"NOVEL DI CARBANIONI C I NI TI ATOR, A PROCESS FOR THE
PREPARATI ON AND USE THERECF" FI ELD OF | NVENTI ON The

w@r@senisoT nvention relates to a novel dicar banPOniN2007/000001

10

15

20

25

30

35

initiator of fornmula(l) andl a process for the
Rr epar ation thereof. The present invention al so
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SR e o B FEBEbR B REALORRE by hrene
Beotialsllock witihea snictosrustise camstituted of ar bighgbercantage of 1,4-.
polybutadiene or 1,4-cis-polyisoprene units, which is required for optimal
elastomeric properties. The latter goal explains why a lot of patents and
papers have claimed or attempted the synthesis of various carbanionic
species and particularly non polar solvent-soluble organolithium initiators.
Development of an ideal difunctional organolithium initiator, usable in
hydrocarbon solvents for the anionic polymerization of dienes and/or vinyl
aromatic hydrocarbon monomers has been a continuing effort since the past
four decades. Because of the strong association of organolithium
compounds, most of the dilithium initiators require some amount of polar
additives to make them soluble in hydrocarbon solvents. Adduct of 1,3-
divinylbenzene with sec-BuLi was the first example of difunctional initiator
studied (U.S. 3,862,251 (1974), C. R. Hebd. Seances Acad. Sci. 283, 123
(1976), Plaste Kaustch, 26, 263 (1979), Makromol. Chem., 1985, 1886,
2017). A mixture of soluble mono- and dilithiated and oligomeric species,
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YefadhstilhUBHE | QXTRIHRRS s Rl ppishda nh iperast so
l%@’bnglyt @rsa@t - Sébmplexing agents with Li* cation to bring about the
dissociation of the organolithium aggregates (Polymer, 2003, 44, 4109.;
Polymer, 2003, 44, 6205, Polymer, 2005, 46, 303). Other researchers
concentrated their efforts on the reaction of double diphenylethylene-type
molecules with a stoichiometric amount of sec-BuLi in non-polar solvents
(Polym. Prepr., 1984, 25 (2) 85). It was demonstrated that this difunctional
initiator was efficient in the case of butadiene polymerization, but only at low
monomer conversion. Dilithium initiator based on 1,3-di(1-phenylethenyl)
benzene (PEB), although soluble in hydrocarbon solvents, led to bimodal

‘molar mass distribution for molar mass lower than 50,000 and 150,000

g.mol™ in the cases of polystyrene and polybutadiene, respectively (Polym.
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and SBS or SIS triblock copolymers by anionic route with a high content of

*1,4-units in polydienes without additives in non polar solvent.

OBJECTIVES OF THE INVENTION
The main object of the present invention is to provide a novel
dicarbanionic initiator of formula (1).
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10 I NVENTI ON Accordingly, the invention provides a novel

HEPATER HE SRR SF PR RVERBIANY . o cceas 1or
the prapeidihgyn tied inliep@ibhptooidies & MolveRtRarENidKIE MHitiator of

Ir? whi ch conprises reacting 1-brono-4-
armyadhophenoxy) - 2- pent adecyl benzene of formula (11)

Formula (Il1) with al i t hi um canppound for an
ef fecting hal ogen-|]i 1 excha eactj on in the
presence of a nohi’| PO & $sm a kbnperature in
the range ‘
CisHaq
15 Formula (1)

The present invention further provides a process for the preparation
of dicarbanionic initiator of formula (I) which comprises reacting 1-bromo-4-
(4’-bromophenoxy)-2-pentadecyl benzene of formula (ll)

CqsH
20 154131

Formula (ll)

with alkyllithium compound for an effecting halogen-lithium exchange
reaction in the presence of a non polar solvent, at a temperature in the range
25 of 0to 25°C.
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the gneyat ‘éﬁBﬁie?tén‘iled?ﬁ\eh?ﬂ?@ﬁﬂwn‘ﬂﬂh#ﬁﬁ‘%cﬁl%dselected from the
cycl ohexane. The present invention further provides a
grmsgomsjstmgweobr ehdlithisvin,of n-grepydithivnc t isepeepyllithium,  n-
C n

BY y\ﬂﬂﬁ ug? %TJ gput?lhﬂﬁﬁm ?%’%m@ﬁsgmdr%"o lg@sﬁﬁofﬁ%{lnﬁmum and
t‘éré mtyelb&nun‘l (a) polynerizing the nononmer by usi ng
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a, wdi functional polymer in solution, (b ppi ng the
above T&8i resent I’f’é’ﬁﬂE@@ ifehereRioVidas wrg‘aﬁ:ﬁSn@r é&@ dsgpgration

hyl en

Gt ok B8 fher RIS Bt S Uep5 B DR B eiplhionic
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roduct a, W di.f.unctiona nmer .
B (o) 1 YRGBl hanonegr B sing ueerkaminic ntator of
pol ynmer obtfaimg(l th §trférh([3’alaﬂ\éélbeﬁlt %f aRemeradet i?\gthe range
styrene to the reagtion mxture obtained in ste

and dilutirif % ttowgd &, domiaxperied &xf st pdd dours Po obtain the
desired a,o-difunctional polymer in solution,

(b) capping the above said polymerization reaction by adding
excess of ethylene oxide and deactivating the reaction by
using degassed acidic methanol, followed by concentrating the
reaction mixture and precipitating out the desired product of
a,e-difunctional polymer by using methanol; OR

(c) further, copolymerizing o,w-difunctional polymer obtained in
step(a) with styrene by adding styrene to the reaction mixture
obtained in step (a) and diluting it with a mixture of non polar
solvent and allowing the reaction to continue for a period of 2-
6 hours, at a temperature in the range of 20 to 30°C, followed
by capping, degassing, concentrating and precipitation of the
desired triblock copolymer by same process as given in
step(b).
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concentrating and precipitation of the desired

tri bl g karf AbYMRIeYofs BE PPERGRSHVERLER RE | Iy, o-difunctional
step(b).In an enbodi nent of the present invention the

Polynderf uohtainadal ispalejeated ofrbai ned:, dliftiactonald plolydrutadienes,

a \va.di functi oaal o{y¥but adi enes, pol yi soprenes and
HAYISIRIPRAR 8N IHOS@ &St her enbodi nent the tribl ock

copol yirejetoBhaiheedemboaRh&at 8¢ ftfiSIBtk copolymer obtained s
st yr ene-but adi ene- st yrene an _
ﬁei/ﬁ%frpgbﬁtb’éﬁf@-buﬁad@r&-stb/fﬁ%@n%ﬁmm'lm-ﬁwwne-
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esetendedrfrom bérzeries toluenefandmycioblexansol vent used in

te I S_a mxtur f cycl ohe n .
et iy b el dhBoRina ShRATHERE sB flenpalaresolvent used i
ReERENsIAMiAAre bf ERiIbReRamend irahpdrbfaiakt ur e of
cycl ohexane and tetrahydrofuran is about 1vol % In yet

anot hdf YEhEGAtHRIrRMPREIMAN the cﬂong?Wailqmﬁ%ttE?t@mdrofuran in a
Qﬁi&tﬂﬁ@%ﬁdck@oh@xéﬁ’@aﬁﬁ?&%rg{dé&gfrérpis%utI1r\1,op)5_| | |

anot her enhbodi nent the vyi

st yr ene ybtiandihenensiodimeat thiet ieldeaf a,e-difuridtienalanbtindd is in

3& to 99% %F ﬁéj’” anot her enbodi ment the yield of
?/f%’?ﬂ?_—?&% QHE%st yrene is 97 to 98% Anionically

pol yma i tfid aR@INeRESRbOintei] t‘h@a&i@ﬁi @f edtprenaislitadiene ity rene

aromati ¢ hydrocarbons and/ or other nonohers can be
iiringgl isindheirenge of O8itei%%r s according to the

No. o ST g S Ry st SopleDe atene o 07

ttb®8fancti onal i zation is ternmnal and/or internal are
produced using diflithiuminitiators such as described "’
in US. Pat No. 5,393,843. The nethod of synthesis of

new diAridriaallyo polymeriZedapelymainsl of tednjugated dienes and/or vinyl
aromatic hydrocarbons and/or other monomers can be made with dilithium
initiators according to the conventional practice such as described in U.S.
Pat No. 3,734,973. Functionalized anionic polymers wherein the
functionalization is terminal and/or internal are produced using dilithium
initiators such as described in U.S. Pat No. 5,393,843.

The method of synthesis of new dicarbanionic initiator and its
applicaton in the synthesis of o,o-difunctional polybutadienes,
polyisoprenes and polystyrenes and SBS or SIS triblock copolymers in non
polar solvent without additives is described herein below with reference to
examples, which are illustrative only and should not be construed to limit the
scope of the present invention in any manner whatsoever.

EXAMPLE 1
In a flamed and vacuum dried three-necked flask, 75.0 mg (1.39*10™ mol) of
1-bromo-4-(4’-bromophenoxy)-2-pentadecyl benzene was freeze-dried. 3.0
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w thout additives is described herein below with
rmf_mfeyclehémamwafslemledwblmak@aq:rebunsat salutis cORbyNniAREbN of

p%]gy@t "M Ent i gﬁfelt y % g v&ﬂggsﬁvéﬁc(%w{ﬂm&@l at a

'cfbrf('éisﬁ’:raﬂ@rﬁ 1cﬁn¢ 3nyf%ae Halged {d“tﬁ@ -SRRIRD A&Sk0 finfes of
miior 1.5 Anl 7 Bgiokhatediors. wenddedyan Berhyeical gabformed

B REE dfeehitionic Wiiatdt it T PRBIANIE BFE 321 Phe bRifefzation
Jwa@ allSved tq brcﬁ@éﬁTdmm‘g)M holirss atrooint yémpemwn@ @rﬁd then end-
concentration of added to the sol ut

TG W o A DligRSd By Rddion 98 agarde PHORPSS! Siylene oxide. .
bR degBgoVafaf diaR oAt wyabgaésélﬁlaémé%étr@hoq h@ mL of

di carbanionic initiator at "a tenperature of

pzﬂrwﬁ’fram e \Was5al mimzf metbamlbea h@urrea@tlcm mtxturs was

Ko TR 5ol AR 7 o PR B BB peivottgdieng was
Cﬂﬂaﬂ? pramgtat@amir@wmmwgweax edg ava gﬁﬂ:ﬂﬁﬁ €98 36). 41.¢SEC
anol of concentrat ed

ri%t t‘]’!%Fr)UI%1 Q%G/W%'a%ﬂyn"hpﬁt tr %%ywﬁé@ﬁ‘@m?@eﬁ on a

rotary evaporator. The a, w di hydroxyl pol ybutadi ene
was finally precipitated using nethanol to give 7.1 g

of a product (98 %. l\/h( F&A‘h I—f)— 5 1,900 g/nol;
Mv Mh= 1.08; % 1, 4- pol ybutadi en€ 90% EXANPLE 2 In a

flh anamed dndaccuanddiied three eecked fladk f 756 g 75.39*1a)* tnbl) of

EB&O&H%-%@”EF&B?UWM&%ntgd%@ﬂt%@pﬁ as fesrzendied. 3.0
frie &t eyéloheghne3wis Bddet té)‘ﬁél@éﬁé’@r&é@ﬁscﬁdﬂ@r@ cbﬁ%%ml‘éftlon of

ﬁgr cur sor ?ol ution- concent ration of 3* 10"2

431R1L (5, 8421 ml4 (5?6167 é@@)b@f yISﬁf?'tbh'M'ﬁhW aat a
Cc%‘ﬁ%@ﬁitrét"f’éd ¥R P ﬂi‘t ¥ %aead@egw%%n{dﬂ?g: %ﬁé%rj gp minutes of

After 20 m nutes reaction
reaetitreri®. Sl Hida) oftbuladienpeovas added it & e@perature of 5 °C.

ok TRl Yo HBUEH 16 5E888F g 8 Ha P8 S oo
ttmperatare riftdrithe raaagsletsnconsumption of the monomer, the reaction
medium was diluted with 120 mL of a mixture of cyclohexane/THF (1 vol %
THF). Upon addition of 4.0 mL (3.6 g) of styrene, the colour of the medium
changed instantaneously from the characteristic vyellow of
polybutadienyllithium carbanions to the orange colour of polystyryllithium
carbanions. The polymerization was allowed to proceed during 4 hours at
room temperature. The reaction was deactivated by degassed methanol.
The reaction mixture was concentrated on a rotary evaporator. The SBS
triblock copolymer was finally precipitated using methanol to give 13.0 g of a
product (98 %). My pey2(SEC in THF)= 67,400 g/mol; My/Mn=1.1. Mpses(SEC
in THF)= 110,900 g/mol; Mw/Ma= 1.2. My("H NMR) = 93,500 g/mol; % 1,4-
polybutadiene = 91%.
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changed i nstantaneously frdnthe characteristic yellow

of pol ybut adi enyl |'i t hi umMpsaAMPEORS t 0 t he orange
col our of polystyryllithiumcar [

b h
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br ono- 4- (4' - br onophen % pentadec benzene was
fAfé@ztbeonqr@metescmsh_m@hortp theh BYaneE&Ta %Eﬁﬁ?@loﬂdﬂﬁdk@ was

%;l@%@&gf@g{zgﬂt@gg’}p&gg%ﬁ%ﬁ ma% ﬁ(fr?:toh% TRlF). Upon

Sec- um at
caottliteont o&t3.Hmbf(32 8) Mf\ﬂiysreaéddelmb touldmreofstbieumemum changed
After. 20 m Eluges oft rea

tRiBd

tion, .14.1 (9.6 .of o
TeyBhianeols e °BBratienste: oy o lviSoprenylithium
ryamiohE atd HheVaaridd ooReuit QofPh Mthiurng c8ridenioss. The
at roomtenperature. After the conplete consunption of

memzfion was allowad e prosrsd duiing ¢ haursaésoentiempsgature.
e Bl LR o), o Bl
twas cedcentraied rayed nota;‘ya&m%amsl 'i]hé (SI6 triblock copolymer was
Rt | Lvi Lithi i
JOBEERLRAsY YSng” thebhaRB) I BB 24 1) i Rrophet, 97 %)
qy paKBECs .in TNEFpol 5900z gtrhol MV 1. owed, & 8(SE® cCieedHF)=

d@%“s&a& V2oL, ST MR, & BT8P, el B 1.4

fBt=gd®md on a rotary evaporator. The SIS
I ock copol yner was f| nally precipitated using
rret hanol to give 12.4 g of a product (97 % . Wn
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SIs(
The present invention provides synthesis of new dicarbanionic

initiator obtained by lithium-halogen exchange reaction of 1-bromo-4-(4'-
bromophenoxy)—2-pentadecyl benzene with sec-butyllithium and its use in
the synthesis of telechelic polydienes and polystyrenes and SBS or SIS
triblock copolymers with high content of 1,4-polybutadiene or 1,4-cis-
polyisoprene units in non polar solvent without additives.

While typical embodiments have been set forth for the purpose of
illustration, the foregoing descriptions and examples should not be deemed
to be a limitation on the scope of the invention. Accordingly, various
modifications, adaptations, and alternatives may occur to one skilled in the
art without departing from the spirit and scope of the present invention.
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di carbani onic initiator obt%i ned by |ithium hal ogen
exchange reaction of 1-broBhAMMS4' -

br onophenoxy) - 2- pent adecyl benzene with
sec-butyllithiumand its use in the synthesis of

t e{ eche| hevdldiotbameRicARMarlofSbim@agp,. and SBS or SIS
tribl ock copolyners wth high content "of

1, 4- pol ybut adi ene or ‘-q\cispol ( rene units in non
pol ar sol vent wi t kw “; ' -e§ypi cal

enbodi nents have beeR~s€f forth t he purpose of
illustration, the foregoing descripN ons and exanpl es
shoul d not be deened to be a |initatiCmsHen the scope
of the invention. Accordingly, various nodifications,
adapt ati ons, and alt er natfFomasulagl) occur to one skill ed

in,the art wthout departing frqmthe .spirit and_sco

of 21 he pptastEss Toh i Bresaradah rbdPatoniahi intiattt of 167 ita ()
di car bayhighi ¢ domhpriselsor afactingmul &-brboho-4'Bbmaophendxy)-2-
A process for the preparation of dicarbanionic

i ni ti aPsptasgecybbendene ehfounuiadllionpri ses reacting

1- br onp- 4- (4' - br onophghoxy) - 2- pentadecyl benzene of
formula (11) For i @ i t Qi um conpound

for an effectingghJ @ angé reaction in

the presence of a non‘polar solvent{ at a tenperature

in the range of 0 to 250C. 3. A proc&BgHygcording to
claim2, wherein the freeze dried 1-brono-4-

(4' - bromophenoxy) - 2- pent &igaylla fnzene is first m xed -
with a ngn pol ar, solvent follo by the additjon of |
al kyl Ii¥ ium?*s@%'aqupompmnﬁr%ésgnac% @indg bJogenglithium

2, whergidhahbe rlderibhiihhi FBPRENGF YSREN! Solar solvent, at a
repr esent ed %/ the general for nuloa R Li erein R
is a temperature in the range of 0 to 25°C. :

3. A process according to claim 2, wherein the freeze dried 1-bromo-4-
(4’-bromophenoxy)-2-pentadecyl benzene is first mixed with a non
polar solvent followed by the addition of alkyllithium compound.

4. A process according to claim 2, wherein the alkyllithium compound
used is represented by the general formula R4Li , wherein R is a
primary, secondary or tertiary alkyl, containing 2 to 20 carbon atoms

. per molecule.

5. A process according to claim 2, wherein the alkyllithium used is
selected from the group consisting of ethyllithium, n-propyllithium
isopropyllithium, n-butyllithium, sec-butyllithium, fert-butyllithium,
pentyllithium, hexyllithium and tert- octyllithium. ‘

6. A process according to claim 2, wherein the non polar solvent used
is selected from the group consisting of benzene, toluene and
cyclohexane.
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fromthe group consisting a¢ ethyllithium

I 77 pr opypiocks o the prepaatibh i tumdiflictivial lpolyiniéand triblock
sec-butyllithium ferf-butyllithium pentﬁyl ['ithium .
hexy! | cPRPmMeindsingr wicasbaRionict witiator 6of Aopnyleedd, the said

accor di I FQ: Lt he non pol ar sol vent

used i ?P%gsgcﬁé@ﬁ'@nt%g{eg%o%&p consi sting of benzene,

t ol uene @)dpalynieoizimgatie. Mondmer doessingodidatkeanionic initiator of
prepar ati on.of .di functipnal polyner, and tribl.ogk
Copoyner _dermytilfis st BrRE SpivBR HTet tBiSarbfig g e range
(1), the sapfd5pooes%s, fRdPPesioldoft ABodt 2Ashdfrs (t8)obtain the
pol ynmeri zing the nmonomer by using dicarbanionic

i nitiator ofesiwmdhuleadifyndtional palimesimsolkiionent, at a

L mer b S 385 e SR el BBE 3, Bng

IOO: ymer in exjessi cﬁ,etlﬁ)ﬂé%@&ﬂdgdé@gaﬁdﬂ@eabﬂvai@iﬂﬁb Ireaction by
pol ynerizatign reactiop by addjn cess et hyl ene.

oxi de and dé36® cegassen aﬁ'é'qr@s@ﬁ%ﬁy*eﬁo\ﬁgﬁ? E?g c@eggaaLaling the
aci di ¢ met hapetion frahdeeshdPYrédpefMy alt Bk YRSired CProduct of

reaction mxture and precipitating out the desire
product of @wadifliriciional polgmep blyysing metheraly ORt hanol ;

"'OR (c) further, copolynerizing a,wdifunctiaonal i )
pol yner é’ét@i’ﬁh‘@& e P%'%@&('éﬁngmﬁt@rdﬁ@?@f@ RPIYAgT (Rptained in

styrene to r ] i ' i ) mi
and dil uti n%tgﬁ*mgﬁ’??nﬁ% ;Jéeﬁé?&tﬁg)ﬁgﬁ%t%?hﬁ ftiofy mixture
and al | owi neptahned ivastepdn) aodclilbtingdiewitbra eixtere otinoh polar

oot "0l R G S B B g o

and preci pi6 &bues) atfa tdmepstatirednl the range sf 20p0130%€r fdibwed

sam; P ocesg,y %gp {n\é,ercjieiggssﬁtng,péggdentraﬁng and precipitation of the
desired ftriblock copolymer by same process as given in
step(b). ’

8. A procesé according to claim 7, wherein the non polar solvent used in
step (a) is selected from the group consisting of benzene, toluene
and cyclohexane.

9. - A process according to claim 7, wherein the mixture of non polar
solvent used in step(c) is a mixture of cyclohexane and
tetrahydrofuran.

10. A process according to claim 9, wherein  the concentration of
tetrahydrofuran in a mixture of cyclohexane and tetrahydrofuran is
about 1vol%.

11. A process according to claim 7, wherein the o,o-difunctional
polymer obtained is selected from «,w-difunctional polybutadienes,

polyisoprenes and polystyrenes.
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9. A process according to cllaim7, wherein the m xture

of 1iﬂohrA poroaess ?ooemiinﬁsgﬂ ﬂmwﬂep@gére;&rs thentridlocle cfpolymer
cycl ohexane and tetr r of ur an. : rogess

o cor dObAeS c| 18/ SRS eaTal St e RIARERP el RDR aAd styrene-
tetrahyshpéne-afyrémea m xture of cycl ohexane and
tetrahydrofuran 1s about 1vol % 11. A process

actdr disngracess laasconding tavbkairai h) wherewn, thedyi¢ldnaft &, endifunctional

| bt aj ned i | f W di f i onal
bty bueheRL B b8 B8 BB O S Dol ot yr enes. 12 A

Progesy recdsd Becdrdiry @ Bidim Wekkerird he tivg IibIBCES styrene-
copol yner gbtained is selected from

st yr en®uiAtieRs-efveene yohinined s insther @nee £6 984R29%.

Stygen ol [ r e
thiSya) §oesk SEQTATD A T8 UieElT Stle, JRE' B yrone
of 98 tsppeene-stend\igdbbte88%according to claim 7,

wherein the yield of styrenebutadi ene- styrene

obtained is in the range of 98 to 99% 15. A process
according to claim7, wherein the yield of

styrenei soprene- styrene is 97 to 98%



