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' polydiene block. One of the most versatile methods for the synthesis of such
triblock copolymers is the use of a dicarbanionic initiator with a two-step
sequential monomer addition sequence. However, oné major difficulty met
is the limited solubility of dicarbanionic initiator in non-polar solvent média
20 that is required for the preparation of a polybutadiene or polyisoprene
central block with a microstructure constituted of a high percentage 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
25 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
30 compounds, most of the dilithium initiators require some amount of polar
additives to make them solubie in hydrocarbon solvents. Adduct of 1,3-
divinylbenzene with sec-Bul.i 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, 186,
35 2017). A mixure of soluble mono- and dilithiated and oligomeric species,
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of the initiator seeding technique and weakly polar additives such as fert-
BuOLi and anisole was necessary to prevent the presence of residual
initiator and achieve equal reactivity of both end active centers so as to
20 obtain SBS triblock copolymers with high content of 1,4-polybutadiene units
(Macromolecules, 1997, 30, 4254.; Macromolecules, 1997, 30, 7356). =-
Complexing agents such as 1,24,5-tetramethylbeznene (durene) or
tetraphenylethylene (TPhE) were also proposed which do not interact so
strongly as o - complexing agents with Li* cation to bring about the
25 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
30 initiator was efficient in the case of butadiene polymerization, but only at low
monomer conversion. Dilithium initiator based on 1,3-di{1-phenylethenyi)
benzene (PEB), although soluble in hydrocarbon solvents, (ed 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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wi thout addi ti vegyhever tig chbRehnty of 1,4-polybutadiene or 1,4-cis-polyisoprene
units are desired, the anionic polymerization of dienes has to be conducted
in non polar solvent media, and with lithium as the counter-ion. sec-
20 Butyllithium has proved to be an excellent monofunctional initiator. However,
until now, no bifunctional initiator exhibiting carbon-lithium bonds, and yet
soluble in non polar solvent media without additives has proved really
satisfactory for the synthesis of polymers such as SBS or SIS thermoplastic
elastomers and o,w-difunctional polydienes with high 1,4-polydiene
25 microstructure. Therefore, it is of great interest and importance to synthesise
new bifunctional organolithium initiator soluble in non polar solvents and its
use as an initiator for the synthesis of telechelic polydienes and polystyrenes
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.
30
OBJECTIVES OF THE INVENTION
The main object of the present invention is to provide a novel

dicarbanionic initiator of formula (1).



satisfactory for the synthesis of polynmers such as SBS or SIS thernopl astic
el astoners and a, mfdifunctional pol ydi enes with high 1, 4-pol ydi ene 25

m crostrugvtdjﬂﬁm%'ﬁlg?f ef ore, is of great interest and i g@?ﬁ&% CRodolh

synt hesi se ~ new unctlonal organolit fuminitiator solubl'é 1 n non polar
.solvents and its wuse as an initiator tor the synthesis of telechelic
pol ydi enes and pol ystyrenes angd-5SE v, bIock copol yners by anionic
route with a high content of;" H-0+1 H ¢s wi thout additives in
non pol ar solvent. 30 OBJECTI VE€ HYON The main object of the
present invention is to provide a novel dicarbgpionic initiator of fornula
. (1). WD 2007/096897 PCT/ 1 N2007/ 000001 4 Li +-~=%/310 Li+ C15H31 Fornula
(I') Another object of the present invention is to provide a process for the
preparation of dicarbanionic initiatberms@laf(rmula (1). 5 Yet another ‘obj ect

ol yai bnes, poty HRERCabEht bERe RGBS )8 bigyh dfeeod &F 1%, G,

content of ?répat@hbﬁ of digxrbsdlonReinitiatorsffopallar((), sol vent w thout additives
by using bi unctlonal organolithiuminjtiator of formula ( ?. 10 DETAI LED

DESCRI PTISON OF Trfet|aoathen ebiestisdoRrayide, apﬁacasmfeﬁth%ﬁrqnafa iere of wellov el
di car bani O%%qhaat 't&%8§e| : eny&gﬁbgugﬁg stitehes! ! and %SBs” K¢ §a$ ;fruﬁé@wl 15

Forrmula (1) e presen I~ provi es a process
pr epar at i on copblydnerar dthi anhighi oobfeat wf ¢f4-Gwitsnih apdiydienes ch nonppoélaes
reacting 1- boRrent without additives by using bifunctional organolithium initiator of

formula (1).

10
DETAILED DESCRIPTION OF THE INVENTION
Accordingly, the invention provides a novel dicarbanionic initiator of

formula (I).
Li* @—o—@ Li’

CqsH3aq

15 Formula (I
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 ()

O

CqsH
20 15131

Formula ()

‘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 010 25°C.



(4' - bronophenoxy) - 2- pent adecyl benzene of formula (11) 0 20 C15H31 Fornula
(1) with alkyllithiumconpound for an effecting hal ogen-1ithium exchange
reaction in the presence of a non polar solvent, at a te erature in the
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the - from the group consisting of benzene, toluene and cyclohexane.
The present invention further provides a process for the preparatlon
15 of o,e-difunctional 'polymer and triblock copolymer using dicarbanionic
initiator of formula (1), the said process comprising the steps of:

(a) poiymerizing the monomer by using dicarbanionic initiator of
formula(l) in a non polar solvent, at a temperature in'the range
of 5 to 25°C, for a period of about 24 hours to obtain the

20 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

25 a,e-difunctional polymer by using methanol; OR

(c) further, copolymerizing o,e-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-

30 8 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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In still another embodiment the yield of styrene-butadiene-styrene
15 obtained is in the range of 98 to 89%.
In still another embodiment the yield of styrene-isoprene-styrene is 97

to 98%.

Anionically polymerized polymers of conjugated dienes and/or vinyl
20 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.
25 The method of synthesis of new dicarbanionic initiator and its
“ application in the synthesis of 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
30 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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1- br ono- 4- (4 -brormphenoxy)-z-'pent adecyl benzene was freeze-dried. 3.0 niL

of cycl ohexane was added to make a cMéigrS?esol ution concentration of

5.3*10.2 nol .C. 0.43 nL (5.56*10'4 % c-butyllithiumat a

concentr g1 QR Pflarted aNiWatuaHI8Red thrkBhetRbH flaBK; 780Ul (B0 0918 of
1-bromo-4-(4'-bromophenoxy)-2-pentadecyl benzene was freeze-dried. 3.0
mL of cyclohexane was added to make a precursor solution concentration of _
5.3*10% molL'. 0.43 mL (556*10* mol} of sec-butyllithum at a
concentration of 1.3 M was added to the solution. After 20 minutes of
20 reaction, 15.5 mL (9.7 g) of butadiene was added at a temperature of 5 °C.
The polymerization was allowed to proceed during 24 hours at room
temperature. After the complete consumption 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
25 changed instantaneously from the characteristic vyellow of
polybutadienyllithium carbanions to the orange colour of polystyryflithium
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
30 triblock copolymer was finally precipitated using methanol to give 13.0 g of a
product (98 %). Mn re)2(SEGC in THF)= 67,400 g/mol; Mu/Mn=1.1. My sas(SEC
in THF)= 110,900 g/mof; Mw/Ma= 1.2. Ma('H NMR) = 93,500 g/mol; % 1,4-
polybutadiene = 91%. |
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in THF) =511 3§b@) g/nﬁRJIL mip . (66’ WNW)O')— 9f3 S%bHWHﬁlﬂ'U"% at 4a’
| ybut adi L f &g ked
Pfa)s/ktj ('715| g%ce(’?'%g%* 18f E@W \'::vag éqd%dr glr)m - gmgrom)p e%glxﬁ‘ﬂ‘-lg- pent gggcsl

benzene wasrdactiened4drli md. (936 @) oflisafreng ovah added atasoadtbmdperaturekdha
precursor solution foncentr t|o of 5 5 3*¥10-7 5. 56*10-4

| . L-1. 0.43 nL
m!) of secPBUMAEAIAN YAs.plloy %EW&N‘HW%? T"%“és @1% ﬁ%@“jﬁmﬁrét&}’? he

sol ution. Ahher tl'?é)cﬂmlﬁ!&téscdhfsunﬁﬂl%ﬁtéfqm rhfndmek, ﬂa% ﬁea&hoﬁfme@ugm fAg was
added at room tenperature. pol ymeri zation was | owed roceed during

8 hours 18t dﬂjdﬁdt\wﬂméaatmkeafaAmxburetorﬁe:ycbhpxam@’Tt%étht f%ofr ). pennononer,

the reactio S 1 f

cycl ohexane?q’tg\ﬁg*@ vfg% Hﬂ_? él’ugﬂﬁwréﬂ% ﬁ% gk@g'ﬁé’q twﬁtﬁ%gﬁgﬂ Sha@Qegt yrene,
the col our mfstémenémfbwrrfmhanﬂ@ charat®tistio e gehbw fo“forpdmgombaymﬂﬁmhl stic
yel | ow of pol%l soprenyl |l ithium carbanions to the orange col our of

pol ystyryl | £2 aﬂfﬁf@artﬁaﬁh%ngrangﬁe coipiry 9k r Pl lithim a CRERACRS Fhceed
during 4 hoyggnﬁr.ﬁgﬁm&mm&&&&Q{Jc%eﬁh&ﬁrﬁga&tﬁm ‘éﬁ‘?oc%ﬂ%ﬁl ahrk by

degassed ne e T EactTon m IUre. Was Loncent rat LT ot ary

evapor atlér . TheaesStirn wasl dedctivapsl byategassed methibhyl. prhec Feadtiah edixtisieng

met hanol tow%isvc?onlczen?ragedo on%a o a%lcetvaboZatg)/?.'The SIS ftriblock copolymer was
finally precipitated using methano! to give 12.4 g of a product (97 %).
Mnen2(SEC in THF)= 69,100 g/mol; Mw/My=1.1. M,ss(SEC in THF)=
108,900 g/mol; My/M,= 1.2. M,("H NMR) = 92,300 g/mol; % 14-

20 polyisoprene = 90%.

ADVANTAGES OF THE INVENTION
The present invention provides synthesis of new dicarbanionic
initiator obtained by lithium-halogen exchange reaction of 1-bromo-4-(4'-
25 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.
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M(pD2(SEC in THF) = 69,100 g/mol; M/, ,/Mi=1.1. WM, sis(SEC in THF)= 108, 900
g/mol; MWW= 1.2. Mn("HNWR) = 92,300 g/nol; %1,4- 20 polyisoprene = 90%
ADVANTAGES OF THE | NVENTI ON The present invention provides _synthesis of new
di car bani oNP207/0368%7 at or obt ai ned by |t hi um hal ogen excﬁgﬁﬂﬁz?ogﬁgqopbn of

1- brono-4-(4'- 25 bronophenoxy) - 2- pent d%c | benzene with sec-butyllithium
and its use in the synthesis of telec ol ydi enes and pol ystyrenes and
SBS or SIS triblock copolyners with high content of 1, 4-polybutadiene or
1,4-cis- polyisoprene units in non polar solvent w thout additives. 30 35
WD 20071096897. PCTA hb¢eldicahadindtc inftistbsofMBrmiila @).novel di car bani oni ¢
initiator of formula (I). Lr'O OLI+ C15H31 5 Formula (1) 2. A process
for the preparation of dicarbanirRkd initia of formula (1) which
conprises reacting 1-brono-4-ta vor( = gnt adecyl benzene of
formula (11) Br--O-0- Br CI15H3 ) with al kyllithium conpound
for an effecting hal ogen-lithium exchange reactjon,in the presence of a non
pol ar solvent, at a tenperature in the range of*®%'t¥d 25C. 3. A process
according to claim2, wherein the freeze dried 1-brono-4- 15

(4' - br onophenoxy) - 2- pent adecyl benzekermsla {ly st mixed with a non pol ar

sol vent followed by the additjon al.kyl i £ hi um coopound. 4. .A _DLOGRSS

according to ??ai f,m?ﬁﬁ?r&rﬁh? Wégé\?@b?'?{mﬂt'?ﬁ#éﬁmﬁw@aq°f of frmitid ?ﬁ
which  comprises reacting  1-bromo-4-(4’-bromophenoxy)-2-
pentadecyl benzene of formula (1)

Br—@-— Br

CqsHs

10 Formula {lf)
with alkyllithium compound for an effecting halogen-lithium
exchange reaction in the presence of a non polar solvent, at a
temperature in the range of 0 to 25°C.

3. A process according to claim 2, wherein the freeze dried 1-bromo-4-

15 (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

20 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,
pentyliithium, hexyllithium and tert- octyllithium.

25 6. A process according o claim 2, wherein the non polar solvent used
is selected from the group consisting of benzene, toluene and
cyciohexane.



used is represented by the general fornula RLLi , wherein R is a primary,
secondary or tertiary alkyl, containing 2 to 20 carbon atons 20 per

nol ecul e. ss according to claim2, wherein the it hi used
is sel ecﬁe%z'ﬁ?@%ﬁe group consi sti nglgof ethyllithium ﬁ%ﬁ&‘i}h’ﬂﬂ”ﬁnum

I sopropyl lithium n-butyllithium sec- utfyl lithium tent-butyllithium
pentyl I ithiunf- hefyPracess den thedreparatiopafia. prditingipnakpelymer anddelock

according to cl ai ' . ar; I &y S C from
the_aroup consi ot LRGOMeHeihet WesanRaie inRRlds ¥, ififlla’ by 969 e07
PCT/ 1N2007/ 000001 prdfesé comprisingdbe tapstdfe preparation of a, wdi functional

pol ymer and triblock . copol yper ysing dicarbanionic, initiatqr of fornula
(1), the said proc@speﬁfﬂ%lzm% ] H%)WS ¥ using,) digarbanionic inftiator Of rononer

2 temperature in the ranmuadita fon polarydtied adatempofRIOR Mo BRGERC: 2
obtain the desired anefibf tm@6PGnédr aaveriaer of mbeok &4 dourg bjo obtzin thet he
SRR RO R ¢ O A M S W T i
O o et o E SR B HBoia’ BB aahor WachPh, By hadigP oouct
copol yneri zi ng a, w di f excassodl ethyleyeeoxidet andedeactivatingpihe) readtionsbyr ene by
"t Wi th W xture of  néRngaleGRssat sk wRinaRdIotalRwedhy FoRaTAINGdN ont | nuc
o1 SuEs by Sepa ng, " Hitiorhufu SR kel IR 18\AeI Bk
desired tribl ock copol gpedifapcticat pelyoeerdsy asingimethanol; OR st ep(Db) .
| (c) further, copolymerizing «,w-difunctional polymer obtained in
step(a) with styrene by adding styrene to the reaction mixture
15 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
20 step(b). '

8. A process 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

25 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%.

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

polyisoprenes and polystyrenes.



8. A process according to claim7, wherein the non polar solvent used in
step (a) is selected fromthe group consisting of benzene, toluene and
cycl ohexane. 9. A process according to claim?7, wherein the m xture of non
pol ar 25 W@ 2P8HI6BTed in step(c) is a mxture of cycl oheSaHENAH#H00001
tetrahydrofuran. 10. A process accordinyfto claim9, wherein the
concentration 1 A aroe&a;dmtor@ngm slaunxt'iurwhejﬁirtﬁbeotfd‘.)lade mm!ymer

et 1S o L RSB R

a, wdi functi onal pigb? pol yi soprenes and pol ystyrenes. WO
2007/ 096897 PCT/ M2007/ 0000 1 11 12. A process according to claim7, wherein
the triblock d@ol &rm'ocesa)amofdmg to clalm 7; whereiarthetyeldraf-wordifinationst yr ene

and styre - isopre .ren 13. A according to claim7, wherein
the vyi el d of ap- di ?Eﬁgf ﬁaﬁ’ r%lﬂ%?ﬁé@&? Qé‘?on the range of 98 to 99% 14. A
process accor dif1g AOFch@sg‘ decorp Petcﬂ i Y' Qlllﬁbréfn st m@']ﬁ‘eld of styrene-

but adi ene-styrene obtained is in the range to 99% . A process

accordi ng to cl ai nbytadigng-slyrenehobjaioed i ls)ll‘l tbeyaeg@of%dpr%% styrene is 97
to 98% 10 15. A process according to claim 7, wherein  the vield of styrene-
isoprene-styrene is 97 to 98%.
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