TH 0230 STAR- SHAPED POLYMERS The present invention relates to star-shaped
pal ymers having useful properties as additives étﬁwicaling oi |
conpos;tlons to their preparation and to |ubrilcati*hg oil conpositions
contai ning them 5 St ar - shaped pol ynmers are macronol ecul es

consi sting of |inear polyner arns that radilare outward froma central core,
whi ch-are of substantial commercial interest due to their narked!é
different dilute solution behaviour conpared to |linear, random 0230
counterparts. In addition, they have i nportant conmmercial applications,
nost notably as viscosifiers in | SBARCcSHAHRED oPOLYMERSSi t i ons, due to their
superior resistance to shear-induced thernal degradation. Wth the

exception of classical condensation E ynerisation 15 systens and cl osely
rel ated ring- openi ngPoPyREeREalPBARTIGRaFeLABBEdtPOF yAETENARSE been

produced by_thrﬁelﬁméfernaﬁl tbgéﬁumspﬁgperﬁléﬁshsCaééﬁtlbéglE@ranlonlc
pol yneri sation._ The nnﬁéFEOE met ho ter I nki n
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of arms per nol gentea B8 awﬁh&ﬁ”a§é”9keshﬁsh&ﬁ@ié@”&oﬁﬂér@iﬁ?' sely
controlled by the functiqgnalit | | nki ng tar-shaped polyners
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commercial applications, most notably as viscosifiers
in lubricating o0il compositions, due to their superior
resistance to shear-induced thermal degradation. With
the exception of classical condensation polymerisation

15 systems and closely related ring—-opening
polymerisations, star-shaped polymers have been
produced by three different methods using, in most
cases, living anionic polymerisation. The most popular
method, termed the "linking" method, involves the

20 initiation of monomers such as styrene, butadiene, or
isoprene with an organolithium initiator to produce
living polymeric monoanions that are subsequently
reacted, in exact stoichiometric proportions or in
slight excess, with a multifunctional linking agent to

25 form star-shaped polymers. The advantage of this
method is that the number of arms per molecule within a
given sample is invariant and precisely controlled by
the functionality of the linking agent.

Star-shaped polymers have also been synthesised by

30 sequential addition of a di- or polyfunctional vinyl
compound such as divinylbenzene to living,
monofunctlonal polymerlc anlons This second general
method which may: be: descrlbed as an "arm-first, core-



| ast"method, is particularly suited to the preparation of star-shaped
polymers with many arns. The first step of the synthesis involves the
generation of living polystyryllithium A smal| anount of difunctional 5
vi nyl conpound such as divinyl benzene is charged to the reaction, and this
initially fornms a short bl ock segnent of -d2w nyl benzene wi th pendent vinyl
groups. The last step of the nechanisminvolves inter- and intranolecul ar
reactions (niclegdl" methad,or)s gantiesdardy spited droodpe winepatiat ion

anions to givegF %t%rr PF?JWré Ry i %ﬂ)}‘ear%fém "’lrl'i?e g:‘saé M ep
core
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externalil % ol cty.Qn Qr.,in-situ,. just prior t

pol ymer i sat | on o?‘ye'h C%% u?‘?r ns1%ng 6 dr’?’é’rlnyéaeé’rzﬁéﬁ ﬂ‘ép 31&5%5@0 to the

mul tifuncti onalre@mtc;mm iamc itdtier s.ﬂmwlﬂaerfogmsemalsm)rzo bldadss successf ul
due to poor solguiderfty o dlwrfyi'b%%e@{e VRN AN YU T ew

reported exanples requi re polar-solvent con lons. A su Vari ation

of this methodIBghil@sh §%Ps@fclté’§eff’5¢crhé!nd{5§d inyodmiesciipiteno anse

armfirst, 25 1n(tQ'raQto|l@‘Hulfﬁ&{ h@&ctlﬁb\f@ V(aﬁdﬂb@élnﬁﬁdatflwmfdfo&r@‘sea

pl uri functi onal anlonlc |n|t|%%§r éy react,ion qQf an _exces %%ﬁ? uncti onal

vi nyl coﬁ%bund VIR SLOHRF A e AR gt OB RO iU | Q£7 &bl ution

This reacti on podgmees ia pidywhattihen aofmss @neblradjell 130 at taahiede [tes a each of

which is coate%\gﬂg§ qQ@r of carbani ons which are capable of initiating
a

a subsequent charge "of nononer to produce a star-shaped pol ymer nol ecul e.
Recent devel opnent $hien thiadf igengrefl merheg IBr peeducdag sitias-shaped

pol yneri sat i onFBa e‘i%amt%‘h{e'&? tHERRFeS A AT 04S 1WAy
st ar - shaped po ners he arm first, core-last met.hqd., An HI/ZnI2
initiati sys ol ve the use of a multifunctional initiator that is

either prepared externally to the polymerisation

reaction or in-situ, just prior to polymerisation of
the arm-forming monomer. Externally prepared
multifunctional anionic initiators have been generally

20 less successful due to poor solubility of low-molecular
weight polyanions, and the few reported examples
require polar-solvent conditions.

A successful variation of this method, which is
also closely related in principle to the arm-first,

25 core-last method, involves the in-situ formation of a
plurifunctional anionic initiator by reaction of an
excess of difunctional vinyl compound such as
divinylbenzene with butyllithium in dilute solution.
This reaction produces a population of soluble gel

30 particles, each of which is coated with a number of
carbanions which are capable of initiating a subsequent
charge of monomer to produce a star-shaped polymer
molecule.

Recent developments in the field of living

35 carbocationic polymerisation have enabled the synthesis
of various vinyl gtheﬁ'star—shaped polymers by the arm-
first, core-last method.  An HI/ZnI, initiating system



-3- has been used at -40[err] in toluene to produce living poly(isobutyl
vinyl ether) cations to which a small anount ‘of divinyl ether such as that
shown pelow, [err] was added to produce star-shaped polyners. Polyners 5
ranging in armnunber from3 to 60 were produced by this nethod. The
H/Znl 2 initiating system provides |iving @hraracter to the i sobutyl vinyl
pol ymeri sation_thr %? t ntlnat I nteracti on between grow ng chain ends
and the binaryH a[segﬁ ]atCOLﬂPc Er iBnite1RBRe: tesPRAARRe181Vingnder t he

chai n ends reaq:tdl\ye(Jlscnmmy]prmﬁ;glatdtﬁfeﬂqutcamrcﬁﬁ;;tud/mm@mrad dudliier energy
chain transfer e t| 1.ons Th|s t.hod of Liv
carbocationic po et |°sr%atd|aonl %‘gje% t el"'r':ﬁ:bc—f1 % q’so ]t%yg’a sui tably

nucl eophilic counterion," 15 and has been successfully used to produce

| i ving carbocati onRg polynerl oners such®as vinyl ethers,

p- met hoxystyrene, and 9 ' < Ty fomth(ghly stabilised
carbocations. A nore retert d vol\ing the addition 20 of
Lewi s bases such as ethyl acetate, dlnethyl sul f oxi de, and di et hyl
acetam de to the reaction nediumof a carbocationic polynerisation, has
been found to provide living characteristics to the cationic polynerisation
of mononers whiwals farided ajcatpnoemcé&tamnﬂiaqtdda prdnyveaat i okl y8ueds as

isobutyle (1 t. | ' form
rel ativel y st a? & gf)o}cﬁafél}g“nsfhﬂnme%d fll Qﬁfw ng car océzgal omni ¢
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pol yneri sat i on,llﬂﬂagce:ﬂa}eac’i{ér teSWie DA ty1a eWIS RASAdAWMaY i34 d
(coinitiator) ngﬁﬁfx | bel i eved torfrOV|de stabi l'i sation t,0o grow ng

pol ymer chai ns.t QﬂiHQﬁE9§ﬁuﬁ SHaqGige Hetyfer growing chain

ends and the binary I7...I» counterionic moieties which

10 render the chain ends reactive toward propagation but
unreactive toward higher energy chain transfer and
termination reactions. This method of living
carbocationic polymerisation has been termed
"stabilisation by a suitably nucleophilic counterion,”

15 and has been successfully used to produce living
‘carbocationic polymerisations of monomers such as vinyl
ethers, p-methoxystyrene, and N-vinyl carbozole, which
form highly stabilised carbocations.

A more recent development, involving the addition

20 of Lewis bases such as ethyl acetate, dimethyl
sulfoxide, and dimethyl acetamide to the reaction
medium of a carbocationic polymerisation, has been
found to provide living characteristics to the cationic
polymerisation of monomers which form relatively

25 unstable carbocations, such as isobutylene (IB) and
styrene, in addition to those monomers which form
relatively stable carbocations. This method of living
carbocationic polymerisation has been termed "electron
donor mediated catibnic polymerisation,™ since the

30 Lewis base or a Lewis base:Lewis acid (coinitiator)
complex is believed tOﬂpfbvide stabilisation to growing
polymer chains. The most obvious manifestation of this



stabilisation is a dramatic decrease in the overall rate of polynerisation,
which is aoften attributed to the formation of an equilibrium between a

| arge punber of dormant (reversibly term nated) chain ends and a 5 snmal |
nupber of active chains. An inproved Lewi s base nedi ated pol ynerisation
system for the living carbocationic polyretisation of isobutylene (IB)
consists of a di- _or trifunctional cunyl chloride-type initiator in

conj unction wi Strapdildisatgon ds @idnanadhiss darreasd dmdehes aeradler nal |y
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S-1B-S- blsock ¢gpaly i nvention, however, provides
t he synthesis o?ﬁgtar 5%23H?5ﬁ§ners co%talnl onlsobuterne (PIB) via
the armfirst, cor@m&%’r@(&’e heHed ba seh el sy f&#fi are
superior in preRtertSdro tHROWY Jil W&&%Mﬂe %qrﬁm:l%@alorﬁ heyped

pol ymers for use as viscosifi rs for, lubricating oil 03|t|ons due to
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di i sopr opeoflyl b%%’z%(rz?e%gﬁcr aq.lorqoeas rEg’hr eelnpeolagf g@ﬁ’ &9  to the
core, wherein igerigobaser ieleaaty @ dorm’)pmns@ [ﬁﬂ/wosdiﬁna;ﬂeafmatlﬁrlef erably,
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from500 to 1,000,000. The present |nvent|on urther provides a process 35

for preparing PRE bGP UWiidri.zach fed BFadpase %ﬂ%lel@n&rqr@éser(%)
pol ynerising i polsedsdngy W tdarddw MWD between ionic groups,

15 poly(styrene-b-isobutylene-b-styrene) (S-IB-S) block
copolymers, and S-IB-S- block copolymer ionomers.

The present invention, however, provides the
synthesis of star-shaped polymers containing
polyisobutylene (PIB) via the arm-first, core-last

20 method. These star-shaped polymers are superior in
properties to known hydrogenated polyisoprene star-
shaped polymers for use as viscosifiers for lubricating
0il compositions due to their inherent lack of
unsaturation and their relatively flat

25 temperature/viscosity profiles.

Accordingly, the present invention relates to a
star-shaped polymer comprising a core of polymerized
diisopropenylbenzene and at least three polymeric arms
connected to the core, wherein the polymeric arms

30 comprise polyisobutylene.

Preferably, the polymeric arms comprise
polyisobutylene having a peak molecular weight from 500
to 1,000,000.

R The present invention further provides a process

35 for preparing'the abo?e star-shaped polymers which
comprises (a) poiymerisiﬁg isobutylene with an



-5- initiator to formliving polyners, and (b) coupling the living polyners
wi.t h di i sapropenyl benzene. The synthesis of star-shaped pol yners conprising
pol yi spbut yl enes suitably involves first the living 5 car bocationic
pol.ymeri sati on of isobutylene honmopol yners, random copol ynmers, or bl ock
copol ymers using a nonofunctional initiatoP and preferably in addition a
[err]/pyridine.ca st_as. described in U S Patent No. 5,219,6 948, which
i s hereby i ncorpdr %d‘tag:d’y do Rrn glf]evrlé’rﬁ:é"’lyﬁ?er%ﬂ%n@)l SeHPLing ither is

a nonochl or o hydrdgay parl yatercsh w:rhn |dmtmsmdpenylgaerﬁreh@at ionic

ol ymerisation. Pr { tor
FZ) c%l or|-2 4I 4- tr| rre yl%g)r%t aﬁ%es % aﬁ)gecgl sot]1§4“|eercf q?é“tprplﬁld"rg to use
to obtain | owePoly ‘Lwil@@@r §Q15tabﬂrx mqlom leraj:pydne 3 Bridig tert -

butyl benzene, ‘M&'z‘ﬂbdaﬂ:f&ﬁc Rfcﬁfﬁr[éﬁ%d(ﬂroﬂ o %Fs%@dﬂl)} ?rf@d resulting |ow
pol ydi spersity chloro proe%ﬁPenzene cunyl chl o whi ch can be

used al one or Q§ MEDP LYMers (o Q¥ blagk siarcd yers
di et hyl - 4- phelmﬂlp@t&Mno'lﬂ’imdﬁﬂdnaal qrnqutaubxctaﬁoalﬁrmraMwmel sing

ester groups suc he f Qwn |n|t| tor: r err whereln R
is an al kyl gréiuéh%;l\? ng?f \?p[yg”é{l é éie] diltiators
i ncl ude the pefb%i.d@at®ent c}@rl \Eedhml%wat mI&cﬂs mmm iine daporedtasd

Pat ent Noyg 3554 %géef-gipen@% or g.h!% n{dn%tcf?.{ tci%qlaQ_e tﬁb doyt g4 Qy closely

rel ated conpoun I n_whi chlori nct een replaced by -QOwe,
-OAc, -OH, - comonoghroroodmidtoca¥bon i lqgqugtlatlves living

carbocatlonlc polymerisation. Preferably, the living
initiator is 2-chlor-2,4,4-trimethylpentane, which must
be distilled just prior to use to obtain lower
15 polydispersity, 1-(2-chloro-2-propyl)-3,5-di-tert-
butylbenzene, which is most preferred for its stability
and resulting low polydispersity, 2-chloro-2-
propylbenzene (cumylchloride), which can be used alone
or as a 1:1 adduct with isobutylene, or 2~chloro-2, 4-
20 dimethyl-4-phenylpentene.
The initiator could contain non-polymerising ester
groups such as the following known initiator:

o) CH3 CHj3

R-0-C-CHp—-CHy—-C-CHp-C-C1

CH3 CH3

wherein R is an alkyl group having from 1 to 8 carbon
atoms. Other useful initiators include the peroxide

- 25 derived initiators as described in European Patent No.
355,957.

The chloro initiators can be substituted by closely
related compounds in which the chloride function has
been replaced by -OMe, -OAc, -OH, -OOH, -OOR, —-OCOOR,

30 an@}—QCOAc. -



-6- The initiator systemreadily polynerises olefins, conjugated dienes,
mgnoal kenyl aromatic conpounds, and conbi nations thereof to formliving
polynmers as described in U S. Patent No. _55219,948. Then, to the 5

l'iving polymer chains, a small amount of 1,3- diisopropenyl benzene is added

to formthe crossl Thkednddriatolr sy teimrealdaned ppalmeise sAldlk@uas,t he
mechani smi s n%%

Ul rstood, the 3- .dii sopraqpenyl benzene is
surprisingly Supg&ﬁg%*ﬁ%ﬁ%@é%e iy TIRASk & P&Pmﬁﬁhﬂia%ﬁ%ﬁn¥ﬁ% F&ri bed
living pol ymer sombimaitd onsarthetrsodd Goolfprey 3.ivilg peileymefrspelsynmeri sation of
the Iiving pol yaRErGRRINS s s e drewn I\I%ngsr)?tgﬁt,@?sqpt 'T‘ﬂé’ﬂdt W A

f
addition of 1, 3-di.isoprqpenyl-benzene can ' As descri bed

in U S Patent 1Aying Ppdysws ch@dins.om @Fﬂad-ls@@@h@tﬁ:@%(r)%ggtb living
pol yi sobutyl endi@%@bﬁ%p@ﬂﬁﬁlﬂﬁ%z@@l@ i\ty{ %Wdétotgrﬂoelf?ﬂn?/%gﬁé @;orsggli}mqﬂveof
| obut ¥l one coRVERSFan BRodd barRd RO NBRLE 7o Ao Higher ¢ han 95%
and nDst_prefemabhpnﬁEMWesnn&m%faﬂdyQ&%ﬂéfb¢o©ﬁart&haped—polynFrEr?Latrﬁ
01 1~ compos 1 00a ehbe e zeilel I3 ekl Sl h g b o g L e
from 500 ¥o 1, ddyinydbepirens Hormeowel ivlg afmthex deseri®eged ivdlngcul e. Thus
the present inygnimeisalte0 mAlkQVistas-3napld ¢afliva@ ai.| composition
conprising a |ubrI&%%Ig oi | _and . a VE%CO%E% g%dlfylng agpuntlof a _
st ar - shaped pol yner*&s i Rdd PRUESTE T 156 St &BMYRY RO LYE¥H cat i ng
oi | conpositi ochadmsr et &eMnoWnP 5P Whlaito fthieMepe: 1uan t3akn) fof gtw based
on the ool cBIBASIEFoSE dr SRl tePR R Rs e rans g | T
i nventionlSi s f detlegminedust Ast desioy ilpeand nolU.iShe PadleintwiNiog Bx &4, @4 8yhi ch
are not intendgdyhieibnMolf bNG RN oAdne? i1 ERAY:i TRt v1ene
chains must be done within a relatively narrow window
of isobutylene conversion to achieve satisfactory
results. Generally, the isobutylene conversion should
20 be at least 70, but not higher than 95%, and most
preferably between 80% and 93%.
The star-shaped polymers of the present invehtion
are excellent viscosity index improvers for lubricating
0il compositions when the peak molecular weight of the
25 arms ranges from 500 to 1,000,000, when the number of
. arms exceeds 3 per molecule. Thus the present
invention also provides a lubricating oil composition
comprising a lubricating oil and a viscosity modifying
amount of a star-shaped polymer as defined above.
30 Suitably, the lubricating oil composition comprises
a major proportion (more than 50%w) of a lubricating
0il and a minor proportion, preferably from 0.1 to
10%w, based on the total composition, of the star-
shaped polymer.
35 The invention is further illustrated by means of
the following Examples which are not intended to limit
the invention to specific embodiments.

A
-



-7- Preparation of the Chem cal Conpounds as applied in the Exanpl es Hexane
and 1, 3-di.i sopropenyl benzene were distilled from cal ci um hydride just prior
to use, Isobutylene 5 and nethyl chloride (Linde Div., Union Carbide
Corp.) were dried by passing the gaseous material through a col um packed
with BaO and [err]. 2,4,4-Trinmethyl-1- pent ene, 1, 3,5-tri-tert-butyl benzene,
titaniumtetra hIorldg di he, ﬁnd an ydrous ngthanol used as
recei ved from? 2 Chex g « 3y L4
caIC|un1ch|or|Exampmdssod|un1ch|or|de mere used as recei ved fron1F|sher
Chem cal . Co. The i o] I a T

2-chl or o- 2- pro ylbgﬁgéﬁ%(éﬂﬁyﬁ b?igaéfépény%ééHEEHX QSP& 8$S£ WT

(2-chl or o- 2- prgpym) cglgigm- hydrldat jhBtnpeher &aduge. Isobutylene
chloro-2 4-di n&ﬁayfneéhpmeemopga&arcﬁmaaen@eegaﬁﬁﬂoﬁScé%haEBgo%e@af ation

of 2-chloro-2 trinet ent ane
r ound- bottonEdW?F%sQréﬁG|%Meﬁaéélnngbﬁ §3§ePHPeﬂaﬁﬁdlébtFBFOFGBeé

magnetic stlrrebluﬁﬁdpaékédnﬁhthcsémﬁéﬁﬂ caclhbng paahaveremebryged-21

2,4,4-trinmethyl ent TMLP) an S_was produced in
a separat e rea%?%Fg gdg % gﬂ |%HEVE%E%FBH%0 EC¥?81RQC| The gas was
passed 25 thebnghh&ocodennppa¢dedewﬁahdaahhgdndus[methanod wkee bubbl ed

cont i nuoyg! y | abgqt be dir%ga§ﬁhu§€£8ﬂ Hbbs Shi ERERDCEO" B DouRsaskce bath

t enperat ure. EXcess re vacuum str avi ng a near -
quantitative ypeld: oretByepal ehgpeideri galaiumc rs@e, apgpapdiemos

(ﬁrb é $7|(?F&hl%r§ae(aéE§ EéeaaagéreaﬁgseadﬁgFﬁr91§h850énéﬂ$a§%neo(CUnylt

chl ori de nto a ee; hecke rou 0 ask equi W gas inle

and outlet tubes, %n%??ﬁl§€¢F?erE 5ﬁgoron§ Erlﬁetﬁgfpentane |
(TMPCl), 2-chloro- 2—propylbenzene(cumyl chloride), 1-

15 (2-chloro-2-propyl) -3, 5-di-tert-butylbenzene, and 2-
chloro-2, 4-dimethyl-4-phenyl-pentane, are prepared as
follows: '

Preparation of 2-chloro-2,4,4-trimethylpentane (TMPCl)
Into a three-necked, round-bottomed flask equipped

20 with gas inlet and outlet tubes, magnetic stirrer, and
external ice/water cooling bath were charged 21 g
2,4,4-trimethyl-l-pentene (TM1P) and 200 nL MeCly. HC1l
gas was produced in a separate reactor by addition of
sulfuric acid to solid NaCl. The gas was passed

25 through a column packed with anhydrous CaCl,; and then
bubbled continuously into the TM1P solution with
stirring for 6 hours at ice bath temperature. Excess
HCl and MeCly were vacuum stripped leaving a near-
quantitative yield of very pale green liquid. lH NMR

30 (ppm): 1.05 (9H), 1.67 (6H), 1.87 (2H).
Preparation of 2-chloro-2-propylbenzene (Cumyl
chloride)

Into a three-necked, round-bottomed flask equipped

. . with gas inlet and outlet tubes, magnetic stirrer, and
_35i: external ice/water cooling bath were charged 20 g

o isopropenylbenzéne (a-methylstyrene) and 200 mL MeClj.

HCl gas was pioduced'fn'a_separate reactor by addition



35 ' external ice/water cooling bath were charged 20 g isopropenyl benzene
(Lerr]-methyl styrene) and 200 nL [err]. HO gas was produced in a separate
reactor by addition -8- of sulfuric acid to solid NaC. The gas was
passed t hrough a col um packed with anhydrous [err] and then bubbl ed
continuously into the isopropenyl benzene™ forution with stirring for 6 hours

at ice bath 5 ure. ces r] were vacuum stri pped
| eaving a cl eaf |%§g?§£%?088c9.EéréﬁzigfhsﬁTof e gas was passed
1- (2- chl or o- 2- phopyth- 8, Bodiimnepackpdt yli bbnashgdPoepacacilenaati thehy!

3,5-di-tert- buﬁﬁbﬂfgaoéﬁﬁtlﬁgoushgtQnﬁozége GFFQESQ RGEKER ehQUNJ- bOL t Oed

flask equi pped with a magnetic stirrer enser are charged
23.4 g (0.1 nDF%}u§lgntEFthﬁFyFEéﬁgoﬁ@raélBOFAPdﬁFchFe bathnl net hanol ,

and 1 i SUIfuteﬁpégaduréhe Eﬁ@éEBOHCm1éharﬂeC§ alibpvegatQuineltvx ﬁéd
over ni ght, cooied to roo Srature hen refrigerated overnlg ht ,

during which tTH2VtHE ﬁrS ﬁéf ?EEFﬁlPﬁ?agc rom the sol ution. The crude
product is col Peepadabyohi bEr ati(dAchhasbed-propyl) sB| b+ail-waker severa

times to removg, suifuLLEnaCI D, dried at 50[err], 20 and recrystallised
from met hanol E%T%garatron of 1-(2-hydroxy-2- propyl) 3,5-di-tert-
but yl benzene. | nt oPEeB@VakLoR QRIS Ybn%d5fdasker9qhuppbhenzoata

mechani cab stitags, adQSOnMLrEﬁﬁgeLﬁéékeénerHEBeBoEEQﬁﬁd giLpping funnel
with a pressure 25 4 g ISIn%gpgyl_ar and external ice water cooling

bath, are charg%g‘EBe feBhyFrersanfl- regtuxpaenApaAgsat e and
100 nL anhydr caise TtfardedopBt 40§ ©0. membyé)nagaeﬁeﬁﬁlbﬁ@ HénkBIEHF (65 n

period of 30 et e E E5HER) o IBYGRE: RecheBala Fhect Al {uﬁa it enper at ure
overni ght and ateédchafge reaction mixture is allowed to reflux
15 overnight, cooled to room temperature, and then
refrigerated overnight, during which time the product
precipitates from the solution. The crude product is
collected by filtration, washed with distilled water
several times to remove sulfuric acid, dried at 50°C,
20 and recrystallised from methanol.

Preparation of 1-(2-hydroxy-2-propyl)-3,5-di-tert-
butylbenzene. Into a 500 mL round-bottomed flask,
equipped with a mechanical stirrer, dry nitrogen inlet
and outlet tubes, dripping funnel with a pressure

25 equalising side~arm, and external ice water cooling
bath, are charged 19.8 g (0.08 mole) methyl 3,5-di-
tert-butylbenzoate and 100 mL anhydrous THF. A
solution of methyl magnesium bromide in THF (65 mL of a
3 M solution) is added dropwise to the solution at 0°C

30 over a period of 30 minutes. The reaction is allowed
to stand at room temperature overnight and the charge
is slowly added to a mixture of 11 g of NH4Cl and 160 g
ice. The product is extracted from the mixture using
'several aliquots (100 mL) of diethyl ether. The

35 “jextract 1s drled over magne51um sulfate, the diethyl
either is removed by vacuum—strlpplng, and the product
is recrystallised from ethyl acetate.



Is slowy added to a mxture of 11 g of NH4AC and 160 g ice. The product is
extracted fromthe m xture using several aliquots (100 nL) of diethyl

et her. The 35 extract is dried over magnesium sul fate, the diethyl either
is. removed by vacuumstripping, and the product is recrystallised from
ethyl acet at e. -9- Preparatlon of 1-(2- %Al or o- 2- propyl)-3,5-di-tert-

butyl benzene. To QP%QQQ g%légrg 5§ %3522 bottogL %?% GQEEP ed with

gas inlet and outl anl ter
cooling -5 M@thlbeméenhargQOQaQQOQO mn hbre¢ ne¢Redly droupd2bottom

propyl ) -3, 5- d'fi&éfc @%ﬁﬂ)ﬁ@&zﬁﬂ’é‘h &QSglﬁmeMdaﬂasoﬁéiék £@hds 100 ni

nmet hyl ene chlori d as.1s genérated In a_separate reacf or by addition
of concentratéﬂe%%?$h??% %E%Hr?ﬁls%FﬁdeKEQFHa#hécaagatgrpﬁ@@éanghrough a

colum 105 pasken, vaté @HHV@éOBSQEEKOIOanﬂoléﬁnlbwﬁbh?dr§Q9L2“U0US|y into

methyl ene ol POV b1 E8tcketEabRbYIPENFSREo T8 SURURFeRSabaFtzr cact .
Excess HCl andap@ri(O0amnk matbuiesérchperiddé5 HaAhdgabeiprgdneratedt wnce
recrystallised fé%ﬁé?gﬁgnﬁéﬁ F%gﬁ?gﬁé&?ﬁe f concentrated sulfuri

2-chl oro-2, 4- QE omnn proceduare Is congucted
inadry box uﬁ@b@ P ysapigt §bher§h§tgaﬂO!érP?SSedtthOBGD &l cohpmn-

necked, ngund- p&ék@aealfhaéhh9aybﬁ§eda@&%haﬂaCBﬁehCBthQed stirrer are
added 30 g (0. hexane, 200 ni net hyl

C
chl oride, and %ﬁ?ﬁvﬁu%ﬁsgb ﬁBF@)tﬁgoﬁﬂinéﬂB WVFPhsgiﬁﬁ%BEsfgfliplng, 50 g
(0.43 nol e) [enshrss aMHedala@hdlyléOnbhesﬁlﬁbﬂéelnAﬁEEhyl@n§1nUteS 45 L

o emoved 1ottty Biboss ShESPRHY EBsstaitgasPorabapsribbias eRe
contents of thbtreaccbs arBxaesswBdlt sandaMeClg anenvaeupmratnnppadth
stirringgsThe fegetRLNErBuXEEr 85! BwiBEhedclY5E811ised from hexanes.
Preparation of 2-chloro-2,4-dimethyl-4-phenylpentane
The following procedure is conducted in a dry box
under dry N» atmosphere at -40°C. Into a 500 mL three-
necked, round-bottomed flask equipped with mechanical
20 stirrer are added 30 g (0.19 mole) cumyl chloride, 200
ml hexane, 200 mL methyl chloride, and 11.4 g (0.20
mole) isobutylene. With vigorous stirring, 50 g (0.43
mole) BCl3y is added rapidly to the mixture. After 10
minutes, 45 mL pre-chilled MeOH is added to terminate
25 the reaction, and the reactor is removed from the dry-

box. The MeCls is caused to evaporate as the contents
. 0f the reactor are allowed to warm to room temperature
with stirring. The remaining mixture is washed twice
with 200 mL of 0.5 N aqueous HCl and twice with 200 mL
30 distilled water and then dried over MgSO4. The product
is isolated by evaporation of the hexane. '
Example 1
Polymerisation was conducted in a glove box,
. equipped with an integral cold bath, under a dry
35 ?Qnitrégen atmosbhere at -80°C. 1In one experiment, a
chilled 2000 ml three-necked, round-bottomed flask was
charged with 400 ml methyl chloride, 600 ml methyl



with:200 nL of 0.5 N aqueous HC and twice with 200 nL 30 distilled

wat er ‘and.then dried over [err]. The product is isolated by evaporation of
t he hexane. Exanple 1 Polynerisation was conducted in a glove box, equipped
with an integral cold bath, under a dry 35 nitrogen atnosphere at
-80[err]. In one experiment, a chilled 2d80"m three-necked,

round- bot t onmed 4| S e ] 4 t hy l,or.i 600 m net hyl
- 10 - chl oridg],chlggjgd\r%% h@@:% q’s?#atr'ﬁ%’(%%ﬁ%oﬁqui g“%&’yﬁesg’?,u%’. nS(1.3 x
10-3 nole) 2-cRi-8r & 21434 10 Femelieierrahdorard @, 2 (1.3 x 10-3 nol e)
pyri dine. Aft et rShiethiyl$entansQ! Wndom .flom15 (1. 32RPRY€3mglaleyy 15 min, 1.5 n
(1.3 x 10-2 nnlg),%Frr] was.. added .qui.ckly to the vigorously stirred
reaction m xt uP¥rt lﬂﬁ'ti@F@thétﬁgFQﬁﬁﬁﬂ%%ﬁi@ﬂ%??&@nafpgaction time of 40
m n, an .alsi quoappiroximatalyvatial wmihQO0 15 wds (Hakex f100@ tda Heagtgign m xture
and i nmedi at el 0 ] t hanol .. Jyst af.ter renmoval, of the
aliqout, 0.2 a%l?f’?%gie%gﬁ%%r%’l (tat)% %%f %&igioggbjl’%%el’? lﬁéfﬁf{aﬁga\f%swé’dded to
the reacti on nivixiuge Tioe ipditymbiel $ael @o lyme rdlsladiedt .t 0 Afort ine@etfiem an
addi ti onal 210 cikia Bef Aoe mENGH 10 et 3¢ HordoxiiBredy 100Nl Gfhs

met hanol . The al i quot_and the remaini'hg term nate reaction m xture was

al | oned to war ke S&PM dfserRRGtd oR M Xduirer iang tlomegiake Lvet hyl

chloride.10A voluencoledhexahe méahandded (as@agiFtedRlehovalPiodxitket el y equal
Sol Ut ons wer 6 SHBR WoRed b dd 't ¥ S055% BRE3u4/H0  and then tw ce wi th
DI wat er. Fi nadiysoprepeaiylbemnzense wa sdiaideednitioh tieg resicirhosiu fixte rend
freed of hexangnly HRICHEPiSEHiRRA Ms 23 1oweD P Bntinue for an
additional 210 min before quenching with 30 ml of pre-

15 chilled methanol.

The aliquot and the remaining terminate reaction
mixture was allowed to warm to room temperature with
stirring to remove methyl chloride. A volume of hexane
was added to each sample, approximately equal to the

20 volume lost by methyl chloride evaporation. The hexane
solutions were then washed twice with 5.0% aqueous HC1
and then twice with DI water. Finally, the solutions
were dried with magnesium sulfate and freed of hexane
by vacuum-stripping.

25 Example 2

In a second experiment, a chilled 3000 ml three-
necked, round-bottomed flask was charged with 920 ml
methyl chloride, 1380 ml hexane, 200 ml (2.5 mole)
isobutylene, 0.46 g (3.1 x 10-3 mole) 2-chloro-2,4,4-

30 trimethylpentane, and 0.25 ml (3.1 x 10~3 mole)
pyridine. After stirring the solution for
approximately 15 min, 3.5 ml (3.1 x 1072 mole) TiCly

. was added quickly to the vigorously stirred reaction
mixture to initiate the-polymerisation. At reaction

35  times of 20, 40, 64, and 88 min, additional charges of
IB (75 ml, 0.95 mole) were added to the reaction
mixture. At a reaction time of 217 min, 1400 ml of the



In a second experinment, a chilled 3000 m three- necked, round-bottoned
flask was charged with 920 ml nmethyl chloride, 1380 m hexane, 200 m (2.5
nol e) isobutylene, 0.46 g (3.1 x 10-3 nmole) 2-chloro-2,4,4- 30

~trinethyl pentane, and 0.25 mM (3.1 x 10-3 nole) pyridine. After stirring
the solution for approximately 15 min, 373Int (3.1 x 10-2 nole) [err] was

added quickly to the vigarously stirred reaction mxture to injitiate the
polynerisationFeﬂFtFQEbgﬁ s Wa%i?ﬁi?%ﬁ£?£@9-$@,ae&$i§&&db§3&Qnﬁl

addi tional chatpesesheldied]5 round3bef tomee) flesk addead tohitlled eaction

m xture. At a_r ti ti f 217 m n, f. th . ci.i_Qn .ni xture
was transf erregrgéﬁgtc | qu‘g%ﬁé r%n@[ I%roeé:ﬂr%%cgg&,%lf%luﬁ&-sb&%ﬁ%ﬁ%‘c#ﬁlgsk Vi a
a chilled gradadded Oul2inagdr (lared x @ 0 sodent iloP3wWds siopprediesdly added

0.27 m (56 Xplidn@hl el oiesORIRPeMitidn Jienzgne. Just after the
addition of 1,3- dilsopropenyl benzene, appr,oxi mat eldga 80Q m_of the original

reaction m xt ufd IEREPrPPENYLoEHFHEHFan PERE X e tedde ¢ into a
chilled 2000 nmborigumd]l Belalcties niaxddureand nomigd-aidlsepdpReRatanddhe30 Nl

10 th . _Th i ni .qi | t.i ) Xt , d, th ti
Tixture to whi BHOES. s SS-EEh rin 2o SR NS AU, oS sk quenched |
wi th nethanol &btdomesctilask iamel dinnedlatiely @lengdradeatiitdn 3hmdmat ogr aphy
(GO vasiper [ QeiRdnly . UHd ¢ ehaialitlos AIHTAL T2aFeT Y HIRP AU W th

a Rheodyne injector, a Waters no sol vent delivery purfp, three

U trastyragel &bleumeacdiofomizdiunsorte sihich 4o@-didisopropreamyd brngene and a

Waters nodel 4@ sdidldRIENWeHe RidhlpiRiced Gt alet®RRIAL a0 2t 33[err].
20 Tet r ahydr of ur an 9;55%% Bi%ig; distilled fromcal ci um hydri de, served
as the nobile FRESELIM AreldVeredt-at a flowrate of 1.0 m/mn. Sanple

concentrati ons wer Gedppexmaaitieny dirsiabtuwonaphy TIGPC)wiwals e rifijreedd on

15 using a Waters Associates GPC system equipped with a
Rheodyne injector, a Waters model 510 HPLC solvent
delivery pump, three Ultrastyragel columns of nominal
pore sizes 500, 103, and 104 A, and a Waters model 410
differential refratometer detector operating at 33°C.

20 Tetrahydrofuran 9THF), freshly distilled from calcium
hydride, served as the mobile phase, and was delivered
at a flow rate of 1.0 ml/min. Sample concentrations
were approximately 0.5% (w/w) in THF, with an injection
volume of 50 ml. Molecular weights were calculated

25 relative to PIB standards of narrow molecular weight
distribution.

The compound, 2-chloro-2,4,4-trimethylpentane

(TMPCl), has beén used frequently as a monofunctional
initiator for the carbocationic polymerisation of

30 isobutylene and as a result was chosen for use as
initiator in PIB star-shaped polymer synthesis. Two
commercially available core-forming comonomers were
considered as candidates for PIB star-shaped polymer
syﬁfheéis those beingfdiViﬁylbenzene and 1,3~

35 diisopropenylbenzene (DiPB). It was thought that
divinylbenzene would provide the best results, since
styrene has been shown to react readily with PIB



vol ume of 50 m . Ml ecul ar weights were cal cul ated 25 relative to PIB
standards of narrow nol ecul ar wei ght distribution. The conpound,
2-"chl or o- 2,4, 4- trimethyl pentane (TMPC ), has been used frequently as a
monof unct i onal initiator for the carbocationic polynerisation of 30

i sobutyl ene and as a result was chosen forl2use as initiator in PIB
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nmol ecul ar weigmeaﬁwnonﬂ 14,400 g/ nole by (GPC) were produced using the

TMPC /[ ery] / pyri di ting sy ) ent.l ted with an
de ug{yeélal 9 S.Lll?%;i% RSGHenlly £h Ttbet

amount of PB cal ¢ pr'ovi ar Fati o bet wean l'iving 15
arms and Di PB, aa@sqmmgtoﬂmhaﬁ tWesitghdh @H)u siferddy 450 pMECile The @RQcul ar
wei ght of the ljadG RTINS LONRY Gk@feabﬂMPle/‘ﬁrcIfmﬁ HeLtiGali ddigat i ng
- a rat her Iow([esﬁeo%con er5|onolf b}%’t}%ﬂ D PB addltlon The
nol ecul ar wei gty b re Al € H P
(star) were ﬁUQﬁlculated to provide a 1:1 molar ratlo between 11v1ng
15 arms and DiPB, assuming 100% initiation efficiency of

!

TMPCl. The molecular weight of the living arm was
considerably lower than theoretical indicating a rather
low (~30%) conversion of IB at the time of DiPB
addition. The molecular weight of the polymers

20 produced in the presence of DiPB (star) were much
higher than those removed prior to the addition of DiPB
(arm) as evidenced by the shift to lower elution time
upon the addition of DiPB. This result shows that DiPB
did indeed react with polyisobutylene carbocations and

25 effectively linked PIB chains. The GPC trace of the
arm simply displays a lower elution time (high
molecular weight) should which may be due to initiation
by impurities.

Due to the fact that in the above experiment DIPB

30 was added at a time when substantial amounts of IB
remained in the reaction mixture, it remained to be
shown that the increase in molecular weight after the
addition of DiPB was due to core formation and star-
shaﬁing and not just simply further conversion of

35 " isobutylene. Thus, theipolymerisation of Example 2 was
conducted in which a fraction of the living
polyisobutylene chains was not subjected to the DiPB



hi gher than those renoved prior to the addition of D PB (arm as evidenced
by the shift to [ower elution tinme upon the addition of DI PB. This result
shows that Di PB did i ndeed react w th polyisobutyl ene carbocations and 25
effectively linked PIB chains. The GPC trace of the armsinply displays a
| ower elution tinme (high nol ecul ar wei ght)IX3houl d which may be due to

initiation by i rities. Due to the fact, that ,in the above experi nent DI PB
30 was. added SO AIB P RIS (R | S LSRRI RAOR A G B t he
reaction m xt ursame tpereinad refl ttiond eass Hhven pdilamdre rewsisaisey iDiBR) ecIn ar

wei ght after t i Lj on, of: i NAS, r nati nd star-
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t he pol ymer i satbieshrgfque aifs a1t Miged chiidt® R st i0n rigetamon of t he

! h\é' tng loolbf.vit SO@;tthﬁénﬁﬁe wﬁﬁ&aga?irweﬁum%éf&ﬁ ?vhéihﬂﬁpaﬁ.%s oy 1=]§ N
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(I MA) techni quefrvgs Iynddisck it ng arm formation in an 5 attenpt to

obt ai n hi gher nol ecy] ar i r = 500, g/.70l whi |.e. mai nt ai ni ng
a relatively high r%ast é%aom%pecg)lhs;er?glr ir%a LS %accaens’betrﬁs)ee%}no%ercc}lr%aéc traces,
t he nol ecul ar wsight off ttihe sitar ssample wes Hiighar thhan thhat of f tttes 10

cont rol sl e cofitdldii Nrfgiid, NaF SIUPRRY tedardie GadMsiQn dhat D PB
reacted wth, and subsequently 711 nked, pt_gél sohutyl'ene arns to produce
RYRB grean

st ar - shaped polSPRGIVSIQR Hdtath : WA tdtrs S sHRGRIMRR X s for 15
Exanpl es 1 and 13 miemnPdiatisdbialy 1amB Lais i ysestidce |dtieldhdpgun Pl B
chai ns, they do qpt al low for a determ nation of the average nunber of PIB
chai ns polymers.

Although the previously discussed GPC results for

15 Examples 1 and 2 demonstrate that DiPB can be used to
link living PIB chains, they do not allow for a
determination of the average number of PIB chains
(arms) linked per molecular, due to the well known fact
that star-shaped polymers possess lower hydrodynamic

20 volumes in solution than linear counterparts of
equivalent molecular weight. The number of arms in the
star-shaped polymer can only be calculated by comparing
the molecular weight of the arm sample to that of the
star sample, the latter determined using some method of

25 absolute molecular weight determination, such as
membrane. osmometry or light scattering.

It has been shown by GPC that the production of the
living carbocationic polymerisation of IB using a
TMPC1/TiCl4/pyridine initiating system in conjunction

30 ° with a subsequent addition of DiPB to the reaction
medium is a viable method for the synthesis of PIB _
star-shaped polymers. Relationships between the effect
of relative DIBP concentration to TMPCl concentration,
!as;w%ll as the effect of reaction time, both before and

35 ““after the addition of DiPB, on the average number of
arms per molecule are readily détermined by persons
skilled in the art.
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bel ow. were set aside for use n Example 4 below.
15 After a reaction time of 6 h (70% conversion) a 100
mlL aliquot was removed from reactor 1 and quenched with
prechilled methanol, and immediately 0.12 mL (7.0 x 107
4 mole) 1,3 diisopropenylbenzene (DIPB) was added to
the remaining volume of reactor 1. Reaction mixtures 1
20 and 2 were allowed to continue to react for 3 hours, at
which time they were terminated with 30 mL pre-chilled
methanol. The reaction mixtures were then allowed to
warm to room temperature with the accompanying
evolution of methyl chloride. To each sample was added
25 300 mL hexane and the resulting solutions were washed 3
times with 5% aqueous HCl and 2X with distilled water.
The solutions were dried over MgSOy4 and filtered, and
then the hexane was removed using a rotary evaporator
and by subsequent storage of the samples in a vacuum
30 oven for 4 days.
Example 4
Reaction mixtures 3 and 4 from above were initiated
by addition of 0.97 mL (9.3 x 10~4 mole) TiCly to each
reactor. After a reaction time of 7.5 h (85%
35 ‘conversion), a 100 mL aliquot was removed from reactor
3 and quenched with prechllled methanol, and
immediately 0.12 mL (7.0 x 107 4 mole) 1,3



15 After a reaction tinme of 6 h (70% conversion) a 100 nL aliquot was
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low M;, fraction that appears to consist of arms that

15 have increased in M, due to further polymerisation, but
that have not become incorporated into star-shaped
polymers. Apparently, DIPB and leftover IB compete for
the living chains, and the star formation process is
slow and incomplete. It is believed that the existence

20 of two higher M;; fractions is related to the presence
of a high My tail that is visible in the GPC trace of
the arm. In contrast, GPC traces of the precursor arm
and star-shaped product formed by addition of DIPB at
85% IB conversion (Example 4) shows that the star peak

25 is now only slightly bimodal, and there appears to no
longer be any unreacted arm. It is believed that if
the precursor arm peak had not had the pronounced high
M,;, tail, that the star would have been monomodal. The
experiments demonstrate the importance of proper timing

30 of DIPB addition. 1In addition, to obtain well-defined
products and easily interpretable results, the
precursor arm must possess a narrow, monomodal
molecular weight distribution.



consi‘sting of two high weight average nol ecul ar weight (My) fractions that
are presunebly star-shaped, and a low [err] fracti
consist of arms that 15 have increased in Mv duie(”“" mmnmmmm“r

pol,ymeri sation, but that have not becone incorporated int® stars shaped
pol ymers. Apparently, DIPB and | eftover tB&onpete for the |iving chains
and the star formation process is slow and inconplete. It is believed that
t he exi stence 20 of two higher Mv fractions is related to theggiéggﬁbe of
a high Mv tail that is visible in the GPC trace of the arm In contrast,
GPC traces of the precursor arm and s€ak-Bhap¥dSproduct formed by addition
of DIPB at 85% | B conversion (Exanple 4) shows that the star peak 25 S
now only slightly binodal, and there appears to no | onger be any unreacted
arm It js belileved sH@rishaped podafedorcomnhifddld Rafard dfad t he
pronounced hi ghhdWmie¥ised Rli ddir sy MUH AR U P AN 1B MGRtee The

experinents denonstrate the inportance, of proper timng 30, qQf DIPB

addition. In YIS 1 htAnPeHee d&t ithsy GRSHU SRR 488 | y
interpretabl e ediyintes;id hermy exmsnrserpo Igisoasdess .a narrow, nononodal
mol ecul ar gvei ght  diggfr 'sz—%aped b ojlgrrrgerﬂg'c%%:%i eda 13? oM@ 4 A
star-shaped pol'ymer conpri'sing-a core-or pol'yneris ylsopropénylbenzene
and at | east t hherqial \whe irelameyr i araes «abmry st regrki sakdiwliana he

pol ynmeri c ar ms yeRARld $£ RAUY kAREW H876re iyht From B M 1, YBP&shPo! ymer

according to claim I, wherein the polyneric arns _conprise polyisobutyl ene
havi ng a peak rol eduPHOGRSHHOT RHARHT D StFUTEREC POLAMSHcess for

preparing star agrpeiimp| i eIl A0 A GNQ@ !t CouprtiBihgr(a), pulipid:sidihd a)
polynerlshpg 1%soﬂﬁ%¥¥gﬁg(ﬁ¥%ﬁM§A1f%}Efgédfﬂég é%ﬁ rf@fﬂ&”ﬂgi§%gg§Frs’

and (b) coupling the living polymers with diisopropenyl

benzene.
4. A process according to claim 3, wherein the living
polymers are homopolymers of isobutylene, random

15 copolymers of isobutylene and another monomer, or block
copolymers of isobutylene and another monomer.

5. A process according to claim 3 or 4, wherein the
initiator is 2-chloro-2,4,4-trimethylpentane or 1-(2-
chloro-2-propyl) -3, 5-di-tert-butylbenzene.

20 6. A process according to any one of claims 3-5,
wherein the polymerisation of the isobutylene occurs in
the presence of TiCly and pyridine.

7. A process according to claim 6, wherein the
initiator is 1-(2-chloro-2-propyl)-3,5-di-tert-

25 butylbenzene.

8. A process according to any one of claims 3-7,
wherein the isobutylene is polymerised to at least 70%
completion before coupling with the
diisopropenylbenzene.

30 9. A lubricating oil composition comprising a
iﬁbricating oil and a viscosity modifying amount of a
étar—shaﬁed polymer a¢c6rding to claim 1 or 2.



and (b) coupling the living polyners with diisopropenyl benzene. 4. A
pr,ocess according to claim3, wherein the |iving polyners are honopol yners
of isobutyl ene, random 15 copol ymers of isobutyl ene and anot her nononer,
or .bl ock copol yners of isobutyl ene and anot her nonomer. 5. A process
according to claim3 or 4, wherein the initiator is
2-chloro-2,4,4-trimethyl pentane or 1-(2-

chl oro-2-propyl)-3,5-di-tert-butyl benzene. 20 6. A process aZEeﬂéEHg to
any one of clainms 3-5, wherein the polynerisation of the isobutylene occurs
in the presence of [err] and pyriditad §.T R gk deéss according to claim6,
wherein the initiator is 1-(2-chloro-2-propyl)-3,5-di-tert- 25

butyl benzene. 8. A process accordirpfl-Efapfy 8eymErgl ai s 3-7, wherein the
i sobutylene is polynerised to at | east 70% conpl eti on before coupling with
t he diisopropenyl benzene. 30 9. Alubricating oil conposition conprising
a lubricating oil @nd preseaesihyehbibhyphgvadeenstak-shapatd- pbagadrigol ynmer

according to Céghg}%sgkgzbores of polymerised diisopropenylbenzene

and at least three polymeric arms connected to each
core, the polymeric arms comprising polyisobutylene; a
process for their preparation; and lubricating oil
compositions containing them.
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