. Tol uene
was distilled [rion ide2nt ke 6 v pd | ol - |gdrig e Sasd 2| Swasl| €¢ul ar wei ght
pol ymers. The [crjud I vas anal yzled by |GRCland |f gund |9 have M -
3211, M = 47971 pOTDat TopsTTEN At Ve {t g ettt clianagtgrized anionic
pol ystyrene Bstang bydispersity = [2.134. [EXAVRLE [ 17561601 A dry

oi | -j acket ed| rledet D¢l | vl P he bt i nl less [$t|&@dIR |[RnEeR)&l| 3¢aill i ng coil's
(chilled watler)) lan oyef head ptjririjnd nmeghanifs ROPTRE wett ed
parts) was chhafrge 14Tkg [ID (4} 76 jmgl)l gf [anhydioy%[T.9T dene and
heated to 80C.| T, mxtul &l Chag ged Inytfl (lJ|thicte) (G FlZell) in

cycl ohexane [ ofT|ey 5°38(g(¥po 18 )~ | &y | FVEDR,| ~$hy HeBe S(2000 g, 19. 2
nmol ) was conjpbi [ngd 3 kgjol to uenlD and |t Hen fled o |the|react or
(through a pj ug |of $ bapif plum na)f ijn [82 m nuieg«at.[8%-105 C. The
reaction m Xt ur.g hed| W & o L0 ] Of whtgk | and &Lﬁse,cme ntly washed
three times wilt H<l SAp- Wat Bre | Tl |iend “wed Sdis it M| §d & rdm 15 t he
crude ol i gongsis.| T mat efipl s| andl Mzad |by GPE and“floynd to have
Mv = 1513, &= (14 782| Dal [ ons| rlellat]i e |t g well-gf%racterized

ani oni ¢ pol y|st|yr|é 48| S Po| gt spey (i [tY 81 505 SEMAMPLES]8 20[ 0101] A
dry oil-jackefled r i pped| W th Istlai|illegs [st{eel | pBebnall coiling

coi l's (chilleglwat ghassroyerheaastirhg—eghantsi(no PTFE
wetted parts)gwas, Ith 0. B6¢ kg ([0.143 roll) |of nhgdBoud t ol uene
along with .5,2‘83 et Byt £V D chisdane |4 & |&dS | Phént |4 H’-eated to 80C.
To the react|fn |m chaf ged| butlyl| 1i tihijum (0./|144 |B0E | cycl ohexane
fol l owed hy [19—1 oty IVEDA T The— i xtur¢Yag tigmiheated to a
gentle refﬁuxg 21 - L;I,BL;L’:BN%| 18. 37 nolj), lvas, |¢onthin€d swtih 0. 427 kg
(5. 08 nol )& gy i vgesanp fhien| Fled tio [H& [He&¢EOF (& Bl GUgh a pl ug of
anhydr ous asic al 10| m nutles| gt [116C- 125C| Theféacti on m xture
was quenchedgi,ith wat erl apdl sjubsgqyent Ty [washedqirnea times with
1.0 kg of tgE|mgts et [ 8| sienien [and, ety | ey el ghetdne (@ere distilled
fromthe crydg g he| B1upe| Tt et]i ai® (W€ | an&l| yz&d S |EPC and f ound
to have M = |EH45, = 606| Dallt qrtis irel atilve tle]—

wel | - char act|i|i Zec bo| yst yrene istianddrds.| Rollydi §gesdi ty - 2. 51.
EXAVPLE 19 H[#]+Q% 3 arked g8l & eAd @y &?igr ge 8 8l tih il £di nl ess st eel
i nternal coilld|nd ¢ Ted| wat gr )" | Sinplfe |difsti || Tat’i|én Zapigar at us, and
a gl ass overjh#ad— echant-gr(n THEwettred—patt-grras charged W th
0.182 kg (2.119 mul iy, puB, |9l uene |aljorfg, [wilth 9.,128¢ Fens of

met hyl cycl oleXahe ihans hept edl t|es [9dC.| 216|818 | Pé ag kil @n ol Xt ure was
charged butyl {li]th B mo| )| i [cylcljonexarie |f ol Iloyed =¥ |6.186 g (0. 06
ma]) dry TMHDA. [St O{ gl {1O{4] 4 npol]) wds [cognbi nedawWsh 1. 0 L of

n- pent ane arld [t-h&r Bl el zlact|or| (|t Hsgug (& Bl wd ot |&jhydr ous
basi ¢ al unmirfa)| i||128|mi nptes|al LOC [117G. |DUri|nd “t|Aie "3t yFahe ~fleed, 0.216
kg (2.56 nol|) [off TQ[uene,Was adfded T vie [0 050 L [aifiqugtg fojcontrol the
viscosity of] tlhe gil8act i pB| 1 X1 4 £| £ [Hherfaftijon mftyre wéc Audnched with
100 ni of wgter |En§|SuBseaded &S waiskiet| d|hf|ex tli res Wi th |E|G|kd of tap

wat er . Unreect% 2 &l tgeﬁf 1§j%ga;/é\e¥g€|hn" edade \ware di gt Fled 15 fromthe
crude ol i gorfer|€|&nd | Eow/| spRe€ S p¥ b iFht=: (gl rg|the|cdqude jnateri al was
anal yzed by |GR@|an& fzoé 1% £08 e g\/%@ﬁl%c g\“’[)g:SfEE - gI\}J/IJ o3 §r5§£ Dal t ons
relative to |wall{E¢B mage reg—gnfontc poystiyriene stardd@cé.

Pol ydi spersijty * E’Z.E £|<E AVPL E. ROl 20 QLQ3]., [A tdrly |oill 4] acké&led reactor

equi pped wi t/h st3|ﬁ1e:>s 51 eel internail cqi l|ing |cqills (chlllec Water), and a
gl ass over heao—stiTTTTg echansnr{no—PHPE-wetted—partsy—was—charged with

0.242 kg (2.88 nol) of anhydrous toduene and 1000 nli of anhydrous

et hyl benzene and heated to 80C. To the m xture was charged butyl |ithium
(0.08 mol) in cycl ohexane followed by 7.88 g (0.07 nol) dry TMEDA. The

m xture was then heated to 114C. Styrene (1500 g, 14.4 ma!) 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 nt, of water and
subsequent|ly washed three tinmes with 1.0 kg of tap water. Unreacted tol uene
and ethbeenzene was dlstllled fron1thc crude ollgoners The crude mat eri al



WO 2008/ 154454PCT/ US2008/ 066219 101041 In Table 3, experinental results
obtai ned for the preparation of m xtures of adducts and vinylaronatic

ol i goners, and of adducts, vinylaromatic oli ggmars, and | ow Lml ecul ar f

wei ght vinylaromatic polynmers fromtoluene and styrene via chajn transfer
errp?oyi ng Z‘gf)aﬂ)%%liﬂc‘mor ganol i t hi um conpl exed with TMVEDA %t léﬁ_z‘éo\i}/ﬁi%{f_ _
tenperatures (greater than 80C) are 5 summarized. O econom ¢ significance
is the inproved butyl lithiumutilization (as inferred fromthe quotient
Mcal ci M) on the order of 160% (Exanple 16) to 1200% (Exanples 14, 15, and
17), signifying that the processes of this invention are highly eMeient.

Such i mpr oV a@od)idkihpien 1910 ig@lid RBcelsss §fs G coBluctedEn 9%’%’3} ¥hC nature of
the invention as conpared to standard anionic lithiumcatal yzed processes

in which a mninmumof a stoi eh i nmetric anmount of lithiumis used. 10 The
PD and S" for all Exanples are smapl, Wik fLhe mexi num PD = 2.81, but nore

typically about 2 with a standard deviation ranging from about 600 to about
1600 Dal t onH0931r i @ilfaclstied redstor gartippedi with piginlesststes! intempl dohlirgecoils(chillkow degr ee

of asymmet r YareMhddl o BSVVIRLA Hird RIS AR AYE LEQILARPYES RuraR Wi 3 3bpHt 4. 13.
TABLE 3 Exam R e e T W Bt Pk el Eiampi e 14 15

16 17 | a 194231 o) peanbydjous sienomd hena! 10 80°Co 0 eIl dareddite! isd®m 1500
Styrenei t m (b0 id &chRex@neGBochd BP64.13 g (0.55 mol) dry TMEDA. Styrene (3000 g, 28.8

mél) 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
10 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.

15 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, 14.4

20 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

25  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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18. 37 14.40 14.40 Butyl lithiumnol 0.09 0.04 0.12 0.10 0.14 0.06 0.08 M|
Ratio Pronoter to Bu-Li 1.61 2.01 1.33 1.33 1.02 1.02 0.90 TMEDA g 16.74
10.46 18.55 15.39 17.15 6.96 7.88 TMEDA nol
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(20.56 mol) of anhydrous toluene and heated to 80°C. To the mixture is charged butyl lithium
(0.1 mol) in cyclohexane followed by 16.74 g (0.14 mol) dry TMEDA. Styrene (1500 g, 14.4
mol) was fed to the reactor (through a plug of anhydrous basic alumina) in 15 minutes at 95-
115°C. All but 500 g of the reaction mixture was quenched with 100 mL of water and
5 subsequently washed three times with 1.0 kg of tap water, Toluene was distilled from the crude
oligomers. The crude material was analyzed by GPC and found to have M,, = 1184, M,, = 1137,

M, = 729 Daltons relative to well-characterized anionic polystyrene standards. Polydispersity =

1.75.

10 EXAMPLE 15
[0098] 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 witha 500 g
heel from Example 14. To the heel was added 0.229 kg (2.72 mol) of anhydrous toluene prior
heating to 80°C. To the mixture was charged n-butyl lithium (0.045 mol) in cyclohexane

15  followed by 10.46 g (0.09 mol) dry TMEDA. Styrene (1500 g, 14.4 mol) was fed to the reactor
(through a plug of anhydrous basic alumina) in 150 minutes at 110-125 °C, The feaction mixture
was quenched with 100 ml of water and subsequently 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

20 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
25  [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 buty] lithivm
{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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0.14 0.09 0.16 0.13 0.15 0.06 0.07 Chain Transfer 'Agent Tol uene Tol uene
Tol uene Tol uene Tol uene Tol uene Toluene CIA g 1730. 00 229.23 400.50 ' 700. 50
463. 75 182.00 242.42 CIA nol 20.56 2.72 4.76 8. 32
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90°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 mixture of oligomers and

low molecular weight polymers. The crude material was analyzed by GPC and found to have M,,

= 3211, M, = 4279, M, = 1369 Daltons relative to well-characterized anionic polystyrene
5 standards. Polydispersity = 2.34.

EXAMPLE 17
[0100] 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
10 (4.76 mol) of anhydrous toluene and heated to 80°C. To the mixture is charged butyl lithium (0.1
mol) in cyclohexane followed by 15.39 g (0.13 mol) dry TMEDA. Styrene (2000 g, 19.2 mol)
was combined with 0.3 kg of toluene and then fed to the reactor (through a plug of anhydrous
basic alJumina) in 82 minutes at 85-105 °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
15 the crude oligomers. The crude material was analyzed by GPC and found to have My, = 1513, M,
= 1454, M, = 732 Daltons relative to well-characterized anionic polystyrene standards.

Polydispersity = 2.07.

EXAMPLE 18
20 [0101] 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 0.364
kg (0.43 mol) of anhydrous toluene along with 0.128 liters of methylcyclohexane and was then
heated to 80°C. To the reaction mixture was charged butyl lithium (0.144 mol) in cyclohexane
followed by 17.15 g (0.15 mol) dry TMEDA. The mixture was then heated to a gentle reflux.
25 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 M, = 1545, M,, = 1243,
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5.51 2.16 2.99 KU Styrene/ Mot ! ME 161 322 80 193 127 210 280 Added Sol vent
none heel fromLx. 14 none none Methyl- eyel ohexane Methyl - cycl uhexane
Et hyl - benzene Vol une of Solvent 0.00 600.00 0.00 0.00
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M;, =616 Daltons relative to well-characterized anionic polystyrene standards. Polydispersity =
2.51.

EXAMPLE 19

5 [0102] A dry oil-jacketed reactor equipped with stainless steel internal coiling coils (chilled
water), simple distillation apparatus, and a glass overhead stirring mechanism (no PTFE wetted
parts) was charged with 0.182 kg (2.16 mol) of anhydrous toluene along with 0.128 liters of
methylcyclohexane and was then heated to 90°C. To the reaction mixture was charged butyl
lithium (0.058 mol) in cyclohexane followed by 6.86 g (0.06 mol) dry TMEDA. Styrene (1500 g,

10 14.4 mol) was combined with 1.0 L of n-pentane and then was fed to the reactor (through a plug
of anhydrous basic alumina) in 120 minutes at 90°C-117°C. During the styrene feed, 0.216 kg

(2.56 mol) of toluene was added in five 0.050 L aliquots to control the viscosity of the reaction
mixture. 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

15 from the crude oligomers and low molecular weight polymers. The crude material was analyzed
by GPC and found to have M,, = 2114, M, = 1570, M,, = 753 Daltons relative to well-

characterized anionic polystyrene standards. Polydispersity = 2.81.

EXAMPLE 20
20 [0103] 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 0.242
kg (2.88 mol) of anhydrous toluene and 1000 mL of anhydrous ethylbenzene and heated to 80°C.
To the mixture was charged butyl lithium (0.08 mol) in cyclohexane followed by 7.88 g (0.07
mol) dry TMEDA. The mixture was then heated to 114°C. Styrene (1500 g, 14.4 mol) was fed
25  to the reactor (through a plug of anhydrous basic alumina) in 150 minutes at 114-121°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 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.

44



128 50 I ON Tenp 95-11 PC |10-12PC 85-90C 85-105C |116-125"C 90-117c |1 4DC
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[0104] InTable 3, experimental results obtained for the preparation of mixtures of adducts and
vinylaromatic oligomers, and of adducts, vinylaromatic oligomers, and low molecular weight
vinylaromatic polymers from toluene and styrene via chain transfer employing catalytic
organolithium complexed with TMEDA at elevated temperatures (greater than 80°C) are
5  summarized. Of economic significance is the improved butyl lithium utilization (as inferred from
the quotiént M.ai/M,,) on the order of 160% (Example 16) to 1200% (Examples 14, 15, and 17),
signifying that the processes of this invention are highly efficient. Such improved lithium
utilization is the result of the catalytic nature of the invention as compared to standard anionic
lithium catalyzed processes in which a minimum of a stoichiometric amount of lithium is used.
10 The PD and S, for all Examples are small with the maximum PD = 2.81, but more typically about
2 with a standard deviation ranging from about 600 to about 1600 Daltons. In addition, the data
demonstrates that there is a low degree of asymmeltry, with asymmetry values ranging from about
2.35 to about 4.13.
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13.18 11.37 2.62 13.33 9.05 12.35 9.40 1137 2321 4279 1454 1239 1570 2101
729 962 1369 732 806 753 933 12714 2512 3211 1513
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TABLE 3
Examples Which Made Higher Molecular Weight Material
Example 14 15 16 17 18 19 20
Styrene g 1500.00 1500.00 1000.00 2000.00 1913 1500 1500
Styrene mol 14.40 14.40 9.60 19.20 18.37 14,40 14.40
Buty! lithium mol 0.09 0.04 0.12 0.10 0.14 0.06 0.08
Mol Ratio
Promoter o Bu-Li 1.61 2,01 1.33 133 1.02 1.02 0.90
TMEDA g 16.74 10.46 18.55 15.39 17.15 6.86 7.88
TMEDA mol 0.14 0.09 0.16 0.13 0.15 0.06 0.07
C:;:ﬂ'[‘ ransfer Toluene Toluene Toluene Toluene Toluene Toluene Toluene
CTA g 1730.00 229.23 400.50 700.50 463.75 182.00 242.42
CTA mol 20.56 272 476 8.32 5.51 218 2.88
7]

Mol Styrenc/Mol 161 322 80 193 127 210 280
BuLi
Added Solvent none heel from none none Methyl- Methyl- Ethyl-

. Ex. 14 cyclohexane | cyclohexane benzene
Volume of 0.00 600.00 0.00 0.00 128 50 1000
Solvent
Temp 95-115°C 110-125°C 85-90°C 85-105°C 116-125°C 90-117°C 114°C
Feed Time 15 min 150 min 16 min 82 min 120 min 180 min 150 min
Maate 16839 33594 8416 20165 13368 26114 20001
Meai/Mie 13.18 1337 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
M« 1278 2512 321t 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 2.61 235 2.07 2.06 2.81 2.28
Eﬁ“:,;“:d 2 4.00E+05 | 149E+06 | 252E+06 | 572E+05 | 689405 102E+06 | 1.11E+06
Standard
Deviation 632 1221 1588 756 830 1012 1055
Sa, (MuM,-M )"
Skewness 6.22E+08 6.78E+09 9.42E+09 {.1BE+09 1.99E+09 4.29E+09 3.46E+09
Asymmetry 03 246 3.72 2.35 273 3.49 4.13 2.94
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[0105] Examples 21-23 are continuous runs with back-mixing.

EXAMPLE 21

[0106] The apparatus was a glass 200 mL oil-jacketed baffled cylindrical reactor with an

5  overflow port equipped with a nitrogen inlet, overhead stainless steel stirring shaft with pitched
blade turbine impeller, and a thermal couple. The reactor was also outfitted with two subsurface

feed lines: (1) a stainless steel 1/8™ inch OD line for introducing a mixture of styrene and toluene;

and (2) a stainless steel 1/16™ inch OD line for feeding a mixture formed from butyl lithium
TMEDA and toluene. The 1/16™ inch line was threaded through a 1/4 inch line to prevent

10 entanglement with the mechanical stirring apparatus during the course of a run. The tip of the

1/16™ inch feed line was directed just below the impeller, The overflow port was directed
downward at a 22.5° angle, and was attached by means of a 13 mm Ace Thread® Teﬂon®

connection to a 24-inch long glycol jacketed 15 mm OD glass tube. The other end of the 15 mm

glass tube was connected to-a 2 liter, glycol-jacketed stirred reactor by means of a second 13 mm
15  Ace Thread® Teﬂon® connection (neither Teﬂ0n® couplings were wetted parts). The overflow

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
20 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 alkyl 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
25  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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[0108] At the start of the run, the reactor was charged with 100 mL of anhydrous toluene and
heated to 110°C. Meanwhile, 547 g (602 mL, 5.25 mol) of styrene and 1734 g (2000 mL, 20.6
mol) of anhydrous toluene were combined, mixed and then charged to a Na-blanketed 3000 m!
graduated cylinder reservoir. The toluene-styrene mixture was pumped to the reactor with a

5  laboratory-metering pump through a column of anhydrous basic alumina until the first drop or
two were seen entering the reactor; the feed was stopped and stirring in the reactor was initiated

(~ 400 rpm). Butyl lithium in cyclohexane was charged dropwise into the reactor by means of a

1.0 mL syringe. The addition was stopped when the characteristic red color of the
polystyryllithium anion appeared (indicating anhydrous conditions). Next, about 4.8 g (0.012

10 mol) of 16.5 wit% n-butyl lithium and 1.3 g (0.011 mol) of TMEDA were charged to the reactor.
The feed rates of both feeds (toluene-styrene mixture and organolithium mixture) were preset
(toluene-styrene mixture: 6.28 mL/min; organolithium mixture: 0.386 mL/min) and the pumps
were calibrated such that 200 ml of combined feed passed through the reactor per hour (two
reactor volumes per hour) for a 30-minute residence time. The process was conducted for about

15 195 minutes at 110°C.

- [0109] Samples were collected approximately every 30 minutes after the first 45-minute period.
It was found that within two reactor volumes, the system had reached steady state conditions.
The GPC molecular weight distribution of the first fraction collected was as follows: My, = 1992,
M, = 2209, M, = 716 Daltons, M, = 3512 and Polydispersity = 2.78. A typical steady state
20  fraction analyzed as follows: M,, = 4146, M,, = 4507, M,, = 1656, M, = 7134 Daltons and
Polydispersity = 2.50. GPC analysis of a composite of steady state fractions analyzed after
stripping toluene and 1-3-diphenylpropane was as follows: My, = 4051, M, = 3822, M,, = 1879,
M. = 6897 Daltons and Polydispersity = 2.15.

25 EXAMPLE 22
[0110] The run in this Example repeats that of Example 21, except as described herein. The
toluene-styrene mixture was made from 547 g (602 mL, 5.25 mol) of styrene and 1730 g (2000
mL, 20.56 mol) anhydrous toluene. The organolithium mixture was formed from 111.44 g (1.32
mol, 129 mL) of anhydrous toluene, 42.98 mL of 16.5 wi% (5.28 g, 0.0824 mol contained alkyl
30  lithium) n-butyl lithium in cyclohexane and 9.1 g (11.81 mL, 0.0783 mole) TMEDA. After the
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ml, 21.58 mol) of anhydrous toluene. The organolithium mixture was formed from 177.27 g
20 (2.11 mol, 205 mL) of anhydrous toluene, 90.26 mL of 16.5 wt% (11.08 g, 0.173 mol contained
alkyl lithium) n-butyl lithium in cyclohexane and 24.81 g (19.10 mL, 0.1644 mole) TMEDA.
After the red color of the polystyryllithium anion appeared, about 10 g (0.024 mol) of 16.5 wt%
n-butyl lithium and 2.6 g (0.022 mol) of TMEDA were charged to the reactor. The feed rates of
both feeds were preset (toluene-styrene mixture: 6.28 mL/min; organolithium mixture: 0.764
25  mL/min). The combined feed rate was one reactor volume (200 ml) per 28.4 minutes. The
process was conducted for about 419 minutes at 110°C-113°C.
[0113] Samples were collected approximately every 30 minutes after the first 45 minute period.
It was found that within two reactor volumes, the system had reached steady state conditions.
The GPC molecular weight distribution of the first fraction collected was as follows: My, = 2154,
30 M,= 2293, M, = 953, M, = 3510 Daltons and Polydispersity = 1.65. A typical steady state
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[0108] At the start of the run, the reactor was charged with 100 nL of
anhydrous toluene and heated to 110C. Meanwhile, 547 g (602 nL, 5.25 nol)
of styrene and 1734 g (2000 m_., 20.6 nol) of anhydrous tol uene were

conbi ned, m xed and_then charged to a N2-bl anketed 300Q ni graduated
cylinder re¥8PU8IY**S*The t ol uene-styrene nixture was pufpedSt¥ Y% eact or
with a 5 laboratory-netering punp through a colum of anhydrous basic
alumna until the first drop or two were seen entering the reactor; the
feed was stopped and stirring in the reactor was initiated 400 rpm.
Butyl lithiumin cycl ohexane was charged dropwi se into the reactor by neans
of al1l.0 m—frzﬁ)f&‘ Qﬁgze@{é%ﬁ%. I {4, 293085, SL QE&egxn"—!!" 61 1e-GhAr AGLeristic red
col or of the polystyryl'lithi um'ani on ‘appéaréd " (i ndi'cating an%y rous

condi t i ons)Polydisgersityzhddt. GPE apalys®. «f 2 2ompositpof sfeadsf st 6 fr&ctippsnalydsdtaftér |t hi um
and 1.3 g (Qﬂ&’)gnlg t§TRnd aﬂfl-im%l\ﬁféf)zﬁle%@d‘sgﬁgwgz%vs Q@ZS%%,FJ o, l\Ilh:el fﬂg,ed rates
of both feeds étoluene-st rene” mxture and organollthlun1n1xturé3 wer e
preset (t ol MendldMptenanddolydigpersityss 8- m / min; organol it hi um nmi xture: 0.386
nm./ mn) and the punps were calibrated such that 200 m of conbined feed
passed t hrough the reactor per hour (two reactor volunmes per hour) for a
30-m nute residence tine. The process was conducted for about 15195 m nutes
at 110C. [0109] Sanples were collected approximately every 30 m nutes after
the first 45-mnute period. It was found that within tw reactor vol unes,

t he system had reached steady state conditions. The GPC nol ecul ar wei ght
distribution of the first fraction collected was as follows: M = 1992, M
- 2209, M, = 716 Daltons, M" = 3512 and Pol ydi spersity = 2.78. A typical
steady state 20 fraction analyzed as follows: Mv = 4146, M = 4507, M n =
1656, Mz = 7134 Daltons and Pol ydi spersity = 2.50. GPC analysis of a
conposite of steady state fractions analyzed after stripping toluene and

1- 3-di phenyl propane was as follows: Ivl,, = 4051, M= 3822, M = 1879, M=
6897 Dal tons and Pol ydi spersity --- 2.15. 25EXAMPLE 22 [0110] The run in
this Exanple repeats that of Exanple 21, except as described herein. The
tol uene-styrene m xture was nmade from547 g (602 nL, 5.25 nol) of styrene
and 1730 g (2000 m., 20.56 nol) anhydrous tol uene. The organolithium

m xture was fornmed from 111.44 g (1.32 nol, 129 nL) of anhydrous tol uene,
42.98 nL of 16.5 wt % (5.28g. 0.0824 nol contained al kyl 30lithium n-butyl
lithiumin cycl ohcxane and 9.1 g (11.81 nlL, 0.0783 nole) TMEDA. After the
48 red color of the polystyryllithium anion appeared, about 6 nL of the
organol ithium m xture was charged to the reactor. The feed rates of both
feeds were preset (toluene-styrene m xture: 6.08 inUrnin; organolithium

m xture: 0.579 nL/mn) and the punps were calibrated such that 400 m of
conbi ned feed passed through the reactor per hour (two reactor vol unes per
hour) thus 5 providing a 30-m nute residence tinme. The process was
conducted for about 200 m nutes at 110C 113C. For the second 200 m nutes,
the toluene-styrene mxture feed rate was set at 6.31 rnL/mn and the
organolithiumm xture feed rate was set at 0.35 nL/mn. 101111 The GPC

nmol ecul ar wei ght distribution of a typical steady state fraction during the

first set of feed rates analyzed as follows: k/1", - 1151, M - 1123, M| =
592, M = 1861 Daltons and 10 Pol ydispersity = 2.50. GPC anal ysis of the
| ast fraction analyzed as follows: M", = 1984, M= 2025, M| = 907, M=

3293 Dal tons and Pol ydi spersity = 2.19 (a steady state was not achi eved
before running out of prefornmed reagents. The nol ecul ar wei ght distribution
continued to shiti to higher weights. Low pol ydi spersity, nodest breadth,
and | ow asymmetry were nai ntai ned while the nol ecul ar wei ght distribution
shifted to higher values. 15 EXAMPLE 23 [9112i The run in this Exanple
repeats that of Exanple 21, except as described herein. The tol uene-styrene
m xture was made from 547 g (602 m., 5,25 nol) of styrene and 1816 g (2100
m 21.58 nol) of anhydrous toluene. The organolithiurn m xture was forned
from177.27 g 20 (2.11 nol, 205 nL) of anhydrous toluene, 90.26 nL of 16.5
w % (11.08 g, 0.173 nol contained alkyl lithium n-butyl lithiumin

cycl ohexane and 24.81 g (19.10 nL, 0.1644 nole) TMEDA. After the red col or
of the polystyryllithium anion appeared, about 10 g (0.024 nol) of 16.5 Wt %
n-butyl lithiumand 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

mL/ mn; organolithiummxture: 0.764 25nL/mn). The conbined feed rate was
one reactor volune (200 m ) per 28.4 mnutes. The process was conducted for
about 419 mnutes at 110C 113C. [0113]l Sanples were coll ected approxi mtely
every 30 mnutes after the first 45 mnute period. It was found that within



The GPC nol ecul ar wei ght distribution of the first fraction collected was

as follows: b/1," = 2154, 30 M = 2293, M2 = 953, Mz = 3510 Dal tons and
Pol ydi spersity = 1 65. A typi cal steady state 49 fraction anal yzed as
follows: M = 2410, M, = 1026, M = 4246 Daltons and
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fractions anal yzed after stripping toluene and 1-3-d i phenyl propane was as
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[0114] Examples BR-1 to BR-4 illustrate preferred procedures for preparing brominated

adducts and/or brominated oligomers of this invention on a continuous basis.

EXAMPLE BR-1
5  Continuous Bromination of a 4-Ring Toluene/Styrene Adduct -- 1,3,5,7-Tetraphenylheptane

(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
10 -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
15 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 AlBrs in bromine and
* 1,3,5,7-tetraphenylheptane (distillation fraction from Example 12) in bromochloromethane
20 (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 A1Br; 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
25 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 AlBrsy/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 wi% aqueous Na,SO;). At

30 this point, it was assumed a steady state condition (over 3 residence times) had been reached, so
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the overflow stream was diverted to the main quench pot (containing 784 g of 5 wt% aqueous
Na,S0;) to collect the product mixture over a period of 136 min at 5-10°C with an average
residence time in the reactor of 15.7 min. The lower cloudy organic phase (1013.2 g) in the main
quench pot was separated from the aqueous phase, and combined in a 2-L separatory funnel with

5 aBCM rinse (183.0 g) of the quench vessel. The organic phase was washed with water, dilute
aqueous NaOH, and finally water to remove residual acid and salts. Solvent was removed from
the cloudy solution using a rotary evaporator (96°C/10 torr) to obtain 517.2 g of a clear viscous
light amber liquid that solidified to a glass upon cooling to ambient temperature. Analytical
results for the product are summarized in Table 5.

10
EXAMPLE BR-2

Continuous Bromination of Oligomer of Example 14
[0116] Example BR-1 was repeated using the oligomer made in Example 14. The operation was
started by charging the reaction vessel with 167.5 g of dry BCM (< 10 ppm water) and then
15 cooling the liquid to —7°C (circulating bath at —10°C). The AlBrs3/bromine feed solution was
prepared by dissolving 15.20 g of AIBrg in 3208.0 g of bromine. A 30.0 wt% solution of Ex. 14
oligomer was prepared by dissolving 999.6 g of the oligomer in 2332.6 g dry BCM. The
reactants were delivered to the reaction vessel at average feed rates of 3.75 mL/min (11.6 g/min)
for the AIBrs/bromine solution and 7.18 mL/min (11.1 g/min) for the polymer/BCM solution.
20  For the first 115 min, the overflow stream from the reactor was directed to the waste quench pot
(containing 800 g of 5 wt% aqueous Na;S03). The overflow stream was diverted at that point to
the main quench pot (containing 774 g of 5 wt% aqueous Na;SOs) to collect the steady state
product over a period of 74 min with the reaction temperature at +8°C. The product fraction was
collected in the quench pot at 5-10°C with an average residence time in the reactor of 7.3 min.
25  After redirecting the overflow from the reactor to the waste quench pot, the lower white organic
phase (985.4 g) in the main quench pot was separated from the aqueous phase, and combined in a
2-L separatory funnel with a BCM rinse (413.2 g) of the aqueous phase remaining in the quench
vessel. Three aqueous washes (700-800 g each) of the organic phase were used to remove
residual acid and salts. The washed white organic phase (1346.7 g) was pumped into 3.5-L of
30 vigorously stirred hot water to obtain a slurry of white solid in water. The slurry was suction
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filtered, and the solid was rinsed on the filter with water (3x1L). The wet cake (800.5 g) was
dried in a nitrogen purged oven at 100°C to a constant weight of 462.0 g. Analytical results for

the white product are summarized in Table 5.

5 EXAMPLE BR-3

Continuous bromination of Oligomer of Example 14
[0117] The bromination of Example BR-2 was continued after removing the lower organic phase
from the main quench pot and rinsing the aqueous phase in the quench pot with BCM as
described in Example BR-2. The bromine feed rate was increased to 4.43 mL/min (13.7 g/min)

10 while holding the oligomer feed rate constant at 7.18 mL/min (11.1 g/min). After allowing 20
min to reach steady state conditions, the overflow from the reactor was redirected to the main
quench pot (containing dilute aqueous Na,SOs) and crude product solution was collected for 68
minutes at a reaction temperature of 9°C and an average residence time of 6.9 minutes. After
redirecting the overflow from the reactor to the waste quench pot, the white organic phase

15 (1233.0 g) in the main quench pot was separated from the aqueous phase, and combined in a 2-L
separatory funnel with a BCM rinse (485.9 g) of the quench vessel. Three aqueous washes (700-
800 g each) were used to remove residual acid and salts. The washed organic phase (1629.1 g)
was pumped into 3.5-L of vigorously stirred hot water to obtain a sturry of solid in water. The
slurry was suction filtered, and the white solid was rinsed on the filter with water (3x1L). The

20 wetcake (1330.1 g) was dried in a nitrogen-purged oven at 100°C to a constant weight of 648.0

g. Analytical results for the white product are summarized in Table 5.

EXAMPLE BR-4
Continuous Bromination of Oligomer of Example 20)

25  [0118] Example BR-1 was repeated using the oligomer made in Example 20. 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 AIBry/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

30  reaction vessel at average feed rates of 2.77 mL/min (8.60 mL/min) for the AlBrs/bromine
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solution and 6.78 mL/min (10.5 g/min) for the polymer/BCM solution. For the first 35 minutes,

the overflow stream from the reactor was directed to the waste quench pot (containing 755 g of 5
wt% aqueous Na,SOs). At this point, the overflow stream was diverted to the main quench pot
(containing 587 g of 5 wt% aqueous Na>SOs) to collect the steady state product over a period of

5 159 minutes with the reaction temperature at 9°C to 11°C. The steady state product fraction was
collected in the quench pot at 5-10°C with an average residence time in the reactor of 8.5
minutes. The lower organic phase (3451.4 g) in the main quench pot was separated from the
aqueous phase, and combined with a BCM rinse (434.3 g) of the quench vessel. Three aqueous
washes (water, dilute aqueous NaOH, and water) were used to remove residual acid and salts.

10 The washed organic phase (3923.8 g) was pumped into vigorously stirred hot (94-97°C) water to
obtain a mixture of agglomerated lumps and finely divided white solid in water. The mixture was
suction filtered, and the solid was rinsed on the filter with water. The lumpy wet cake (2661 g)

was reduced to a powder and dried in a nitrogen purged oven at 100°C to reach a constant weight

of 1158.8 g. Analytical results for the product are summarized in Table 5.

15
TABLE 5
Example BR-1 BR-2 BR-3 BR-4
Wt% Br (XRF) 583 66.0 69.7 58.7
Thermal HBr, ppm (320°C/15 936 1049 776 677
min/N5)
Thermal Hunter Lab Solution
Color (320°C/15 min/N,)
L 91.16 72.55 79.25 70.52
a -9.23 11.85 5.30 11.25
b 34.53 35.37 37.12 35.19
AE 36.51 46.25 42.99 47.03
Hunter Lab Solution Color
(10 wt% in chlorobenzene)
L 97.99 99.20 99.69 96.91
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ZI gE T-S617 L 98L SCZ 50+3716 996 60+3892 890E Exanple Fraction vnl

"IN AIN ad Variance Standard Deviation Si, VI ntm2 1,2 SS3LLIA 0319 8'.
10114] Exanples BR-1 to BR-4 illustrate preferred procedures for preparing
brom nat ed adducts and/or brom nated oligoners of this invention on a
conti nuous WRIHYISHXAMPLE BR-1 5 Continuous Bromi nati orf (GfUSA040¢2 g

Tol uene/ Styrene Adduct -- 1, 3,5, 7-Tetraphenyl heptane apm Distillation
Fraction from Exanple 12 [0115] An 80-nlL capacity cylindrical glass
reacti on vessel was used for the brom nation. The

a 0.95 -0.43 -0.83 0.25

b 5.52 6.54 422 11.36

AE 6.08 6.61 431 11.79
DSC, T, (°C) 78.8 97.6 112.2 98.3

[0119] Example BR-5 illustrates a preferred procedure for preparing perbrominated adducts in a

batch process.

5 EXAMPLE BR-5

Preparation of Decabromo-1,3-Diphenylpropane by Baich Bromination
[0120] A 1-L round bottom flask equipped with a reflux condenser, a thermometer with a
temperature controller, a mechanical stirrer, an addition funnel and a cold caustic scrubber was
charged with 2355 grams (approx. 700 mL) of bromine and 12.5 grams of anhydrous AICL; was

10 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

15 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,

20  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

25  chromatography.
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reactor had an outer insulating vacuum jacket and an inner jackct for
circulating glycol coolant. The vessel had two inlet ports on the bottom
for delivery of reagent solutions directly under the 10 bottom bl ade of t he
dual turbine agitator nmade of Tefl on polyner (operated at 350 r 2}

react or had"® PW&rtotel | | ocated next to the bottom t ursit ﬂ@z‘m/% An
overflow port |ocated just above the top turbine blade allowed the reaction
m xture to flow by gravity to a splitter that could direct the flowto the
mai n product quench pot (5-L fully jacketed round bottomflask with paddle
stirrer) or to a secondary waste quench pot (2-L Erlenneyer). Exit gases
fromthe re"{’(ﬁ& rlﬂ?tgﬁglqld §t09 tE&fth\%%g t%]rt]sragcli]g)h g‘neﬁ{sr q}’eh&)r%yghe%?g enser and
into an aqueous causticC Sscru th ance trom a’ constdit™Hi t r ogen
purge at thé&mypangivherpie thivtedensst whetBy refengd plirghdrirgrianapiveh areideatiftdad | i ght s
wer e turnedggf sx@pﬁorw&nﬁ@qﬁg'ca@acvveaﬁaa&hx}@mmrm@&d% {)thhgxln}émnn ymfoil to
m nim ze photobrom nation.” Two peristaltic punps were use def I'ver

sol utions ofhemiBltgei(he Hnethermractatich salyat, Brefe )k Ematigstyohyhds ppkiainay ¢hdinied | | at i on
fractionsf r ey 3R Sml@hs aﬂa/obfem&hif%waﬁémgﬁl u?eqe&ﬁ@/bmme fﬂ@mﬁ&aﬁ or

through the bottominlet ports using feed I'imes of Teffon polymer
(1/ 8-inch) afrfaa"“\??ftfa?ﬁimﬁbwﬁﬁlrchweﬁHaqsif?efmﬂonﬂaﬁé/ovs@ﬁmslaf?rfhmrﬁtrwlt@fd by

char gi ng t heringégakd @&1&@&8@&%3@%&&70&07}21 &hefts @fgetBéryunBEM SndiloRRANMELEr ) and
t hen cool i nﬁ‘gt he circulating bath a 100). The

iquid to
Al Br 3/ br oni s”f'“été%thigg'ls{i?sim@nTbﬁg‘ ﬁ?a%tf)'ﬁsraé‘ﬁ“lﬂpoﬁﬁnégéﬁll ?fgedss iggediensto by Br 3 i n
856.7 g of bl teetheAin3OnGetivnXitiltitrngdiy adbsirtPthewas] PeRidT @ deabiondk ;SO! Vi Ng

311.8 g 4gf ch ,Qr one t hane e reactants
were del |[‘?ve;rl(_)ﬁlé1 %’Qm’z(ﬁ%etrzgguéﬁégﬁoﬁ%cgls & degied QY '358”?2‘8%%‘ gg’f\%@’(}? oughaps i ny s
mn (4.44 g¢mbodimentrogy refaeto AbtBtaBdel rcompanents @ldiok ingredamsl indh& greseht/ tbrizt (is( 5. 56
g/mn) for ¢ i B@gqﬁ tut @ erature qui.ckly rose to
+2C and then&@{Iabﬁl ze QLSU E Ptcpxﬁﬁeérgﬁgast?tg%sugﬁi&ﬁ ponec'l'g0 d}éf"‘ne first
50 nmin, theasgiegistd @5Weélﬁle®’é?hef0r%hwsrﬁestm@@tdnblewaéorduxeémtbmetoombﬂaethmst e
quench pot (eQHal M%eﬁégncgor ot 1 ﬁ%&%b@w.%ﬁﬁ%&@%mt d%;:longe% his point, it
was assurred a steady state COHCF'[I on (over 3 residence tines) had been

r eached 1? sol"4Zhe Algef e dipush Hhe Shimamaxirafarte sebstapces fire thewiresery dense Fe. pot

(cont ai ni ng"chgﬂnsgs"Ofis"@td/\)t %%%U%tmgmgﬁn&%1@@414&3&%6%&]@]1@{%@&15”1 xture
over a period of 136 5-10C with an average residence tine in the
reactor of 18 opniagigd b ﬁdéd Iobfl%?‘red SitB QBR TRy a Ather Hbsisess (n eeegrdgncg with thet he  mai n
guench pot mesntsigpiasuad ed from t he aqueous phase and conbined in a 2-L

separatory a BCM ri se (1 of the quench vessel. The
or gani ¢ pha@y}&algxc\?&saﬁg‘ﬂygﬁxﬁmm‘g 'l“E‘f 8‘66‘6‘&1% NOH" daed #sivsed) |y wat er

to renove rlesdidisedt .mumtamdn aad dh6uld HObY@RitruveS nmam@\mathetdhgmntoh@cla}noudy

sol ution usjn ta ator o qbt 517. of a
cl ear vi sco{us%f@ ﬁ?me"%e 8l°fﬁ§eg§ iﬁ% EHFW‘%%& T gAY a&%?‘ﬁ?ﬁ%‘ﬁ’%@ool ing to
anbi ent tempent%tﬂfulrtecovmt yltmco:ralsuch elsuéiitss udles the It @apm@huclhdlaane ofmmmrl zed in

TaRL e 5 | PR B R ORI E P00 00u 0 PRIl BTl e 10
operation \/\S&lsmmlar%@ébsmﬂﬂ@hlardgmtgwplheahs@atcst |T4bus lméeﬂdemlblhgaﬁﬂxalﬂeg of dry
BCM (< 29 ponbwRkel)s farHbrd RARt: A LARY ating
bath at -100). ThetAsdBr 3/rbron‘flcne e&ﬁ%tgeg\gﬂ%ﬁmgaﬁlbé g%h%}eesgbzﬂ%t : l%fn{*ﬁ)?(ztlsol Vi ng
15.20 g of U BPsseh vabig. Horgpxesple b deesribing ggto@hmm%@emamwns&rnﬁw 14

ol i gomer wasalpfhiepared tbéhu@ﬁtﬁﬁé%'b&hé‘&b&%%al@ a&td?ghlotnﬁﬁlcghdng@rmﬁe (Ha slgﬁe%z 6 g dry
BCM The reactants were delivered to the reaction vessel at average feed

rates of 3.7%Eeaft fllyfealizes that sighideyiatiopyframyige adysapts sthickipmetey valdprodser nend 7. 18
L/ m n ( 11. a};pn@élﬁﬂld’l}lffrfrﬁfce inR@uIRO T BY dnBGAM a8 Adsplcls ARYs dochflert Houlll DEefd it 115

m n, % f rfl m1strean1fron1the reactor was directed to the waste quench
pot (co Qal 7 WY %ﬂﬁ“ﬁbﬂ?m%‘ﬁfﬁbaqueous Na2S03). The overfl ow stream was
diverted at that point to the main quepch pot (containing 774 g of 5 wt %
aqueous Na2S03) to collect the steady state product over a period of 74 mn
with the reaction tenperature at -F8C. The product fraction was coll ected
in the quench pot at 5-10C with an average residence tinme in the reactor of
7.3 min. 25 After redirecting the overflow fromthe reactor to the waste
guench pot, the | ower white organic phase (985.4 g) in the main quench pot
was separated fromthe aqueous phase, and conbined in a 2-L separatory
funnel wth a RCMrinse (413.2 g) of the aqueous phase remaining in the
quench vessel. Three aqueous washes (700-800 g each) of the organic phase
were used to renove residual acid and salts. The washed white organi c phase
(1346.7 g) was punped into 3.5-L of 30vigorously stirred hot water to
obtain a slurry of white solid in water. The slurry was suction filtered,



20 wet cake (1330.1 g) was dried in a nitrogen-purged oven at 100C to a
constant weight of 648.0 g. Analytical results for the white product are
surmari zed in Table 5. EXAMPLE BR-4 Conti nuous Brom nation of Qi goner of
mpl e 20) ZSLU 118] Exanple BR-1 was repeated using the oligoner nmade in
Exarrpl e 20.WOREEBYM | reaction vessel was charged wi t FCTEP2088/8563F gry BCM
(< 10 ppmwater) and then cooled to OC (circulating bath at -4C). The
Al Br 3/ brom ne feed solution was prepared by dissolving 6.74 g of AIBr3 in
1669.9 g of bromne. A 30.0 wt % sol ution of Exanple 20 pol yner was prepared
by dissolving 650.9 g of the oligoner in 1518.6 g dry 13CM The reactants
were del i vef(ﬁ%t %ﬁt}?he 30 reaction vessel at average feed rates of 2.77
mUni n (8. 60/ ffshang BNt apassIPRlGHened guintedpypligafionyetired g abwre i / mi n
(10. 5 g/ m nicdrpiratédierepyyereieidBGMos Qb tht FuiBst e;EQxlt pérlﬂ&teﬁ hy Sthat@BofMvUt €s, the

overfl ow st e reacto to.the waste quench pot

(cont ai ni ng( %ﬁ? tr[“(%fnvg’t\ﬂf %S}icﬁf}’é 540 f\?é’?‘gﬁ%e Vapptiqup ds pragise: Tl%ﬁ’éor&\}}éﬁ'f | ow

st ream was ﬁbregeng ed;cm;mon isenomintandglue Niadit, piat sho oo mbtabemongruEB?s @nitihg, Shert %
agueous 2 t he ady st a uct over a period of 5 159
m nut es vgxlna t ﬁgﬂ?}%{%gt(raéh% I!Uglﬁl;rtee é‘?%t%onsé’res e‘geée’%nobﬁfé The steady state
product fraction was collected in the quench pot at 5-10C with an average
residence tine in the reactor of 8.5 mnutes. The | ower organic phase
(3451.4 g) in the main quench pot was separated fromthe aqueous phase, and
conbined with a BCMrinse (434.3 g) of the quench vessel. Three aqueous
washes (water, dilute agueous NaCOH, and water) were used to renove residual
acid and salts, 10 The washed organi c phase (3923.8 g) was punped into
vigorously stirred hot (94-97C) water to obtain a m xture of aggl onerated

| unps and finely divided white solid in water. The m xture was suction
filtered, and the solid was rinsed on the filter wwth water. The | unpy 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. Analytical results for the
product are sunmarized in Table 5. 15 TABLE 5 Exanple BR-1 BR-2 BR-3 BR-4
W% Br (XRF) 58.3 66.0 69.7 58.7 Thermal HBr, ppm (320C/ 15 mi n/N2) 936 1049
776 677 '

58



* Thermal' Hunter Lab Sol ution Col or (320C/ 15 nin/N2) L 91.16 72.55 79. 25
70.52 a -9.23 11.85 5.30 11.25 34.53 35.37 37.12 35.19 AE 36.51 46.25
42.99 47.03 Hunter Lab Solution Color (10 wt% in chl orobenzene)

CLAIMS:

1. A process of preparing a reaction product enriched in (i) monoadduct, (ii) a

mixture of adducts, (iii) a mixture of adducts and one or more oligomers, or (iv) a

mixture of adducts, oligomers, and low molecular weight polymers, which process

comprises:

1) bringing together components A), B), C), and D) hereinafter described, by
feeding at least component B) to a mixture formed at least from components A),
C), and D), or to a mixture that is being formed by the feeding of at least
components A), C), and D), in each case where components C) and D) are fed
separately from each other and/or are fed as a complex formed or being formed
from each other;

2) correlating the pseudo steady-state concentration of component B) in the
reaction mixture during the feeding, the molar ratio of component A):component
B) and maintaining the temperature or temperatures of the reaction mixture at
one or more temperatures in the range of 80°C to 130°C to produce said
reaction product; and

3) terminating the feed of component B) and then terminating the reaction;

wherein:

-- component A) is at least one 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, which molecule contains in the range of 1 to 4 aromatic rings and in the

range of 1 to 6 alkyl ring substituents;

- component B) is at least one monovinylaromatic hydrocarbon having in the

range of 1 to 4 aromatic rings in the molecule;

-- component C) is at least one organolithium reagent; and

= component D) is at least one aliphatic poly(tertiary amine) ligand that complexes

with said organolithium reagent.
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"L 97.99 99.20 99.69 96.91 WO 2008/ 154454PCT/ 1352008/ 066219 a 0. 95 -0. 43
-0.83 0.25 b 5.52 6.54 4.22 11.36 AB 6.08 6.61 4.31 11.79 DSC, Tg (C) 78.8
97.6

2. A process as in Claim 1 for preparing from said components A), B), C), and D),
a product enriched in monoadduct of the formula:
Ar-CH,CH,CHR-Ar'

which process comprises:

1)) feeding at least component B) into a mechanically agitated reactor containing
either (1) a mixture formed from components A), C), and D), which mixture
optionally contains component B) in an amount equal to or less than the amount
of component C) or (2) a mixture previously formed from components A), B),
C), and D), and additional amounts of components A), C), and D) and optionally
component B) in an amount less than the additional amount of component C)
introduced into the reactor;

1) maintaining the feed rate of component B) at a slow enough rate such that the
pseudo steady-state concentration of component B) is maintained at zero or at
substantially zero, and maintaining the contents of the reactor at one or more
temperatures in the range of 90°C to 130°C; and

III)  terminating the feed of component B) and then terminating the reaction;

wherein:

(1) the total amount of component B) introduced into the reactor relative to the
amount of component A) introduced into the reactor is in the range of 5
to 70 mole percent of component A),
(ii)  the amount of component C) introduced into the reactor is in the range of
10 to 0.1 mole percent of component B),
(iii) the amount of component D) introduced into the reactor is in the range of
10 to 0.1 mole percent of component B), and
(iv)  the molar ratio of component D) relative to component C) is in the range
of 0.8:1to 8:1.
3. A process as in Claim 1 for preparing from said components A), B), C), and D),
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:
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©112.2 98.3 ° [01191 Exanple BR-5 illustrates a preferred procedure for
preparing perbrom nated adducts in a batch process. 5EXAMPLE BR-5
Preparati on of Decabrono-1, 3-Di phenyl propane by Batch Brom nation 101201 A
1-L round bottom fl ask equi pped with a reflux condenser, a thernonmeter with
a tenperature controller, a nechanical stirrer, an addition funnel and a
col d caustic scrubber was charged with 2355 grans (approx. 700 nL) of

brom ne and 12.5 grans of anhydrous Al C13 was 10 added as a catal yst. The
slurry was stirred and heated to 60C. 1, 3-Di phenyl propane distilled and
recovered in Exanple 22 was then added subsurface to the stirred Br2/ Al C13
slurry at 60C over a peri ofir-OH;-GHgER (o< H,THR-A€act i on m xture was

ti d at. 50C f h h I | i ght d then 100 nL of t
vas naded PO T Rl ORBREE I 0e Sy ok P B Rsel was

equi pped W th FeeBmiplftledst 8dinpadRet PEaked m@Bhdicdly abitstelIrbacRotCRBMIdMH N ne
until a vapor 15 teWPerature of 98C was reached. More water was added to
the reaction nEheidd aunixige formedifiom componststdy), (Ophutk B+ Weich myxtuie vol ume
renmoved in ordgg; : i lve I i urry was
cool ed and thenﬁgﬁgpggyﬁ?gﬁgﬁﬁ%%@@gglggggﬁb@ﬁt?ﬁaﬁ%§%m§¥ﬁ%ﬁgk#@ggé{bronine
col or was gon;a.of Ercbmpcmﬁhﬁ a) mﬁ)iasnilxaxdredrebgpuslb/:fommdd h&wmannhpmgmts A{{;iBédl in an
oven at 200C 0 our...The soli s cool ed t ed wit ol uene to
Cermve col or edCoripp: fidkidatage Bftoufls? FoRERetE ORER AT B B MoRpl ot wr <
over ni ght, andcéhpaichyBiliid efl ambu@e@vaiam e aldRiondloimdunt 6f chiapunent Che white
product thus forned (476.65 grans) was anal yzed to have a brom ne content
of 80.79 wt. odttoqBeRdynto thwactorrGa showed a | % | oss at 317.9C, 5% oss at
348. 5C anqn10%y%snik (R6Red e b B t5)A9a RRE HichQhat I3, §GavaS
recorded fgr this n%tgrialé it cont Pne& 3n|3 12 6bnf%f.free bron?ﬁe and
104 ppm of i onistetemopedngationnsf campoyend ) lis/atioye 28, widrmoaietamgrethhgontent§ 0121] |t
is to be under that. t he reactants. and conpone +teferred tq by
chem cal name S CORAT &t SRERE AR EPE nSRIRERTSY Srthel et o o0 11
t he singullHy oterpinatiag theded dfdempoieneB) agl théeirmeibtiig the taacttidn) com ng into
contact with another substance referred to by chem cal nanme or chem ca
type (e.g.WheEHyt her reactant, a solvent, or etc.). It matters not what
prelim nary chepi cib o RRRGASombb AR BT B Bhcb SRRl OB | T any,
take place in the resulting mxture or Solution or reaction nmediumas such
changes, transfor matiows ofinekhponeneAl introdeced rigo theerepcionis i thegangetof of
bringing the specifjed,reactant nd/ or onents together under the
conditions called fg}q%ﬂ%@%%%?mf%ﬁ¥WH?nﬁﬁ2@?05ure. Thus the reactants and
conmponent s ar e (iiyderth¢ imesht a8 comginetli €ninGodiRed ttd tHeugdttortio tethbedngt of
connection with perigrnlng desired chem cal_ operation or reaction or in

10 forming a m xtur {% Oemele gerce o SWBWHFWH@’a desired operation or
reaction. Al soyiii®V & AHOHE B B STHRAADTRAbITRY ihi§ TR red RorSy BSHARGRS of
conponents and/or ingredients in the present tense ("is conprised of,
"conprises", "is", é&@to )] mole perstrrofneapinentB), ek subst ance, conponent or

ingredient as it,exjsted at.the tine just fore it wa i.rst., cont act ed,

bl anded or m x4 w PR T89S BEeeRrl D e B ool SR SR € SRk o

i ngredi ents in accoofl@gcetomiln the present disclosure. 15 [0122] Al so,
even thou%h the cl ai ns n%¥ refer to substances in the present tense (e.g.,
"conpri sed”, "{AsProcess as in Clajpa | fest RpRaning fiog sai sRPREHS anke Qs2idDlexi st s at
the tinme jysbdRediicted in thd ok nfo?d addlBls A 65b orth&i8 6 EoRErs %ﬁféh‘ﬁbfyﬂw?ne or
nore ot her "substances in accordance with the present disclosure” 10123}
Except as fomatibe ienprimizetythe indevidiad eddusth andtadigometi®) efrsu¢tomaxtiegs being " an” i f
and as us iNn.i.snot intended to limt, and should not be
construed?ggm%gﬁgﬁgﬁgﬂbtIgadescription or aclaimto a single elenent to
which the article refers. RaChBI-CHLOR(AN]ICHLHRArOr "an" if and as used
herein is int nged to cover one or nore _such el enents, unless the text
expressly iﬂh\éfﬁle fds2 phalempmber inthepange 950 1@ which grasess sRBWFI&sSod t hat t he
terms "substantial” and "substantially” denote that chem cal processes
ordinarily do not involve absolutes. Thus instead of describing a variable
as 25 an absolute, it is far nore realistic to describe the variable as
being in the substantial vicinity ofﬁ{@g expressed variable. For exanple
when describing a stoichionetric qua 1ity it is far nore realistic to refer
to the quantity as being substantially a stoichionmetric quantity since one
skilled in the art fully realizes that slight deviations fromthe absol ute
stoichiornetry woul d produce no appreciable difference in results. Thus in
any and all respects, this docunent should be read with 30the application
of common sense. [01251 Each and every patent, patent application and



" 1. A process of preparing a reaction product enriched in (i) nonoadduct,
(ii1) a mxture of adducts, (iii) a mxture of adducts and one or nore
oligoners, or (iv) a mxture of adducts, oligonmers, and | ow nol ecul ar

wei ght pol yners, which process conprises: 1) bringing together conmponents
A), B), O, and D) hereinafter described, by feeding at |east conponent B)
to a mxture fornmed at | east from conponents A, C, and D), or to a

m xture that is being formed by the feeding of at |east conponents A), O,
and D), in each case where conponents C) and D) are fed separately from
each other and/or are fed as a conplex fornmed or being forned from each

ot her; 2) Ixorr éedinignag ledse cpapondot B) émol p-mséchbdcal lynagitated atactor avhtatomgponent B)

in the reaction.m re duri t feedin h | ar tip of c onent

A conponent | BRI ha R g it SparisnD: g bihbor 46w G ne
reaction m xt upgticdall9@entSihs BaHSoreRIPEH ah BmBentl squbh® of 39 thaffthe3Moune 130C to
produce said reaction product; and 3) termnating the feed of conponent B)

and t hen terni RAEPHBPNEAEC) aalh iagnixtypgreioysly formed Goypsopparenty Ap.Blat | east
one aromati c hydr b s DAY o] re.l d i, group in
t he nol ecul e, ﬁ’l @E%r%é?ﬁy%dag%h%}?iuh é’ﬁééé‘ﬁf’ (?%ﬁtggﬁgégg%%{l Ia{r?cll glg%dﬁgl% in

whi ch at | east comporpos B) iiman emouiteless tham thiecadditiogalbanaaunh gf torepeneth()) gr oup
is unsubstituteqf whi cht rHl)I eCL{Ie_ contains in the range of 1 to 4 aromatic
rings and in t HEIEERIANGAIG RGO o'kl 1ing substituents; conponent
B) is at lIpast niRaiAdgehd foyd Atoskdompohantl BYed leublathangthen t he range of 1
to 4 aromatic rings in the nolecul e; comanent C) is at |east, K one

or ganol i t hi um £Bagethte; tokghgmount of commeneiit) ipfrodused;intp dhgsteagtak isain; thtat i ¢

pol y(tertiary am nelangt ganhol i meRIPRIEAGIAMN b tﬁ@hﬂoﬁa{t%e&%&&w&; reagent.
2. A process as in Carm1l for preparing fromsaid conponents A), B), O,
and D), a product eintiodhesd into e ceadiducthe gfsendoe sttadyntidta: coneen@p@ of 2 CHR- A?
whi ch process conpri : eedi ng_at .l east,, co n B), i-nto.a..

mechani cal |y agitat 8‘?1‘55@518{ ](3)1 BEGRT ATy ﬁ"éﬂr}ﬁ %lh%rrsrﬁg%lﬁﬁh%ai(ltotg?ﬁee %%%"ﬁ%d from
components A), C), ahdcddjponwdti @), randt tHee pa@idoorehdyysta@nicandestrstivapofient B)
in an anount equal to or |ess than the anount of ¢onmponent C) or (2) a

m xture previously FPOPRIELF Bimit kP8 s ton)forng) oligemer 5 jithppt  Withput

addi tional amounts afiniGRARE Wlknder Yorm&tlon; 304 MinBlEh LRI e8REAY Fafponent B)
in an anount | ess than the additional anmount of conponent C) introduced
into the reactor; | reacienntmngionimene tehipefabiees in dtegange do¥fiErient30B}; et a sl ow
enough rate su th h seude steady-state.concentyation of .c onent B)
o i ntaf ned 0 2o GO EEREehERL 5 BhPofRURER e el iR
contents of the readie@imcht M@nPondmBY itRIp&ddhidrtBSreadtot Bén thanggeof 90C to
130C, and I1l) term_natjng the feed ?f corrponent@qlsgz) and then ;tiéerm' nati ng
the reaction; wherePn® (40)mpigcparenng of sapaprentB)c #ifhBisePreuds) stestrdditiced i nt o
the reactor relati V%oﬂc@n&il%nadﬂéﬂ%oﬁént%@%ﬁﬁéine@ tol ok Q6 REr With @t he
reactor is in the range of 5 to 70 nole percent of conponent A), (ii) the
amount of conponent wWihoutnminiwizowdpdlymer fotreationaamd onaintgining thheontgnigeofof 10 to
0.1 nol e percent of ,co ent B iii) the amunt of c nt ]

i ntroduced into thethreerg%?%ratiorsle %’%mt%ﬁeete%"g%rﬁéu%fm rtagéeoqfi%rrgpg) 6%&)&ént of
conponent B), and (lawg the nolar ratio of conmponent D) relative to
conponent isinthe range of 0.8:1 to 8:1. 3.A process gs in Caiml for
preparing ! 3omt§511@t@éﬂﬁod;%dn‘%@oﬁ)p9n@} Bt) @)‘fth%EF“B)n,aBn%t fAFHEL enriched in a
m xture ofyfapdn:.0or nore adducts in which oligonmer formation is mnimzed,
the individual adducts of such m xtures being represented by the formula:
Ar - CH2[ - CH2CR( Al n-te@pitaf icoinponghi Shintrofleced inth dheereagiotbie in the retgs afange of
0 to 6, which proce C i 1) f i | east component B) into a
mechani cal |y agitat th? @arﬁgl{rl?%lr‘%’%gfé’ﬁ%té)lfﬁl lﬁg&ge%%% r (1) a mxture fornmed from
conponents A), (), the8mBInt oflboBPorEhXDYirerotidel antalthe/reeaoi Riimtheaamgeafent B)
in an anount equal tg or |ess than the anount of conponent C or (2) a

mi xture previously flBi¢dd MelsperspiisempeneasB).gpd ) and D), and

addi ti onal anounts of conmponents A), C), and D) and optionally conponent B)
in an anount | ess than the additional anmount of conponent C) introduced
into the reactor; Il) maintaining the feed rate of conponent B) at a rate
such that the pseudo steady- state co&ggxntrati on of conponent B) is above
zero, and nmaintaining the contents




‘of the reactor at one or nore tenperatures in the range of 90C to 130C, and
HDt erm nating the feed of conponent B) and then term nating the reaction;
wherein: (i) the total anobunt of conponent B) introduced into the reactor
relative to the anount of conponent A) introduced into the reactor is in
the range of 5 to 70 nole percent of conponent A), (ii) the anount of
conponent C) introduced into the reactor is in the range of 10 to 0.1 nole
percent of component B), (iii) the anobunt of conponent D) introduced into
the reactor is in the range of 10 to 0.1 nole percent of conponent B), and
(itv) the nolar ratio of conmponent D) relative to conponent C) is in the
range of 0.8:1(ivb 8the molarAatir eib@spoasntiD) rhévento tofaponegnt €Pay nnke fangem sai d
conponents A), B), 9 8@{1% g)l, a product enriched in two or nore adducts
and one or nore ol ivgoprbr’s I N""Whi ch polymer formation is mnimzed, the

i ndi vi duals. adducpscesnas i@l Cilgmlf((r@re@ﬁng aoh dAidonRaeREANBY, EPrpaP)t ed by
the formul a: Ar-CHZ2[ - CH2CR( Anh- CH2 -Art _in which nis a whole nunber in
the range 2oProgugto mpxsure, QompissH ople sdductmpplicemsss, anylt lowyimejeear| waight
conmponent yBiyniel ; i i e kR I (1) a
X e T A D saf s e e i B hifechlr M MRS 1
cont ai ns GBpBIEEHes IBjng naprgsentaddayrihe fguala: t o or | ess than the anount of

component C) or (2) a m xtyr [ EMi Ly, f Eiﬁkfr,om conmponents A), B), O,
and D), and additi onal am%%?gﬁéﬁﬁ%m'% ,'AE:), and D) and optionally
conponent iBjvhich ndna atolgmumbesia thdiangd 6 1@8d9] Whieh locasdRbmprigds: conponent C)

i nt roduce(il)si nt(f') hhe r?actor; I'1)mai ntai ning the teed rate of conponent B)
at a rate such'€H%E Bi'TeronRopeRtyd) g ameshptically reitalsasenstait copipining r oduced

into the react gfhe$1j # nfikrd ARG Q{onﬁc&ﬁ%&x@&s fTA‘b'f %I),pﬁﬁgﬂtwﬁi%%gﬁigﬁ?e to the

amount of conponent 'A) introduced into the reacto pseu eady-state
concentration @ptianslyesrssins ®mpogertivie ax emourd uagualgo ak lesothas thestnanni al |y al |

f the feedi : th t.eady- st at trati
of conponent o5 12RPE T @) R, P RRSNIR R TR SRR T i 21 ng

pol ynmer f or mat Coyrand &) dendeidditiahalian@uhie @f canpevits Af CY, bed D8 asd &tioghllyone or
nore tenperatures in t’éﬁe.range of 85C to 130C; or (2) the total anount of
conponent A) i RYPRATSRED ihih Ipawnt lessthay the additioal amguphef epraraventof)

conponent B) i floaskéagsto it Qadidte reactor is in the range of 5 to 100 nole
percent of conponent B), and the pseudo steady-state concentration of

conponent IB) i Baipiginingthedeed rgtefaf comporiegbiat avitelsudrthaiiditheut ni ni mi zi ng

pol ynmer formatjQn i i ni ents of the reactor. at one or
nor e t enper at upzs ?{r%gttﬁgl %%ﬂe% Og% O%%%gﬁéﬁt@dug%ddlm BeISFAPSIR ARE ¢ he f eed
of conponent B) andrahjxesf teo ni00ahslagerche rélewatto @R andbier 6F Bompfdniert Ahe anount

of conponent Q) int.rod(gutr:fggl dntg the reactor is in the range of 10 to 0.1
mol e percent of conBBA gito g‘fei feqctpty dhe, peende Beadystaso sertentytiann et oduced

into the reactor iScdnhohBft B)a8a6ovRizefldurig Uil lor TRbGanBIE & b M fEQERPNENt B),

and (iv) the nolar ratio of conmponent D) relative to ‘conponent isin
the range of 0.8:1 @fo cgmponent ABpr gedsthe agsaudo Citeddyrstaté oconperdméion ngf f r om

sard comonents &) et 197 B o oy SO Sl 200t

ol i goners, and | ow nolrecul ar " wei

oligoners, and | ow miiraizilgapolymieq fornpoibyTeid n@fintSidilg tHeXddni@s BELItINY
represented by the fornula: Ar-CH2ECHCR( Ank- CH2ZCHR-Ar' in which nis a
whol e nunber in t hetENL OBF olomers terapergiiies i the ge &f Ssrfpiq 4aQ°C; or

(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
5 to 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
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1) feeding at |east conponent B) into a nmechanically agitated reactor
containing either (1) a mxture forned from conponents A), C, and D),

whi ch m xture optionally contains conponent B) in an anount equal to or

| ess than the anmount of conponent C) or (2) a m xture previously formed
from conponents A), B), C, and ID), and additional amounts of conponents
A, O, and D) and optionally conponent B) in an anpunt |ess than the
addi ti onal anount of conponent C) introduced into the reactor; 11)

mai ntai ning the feed rate of conponent B) at a rate such that either (1)
the total anmount of conponent B) introduced into the reactor is in the
range of 5 to 100 milleerepeorcanine roe nadre wenfetatirbseinathe varige of 80T m hRITC; A)
introduced into the reactor, the pseudo steady-state concentration of
component B) is abo?®®zero during all or substantially all of the feeding
of conponemt Blerndifing AR BSEHIIMPbEHER) alPhen RAAREMMS Ak rqdtif, conponent B)
is maintained to formoligonmer wth or without m nimzing pol yner
fornation; and Wh&f¥:ai ni ng the contents of the reactor at one or nore
tenperatures in:{h : ( i f
conponent A) i %I}r o?&%%@gﬁgﬁ) f£ Ctﬁ&%@%@f%&?&%éﬁ%éﬁe{} ga({t éggnrr%ggét[ﬂ%fo ?
conponent B) i ntrodufé¢d 0 lnmoletpercentedcomponeat By t he range of 5 to 100 nol e

f B h - ' f
Component. B) 1 S1iiai bt &P o OPOYRRER! BURRIIAER BRI PRe RIS ng

pol yner formation and el NhalePeft@nitdT@ompoieanBy afd the reactor at one or
nore tenperatures in the range of 80C to 130C, and Ill)termnating the feed

of conponent B)IVandtheHaelat iHaoheampagentdd) relbike togrpmpRARt&prs (the Yange anount
of conponent C) intregueed, ighfo the reactor is in the range of 10 to 0.1
nol e percent of conponent B), (-i) the anmpbunt of conponent D) introduced
into the ré@act g picessnast ineanyaofg€laghs 10 wherbinlcomposengeksnf) tluenaniionent B),

o0 1Y) SORlPLRRgD S o o QPREE ko, 0V LT TREOGRS e | 11

conponent A9ymd, $iii) tdludrlsubsiguted by bnd & tu@Nhetdidd torduph SGv)yluemesubktititee al Kyl
groups, each of which contains at |east 2 carbon atans gHi) 1ol uene

subst i t ut ¥ F Yndvook-rhenyinseri d Es-CHe gt da-) groyps; sVuksmethylisehthalgned by one
or two 1- 4 CH2C12C112-) groups, (v) 1-nethyl napht hal ene,

or (vi) 2%@*%@%#1@%@? 7. A process as in any of Cains 1-5 wherein
conponent B) i A pecesstasrivrmay of )laiensrii-h gvhateky tanmuoiestt B sre) styrehe,abjret hyl

eLYTS: e AR &) B TELBAL B YR bR e BRERRE o

conponent GylhdpheHaleak by (f) igivniymﬁﬁﬁmg@wnd, phcnyl lithium benzyllithium or
1-phcnylal kyl lithiumin which the. alkyl ygor,ti on contains 1 to 5 carbon
atons. 9.8.A prb®Eessaas nnany of Hagnswhey wherelosasenoasrt ©) isj an fky|lipium

Pltet ramet | lifRE iffin PEO ¢ syl R ARY i byl HEBa1idy1 S
wher ei n: Mp%hﬁ%r%gﬁgﬁﬁm,&?’e??z%%hltég’l {Sjeng, énc%it% Uene 'su st}?t utae%y by one
or two al kydrtigr @nfsys letadhcadfonwtineh cont ai ns at | east 2 carbon atons, (iii)

t ol uene substituted by one or phgnet hyl groups, (i t.ol .
substi tutgéé by %ngr%cic?!st wo’ 11"ph§¥£rr‘pr p)‘/‘irhe%&H%Qm%%a(ﬂ@-Q-lﬁ lé{&gﬁlpéj (v)
1- et hyl naghihahge@ylefédiditing. 2- met hyl napht hal ene; conponent B) is
(a) styrene, (b) a ring al kylated styrene, (c) a-nethyl styrene, (d) a ring
al kyl at ed H net Woc’é%sﬁéh@,y((féla“_'fls\}%?’h?{a‘ﬁht hal ene or (f)

2-vi nyl napht hal : . L S iR und,
phenyl 1 t hi um o ?‘fﬁa?‘?ﬁ? SHOI%E&%%%?%%%%W B 16 8 W\ cRTROUT kyl
portion coschiofwhichtconGinsat ast 2tahen atbisAlDy Obess sebstifutedayyonsf or@ivai ns 1-5

wherein: ) ¢ onent A). contains.,ir e range of 1 4 aromati-c..ri ngs and
nas i nt e EEREE Bus  tvE b Sy fyledupt AECen el Rk BiiRE e s T
the range OH,GHJCH4) @R6QIRBH) ¢-midtR@Baphthaldie, JFRViPuhehiylhdphjhat@eponent C) is an
al kyl'l'i t hi um conpound having in the range of 1 to 5 carbon atons, a

cycl oal kyl I'i t hi um conmpound having in the range of 5 to 7 carbon atons,
phenyl lithium benzyllithium and 1-hexyl-1-phenyllithium and IV)

conponent D) is a di(tertiary amne) ligand derived from propyl ene di am ne,
et hyl ene di am ne, or polyethylene imne 12. A process as in Claim7 wherein
conmponent D) is N, N, NW 6400



‘tetranet hyl et hyl enedi ami ne. 13. A process as in any of Clains 1-4 wherein
said tenperature is in the range of 105C to 115C. 14. A process as in any of
Clainms 1-4 wherein said tenperature is reflux tenperature, and wherein
conponent A) is toluene. 15.A process as in Caim4 wherein conponent B) is
in the range of 15 to 100 nol e percent of conponent A). 16. A process as in
Claim5 wherein in (2) the tenperature is in the range of 85C to 90C. 17.A
process as in Caim5 wherein conponent B) is in the range of 5 to 70 nole
percent of component A). 18. A process as in any of Clains 1-5 which has at
| east one of the follow ng features: the total anount of conponent B)

i ntroduced-int ccombenemeBQtlso(a) ISereak) Qbeatrmgtdibylaatadmuytenef(cb:annﬂhﬁmtyr&)e
|ntroduced nto t act or s int range 10 to 3 ercent of
conponent & ar‘f’?\@“‘i n‘f mgthy, BtWﬁ?B?re( léf)nyﬁ'ﬁf’l?tgﬂﬁﬂf’e‘ﬁ Smé'ﬁ’@p}?tgag isin
the range @ff | to 0.5 nole percent of conponent B); the amount of corrponent
D) introduced into the reactor is in the range of 1 to 0.5 nole percent of

conponent 'B) CREPARANG £) issan Aklithishpanennd mhepdlidiynydengylibimsoriet ©) is
in the ra ﬁ&lkﬂh?@rﬁ it} @hibh ¥R &1851 pottion oREAE 2365 @ﬁb%ﬁ'a’c@fﬁx of Claims 1-5

wherein t earmu nponent Intro into the reactor is in the
range of I1lo O.Nﬁronulsespmngf@rﬁcmms&drmmeni B). 20. A process as in any of

< i the D angaoBPot &3 Goans i BRERNT o oL AL e o146 by acess

as in any of Cloa|m@6§ﬂ@mﬁ@§®gnu@@§rponent D) is NN, NRl-
t et ranet hyI et hyl enedi am ne. process as,in any Clajns 2-5 wherein

each Ris 1@ hyd‘%‘@@i’?né%hﬁ‘s 123116 rpp&?rqfdégé agamatis rmgamﬁhirr@ﬂecsz ewher ein
conponent j oh?bﬁ%g@alscﬁ%ﬁr funBoripouid ¥ \gﬁgm tﬁ@&n%@b nfurther

conprises a propane, and whetein 1,3-dip eny propane is
recovered f romamzma‘,l areamallwhltlpnmdeouﬁmhaﬁn@nmdws@ngs; of n5 @ a¥ re8nwhi ch
has at | east on featur on product still
further conpri sag(gns Pﬁefnélggﬁm eng?]tl l?fﬂeﬂ@ﬁplé !iﬂ'é’[l ﬁ&hm% n at |east

1, 3, 5-tri pvgnylcprpb@ee D)sis rae@igumh@darﬁfnemlgaaiddddma@&“ﬂoﬁﬂpmsnéﬂ@thanﬁﬂe d
reacti on product stil]l further nprises at | east

1,3, 5, 7- t et r aplfEWAs SRR, Ofaﬂ]det\lﬂﬁlé?‘éinﬁn%\t | east 1, 3,5, 7-tetraphenyl hept ane
is recovergd frpom ?(?c'efger%acﬁf Oﬂla%OdPCWheéﬁf deg EhtO”DPr UGt ;3 .|

further conprises at ast 1,3,5,7,9- pentaphenyl nonane, and Wierein at
| east 1, 3, E&ﬂn@hxj&lyhmmmnonane i s recovered from sai d reaction product.
25. A proce as in any

commonent & 1< bearsiniak b Siedh st haertlnbiedberline St e i 1
N, I'V, N, APt mswmulpchﬁt hyl enedi am ne.

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 15 to 100 mole
percent of component A).

16. A process as in Claim 5 wherein in (2) the temperature is in the range of 85°C to
90°C.

17. A process as in Claim 5 wherein component B) is in the range of 5 to 70 mole
percent of component A).

18. A process as in any of Claims 1-5 which has at least one of the following

features:
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+26. A conposi'ti on which conprises a) a nmixture conprising two or nore
adducts and one or nore oligoners, which individual adducts and ol i gomner(s)
of these m xtures can be represented by the fornul a:

Ar - CH2ZHCH2CR( Anb- CH2CHR- Ar' wherein Ar and each Ar', are independently
aromati ¢ hydrocarbon noieties, and i ndependently each Ris a hydrogen atom
and n is a whole nunber in the range of 0 to 24 and wherein said
conposition has a pol ydispersity in the range of 1.1 to 3.0, a standard
deviation in the range of 60 to 1600 Daltons, and an asymmetry in the range
of 1.763 to 4.13; or b) a mxture conprising adducts, oligoners, and | ow
mol ecul ar wei gltie ol yamuat oMobmporientd BY iittoalceaidimte the, readtolgtetative , toahel | ow

nol ecul ar wei ght pol rs of these m xtyres can be. .represented by_the
formula: Ar- CH?F—OEﬂ mﬂoﬁg'érligdlﬁ-"&lf"eé VpetRS Fragor iy Wd@ﬁéﬁ%nfq i Wen A ,
and independen%hﬂegﬁggn5§&§mﬁ§mgggined ina), and n is a whole nunber in
the range of 0 to 79. 27. A conposition as in Claim26 wherein Ar contains
in the range ofhelamayngofeaneanert €) ingadusad iiathei taacterds imiigaarge of 1 & 6 al kyl
ring substituent 0 1L s in Caim26 or 27 wherein Ar'
contains in th@fﬁgﬂégeé?ﬁfﬂﬁgaﬁ&gﬁgﬁgtic rings. 29.A conposition as in

Cl ai m 26 wher eithe @anouvad dficimminestdD dincrodgped ittod dre desctdr-is in the range of 1 to

phenyl- 3- (o-toly, %} ropane, 1-phenyl-3-(mtolyl)propane,

1- pheny1- 3- (p- t004 &fﬁgﬁﬁgﬁéf’o‘%p%‘ﬁéﬁ?]’- 3- (p-tert-butyl phenyl) propane,

1- pheny1- 3- ( p- e bRbeMId dPESQRGHGAt D) Gaatmaqupeﬂamc?) is 3n (R t4AkLY @Pr opane,
1- phenyl-3-(2, 4, 6-trinethyl phenyl ) propane, 1phenyl-3-(1 -naphthyppropane,

or 1-phenyl - 3- 025nkioht A911) propane.  30. A conposition as in C aim 26
wherein sajgd C Lid on:i i C .S r s and
one or rm?ig' ol %‘g@?r%re;és Q{'édl.%ng d?o%glgsletli%ggmg%ﬁ{l %&%?%3%@%???& s in

t he range introdbce¢din@the re@gtor & it drpasdetof dntoad. 7% mold ireenB6f avgroe¢m B). i s in the

range of to 9. 33. A conpositjion as in . Caim?26 wherein said c osition
s a mxtdle comBriEnG dbdntis, CBmgdrereceihii guet dotdrong Bt

pol yners. iniddtucd QRO EdatioPld iRdtheirfn Y 10 678 ¥k pefeen?df codtpongf B)30, 31,

32, or 33 wherein said aronmatic noieties contain'in the range of 1 to 4

aromati c rdlngsA pespessaag dppswi of ddeims 1 wherelsf canpangst 29, is2, N.ABN- 29, 30,
31, 32, or i i romatic noieties contain only one aromatic

ring. 36.te%%2:em%§lg?e§ﬁdnggéi n Cl aim 33 wherein said conposition has a

pol ydi sperXi t y A protdse as mnge o6 Clalm® 2450nvkRréln eachR Bradgdebgdeuioat.i on of 160 to
2100 Dal tgpns, and an asgﬁngetr%&(r)f . 763 to 4.13, . 37. A conpositiaon as in
O ai m 30 witer eihPrapess @k Claum | or grivhepsdn erpponght Akis dolhgney eRRPANEN B osed of
conponents in WRE&GR, Bnd Sail %réd?l%t f@h@@c&ﬁpﬁse& Qt Rast, g@-dip‘heﬁﬂi}%%é, la@d as 1n

Claim 30 wherein at |east 20 wei ght percent of said mxture i s conposed of

conponents i n wiietgin h3idiphenylprapanein geeowsred from s3id re@rtioppeasivplosi tion as in

Cl aim 30 wherein t~0: I S5c Wk % of .conposition
is conpri \géd 01'A %I%?L'ees% ?gi} (r:lg%]?gg‘évn Cg%é%%/t lgaﬁgoéeg’?@rr% %’Q@‘{%ﬁ%%%AmZG-QAr'
Cl | 3C6I - | 4( CH2GHdAeactipn ProtidCHRMr further comprises at least 1,3,5-triphenylpentane, and

Ar' CH2CH2( Art H2CH2) nCH2C61- 14( CH2CH2Ar ' - )" CH2CH2Ar' wherein Ar' is,
i ndependent | v, V‘%%%? ehigast i,3#y'§§€%§rpﬁaﬁn%irm?fe fiog g1 BFONRSE: mis a
whol e or fractisgnabadiBAPRSductll fulBerSedmpisedRtabt M,31557-RaUpheny Meptand, €SS than
24. 40. A conposition as in Caim26 wherein the adducts of "each said
m Xt ure conpri €8¢ wherein at least 1,3,5,7-tetraphenylheptane is recovered 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-pentaphenylnonane is

recovered from said reaction product.
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1, 3-di phenyl propane, and at |east 0.005 wt%to 5 wt% of said m xture

conpri ses 2-(2-phenyl ethyl)toluene, 3-(2-phenylethyl)toluene, and 4-(2-

phenyl et hyl )tol uene; or 1,3,5-triphenyl pentane, and at |east 0.005 wt%to 5

wt % of said m xture conprises 1-tolyl-2,4-di phenyl butane; or

1,3,5, 7-tetraphenyl heptane, and at |east 0.005 wt%to 5 wt% of said m xture

conprises 1-tolyl-2,4,6-triphenyl hexane; or 1,3,5,7,9-pentaphenyl nonane,

and at least 0.005 wt%to 5 wt % of said m xture conprises

1-tolyl-2,4,6,8-tetraphenyl octane. 41. A conposition as in Claim26 wherein

t he adducts of each said m xture conprises at |east one of the foll ow ng

corrpounds 251- pMept;ok:esB-a(sd)n 'alw yf ijmspa-me10-11,ph§emgIorigz?_(ml}\vlﬁdrg’mrmbmpaﬂmt

1- phenyl- toI an en -(p-stert-but e e; 1
pﬁenyly C)(ﬂ %H}ﬁ@ﬁ,&l D a¥1 h%l%m componel% Fi’)) qg’ &B\Eﬁpﬁp

1- (o- '50prt@tPA{ﬁd?lﬁ5ﬂétM§|l):nea’IaﬁqﬂnéO| yepr opane; |

1-phenyl-3-(2, 4,6-trinethyl phenyl) propane; 1-phenyl-3-(1-naphthyl)propane;

or 1-pheny2b- 3- docomssitiop Whithgieaipeisesand wherein at | east 0.005 wt % of said

m xture c ris . t S 42. A
conposition as ﬁ\n Ergic%ﬁi’&m@gg‘@loa%goﬁy gdé’ls?t aglqg)ré,g%fr nfﬁ% ‘311%81\5{%}8 @ }éal d
m xt ure conpri Sehvidtal laddistts areolomeatusfathese soireiresofan dairepresented bydhe

formula:

Ar-CH,[-CH,CR(Ar")],-CH,CHR-Ar'
wherein Ar and each Ar', are independently aromatic hydrocarbon moieties, and
independently each R is a hydrogen atom, and n is a whole number in the range
of 0 to 24 and wherein said composition has a polydispersity in the range of 1.1
to 3.0, a standard deviation in the range of 60 to 1600 Daltons, and an
asymmetry in the range of 1.763 to 4.13; or
b) a mixture comprising adducts, oligomers, and low molecular weight polymers,
which individual adducts, oligomers, and low molecular weight polymers of
these mixtures can be represented by the formula:
Ar-CH,[-CH,CR(A1")],-CH2CHR-AY'
wherein Ar, independently each Ar', and independently each R is as defined in
a), and n is a whole number in the range of 0 to 79.
27. A composition as in Claim 26 wherein Ar contains in the range of 1 to 4
aromatic rings and has in the range of 1 to 6 alkyl ring substituents.
28. A composition as in Claim 26 or 27 wherein Ar' contains in the range of 1 to 4
aromatic rings.
29. A composition as in Claim 26 wherein an adduct of said composition is 1-
phenyl-3-(o-tolyl)propane, 1-phenyl-3-(m-tolyl)propane, 1-phenyl-3-(p-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-naphthyl)propane, or 1-phenyl-3-(2-naphthyl)propane.
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30. A composition as in Claim 26 wherein said composition is a mixture comprising
two or more adducts and one or more oligomers.
31. A composition as in Claim 30 wherein n is in the range of 1 to 20.
32. A composition as in Claim 30 wherein n is in the range of 1 to 9.
33. A composition as in Claim 26 wherein said composition is a mixture comprising
adducts, oligomers, and low molecular weight polymers.
34, A composition as in any of Claims 26, 27, 28, 29, 30, 31, 32, or 33 wherein said
aromatic moieties contain in the range of 1 to 4 aromatic rings.
35, A composition as in any of Claims 26, 27, 28, 29, 30, 31, 32, or 33 wherein said
aromatic moieties contain only one aromatic ring.
36. A composition as in Claim 33 wherein said composition has a polydispersity in
the range of 1.2 to 3.0, a standard deviation of 160 to 2100 Daltons, and an asymmetry
of 1.763 to 4.13.
37. A composition as in Claim 30 wherein at least 35 weight percent of said mixture
is composed of components in which n is in the range of 1 to 5.
38. A composition as in Claim 30 wherein at least 20 weight percent of said mixture
is composed of components in which n is in the range of 1 to 3.
39. A composition as in Claim 30 wherein at least 0.005 wt% to less than 5 wt% of
the composition is comprised of moieties represented by the formulae:
CH;CsH4CH,CH,AT'
CH3Ce¢Hy(CH,CH,AT'-),,CH,CHL AY'
Ar'CH,CH,(Ar'CH,CH,), CH,CsHy(CH,CHL Ar'-), CHyCHL AT
wherein Ar' is, independently, an aromatic hydrocarbon moiety; n is a whole number; m
is a whole or fractional number; and the sum of m and n is equal to or less than 24,
40. A composition as in Claim 26 wherein the adducts of each said mixture

comprises
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41.

1,3-diphenylpropane, and at least 0.005 wt% to 5 wt% of said mixture
comprises  2-(2-phenylethyl)toluene, ~3-(2-phenylethyl)toluene, and 4-(2-
phenylethyl)toluene; or

1,3,5-triphenylpentane, and at least 0.005 wt% to 5 wt% of said mixture
comprises 1-tolyl-2,4-diphenylbutane; or

1,3,5,7-tetraphenylheptane, and at least 0.005 wt% to 5 wt% of said mixture
comprises 1-tolyl-2,4,6-triphenylhexane; or

1,3,5,7,9-pentaphenylnonane, and at least 0.005 wt% to 5 wt% of said mixture
comprises 1-tolyl-2,4,6,8-tetraphenyloctane.

A composition as in Claim 26 wherein the adducts of each said mixture

comprises at least one of the following compounds:

1-phenyl-3-(o-tolyl)propane;
1-phenyl-3-(m-tolyl)propane;
1-phenyl-3-(p-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-naphthyl)propane; or
1-phenyl-3-(2-naphthyl)propane,

and wherein at least 0.005 wt% of said mixture comprises at least one structural isomer

of said compound.

42.

A composition as in Claim 41 wherein at least 0.005 wt% to 5 wt% of said

mixture comprises at least one structural isomer of said compound.
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