WO 2006/ 016179 PCT/ GB2005/ 003176 POLYMERI C MATERI ALS HAVI NG REDUCED TACK,
METHODS OF MAKI NG THE MATERI ALS AND CHEW NG GUM COVPCSI TI ONS CONTAI NI NG
SUCH MATERI ALS The present invention relates to polyneric materials having
reduced tack. It further relates to methods of meking such materials and

to chewi ng wiya&eRP@sSi tions containing such pol ynmeri c nateciabsecsGgrtain
hydr ocar bon pol yners, such as honopol yners of diene nononers, for exanple,
i soprene, exhibit the tendency to adhere to another surface when brought
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gum conposi tions. Chewi nhg gum conpositions are enjoyed by mllions of
peopl e around the world. Unfortunately, many users of chewi ng gum do not,
or are not able to, dispose of the chewed gum properly. Chewed gum which
is not disposed of properly causes probl ens because of its tendency to
adhere strongly to many surfaces with which it is allowed to cone into
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surfaces incl ugdgnsea@RLRIN Cﬂ@\;\,jngrbﬂnl,gompbgqﬁg,@e_ use of low tenperature
material to cause the freezing Of the gum or the use of aggressive

chemi cal s. Thus, nethaysg guntiCeanpaiossefacalpyed vemiians of people around
the world. Unfortunately, many users of chewing gum do not, or are not able

to, dispose of the chewed gum properly. Chewed gum which is not disposed
of properly causes problems because of its tendency to adhere strongly to
many surfaces with which it is allowed to come into intimate contact. Because
of this, many public areas, particularly pavements, have become disfeatured
by the presence of adhered pieces of discarded chewed gum. Chewing gum
adhering to a surface is difficult to remove by traditional methods, especially if
the gum has been in contact with the surface for more than a short period of
time. Such surfaces may be power washed using water applied under high
pressure, optionally in combination with scraping, in an attempt fo remove
adhered gum. Unfortunately, such a method requires the use of large
amounts of water, can cause erosion of the surface being treated, is time and
energy consuming and can often only be carried out when people have
vacated the area being freated in view of the noise created and the large
amounts of water required. Other typical methods of cleaning adhered
chewed gum from surfaces include scraping, optionally with the use of low
temperature material to cause the freezing of the gum, or the use of
aggressive chemicals. Thus, methods of cleaning surfaces to remove



WO 2006/ 016179 PCT/ GB82005/003176 2 adhered gumtherefrom can be expensive
and can, thenselves, create a nuisance to the general public. It has been
proposed that the problens nentioned above can be avoided by nodifying the
properties of chewing gum For instance, US Patent No. 5,580,590 discloses
an envi r onnmembabdewidird endly chewi ng gum conposition whi BHI/CER0&DIISI6AN

el astic protein-based polyner. Due to the use of the elastic protein-based
pol yner, a chewi ng gum conposition is provided that can, after being
chewed, be nore easily renoved froma physical surface to which it is
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havi ng hydrophilic.character. Polynmeric materials having si chai ns
cont ai ni ng pol )}E’éﬁ' ?}Tﬁl‘ﬁaatéﬁﬁhﬁé-) groups are disclosed in EP-A-1 179564 as
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W % of one or myre CARA YIRS IAAR] Lol BILGA LS. The strong adhesion causes
discarded chewing gum to resist separation from surfaces, such as those of
pavements. The tack of a material is defined as the ability of that material to
form a bond fo a surface after brief contact under light pressure.

The present invention is based on the discovery that the tack property
of hydrocarbon polymers, for example, natural and synthetic rubbers, can be
reduced if the hydrocarbon polymers are modified by attaching directly to their
carbon-carbon backbones, certain side chains having hydrophilic character.

Polymeric materials having side chains containing poly(alkylene oxide)
groups are disclosed in EP-A-1179564 as being useful in the manufacture of
an antistatic resin composition. That document describes a graft copolymer
comprising 50-95 wi% of at least one monomer selected from conjugated
dienes (such as 1,3-butadiene or isoprene) and acrylate esters (such as ethyl
or propyl acrylate), 5-50 wit% of at least one monomer having 4 fo 500
alkylene oxide groups and an ethylenically unsaturated bond (a “polyalkylene
oxide monomer”) and 0-50 wt% of one or more copolymerizable ethylenically-
unsaturated monomers. The polyalkylene oxide monomer is typically an
acrylate or methacrylate ester of a poly(alkylene glycol). The graft copolymer
is, thus, synthesized by a “grafting through” method (also known in the art as



unsat urated nononers. The pol yal kyl ene oxi de nononer is typically an
acrylate or nethacrylate ester of a poly(al kyl ene glycol). The graft
copolymer is, thus, synthesized by a "grafting through” method (al so known
in the art as WD 2006/ 016179 PCT/ GB2005/ 003176 3 "grafting via

Macr omonoMeRgg Yeeadaeaccordi ngly, the pol yal kyl ene oxi depHERMBS AR
attached to carbon atons of the polyner backbone of the obtained copolyner
via -C(O O groups. Accordingly, a first aspect of the invention provides a
polyneric material having reduced tack whdch has a straight or branched
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i ndependent |y, laabons windreigetheobidef etmmd, Waich28repadddHiaddibdly Ih@atign b +
c has a value in the.r m10 to 250, preferably 10 to 120. The
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or have the formula

wherein R'is H, ~C(O)OR* or -C(0)Q and R? is ~C(O)OR* or ~C(O)Q
provided that at least one of R" and R? is the group ~C(O)Q;

R®is H or ~CHs;

R*is Hor an alkyl group having from 1 to 6 carbon atoms;

Q is a group having the formula ~O—(YO),—~(Z0)~R%, wherein each of
Y and Z is, independently, an alkylene group having from 2 to 4 carbon atoms
and R®is H or an alkyl group having from 1 to 4 carbon atoms:

ais 3 or 4 and each of b and ¢ is, independently, 0 or an integer of
from 1 to 125 provided that the sum b + ¢ has a value in the range of from 10
to 250, preferably 10 to 120.

The polymeric material of the invention has reduced tack, compared to
the hydrocarbon polymer which is not modified by the presence of the side
chains attached thereto. Furthermore, it is less adherent than the unmodified
hydrocarbon polymer to certain surfaces.



t he hydrocarbon polymer which is not nodified by the presence of the side
chains attached thereto. Furthernore, it is | ess adherent than the
unnodi fi ed hydrocarbon polymer to certain surfaces. WD 2006/ 016179
PCT/ GB2005/ 003176 4 The polyneric material of the invention has a

car bon- car bgpo pRkMiRse backbone typically derived from artmospo/gaerw of an
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to another embodiment, be derived from a homopolymer of a conjugated

diene hydrocarbon monomer, especially one containing 4 or 5 carbon atoms,

such as butadiene or isoprene. |

As mentioned above, the carbon-carbon polymer backbone may be
derived from a copolymer of two or more ethylenically-unsaturated
polymerizable hydrocarbon monomers. Preferably, it is derived from a
copolymer of two such monomers. For example, it may be derived from a
hydrocarbon copolymer of a hydrocarbon monomer having one carbon-
carbon double bond and a hydrocarbon monomer having two carbon-carbon
double bonds. For example, the carbon-carbon polymer backbone may be
derived from a copolymer of isobutylene and isoprene. According to a
different embodiment, the carbon-carbon polymer backbone is derived from a
butadiene-styrene block copolymer.

It is especially preferred, in the present invention, that the polymeric
material has a substantially linear carbon-carbon polymer backbone derived
from a straight or branched chain hydrocarbon polymer which is an elastomer
at ambient temperatures. Elastomeric polymers have a rubbery nature at
temperatures above their glass transition temperature (Tg) and certain
synthetic elastomers exhibit this and other properties associated with natural



It is especially preferred, in the present invention, that the polyneric
materi al has a substantially |linear carbon-carbon pol yner backbone derived
froma straight or branched chain hydrocarbon pol yner which is an el astoner
at anbient tenperatures. Elastomeric polyners have a rubbery nature at
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synthetic el astoners exhibit this and other properties associated with

nat ural WD 2006/ 016179 PCT/ GB2005/ 003176 5 rubber, which is a polyner
derived fromcis-isoprene (2-nethyl-1,3- but adi ene) units In the present
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The hydrocarbon polymer, from which the carbon-carbon polymer
backbone of the polymeric material of the invention is derived, will typically
have a molecular weight in the range of from 15,000 to 50,000, preferably
from 25,000 to 40,000, to ensure that the polymeric material is not overly
hard.

As stated above, the polymeric material of the invention contains a
multiplicity of side chains attaghed directly to carbon atoms of the carbon-
carbon polymer backbone. The side chains have the formula

CHj

|

S —{or }-o

CHs,

or have the formula

([3H —CHR®

R' R?

wherein R' is H, -C(O)OR* or ~C(0)Q and R? is ~C(0)OR? or ~C(O)Q .
provided that at least one of R and R? is the group ~C(O)Q:

R®is H or -CH3;

R*is H or an alkyl group having from 1 to 6 carbon atoms;



CHCHR3 RL R wherein RLis H -CCOOM or -C(OQand RR is -C(OOR4 or
-C(O Q. provided that at least one of RL and R2 is the group -C(OQ R3
is Hor -CH3; R4 is Hor an alkyl group having from1 to 6 carbon atons; WO
2006/ 016179 PCT/ GB2005/ 003176 6 Qis a group having the formula

-0- (YO b- (Z&ye6 2085m10M¥erei n each of Y and Z is, independantéyoozamsakkyl ene
group having from2 to 4 carbon atons and R5 is H or an al kyl group having
froml to 4 carbon atons; ais 3 or 4 and ffach of b and c is,

i ndependently, O or an integer of from1l to 125 provided that the sumb +

c has a value in theyt r S8, npkef erablys from.10 t 20.
According to the ab%é&gﬁ%ﬁ H%Wgalt%ggﬁé‘%é%bgdf@ﬁt&(’)@”f e\'meé%lgne[acg ojf
i nvention, the Yahydesjindeptretcndl, draslkplena btaupl haing/frof Bicdé catbanngoms
attached directly-40 carbon,atons of the carbon-carbon polymer backbone,
having the fortifi 3 o alk—thrO&Pl a{ng Trgh (414 QD @OF@ as defined
above, According toaaisd} of @ramd caphesingid cdé, hbepdridRyan! 0 id\enirt&yer dfhe

i attached directly to

polymeric. material, h a mul.tiplicity of side chains,
the carbon at F%“afmﬁ?é WﬁY'H%ﬁﬁlaért%ﬁ“'ﬁd?V S XS AR theyfngr ofit@e dBai ns
have t he fornulita 256HekrEBly ifrom 3 64200 which R1, R2 and R3 are as defined

above. According to a preferred )
According to the above, according fo one embodiment of the present

invention, the polymeric material has a multiplicity of side chains, attached
directly to carbon atoms of the carbon-carbon polymer backbone, having the
formula

CHs

i —{oH,
S —(CH1—Q

CH,

where Q is as defined above,

According to a different embodiment of the present invention, the
polymeric .material has a multiplicity of side chains, attached directly to the
carbon atoms of the carbon-carbon polymer backbone, which side chains
have the formula

~—CH—CH R®

R' R?

in which R", R? and R® are as defined above, According o a preferred
embodiment, the side chains have the above formula in which R' is H, R%is
—CHs and R? is the group ~C(O)Q in which Q is as defined above. According
to another preferred embodiment, the side chains have the above formula in
which R® is H and in which one of R" and R? is the group ~C(0)Q and the
other one of these groups is —C(O)OR? in which R* and Q are as defined
above. The group Q, which is present in the side chains mentioned above,
has the formula
~0~(YO0)y~(Z0)c-R®



enbodi ment, the side chains have the above formula in which Rl is H R3
-CH3 and R2 is the group -C(OQin which Qis as defined above. Accordin
to anot her preferred enbodi nent, the side chains have the above fornula
which R3 is Hand in which one of Rl and R2 is the group -C(O Q and the
ot her one ofwd b@geisgooups is -C(O OR4 in which R4 and Q pERcamosiRbiged
above. The group Q which is present in the side chains nentioned above,
has the forrmula 0-(YOb-(ZO c-R5 WD 2006/ 016179 PCT/ GB2005/003176 7 in
which Y, Z, R5, b and c are as defined aboVe. The polyneric material of
i nvention conprises, as described above, a hydrophobic carbon-carbon
pol ymer backbone onto which are grafted a nultiplicity of side chains
whi ch, because;mwhtchar Iz, &Kl baa ey oifRBl ,ablg@é/e a hydroph| lic nature.
The combi nation of a hydr ophob| c. backbone with hydrophilic side chains
grafted onto the baéRBERYNKIEINRIEE LS hapmepten p@mpgﬁ@%.a@mﬁﬁvb@\:@above
properties whighp Bﬁﬁ%@%aff% @él%ﬁr \{/mélng Elﬂfon‘éhaﬁt%c{rvﬁfch Qxfe hlha?teﬁ'
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pol y(al kyl ene) is, therefoq possi bl.e, according to the

present invent Fﬁﬁ%wgﬁr%f‘gaﬁ%%xya gﬁ%‘ﬂ%éﬁ’ tée nRRNEHE MalaTRY desieasssi terl

bal ance of el aﬁw?rﬁphd)tﬂc @ﬁdradte«dffomalﬂdlﬁn@* @&%bh@%egﬁﬁrtotdurﬁmé%a@@rbu;k
multipliers b and in the g p Q defined above are each, independent

i's
g
in

t he

b|c
S
n

n

ly,

0 to 125 provi B@(ﬂ’eftl?étottﬁ@ %@W@flcmaieﬂal vheeagiasnihe pHabenefelkyfensesm 10

to 250. PrefergRiupshin th€ pofmdtid Rt Hor@hses’ B b niRiciA8terial becomes
increasingly hydrophilic. Furthermore, as the alkyleneoxy chain length in the
grafted side chains increases, the bulk properties of the polymeric material
tend to become more similar to those of the corresponding poly(alkylene)
polymer. It is, therefore, possible, according to the present invention, to
produce a polymeric material having the desired balance of elastomeric and
hydrophilic properties. For this reason, multipliers b and ¢ in the group Q
defined above are each, independently, 0 to 125 provided that the sum of b +
¢ lies within the range of from 10 to 250. Preferably b + ¢ is in the range of
from 10 to 120.
it is not, of course, necessary in the present invention for all of the side
chains to share the same values of b and c. It will be apparent that in the
polymeric material of the invention different side chains grafied onto the
carbon-carbon polymer backbone may have different values of b and of ¢
provided that b lies within the range of 0 to 125 and c lies within the range of
from 0 to 125 and provided that the sum of b + ¢ lies within the range of from
10 to 250. Preferably, in order to ensure that the side chains in the polymeric
material confer a preferred degree of hydrophilicity to the polymeric material,
and therefore a greater reduction in adhesiveness to surfaces, the value of
the sum b + ¢ in the side chains will be within the.range of 10 to 120, more



It is not, of course, necessary in the present invention for all of the
side chains to share the sane values of b and c. It will be apparent that
in the polyneric material of the invention different side chains grafted
onto the carbon-carbon pol ynmer backbone may have different values of b and
of ¢ providegatdbeici® lies within the range of 0 to 125 porcBzobi/@si7ai t hin
the range of fromO to 125 and provided that the sumof b + c lies within
the range of from 10 to 250. Preferably, gn order to ensure that the side
chains in the polynmeric material confer a”preferred degree of
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the effect of dgieRANOLIdIYeS GassiNg chhibs Ryalean Witie tayonfeohtimt nplsyrefered
mat eri al conpared to the hydrocarbon Pol mer, cont ai ni ng no such,. si de
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hydrophilic nature of the side ° ) i
increasing the hydrophilicity of the polymeric material compared 1o the
hydrocarbon polymer containing no such side chains. The group R%in Q, as
defined above, is H or an alkyl group having from 1 to 4 carbon atoms.
Preferably, in order not to detract from the hydrophilic nature of the side
chains, R® will not be a group which, itself, infroduces a significant degree of
hydrophobicity to the side chain and, therefore, R° is preferably H or —~CHs,
more preferably H.
As stated above, the properties of the polymeric material depend not
only on the characfer of the side chains grafted onto the carbon-carbon
polymer backbone but also on the number of grafted side chains, It is
essential according fo the invention that a multiplicity of side chains are
attached to the backbone. The term “multiplicity” as used herein is intended
to have its normal definition, i.e. many, and, therefore, excludes compounds
which contain one or only a few grafted side chains which would not be
expected to have properties different from those of the hydrocarbon polymer
from which the carbon-carbon polymer backbone is derived. The number of

side chains grafted onto the carbon-carbon polymer backbone, according to



chains, R5 wll not be a group which, itself, introduces a significant
degree of hydrophobicity to the side chain and, therefore, R5 is
preferably Hor -CH3, nore preferably H As stated above, the properties
of the polyneric material depend not only on the character of the side

chai ns gr af wasgh§e@ishe carbon-carbon pol yner backbone grstggdesmooiist he
nunber of grafted side chains, It is essential according to the invention

that a multiplicity of side chains are attached to the backbone. The term
"multiplicity" as used herein is intended? to have its nor mal definition,
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an average of at |east one side chain on the carbon-carbon
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be polymer backbone, e.g. polyisoprene, these, or some of these, carbon-carbon
double bonds can be utilised in the reaction by which the side chains may be
attached to the backbone.

A polymeric material according to the present invention having side

chains, attached directly to carbon atoms in the carbon-carbon polymer
backbone, wherein the side chains have the formula

~CHoCH(CH3)~C(0)—0~(YO)p—(ZO)~R®

in which Y, Z, R®, b and ¢ are as defined above may be prepared by a method
which comprises reacting a straight or branched chain hydrocarbon polymer,
in a solvent and in an inert atmosphere, with the monomethacrylate
compound

CH2=C(CHz)C(0)O—~(YO)—(Z0)—R"

in the presence of a free radical initiator. The reaction between the
hydrocarbon polymer and the methacrylate compound is carried out in a
suitable solvent and, in this respect, a suitable solvent is one that is a solvent



attached to the backbone. A polyneric material according to the present

I nvention having side chains, attached directly to carbon atons in the

car bon-carbon pol ynmer backbone, wherein the side chains have the fornula
-CH2CH(CH3)-C(O -0 (YO b-(ZOCR5 in which Y, Z, R5 b and c are as defined
above may bevpiepeaise® by a nethod which conprises reactpamcBosinaizght or
branched chai n hydrocarbon polyner, in a solvent and in an inert

at nosphere, with the nononet hacryl ate r’ré)ound C H2=C(C H3) C(O

O (YODb-(ZO,-R5 in the presence of a free radical initiator. The reaction
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The reaction is carried out in an inert atmosphere. Typically, this may
be achieved by purging the reaction vessel containing the solution of the
reactants and the initiator with nitfrogen for several minutes. The reaction
mixture is typically heated to a temperature above ambient temperature to
accelerate the reaction and the reaction may be carried out for up to several
days with stirring before completion is reached. Typically, the reaction is
carried out at a temperature in the range of from 680° to 130°C, preferably 60°
to 65°. The reaction may typically be carried out for a period of from 20 o 150
hours. Preferably, it is carried out for a period of from 20 to 50 hours.
Following this time, the reaction may be quenched by cooling the reaction
vessel rapidly, for instance down fo 0°C, or by rapidly diluting the reaction
mixture with solvent. '

The resulling graft copolymer can be recovered by removing, by
evaporating, part of the solvent and then adding methanol to cause
precipitation of the desired graft copolymer. This precipitate, when collected,
may typically be washed several times in methanol at 60°C and then dried

-

under vacuum 1o remove any remaining solvent.
A polymeric material according to the present invention wherein the
- side chains, attached directly {o carbon atoms in the carbon-carbon polymer
backbone, have the formula



accelerate the reaction and the reaction may be carried out for up to
several days with stirring before conpletion is reached. Typically, the
reaction is <carried out at a tenperature in the range of from®60 to 130C,
preferably 60 to 65. The reaction may typically be carried out for a

period of fremedbloisPol50 hours. Preferably, it is carrigd@stodfsiga period
of from20 to 50 hours. Followng this tinme, the reacti.on may be quenched

by cooling the reaction vessel rapidly, for instance down to 0C, or by
rapidly diluting the reaction mxture with solvent. The resulting graft
copol ynmer can be recovered by renoving, by evaporating, part of the

sol vent and then addi ng nethanol to cause precipitation of the desired
graft copolymer. This precipitatg, when-collected, may typically be washed
several tinmes in nmethanol at 6QC and then dried wunder vacuumto renove any
remai ni ng solvent. A polyneric|material according to the present invention

wherein the side chains, attadh H O o @)_a-t in the
car bon-carbon pol yner backbong, h vegt%ﬁ{e ?L;(nuoﬁtgr—% 2006/ 016179

PCT/ GB2005/ 003176 11 CH3 -1 -SCHZ)- O HYO b (ZO-c- R5 CH3 in which Y,
Z, R5, a, b and c are as defin H above, may be prepared by a nethod which
conprises (i) reacting a conpound of the formula HO (YODb-(ZOc-R5 wth

sodi um hydride.in a cxr,y organi ¢ solvent under an inert atnosphere; (ii)
reacting the pPbBUED ¥ronist@pP @Y Giafs 28 Hiefipathsbone. membe: pERagaHRy ¢ Br |
where g is 1 omeZiod ®high\¢eripigegonpound ||

(i) reacting a compound of the formula
HO~(YO),—~(Z0)—R®
with sodium hydride in a dry organic solvent under an inert
atmosphere;

(i) reacting the product from step (i) with the compound
CHz = CH~(CHg)-Br ,
where qis 1 or 2,
to give the compound i
CHz = CH—~(CH2)~0—(Y0),—(ZO)~R5 I

(i) reacting the compound Il with chlorodimethylsilane to give the

compound IlI
CHj
cl ——~]Si——fc!—|2—}a-— 0 —{YO)—{zO— R® If
CH,

and

(iv)  reducing compound Il and reacting the product c~hydrodimethyisilyl
polyalkylene oxide with a straight or branched chain hydrocarbon
polymer containing a multiplicity of carbon-carbon double bonds in the

.hydrocarbon polymer backbone in the presence of at transition metal
sait.



CH2 = CH(CH2)q-O (YO Db-(ZOc-R5 Il (iii) reacting the conmpound Il with

chl orodi nethyl silane to give the conpound Il CH3 | d -I1Si-(-CH2 O(YODb
(ZO-c- RS Il CH3 and (iv) reducing conmpound IIl and reacting the
product a-hydrodi nethylsilyl polyal kyl ene oxide with a straight or
branched chai@daydic@mar bon pol yner containing a nul tiplrcrtyo0d/003176

car bon-car bon doubl e bonds in the hydrocarbon pol yner backbone in the
presence of at transition netal salt. WO 2006/ 016179 PCT/ GB2005/003176 12
Preferably, in step (ii) above, the produclt2 fromstep (I) is reacted with

3- bronopropen ch t hat for r..t
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car bon-carbon dou onds in t 0 ro t
reactions are, in dtewgr%ﬁ appafeat g?é)c/? Exﬁrpp@%ﬁoﬁw %ﬁﬁ%’aﬁggﬁ(}sﬂbgﬁ %O'Vgn
thereof, especi §!épy|v§ hm%&vé@ltﬁ@ adbfiom 6 §Nérfeoﬂomp§|ﬁhd"sﬁ)ﬁ§ﬂo%x€t&rbdrobamaﬁp| e,
Pt (O, Pd(O) W have achi eved good results using

chl oropl atinic Chitﬂbiﬁ P!Zé% ol @)3 fa@m(@é%@? pelymes. ¢ kivarqsdyation feacieRd @R nf to a
preferred enbo%}é%péi céthg&%c?B#Ha%s@Qr?Yr?etal%Qﬁ'SHHE Mééﬂéspécﬁail@r%i@éb #hich

solution, in a ahi c such as toluene or tetrah éhl’o uran, and in

the absence of fvmaeelectcﬁnmh goepleyeenforosxatayle, ROMANG). BhferNiRN@dan
LD TSR U AR e hod PR SR Sl falfl g e
hours, allyl brcm‘naigm mﬁnactcb@tioand the reaction continued for up to 2 days.
The reaction bet V\eer}\ctcg%ir?g %lall g#é%‘%@%%log%é/nt, in step (i) above, sodium hydride
is added to a solution, in an organic solvent such as ftoluene or
tetrahydrofuran, and in the absence of water, of poly(ethylene oxide)
monomethyl ether under an inert atmosphere, such as argon, at room
temperature. After heating the solution, typically with stirring and typically at
abo‘ut 60°C for about 12 hours, allyl bromide is added and the reaction
continued for up to 2 days. The reaction between the o-allyl-w-methylpoly
(ethylene oxide) and chlorodimethyisilane may then be carried out in toluene
solution in the presence of chloroplatinic acid for several hours at about 60°C
and the product then reduced, using LiAlHs. The hydrosilylation reaction is
then carried out as described above preferably using polyisoprene as the
hydrocarbon polymer containing a multiplicity of carbon-carbon double bonds.
Because the method described above relies on addition across a
carbon-carbon double bond, it is possible, by choosing an unsaturated
hydrocarbon polymer containing a desired amount of unsaturation, fo obtain a
polymeric material having a predetermined number of side chains attached to
the polymer backbone.,
A polymeric material according to the present invention wherein the
side chains, attached directly to carbon atoms in the carbon-carbon polymer

backbone, have the formuia

———CHCH,R?

R‘[



(et hyl ene oxi de) and chl orodi net hyl silane nmay then be carried out in
toluene solution in the presence of chloroplatinic acid for several hours
at about 60C and the product then reduced, using LiAlH4. The

hydrosilyl ation reaction is then carried out as described above preferably
usi ng pol yi saprweeiced the hydrocarbon pol yner contai ni ngctecsasbdidopizsci ty of
car bon-carbon doubl e bonds. Because the nethod descri bed above relies on
addition across a carbon-carbon double bond, it is possible, by choosing
an unsaturated hydrocarbon polyner contapning a desired amount of
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maleic anhydride of the formula

H3 iGH3

C
lc: = CHCH 5—{CHs;~C = CHCH},

(~cHz

o) 8) o)
the number of side chains having the general formula given above that can be
formed will obviously depend on the value of y. Polyisoprene-graft-maleic
anhydride (PIP-g-MA) is available commercially. One such PIP-g-MA, having
the CAS No. 139948-75-7, available from the company, Aldrich, has an
average moalecular weight of about 25,000, a Brookfield Viscosity of 10-50 cP
(as a 20 wi% solution in toluene) at 30°C and a density of 0.92 g/mL (at
25°C). The monomer ratio of isoprene units to maleic anhydride units in this
graft copolymer is 98:2 which indicates that the reaction between this PIP-g-
MA and the alcohol described above could produce about 7 side chains per
molecule.  Polyisoprene-graft-maleic anhydride may be prepared according
to techniques described in the literature. For instance, according to Visonte
L.L.Y. et al, Polymers for Advanced Technologies, Vol 4, 1993, pp 490-495,
polyisoprene, dissolved in o~dichlorobenzéne, was reacted with maleic

anhydride at 180°-190°C to give the modified isoprene. Various polyisoprene-



O 0 O the nunber of side chains having the general fornmula given above that
can be forned will obviously depend on the val ue of vy.

Pol yi soprene-graft-mal eic anhydride (PIP-g-MA) is available commercially.
One such PIP-g-MA, having the CAS No. 139948-75-7, available fromthe
conpany, Al dvdehenfsa® an  average nol ecul ar wei ght of abmwGRHYDO6176a
Brookfield Viscosity of 10-50 cP (as a 20 wt% solution in toluene) at 30C
and a density of 0.92 g/nL (at 25C). The nononer ratio of isoprene units
to mal ei ¢ anhydri de units in this graft cbpolyrrer IS 98 2 which indicates
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LI R-410. This c@elexstatathup! yi soprene has the general fornula H3 i CH3

?Hs CH,
|
—{—CHz—C = CHCH3t=—1CH,C = CH—-?H—%
HCI)--ICHQ
0=C €£=0
HO OCH;

and has a functionality of 10, a molecular weight of abouf 25,000, a melt
viscosity of 180 Pa s at 38°C, specific gravity of 0.92 g/cc and a glass
{ransition temperature of -59°C. The reaction of LIR-410 with the alcohol is
typically carried out in an organic solvent such as toluene at an elevated
temperature. As described above in the case of the reaction using PIP-g-MA,
the yield of ester may be increased by removing waler from the reaction
mixture by azeotropic distillation. These methods, although they require the
use of preformed polyisoprene having carboxy functionality, have the
advantage that they involve relatively simple and quick reaction and give high
yields.

In view of the low tack property of the polymeric material of the
invention, it is possible io make a chewing gum composition which has
reduced adhesion to surfaces and which, therefore, is more easily removed



+CH2--C = CHCH2H2C = CH1H H CGCH2 O= C C=0 HO OCH3 and has a
functionality of 10, a nol ecul ar wei ght of about 25,000, a nelt viscosity
of 180 Pa s at 38C, specific gravity of 0.92 g/cc and a glass transition
tenmperature of -59C. The reaction of LIR- 410 with the alcohol is typically

carried out wa@ko@i@ani c sol vent such as toluene at an wheyadeshosie
tenperature. As described above in the case of the reaction using PlP-g-M,
the yield of ester nay be increased by renoving water fromthe reaction

m xture by azeotropic distillation. Theseltethods, although they require
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by incorporating the polyneric nateria vention I n W ng

gum conposi t i oRasAde @ndeimgunb sefficiant terfomes pe chewablregehosenpeditorpred ent
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to surfaces conprrsing a“water-inso ase In an anoun i ci ent
to form a chewabingrigema polypesicthateriainb descebedhermimgbagent, wherein at

| east part of the r-insoluble m base onprises a polynmerjc terial

as described her ei \Q@hﬁ\gwg_gﬁ@&%ﬁ?&géapﬁ 88%?{8§¥E$Wﬁgsﬁén‘%$t§r%9'uﬂ? A a

wat er - sol ubl e pnd tai water-izdublaeti@vabla gahubise shtivabTheguatcbasebRosdrien. The
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aci dul ant s andsietlefims, dadoury agefist icopatihy fRmtAi AcigtiBsts aMPItarcesy such
as stabilisers and/or, . , o
may additionally contain other substances such as stabilisers andfor
antioxidants. The water-insoluble gum base portion of the composition
typically contains, in addition to the one or more elastomers responsible for
the chewability characteristic of the chewing gum, elastomer plasticizers, oils
and water-insoluble fillers,

. Elastomers which are suitable for providing the chewability
characteristic of chewing gum compositions are well known in the art. These
include, but are not fimited to, natural rubber, natural chewable gums and
synthetic elastomeric polymers such as polybutadiene, polyisoprene,
butadiene-styrene copolymers, polyisobutylene and isobutylene-isoprene
copolymers. In the chewing gum composition of the present invention, at
least a portion of the elastomer in the composition is replaced by the
polymeric material described above, preferably, one having elastomeric
properties. Typically, the polymeric material of the present invention will form
at least 1% by weight, preferably at least 10% by weight, more preferably at
least 50% by weight, of the elastomer component in the chewing gum
composition. It is, further, within the scope of the invention to use the
polymeric material of the invention as a fotal replacement for the elastomer
component in chewing gum.

The gum base of the chewing gum composition may, as is known in

the art, contain one or more plasticizers to soften the elastomer component in



antioxi dants. The water-insol uble gum base portion of the conposition
typically contains, in addition to the one or nore el astoners responsible
for the chewability characteristic of the chewing gum elastoner
plasticizers, oils and water-insoluble fillers. Elastoners which are

sui tabl e forw@emybding the chewability characteristic ofcutesmsmgsgem
conposi tions are well known in the art. These include, but are not limted
to, natural rubber, natural chewabl e guns %nd synthetic el astoneric

pol ymers such as pol ybut adi ene, polyisopré e but adi ene- st yrene
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chewing gum composition. The amount of sweetening agent used will, of
course, depend on the level of sweetness desired in the final product and the
sweetness of the sweetener being used. For instance, artificial sweeteners
such as aspartame may be used. Sweetness may, of course, be provided by
sweeteners which coniribute, in addition to sweetness, bulk to the final
composition. Examples of bulk sweeteners which are conventionally used in
the manufacture of chewing gum include saccharides, such as sucrose,
dextrose, xylose, and starch hydrolysates, such as corn syrup, and also non-
saccharides, such as the polyols sorbitol, xylitol, mannitol and hydrogenated
starch hydrolysates. Bulk sweeteners may be used in an amount of up fo
80% by weight of the chewing gum composition and, more typically, in an
amount of from about 20 to about 70% by weight.
The chewing gum composition of the present invention will, typically,
contain one or more other ingredients which are conventional in the art such
as fillers, flavouring agents, waxes, colouring agents, gums, stabilisers,
emuisifiers and antioxidants.  Such materials may be used in the present
invention in accordance with procedures well known in the art of chewing gum
manufacture,



hysi cal properties of the conposition such as glycerol, lecithin and
glgceryl pm)lr[:ostearate. Such ggterials,.if used, wll be |ncorporat§d into
the conposition in an amount which typically may be up to about 15% by
wei ght of the chewing gumconposition. It is conventional to incorporate
one or nore woe@ternerss into the chew ng gum conposi ti onpcfoBz0asmat of
sweet eni ng agent used will, of course, depend on the level of sweetness
desired in the final product and the sme%gness of the sweetener being
used. For instance, artificial sweeteners "“such as aspartane may be used.
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SOk :
i nvention may be manufacture \ _ P 'For i nstance,
the nethod of manufacture will generally conprise heating the ingredients

of the gum bas ther in a mxer to nelt the elastoner portion of the
gum basg and tEx ui %‘P honobgeneous m xture of the gum base conponents. The

mel ted gum base is Ta h@dmhoidetlient it atrbendbbRsmTRERWRELEENE MlbH . Uhese
have been thor%"g%gles) of polyisoprene having a molecular weight of 38000 and a
microstructure 98.8% cis -1,4 and 1.008g (5.03 x 10 moles) of methoxy poly
(ethylene gilycol) monomethacrylate having a molecular weight of 2000. The
amounts of the reactants used conformed fo a ratio of polyisoprene to poly

(ethylene glycol) of 1:2.

are

The mixture was stirred, using a magnetic stirrer, for 2 minutes at 25°
to 30°C untit the polyisoprene had dissolved. Benzoyl peroxide (0.025g; 1.03
x 10™ moles) was added and the reaction vessel was purged with Ny for 5
minutes to provide an inert atmosphere. The vessel was heated to 60°C and
maintained at this temperature, with stirring, for 48.5 hours.
At completion, the reaction mixture was cooled rapidly to 0°C and 85-
90% of the toluene was evaporated off under vacuum. Methano! was added
to the remaining mixture and a colloidal solution was formed immediately
whereby the product was suspended. (The: product polymeric material
comprised a polymer backbone, derived from polyisoprene, having grafted
onto it a plurality of side chains having the formula
~CH;CH(CH3)C(O)O(CHCHL0),GHs).
The graft copolymer suspension was centrifuged to recover the solid product
and this was then washed in methanol at 60°C (three times) and dried under



m xed the resulting nmass may be di scharged fromthe m xer and shaped into
the desired form such as by rolling into sheets and cut to the desired
size or by casting into pellets. The gum may then be sprinkled with
powder ed sugar or candy coated according to techni ques known to the

skill ed persweozoEksmapl e | To 100m of toluene in a roundP@IGGBWANGPESK wer e
added .0.434g (1.14 x 10-5 noles) of polyisoprene having a nol ecul ar
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10-4 nol es) of nmethoxy poly (ethylene glycol) nononethacryl ate having a
nol ecul ar wei g 0 1 0 t. . f.or to a
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t o neasure the possible to calculate the average number of side chains (having a molecular

weight of about 2000) per polyisoprene-derived backbone (having a molecular
weight of about 38000) as 8.4.

Test Procedures

A. Swelling in methanol

Poly(ethylene glycol) is hydrophilic and, therefore, does not have good
solubility in organic solvents. It was, therefore, decided to investigate the
effect of a polar solvent (methanol) on polyisoprene and on the polymeric
product obtained in Example 1 above.

0.5g of polyisoprene was placed in a vial to which was then added 5ml
methanol (test 1).

0.59g of the graft copolymer obtained in Example 1 above was placed in
a second vial to which was then added 5ml methanol (test 2).

Following the methanol addition in test 1, the polyisoprene exhibited no
swelling with the methanol remaining colourless.

Following the methanol addition in test 2, the graft copolymer swelled
substantially to the point whereby the polymer chains formed a semi
transparent colloidal suspension.



spectrum where the nunber of scans was 8, the 90 pulse tine was 3 nsec, db
was 2, the recycling delay was 2 seconds and 6144 data points were
col l ected. Spectra were recorded for spinning speeds of 0, 5 and 9.6 kHz.
The NMR spectrum shown in Figure 1 includes an intense signal at 3.41 ppm
This i s bel vayvadstwie due to the presence of nethanol cery@ele=iBon i n the
sanpl e tested and should, therefore, be ignored. Fromthis 1H NVMR spectrum
and the 1H NWR spectra obtained for poni?oprene and for poly(ethyl ene

gl ycol) according to which integration va les could be obtained, it was
possible to cakgglgéeéthe aver age nunber of side chains (having a nol ecul ar
wei ght of abou per polyisoprene-derived backbone (having a nol ecul ar
wei ght of abouRe380H00)f ;asyiBogend-esaft-Rratee duhesids. ardedidetiyldne gieddiianol

Pol y( et hyl ene gleyfndetharsvithyidethwhinhihe camdlst t heref ore, does not have good
solubility in organic solvents. It was, therefore, decided to investigate
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pol yneric produ obt ai ned i n ampl e 1 above. 0,5g of polyisoprene was

pl aced in a vig#@ frﬁa%ﬂﬁ %%WQGKREnQM%%'e frase H%mm?@r@sfxldmyh- Ohisg of
the graft copopygnRbiRichedsithe GXASEl RrumPove was placed in a second
vial to which was then added 5m "net hanol (test 2). Follow ng the nethanol
addition in test 1, the polyisoprene exhibited no swelling with the _
met hanol renaining col ourl ess,, Followi ng the &gt hanol addition in test 2,
the graft copolymer swelled ;sﬁbstantially tolt%e poi nt whereby the pol yner
chains forned a sem L#gmgp@ren@Hch HagH> St S ensi .yMD 2006/ 016179

PCT/ GB2005/ 003176 19 " Exanpl e 2 Reacti®n of polyiso ne-graft-malefic
anhydri de and pol y(ethyl ene glycol) methyl ether w i et hyl am ne
cat al yst

has the CAS No. 139948-75-7 and has an average M, of approximately
256,000, a Brookfield viscosity of 10-50 cP (as a 20 wt% solution in foluene) at
30°C and a density of 0.92 g/ml (at 25°C). The monomer ratio of isoprene
units to grafted maleic anhydride units is 98:2.

Polyisoprene-graff-maleic anhydride (PIP-g-MA) (Aldrich), 10g, was
dissolved in 50ml toluene in a reaction flask, and 2ml triethylamine catalyst
was added and a magnetic stirrer was inserted. Poly(ethylene glycol), 6g,
was then added and an additional 50ml toluene was added fo dissolve it.
Once everything had dissolved, the reaction mixture was heated to 85°C and
left for 7 days at this temperature.

The reaction mixture was subsequently cooled to room temperature
and then added to 800ml pentane in a beaker. A white suspension formed
and the reaction mixture was left in the fridge overnight (cooled to 8°C for 24
hours). A phase separation resulted and a white precipitate lingered at the
bottom of the beaker while a translucent top phase hung above. Clearly some
of the product was soluble in pentane while some of the product was not. (it
is believed that as the grafting efficiency increases, the increase in the
number of side chains attached to the polymer backbone causes the resulting
polymer to become less soluble in pentane, hence making a spectrum of



In this Exanple, poly(ethylene glycol) was reacted with a polyi soprene-
graft-nmal ei c anhydride (PIP-g-MA) avail able fromthe conpany Al drich. This
Pl P-g- MA, which has the general fornula CH3 CH3 t-CH2-C = CHCH2] [ CHZ C
= CHCH~y X O has the CAS No. 139948-75-7 and has an average M of

appr oxi mat elwo 2@69p608, a Brookfield viscosity of 10-50 CIETGB2085/@ 7%t %
solution in toluene) at 30C and a density of 0.92 g/nL (at 25C). The
nononer ratio of isoprene wunits to grafte(a mal ei ¢ anhydride units is 98: 2.
Pol yi soprene-graft-mal ei c anhydride (Pl P—g2 MA) (Aldrich), 10g, was

di ssolved in 50nL tol uene i g I e
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heated to 85C affi®Mkft for 7 days at this tenperature. The reaction
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the product was soluble in pentane while sone of the product was not. (It
is believed that he grafting efficiency increases, the increase in the
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pent ane and sone of Whl ch are not soluble in pent ane and t hus precipitate

out of solution and ﬁcﬁ%s&?r%e»gtraﬁ«%%leag Oa'iﬁw?mde (PIP-g-MA), as used in Example
2, 20g, and poly{ethylene glycol) methyl ether (PEGME) (also purchased from

Aldrich), 12g, having an average molecular weight of 2000 were weighed out
and added fo a round bottom flask. Tolueng, 200ml, was then added to the
flask and the mixture was stirred by a magnetic stirrer.

Using a Dean Stark trap, the reaction flask was heated at 120°C for
two hours, in order to dry the poly(ethylene glycol) methyl ether by means of
azeotropic distillation. The reaction temperature was then increased to 130°C
and heating was continued at that temperature for two hours. After the
heating step, 20mi of liquid distilled off were cloudy, indicating an azeotrope of
toluene and water. A further 40mt liquid were distilled off but this was clear,
indicating that all water had been removed.

The reaction was then purged with niirogen and given 24 hours fo
progress.

The reaction mixture was cooled to room temperature and then
precipitated in 1200ml pentane making the mixture a cloudy emulsion. The
emuision was put into the fridge (8°C for 24 hours) allowing the insoluble
species o sediment.

The resultant two phases, a soluble upper layer and an insoluble
sediment, were separated. The soluble pentane fraction was concentrated in
a rotary evaporator. The inscluble sediment was vacuum dried, dissolved in
chloroform and precipitated in methanol (800mi) in order o dissolve any



The phases were carefully separated and concentrated for anal ysis.
Concentration took place by evaporating any excess pentane from both .
sanpl es under high vacuum Exanple 3 Reaction of polyisoprene-graft-maleic
anhydride with poly(ethylene glycol) nethyl ether via azeotropic _

di stillati owdPadoyosopr ene-graft-mal ei c anhydri de (Pl P-g-pygeRssssed | n
Exanple 2, 20g, and poly(ethylene glycol) nmethyl ether (PEGVE) (also
purchased from Aldrich), 12g, having an average nol ecul ar wei ght of 2000
were wei ghed out and added to a round botfom fl ask. Tol uene, 200nl, was

h i i d by g tirrer.
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a rotary evaporator. . The i.nsol e sedinpnt was vacuumdried, dissolved in
chl or ofgrm aﬁdEgercg’éﬁab?‘{]'gtdé%ﬁyfn&ﬁ%ﬁ?{Hﬁgﬁ'e '800m ) in order to dissolve any WO
2006/ 016179 PCT/ GB2005/ 003176 21 excess PEGQVE. Again, two phases resulted
but separation Qrode difficult as

EXample 4

Reaction of polyisoprene-graft-malgic _anhydride with poly(ethylene glycol)
methvl ether via azeoftropic distillation

Polyisoprene-graft-maleic anhydride (PIP-g-MA), as used in Example
2, 2629, and poly(ethylene glycol) methyl ether (PEGME) (also purchased
from Aldrich), 200g, having an average molecular weight of 2000 were
weighed out and added fo a three litre round bottom flask fitted with a
magnetic stirrer. Prior to this, calcium hydride was added to toluene to
remove water from toluene and, after being filtered, 700ml of this slightly dried
toluene was added to the round bottom flask to dissolve the starting materials.

Using a Dean Stark trap, the reaction flask was heated to 120°C, in
order to remove any water from the poly(ethylene glycol) methy! ether and
from the toluene by means of azeotropic distillation. The reaction
temperature was increased to 130°C and heated at that temperature for two
hours (removing 50ml liquid). Once its unique constant boiling point was
reached, the azeotrope (foluene and water) vaporized and condensed as a
foggy liquid. Once the liquid which was condensing was clear, all water had |
been removed and only toluene was evaporating.

The reaction was left for 24 hours at 120°C and then heated at 130°C
for two hours before removing more solvent by azeotropic distillation. The
reaction was left for 48 hours.



t he new nodified hydrophilic polynmer formed a colloid in nethanol. In order
to separate the colloidal polynmer fromthe solvent with excess PEGVE, it
was necessary to centrifuge the mxture for 45 mnutes at 15,000 rpmthree
times. The white product collected fromthe bottom of the centrifuge tubes
was then dry@thosBREBUSE the net hanol el uent was suspectmt/éBRo0RBEEN SOME
polymer, that too was concentrated in the rotary evaporator and dissol ved
in chloroform In order to renove any excess PEGQVE, the solution was
precipitated in diet hyI et her and dri ed. anpl e 4 Reaction of

ol yi soprene-graft- ene co et her
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wat er) vaporized and condensed as a foggy liquid. Once the liquid which
was condensing was clear, all water had been renpbved and only tol uene was
evapor at i ng. TMI on was left for 24 hours at 120C and then heated at
130C for two hg [
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In this Example, poly(ethylene glycol) methyl ether was reactéd with a
carboxylated liquid polyisoprene available from the company Kuraray Co. Ltd.

as LIR-410. This carboxylated polyisoprene has the general formula

Ha CHs
]
—[—CHZ—C = CHCHsl=—FCH,C = CH-—?H—]—n
| H(I:-C:H2
0=C C=0
HO OCH;

and has a functionality of 10 (i.e. 10 carboxylic acid groups per molecule), a
molecular weight of approx. 25,000, a melt viscosity of 180 Pa s at 38°C, a
specific gravity of 0.92 g/cc and a glass fransition temperature of -59°C.
Carboxylated polyisoprene LIR-410, 320g, was weighed info a beaker
and was dissolved in 850ml toluene which had been previously slightly dried
using calcium hydride as described in Example 4. The toluene solution was
placed in a three litre round bottom flask equipped with a magnetic stirrer and



22 Next, the reaction was cooled to roomtenperature and precipitated in
nmet hanol (4L). The product was then dried in an oven under high vacuum for
72 hours to renopve nethanol after which it was washed with excess water
(4L) and dried in an oven under vacuumfor 72 hours. The 1H NMR spectrum
of this produgtssésicsown in Figure 2. The 1H NMR spect r womasoedsizned
using a Deltal/ GX 400 NWR spectrophotoneter, operating at 400 WMHz, in CDCl 3
(deuterated chloroform. The glass transition tenperature (Tg) of the
product was found to be approximately 50Cusing a Netzsch Sinultaneous
Thermal Anal ysis STA-409 EP. Exanple 5 Reaction of Liguid |Lsoprene Rubbe

(LI R-410) wit htq)mtglwéfmqi@?e2@®q/@@iy§ethmﬁﬂlm& W@FME&\%@%@ j(ldrich)
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reacted with a boxylat'ed I'iquid polyisoprene avail e fromthe conpany
Kuraray Co. Ltd. absiigRs @@@n Starls trepr hexpheticsdfigak wes dysataskton 20 Pnand
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hours, removing 120mi solvent. As the azeotropic distillation cycle
progressed the viscosity of the reaction mixture increased such that it was no
longer possible to rotate the magnetic stirrer. The reaction mixture was then
cooled to room temperature and washed with water three times using a
Buchner funnel. The washed product was then dried in an oven under high
vacuum for 72 hours, The glass transition temperature (Tg) was found to be
approximately 50°C using the thermal analysis procedure given in Example 4.

Example 6
Hyvdrosilylation of polyisoprene with functionalized polv(ethylene glycol)

methvi ether ,

The polyisoprene used in this Example had an average molecular
weight of 40,000 (Aldrich). The poly(ethylene glycol) methyl ether (Aldrich)
had an average molecular weight of 2000.

Poly(ethylene glycol) methyl ether (60g) was weighed into a reaction
flask and heated to 90°C under high vacuum. To this was added 1.75g NaH
dissolved in tetrahydrofuran and the reaction was allowed to continue for 6-8
hours at 50°C. Allyl bromide (8g) was then added fo the reaction flask and
allowed to react for 20 hours. The reaction mixture was heated, under
vacuum, to remove the solvent and the product was then washed with
benzene. To 30g of the product, dried under high vacuum and dissolved in
40ml dry toluene in a round bottom flask, were added HaPiCls (0.3g),
dissolved in 4ml tetrahydrofuran, and chlorodimethylsilane (24ml) and the



to this were added 260g pol y(et hyl ene glycol) nethyl ether (PEGQVE)
(Aldrich) having an average nol ecul ar wei ght of 2000 with stirring until

di ssolved. Using a Dean Stark trap, the reaction flask was heated to 130C
and heating was continued for two hours to renove water fromthe PEGQVE and
fromthe tolwesmsbiidzeotropic distillation after which @dndsmedaent was
renoved. The reaction m xture was then left for 24 hours at 120C. The
azeotropic distillation cycle (heating for two hours at 130C fol |l owed by 24
hours at 120C) was repeated three tinmes ov¥r the follow ng three days and

then the reaction m xture was heated at 130C for azeotropic disti Iatlon
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vacuum to renove the solvent and the product was then washed w

benzene. To 30glisivedhie m@dgdpondfﬁ@éﬁr@hkﬂ%r ﬁf@hfméﬁm@rﬁ%ﬁ’ﬁoﬂhr@%’%@é@% n
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conta[nmg 509 AEgOs twice and washed twice With dlchloromethane The
filtrate was collected and then rotary evaporated and then added to pentane
causing the formation of a precipitate. The pentane mixture containing the
precipitate was filtered and both the filtered off precipitate and the eluent were
collected. The coliected precipitate was dried and washed with methanol,
forming a cloudy solution. The cloudy solution was centrifuged for 30 minutes
at 15,000 rpm and the insoluble product collected and dried. The 'H NMR
spectrum of the product is shown in Figure 3. The 'H NMR spectrum was
obtained using a Delta/GX 400 NMR spectrophotometer, operating at 400
MHz, in CDCIl; (deuterated chloroform). It was calculated that the average
number of side chains grafted onto each polyisoprene backbone is 145. This
insoluble product consisted of isoprene onto which had been grafted side
chains of the formula

CHs

i——(CHy)s O(CH,CH,0), CHa
CHs

The number of grafted side chains was sufficient to deprive the product of its
organic solubility. The eluent collected from the above filtration was



WO 2006/ 016179 PCT/ GB2005/ 003176 24 m xture was allowed to react for 24
hours. The reaction m xture was heated to 90C under high vacuum Then, dry
toluene (45m ) was added to' the reaction flask followed by Li AlH4 (5Q)
and the m xture was.allowed to react for 72 hours. After this, the mxture
was filteredvasbiigebenzene to wash and the filtrate was@aaite6dmshe The
filtrate was rotary evaporated and then added to pentane to give a
precipitate. The precipitate was collected by filtration and dried in a
rotary evaporator. The dry product (8g) ard polyisoprene (5g) were

di ssol ved in benzene (50nl) in a reaction flask. To this was then added
H2Pt O 6 (0. 175gpnakinsmbdds byl rofany mbparatiomhyideopiodant, thahavasediesolved i feur e

was heated to 50C and the 0
emperatur e {opodanRoeoarslRRLlePor R B o P, i R PEEAkeFL ofsled sive.
After this, thehaigasticiothatordaniesolaisiitydisssetamestl.i n di chl or omet hane (200m )
and filtered through an alum na colum containing 50g Al 203 tw ce and
washed twice with dichloronethane. The filtrate was collected and then
rotary evapor atgpMENEs. added to pentane causing the formation of a
precipitate. The pentane m xture containing the precipitate was filtered
and both the filtered off precipitate and the eluent were collected. The
col l ected precipitapgprep,ditag and washed with methanol, formng a cloudy
solution. The cl ouag SoTution was centrifuged for 30 mnutes at 15,000 rpm
@

and the insol ubl e pPauptas ¢fdhe selyeeriampianile gbtained mrﬁﬁv@eﬁd&i\(—ﬁmm t he

product is sho r ¢ .
Del t a/ GX 400 }ff%E’s‘é‘E o2 ﬁ%&%ﬁ&é}ryﬁg%ﬁﬁﬁﬁ DHE B tesRDT POMESSS,

(deut er at ed chB@mpfeercpﬁpolwsomaeeéﬁlPdmaaonH of é%@oavwlwg@preﬁarﬁamalw si de
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product consis e ONnto whi'C een ted Si de
t he fornul a CHhatérid CHEXSmPleGi2@H2 @lso CHijectaH] the same test procedure.

The samples were prepared for use as follows. In each case, one

gram of sample was dissolved in chloroform and the solution was deposited
evenly over the surface of a rectangular glass microscope slide of dimensions
2.5 cm x 7.5 cm. Foliowing evaporation of the solvent, a fiim of polymeric
material having a uniform thickness of about 0.5 mm remained on the surface
of the glass slide.

The probe tack test is a simple procedure for measuring tack.
According to the test procedure, a standard stainless stee! probe having a
circular contact area of diameter 5mm is brought into contact with the film of
the sample deposited on the glass slide (which is held strongly in place)
under low contact force (100g/cm?) for a short contact time (10 s) and is then
pulled away at a constant speed (1 cmfs). The maximum force of separation
is measured. The apparatus used in these experiments was a probe tack
tester Model No. 80-02 (Testing Machines, Inc.) and the experiments were
carried out at room temperature. The maximum force of separation was
measured in grams and, subsequently, converted to Newtons. The results
obtained are shown in the following table.



The nunber of grafted side chains was sufficient to deprive the product of

its

organic solubility. The eluent collected fromthe above filtration was
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The product that was dissolved in the

i soprene hawwagnobmsufof i ci ent grafted side
solubility was retai ned. EXPERI MENTAL 1. Probe Tack Test Sanples of the
polymeric materials obtained in Exanple 4
(REV-10) were subjected to probe tack test

(starting rraterlal_

chai ns suc

REV-7) and

For conpari son,
pol yi soprene (PIP) having a M N of 40, 000, polyisoprene-g-naleic
in _Exal!Q_._.e 4) (PIP-g-MA) and LI R—410 (startl ng material

h tiarc e eRI08106
in Exanple 5

pent ane was consi dered to consist of

sanpl es of
anhydri de
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di ssol ved in chi or df or mland 29 s 1S az;%smed 5é\7enl ; ovel the
surface of a riectanpgul an gl@ss mcroggepe slidgaef di nepsisons| 2. cmx 7.5
cm Foll ow ng levaparati on of the [solvent, a filmof |[polyneric| material
having a uni form tKi cknéss \57about B 52 nm r efiéidded [on B89 suffacd of |the
gl ass slide. The pyobe fackatest iis & g nple pgagedure measurigqg tack.
According to the test procedure a standar¢ stainless steel probe having a
circul ar contact afea of di%fA8ter| 5B.73 broudh7i ntjo car9t’lact vvith)the film
of the sanpl g depgsited o e gla ide ( h ifs rongl

pl ace) under |l ow ?ont act fo'rZe (1081;2/%@) fo%gqshort go tact r% (109 s)
and is then ulAvdageay atl080const at7&peed (8.0dnT s) . ZI88 naki ernforce of
separation is| FeasufNd| The apparatus used in these experinepts was a
probe tack tester Mddel No. 80-02 (Testing Machines, Inc.) and the
experinments r Staredaddi ¢d Aq@us4at r oogstienper atiyf®. The gmsi mum forgce of
separation wag Deeiatiehed | n grang and, subsequently,; converted to New ons.
The results obtained are shown in the TollTow ng table.

The most immediate striking feature of the results given above is the
apparent lack of tack exhibited by the sample REV-10. In fact, this provides
insight into its non-adhesive character in comparison with the other four
materials tested. The maximum force that the apparatus can read is 2000 g
(or 19.61 N). When a very sticky material exceeds this maximum, the value
taken in the tack test is this maximum value (as is seen in the case of LIR-
410).

The general trend in tack for the starting materials tested is LIR-410>
PIP-g-MA> PIP. In comparison with these, the modified polymers (REV-7 and
REV-10) show a significant decrease in tack. The glass transition
temperatures of the modified polymers are substantially higher than those of
the starting materials, as a result of the grafted side chains. The starting
materials were all in the liquid- phase, with a Tg well below room temperature
The solid medified
polymers (REV-7 and REV-10) were also less sticky as a result of their

inability to do so.

(around -60°C) allowing facility in wetting the probe.

The average force of separation, for each material, as indicated in the
table above is shown in the bar chart in Figure 4. Maximum errors are also
shown.
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14.72 17.41 2.90 0 4 13.75 10.03 18.86 0.69 0 5 9.58 13.72 16.57 3.91 0
6 9.97 12.43 19.61 3.47 0 Average 10.30 10.78 18.04 2.88 0 Force (N
Standard 2. o ebdiginl3 1.65 0 Deviation The nost | mMmedi@dE€gsididokiTng
feature of the results given above is the apparent |ack of tack exhibited
by the sanple REV-10. In fact, this provides insight into its non-adhesive
character in conparison with the other fo nmaterials tested. The nmaxi num
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Maxi mum errors iaa@e 5 (REV-10) were subjected fo loop tack fests. For comparison,

samples of polyisoprene (PIP) having an average molecular weight of 40,000

(obtained from Aldrich), polyisoprene-g-maleic anhydride (starting material in
Example 4) and LIR-410 (starting material in Example 5) were also subjected
o the same test procedure. |

The samples were prepared for use as follows. In each case, one
gram of sample was dissolved in trichloromethane and the solution was
deposited evenly over the surface of a rectangular glass microscope slide of
dimensions 2.5 cm x 7.5 cm. Following evaporation of the solvent, a film of
polymeric material having a uniform thickness of about 0.5 mm remained on
the surface of the glass slide.

In alt cases, the apparatus was set up as follows:-

1) a length of flexible tape having a constant width of 25mm was formed
into a loop by bringing its free ends together and then the free ends
were clamped in grips on the test machine which were connected to a
load measuring device;

2) the loop, suspended vertically beneath the clamped tape ends, was

. aligned with, though held above, the glass slide (fixed in the test
machine) coated with fhe film of sample.
The tests were carried out, at room temperature, as follows:-

i) the loop is lowered, at a constant rate of 300 mm/min, so that it
contacts the sample film on the base plate, until the maximum contact
area between the looped tape and the sample film (25mm x'25mm) is
achieved;



shown. WO 2006/ 016179 PCT/ GB2005/003176 27 The reproducibility of this
experinment is confined by the inaccuracy of certain paraneters, such as
the contact area between the probe and the sanple filns and the actual
tenperature of the sanples. However, froma qualitative analysis of the
resul ts obt aimemeoisizol S cl ear that the reduced adhesi orecireRmetmat’ied by
REV-7 and REV-10 at roomtenperature is a consequence of the side chains
attached to the backbone of the polyner. 2. Loop tack test Sanples of the
pol yneric materials obtained in Exanple 42 REV-7) and in Exanple 5
(REV-10) were subjected to |l tacktets For, ¢ arison
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vertically beneath thg ct atxrrped tape ends, was aligned with, though held
above, the glass sl PB(®Fxed in the test machine) coated with the film of

sanpl e. The tests WFhe sadipié @iin @ull thatiodoeerd erareroplated, Per éadH savaple,
this testing procedure was carried out five times.

Thus, according to the test procedure, each sample film and each loop
had two separation force measurements taken from them; the first being after
the loop and sample film had been brought into contact for the first time and
the seqond being after the second contact between the loop and the sample
film.

The following results were recorded for each of the five films under
test. (Note that “1” in the “Contact” column is the measurement taken after
the first contact between the loop and the sample film and “2" in the “Contact”
column is the measurement taken after the second contact of the loop and the
sample film),

PiP

PN = BN = B e B —x B =

Average
Standard Deviation
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Standard Deviation 0.39

L.IR-410
1 2.35
2 2.16
1 1.94
2 1.75
1 2.19
2 1.83
1 2.15
2 2.06
1 2.55
2 2.38
Average 2,14
Standard Deviation 0.25

REV-7

R AN SN SN AN

Average
Standard Deviation
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REV-10
rée of Separation N -
s i A
2 0.02
1 0.02
2 0.01
1 0.02
2 0.02
1 0.01
2 0.02
1 0.02
2 0.02
Average 0.02
Standard Deviation 0.04

The average values of the maximum force of separation are plotted for
the different polymers and their standard deviation is shown as an error bar in
Fig. 5. Again, the most striking feature is the lack of tack for REV-10. lts
values do not exceed 0.02 N and this is the same value when the loop is
brought into contact with any non-adhesive surface, i.e. the material neither
wets the probe nor provides any resistance when pulled in the opposite
direction.

In the loop tack tests, the general trend shown for the starting materials
is the same as previously shown in the probe tack tests, i.e. LIR-410 >PiP-g-
MA >PIP, If is clear, from the loop tack test results, that the introduction of
side chains (as defined above), attached to the polymer backbone of
polyisoprene, has the consequence of reducing tack.

3. Solubility Tests
The solubilities of the polymeric materials obtained in Example 4 (REV-

7} and in Example 5 (REV-10) in various solvents (water, toluene, chloroform,
pentane and methanol) were assessed. For comparison, the solubilities, in
the same solvents, of samples of polyisoprene (PIP) having a My, of 40,000,
polyisoprene-g-maleic anhydride (starting material in Example 4) (PIP-g-MA),
[.IR-410 (starting material in Example 5) and poly(ethylene glycol) methyl
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ether (starting material in Examples 4 and 5) (FEGME) were also subjected fo
the same test procedure.

In each case, one gram of the sample under test was weighed-into a
20m! glass vial and solvent was added. The mixture of sample and solvent
was shaken vigorously and then placed in an ultrasonic bath for 30 minutes.
The mixture was then, again, shaken vigorously and the appearance of the
contents of the vial, i.e. whether a clear solution was obtained or not, was
observed and recorded. The results are shown in the following table. In the
table, ‘NO' Indicates no dissolution of the sample in the solvent was observed
and YES’ indicates that the sample dissolved in the solvent.

Water NO NO NO YES Breaks up | Swells slightly
into pieces
Toluene YES YES YES YES YES YES
Chioroform YES YES YES YES YES YES
Pentane YES YES YES - NO Forms white Breaks up
suspension and swells
slightly
Methanol NGO NO NO YES Forms white | Fotms clear
suspension blue-gray
colloidal
dispersion

From the results given above, it can be seen that:-

1. PIP, PIP-g-MA and LIR-410 all behave in the same way for each
solvent;

2. PEGME behaves in an opposite way to PIP, PIP-g-MA and LIR-410 in
water, pentane and methanol;

3. Toluene and chloroform dissolve all samples (starting materials and
products);

4, REV-7 and REV-10 exhibit increased hydrophilicity (compared to the
starting materials) in water due to the presence of the hydrophilic side

chains in the molecules;



2 0.02 10.02 20.01 1002 20.02 1001 20.02 1002 20.02
Average 0.02 Standard Deviation 0.04 The average val ues of the maxi num
force of separation are plotted for the different polynmers and their
standard deviation is shown as an error bar in Fig. 5 Again, the nost
stri ki ng feavopemsomitohe | ack of tack for REV-10. Its valaesBdes/met7sexceed
0.02 N and this is the sane value when the |oop is brought into contact

wi th any non-adhesive surface, i.e. the material neither wets the probe
nor provi des any reS|stance when pul l ed i #*the opposite direction. In the

| oop tack test I t arti.n IS the
same as previ ousr’él FE&‘? ﬁ?&ﬁggw%? é"ﬁcuﬁ{ dliﬁﬁ”ﬁé% 9%%%
>PIP. It is clear, iddmathbezhétqn@y hakive @lsrtarerrﬁwdommet Ihamrehbqaonwmeredmm on
of side chains (as defined above), attached to the mafr backb Qa&aﬁ)
pol yi soprene, has t%'%ﬁ%q@@né%r'ﬁd PB JB?EB‘ecyaﬁT@ P SS‘%BI QB8 §° s The
solubilities of they WSIC materials obtained in Exanple 4 (REV- 7) and
in Example 5 (REV_l'I)p in various solvents (water, toluene, chloroform

iThe

pent ane and metthanoiThevildy #§ RELTdandEHECdidardisssive, gt deassinastialivs 0840 in
the same sol vents, b&s, af H%lti’}'dr?"b@prregggls( Bhﬂaﬁﬂﬁ%}(@ﬂ tﬁeé\é")’rﬁ&dﬁ@d 000,

pol yi sopr ene- g- mal e| c an ydride (starting nater
(PIP-g- MY, LI R 41polystess tfongpotat excivents rasbeangswt 3F thed pprsiepcet Al Iteae

glycol) methyl WO 2@0%/ B¢ (e BRI HRRLIA.

4, Small Angle Neutron Scattering (SANS)
The SANS measurements were performed on D22 at the ILL,

Grenoble, France, using 2 mm path length quartz Helima cells equilibrated at
298 K. Cold neutrons of 8 A were used. The detector distance was 17.5 m
and the collimation distance was 17.6 m. The Q-resolution with this sef-up is
10% (AQ/Q). The resultant Q range extended from 0.002 to 0.035 A, The
measuring time was chosen to give 1 million counts for good statistics.

The investigated samples consisted of 5% solutions of graft ’
copolymers in partially deuterated methanol (CHzOD). The scattering data
were analyzed using the Guinier Debye model using the following equation
(Debye P. J. Phys. Coll. Chem. (1947) 51, 18)

1Q) = Apjd, M(2e™ T + Q°RE ~ 1) (N, pQ'RE)

where 4oy is the difference in scattering length density of the polymer and
solvent, ¢, is the volume fraction of polymer, M is molecular weight, N, is
Avogadro’s number p is the physical density, Q is the momentum transfer
vector and Rgis the radius of gyration.

The effective radius of gyration for Rev10 in methano! from the fit
shown in Figure 6 is 673 + 15A. A similar analysis for Rev7 (Figure 7) gave
408 13 A. The sizes are an indication of the colloidal nature of these

dispersions.



31 ether (starting material in Exanples 4 and 5) (PEGVE) were al so
subjected to the sane test procedure. In each case, one gram of the sanple
under test was weighed into a 20n glass vial and sol vent was added. The
m xture of sanple and solvent was shaken vigorously and then placed in an
ultrasonic bath for 30 mnutes. The m xture was then, again, shaken
vigorously and the appearance of the <contents of the vial, i.e. whether a
cl ear solution was obtained or not, was observed and recorded. The results
are shown in the following table. In thegs table, 'NO indicates no

di ssolution of the sanple in the solvent was observed and 'YES indicates
that the sanple dissolved in th %ﬂ' nt. ~kSoluent PIP ~ IP g IVIA
"LIR-~}1, 0~ P, EGVE z r~REW REV ' 11-L Kt -S Water NO NO NO YES
Breaks up Swells slightly into pieces Toluene YES YES YES YES YES YES

Chl orof orm YES YES YES YES YES YES Pentane. YES YES YES NO Fornms white

Breaks up susgpensj ; I d.ght | y. .Met hanol NQ YES . For ns

white Forns ?;'I earA ?&2@@}%@@@ %‘?@88%'}5'%} exﬁﬁltl\mi ( %Iuce%iNagﬁ@?@ino S'I*'?%?ﬁst he

resul t.s gi ven aboxoepriginganvdier-meehbtehghm tasePinPan Rirduat Méfficied: kd Rrdl0 al |

behave in the sa r C sol vent: 2. PE hehaves.in.,an opposite

vy Lo PP i b o eRe RS SerRegh: and o AN AR FoRy BBTeRER

Tol uene and chl orlehsir padi ofs tHev evadbi-insatplee guis Lass | (gnprdsy mabsivandic
material which has a straight or branched chain carbon-carbon polymer
backbone and a multiplicity of side chaing aitached 1o the backbone
whergin the side chaing, which are aitached dirgctly fo carbon atoms of

the polymer backbone, have the formula
CHg

|

g ( CHE) 3 Q

CHgy

or havs ihe formula
' .CH—CH R®

H‘l RZ

whereln R' i H, -C({O)YOR* ar -G(0)Q and R?is ~C(O)OR® or
~C{OHYQ

provided that at least one of R! and R® is the group —C{O)Q;

R% s H or =CHa:

R*is H or an alkyl group having from 1 to 6 carbon atoms:;

Q is a group having the formula ~O—(YQ)—~(Z0)~R°, whersin
gach of Y and Z is, independently, an alkylene group having from 210 4
carbon atoms and R is H or an alkyl group having from 1 to 4 carbon
atoms;

ais 3 or 4, and each of b and ¢ is, Independantiy, 0 or an integer
of from 1 to 1256 provided that the sum b + ¢ has a value in the range of
from 10 to 250, preferably from 10 fo 120,



products); 4. REV-7 and REV-10 exhibit increased hydrophilicity (conpared
to the starting nmaterials) in water due to the presence of the hydrophilic
side chains in the nol ecul es; WO 2006/ 016179 PCT/ GB2005/ 003176 32 5.
REV-7 and REV-10 exhibit relative difficulty in dissolving in pentane,

indi cating that they behave differently fromthe isoprene polyners from
whi ch ‘they are derived and that they are possibly form ng coll oi dal

di spersions; 6. The ability of REV-7 and REV-10 to dissolve, at |east
partially, or to formcolloids, in neth%nol reveals an affinity of these
nodi fied polyners for. polar solvents as 4 result of the presence of the
hydrophilic side chains in the nolecules. 4. Small Angle Neutron Scattering
(SANS) The SANS neasurenents were perforned on D22 at the ILL, G enoble,

France, using?2 mTﬂ\I%bﬁnrlg?QGWGQMEE)EI%H%&GWM?HJJSclﬁﬁwﬂ! WHeagiadiet sicd298 K
Col d neutrons of A were used det ect or stangce was 17.5 m and the

col i mation di st afd@igds g pelymertpreaeabsledne 8 n this set-up is 10%
(AQ Q. The resultant Q range extended fggm 0.002 to 0.035 A-'. The
measuring tinme was chosen to give 1 mllijon counts for good statistics. The
i nvestigated sanpl es consi sted of 52 '\LH qof graft copolymers in
partially deuterated nethanol (C|—|30D) e sc tteri ng data were analyzed
using the Guini er Debye nodel using the follow ng equati on (Debye P. J.
Phys. Coll. Chem ({dQ4if) Q% as §8lindd @ cl@nfWNOPM 2(e ~a2RG  + RRc -1))

I (NApQARGA) where ApN is the difference in scattering length density of the
polymer and solvent, ~P is the volune fraction of polynmer, Mis nolecul ar

wei ght, NA isg AV%éﬁé\Qm%J dUrWE@ﬁ“tp@sit:énTaﬂ@orl@iméﬁﬂoﬁﬁémdenﬁhéxﬁm {Qeikdd he .
nmomentum transfer vector and RGis the ra |u%€ﬁ8mg¥rat| on. The effective

radius of gyrati orfEEE Rdba golvmeTstRalveR! ke
Cha

|
8 (CHa };‘Q

|

OHg

whearein Q is as defined in olaim 1.

4, A chewing gum composiiton according to claim 1, wharein the gidle
chains in the polymeric material have the formula

fHCHgF{E

H'!

wherein one of B and F® is ~C(O)Q and the other is ~C(Q)ORY, in
which Q and R* are as defined in claim 1.

g, A chewing gum composition according to any ane of claime 1 10 4
wherein in Q the alkylene graups Y and Z are both ~GHzCHe.

8. A chewing gum composition according fo any one of claims 1 10 5,
wherein in @ the group R is H.



shown in Figure 6 is 673 15A. A simlar analysis for Rev7 (Figure 7) gave
408 13 A The sizes are an indication of the colloidal nature of these

di spersions. 33 CLAIMS A chewi ng gum conposition exhibiting reduced
adhesion to surfaces conprising a water-insoluble gumbase, in an anpunt
sufficient to form a chewable gum conposition, and a sweeteni ng agent,
wherein at |east part of the water-insoluble gum base conprises a
polynmeric. material which has a straight or branched chain carbon-carbon
pol ymer backbone and a multiplicity of side chains attached to the
backbone wherein the side chains, which3are attached directly to carbon
atoms of the pol ymer backbone, have the formula CHa SI- -(cH2}a Q CHa or
have the forful a A GevdngRmm comprRiicR asdsedisg orRany onpl, of- G4 D H, - q0Q"

and R2 is- -C(O)Q%h%e, @%Qg@%ﬁd d é,t,at at least one of Rr and R2 is

the group -C(O Q 7S™H or an al kyl group having from1
to 6 carbon atons; Qis a group havi ng t he forrrula -0 (YO e- (ZO)C R5,

wherein eacl of 35}% n r vigig from 2
to 4 car bon%atorr%( an [é% %ﬁ"s or aﬁ%gll é&:r%brd:ﬂ@ %’ﬁ/%% %r@tr% 81 Ed‘ car bon

atons; a is 3 or wheeaidire@che stimbb ardhas as'aiuendélpﬁrﬂt@whfﬁﬁm‘l@ﬂoéi@ i nt eger

of from1l to 125 provided that the sumb + ¢ has a value in the range of

9. A chewing gum compo&itiqn according 1o any ong of claims 1 1o &,
whersin the carbon-carbon polymer backbone s derived from a
homopolymer  of  an  ethylenically-unsaturated  polymerizable
ﬁydrocarbon monomer of from & copolymer of two or more
gthylenicativ-unsaturated polymerizable hydrogarbon monomers,

10. A ghewing gum composition according to claim 8, wherein the carbon-
carbon polymer backbone is derived from a homopolymer of an
ethylenically-unsaturated  polymerizabie  hydrocarben  monomer
containing 4 or 5 carbon atoms.

11. A chewing gum composition according to claim 10, wherein the carbon-
cathon polymer backbone is derived from a hoemopalymer of
isobutyiene.

12. A chewing gum composition according 1o claim 10, wherein the carbon-
carbon polymer backbone is derived from a homopalymer of butadiene
QF {SOPTens,

13, A chewing gum cormposition éccording to claim 8, wherein the carbonh-
carbor polymer backbone is derived from a copolymer of isobutylene
and isoprens, -

14, A chewing gum composition according to claim 9, wherein the carbon-
carbon polymer backbone 1s derived from a butadiene-styrene block

capolymer.



from10 to 250, preferably from 10 to 120, 34 2. A chewi ng gum conposition
according to claiml1l, wherein the side chains in the polyneric materi al

have the formula CH3 --CH2C HC(O Q wherein Qis as defined in claim1. 3.
A chewi'ng ‘gum conposition according to claim1, wherein the side chains in"
the polyneric material have the formula CH3 5i --~CH2T~ Q CIH3 wherein Q
is-as defined in claiml1. 4. A chewing gum conposition according to claim
1, wherein the side chains in the polynmeric material have the fornula

FHCH2R2 R1 wherein one of R and R2 is --C(O Q and the other is -C(O CR4,
in which Qand R4 are as defined in claifml. 5 A chewi ng gum conposition
according to any one of clains 1 to 4, wherein in Q the al kyl ene groups Y
and Z are both -CH2CH2 6. A chew ng gum conposition according to any one of

clains 1 to Hg, \A*Ae&ﬁé\}@;n'gﬂgl_%td&ﬁq]ﬂ:{d&% ﬁfcdrémp‘ to3é§’1y dne A GNEMsNY teLM,

COITDOSItIOI’l accord Ing to any one of clalns wherein in 0 the roup

Ft5is -GHa. 8. A aﬁiglt@ummm@gtﬁw (W%@E:@ﬁ@”ﬁn‘@ﬁ%“%ﬁ? SRS PR ns 1
Lo 7, wherein incddifePylbibizes, fRuAnYBodfid dhd iRrgange of from 40 to

50. 9. A chewi ng gum conposition accor gto any one of clainms 1 to 8,
wherein the carbon-carbon pol ymer backbone is derived froma honopol yner

of an ethyl enjcal W pb'lpﬁ%‘lriﬂrrﬁétgﬁaipf%%ﬁ@ [dvf B¥iEwhich has a straight or branched
“chain carbon-carbon polymer backbone and a multiplicity of side
chains attached fo the backbane wherein the side chaing, which are
attached directly to carbon atoms of the polymer backboneg, have the

formula
CHg

e g e O

CHg

Q is a group having the formula ~O—(YO),-{Z0)—R", wherein
gach of Y and Z iz, independently, an alkyléne group having fram 2 to 4
carbon atoms and R® is H or an alkyl group having from 1 to 4 carbon
atoms; -

and a ia 8 or 4 and each c:nc h and ¢ s, independently, 0 or an
integar of from 1 to 128 provided that the sum b + ¢ has a value in the
range of from 10 1o 260, preferably from 10 to 120.

17. A polymeric material according to claim 16, whersin the side chains

have the formula
CHg

CHa



hydr ocar bon nononer or froma copol yner of two or nore

et hyl eni cal i y-unsaturat ed pol yneri zabl e hydrocarbon nononers. 10. A chew ng
gum conposi tion according to claim9, wherein the carbon- carbon polynmer
backbone 'is derived froma honopol yner of an ethyle nical |y-unsatu rated
pol ynmeri zabl e hydrocarbon nononer containing 4 or 5 carbon atons. 11. A
chewi ng gum conposition according to claimi t7, wherein the carbon- carbon
pol ymer backbone is derived froma honopol ynmer of isobutylene. 12. A

chew ng ‘'gum conposi tion according to claim 10, wherein the carbon- -carbon
pol ymer backbone is derived froma honnéﬁlyner of - but adi ene or isoprene.

13, A chewing gumconmpQgsitio ccordin claim9, wherein the carbon-

car bon pol yner bmgﬁgi’%aﬁg?&\ﬁéﬁmﬁ%ﬁ% i\é’)'copol ymer of isobutylene and

i soprene. 14. A chew ng gum conposition according to claim9, wherein the .
carbon- carbqn paol yner backbone is derived.froma adi - r . bl ock
copol yner . ?;% 1% Eﬂiyﬁ}%\ﬁ'ﬂﬁt@'&éh? 08 1P W%%ﬂ}*gﬁ@ F%ﬁﬁrﬁﬁ &V@%‘P cl ai ns
1 to 14, which aggtihenakinsgrubssesndlerehotp-EHeBgEredi ents sel ected from

el astonmer plasticizers, flavouring agents and fillers. 16. A polyneric
materi al having | ow tack which has a straight or branched chain

car bon- car boyw, polay pBNRaRkhgReapactadimgl by eid yf dhinsg dé tocidqivwisraint ached
to the backbone wherein the _gide chains, which are attached directly to
carbon atonms of tHh %‘GIWH@? Fod&Kkbone, have the formula CH3 Si-- '~C\z~a Q
OH3 Qis a group having the fornula -O (YO b-(ZO O R5, wherein

20, A polymeric material according to any one of claims 16 to 18, wherein
in Q the group R° is ~CHa.

21, A polymaric material according to any one of claims 16 to 20, whereln
in Q the sum b + ¢ has a value In the range of from 40 1o 50.

22, A polymeric material aceording o any one of claims 16 to 21, wherein
the carbon-carbon polymer backbone is derlved frorn a homopolymer
of an ethylenically-unsaturated polymerizable hydrocarbon monomer or
from a copolymer of iwo or more ethyienically-unsaturated
polymerizahle hydrocarbon monomers.

23. A polymeric material according to claim 22, wherein the carbon-carbon
polymer backborie is detived from a homopolymer of an ethylenically-
unsaturated polymerizable hydrocarbon monomer containing 4 or &
carban atoms. '

24. A polymeric materlal according to claim 23, wherein the carbon-carban
palymer backbone Is derived from a homopolymer of Isobutylene.

25. A poalymeric material according to claim 23, wherein the carbon-carbon
polymer backbone is derived from a homopolymer of buiadiene of
isoprene.



each of Y and Z is, independently, an al kyl ene group having from2 to 4
carbon atons and R5 is H or an al kyl group having from1l to 4 carbon
atons; and a is 3 or 4 and each of b and c is, independently, O or an
I nteger of from1 to 125 provided that the sumb + ¢ has a value in the
range of from10 to 250, preferably from10 to 120. 17. A polyneric
materi al according to claim 16, wherein the side chains have the fornula
CH3 Si ~QNe~ Q CH3 37 wherein Qis as defined in claim16, 18. A
pol yneric material according to either claim16 or claim17, wherein in O
t he "al kyl ene groups Y and Z are both -GHCH2-. 19. A polyneric nmaterial
according to any one of clains 16 to 18, wherein In Q the grou 5 1s H
20. A pol yneifi.c depayinaric suieialiasgordnaiy claive 28 w@ﬁ@wwel@ar?)em HOGer ei n
in Qthe group RS, Sha : ' i geghuigiete any one of
clainms 16 to 20, %ﬂ@‘ae"icﬁg‘”ﬁbﬁ’ﬁ% lté\h@é}iﬁgbﬁl c%aﬁggé[gh\e/gl%ﬁe in ?lhe range of
from40 to 50. 2&oprégol yneric material according to any one of clains 16
to 21, wherein the carbon-carbon pol ymer backbone is derived froma
honopol yner of an 'ethylenically-unsaturated pol ynerizabl e hydrocarbon
nmononer or & omiapulppieriy mextedd! gonording ﬁﬁ)ﬁl@”‘@tﬁy%ﬁf@i@m@ﬂﬁfﬁ’é’éf‘ﬁﬁr PRd
pol ymeri zabl e hydr b . ri s@RleraCcCBibdkng to
claim 22, wherei %O@@rcgébbcgﬁaﬁ%%ndég%ﬁdﬁn@?wgkggtndgﬁi;r? dtgri ved froma
honmopol ymer of amopblggieeni cal | y- unsaturated pol yneri zabl e hydrocar bon
nmononmer containing 4 or 5 carbon atons. 24. A polyneric material according
to claim 23, wherein the carbon-carbon . . '

28. A method of making a polymeric material accarding to claim 16,

wherein the side chains have the formula
CHj

Si—{CHghs— O —{YO)5—( 207~ A°

CHpg
wherein Y, Z, RS, a, b and ¢ are as defined in claim 1 which method
comprises
(i) reacting & compound of the formula
HO—(YO)p—(20)—R" .
with sodium hydride in a dry organie solvent under an ineft
“atmosphers;

(i} reacting the product from stap (1) with the compound
CHg = CHA{CHz)-Br
where ¢ is 1 or &,

e give the compound |l
CHa = CH""(CHz)q""‘D""‘(YO)b‘“(ZO)g—‘HE i

(if) reacting the compound !} with chlorodimethylsilane to give the
gcompound il



pol ymer backbone is derived froma honopol yner of |sobutylene. 25. A
polynmeric material according to claim 23, wherein the carbon-carbon

pol ymer backbone is derived froma honopol ynmer of butadi ene or isoprene.
38 26, A polyneric material according to claim 22, wherein the

car bon-carbon pol ymer backbone is derived froma copol yner of isobutyl ene
and - isoprene. 27, A polynmeric material according to claim22, wherein the
car bon-carbon pol yner backbone is derived from a butadi ene-styrene bl ock
copol yner. 28. A nethod of naking a polyperic material according to claim
16, wherein the side chains have the formula CH3 0 -~Y()y (ZG-, R5 CH3
wherein Y, Z, R5, a, b and are as defined in claim1 which nmethod
conprises (1) reacting a coffpdund of the formula HO (YOb-(ZOc-R wth
sodium hydride In a dry organi c sol vent under an inert atnosphere; (ii)

reacting the product fmpm—sﬁep—fbﬂﬁ?%bhﬂhe)ﬁet@zw CHF,)li~ CH (CHa)q Br ,
ou

where g is 1 or 2, to give {he co nd 'l  CH2=CH (CH2)g-O-(YOu-(ZO O R5

Il (iii) reacting the conp géﬂ Il with chiorodinmethylsilane to give the
conmpound 111 39 CH3

(iv) reducing compound 1l and reacting the product o
hydrodimethylsilyl polyalkylene oxide with a straight or branched
chain hydrocarbon polymer containing a multiplicity of carbon-
carbon double bonds in the hydrocarbon palymer backbone in
the presence of at transiion metal salt.

o9, A method according to claim 28, wherein In siep (iv) the hydrocarbon
polymer containing a multiplicity of carbon-carbon double bonds in the
polyrer backbone is polyisoprene.

30. A method according to claim 28 or claim 28, wherein Y and Z are both
'—"GHQCHQ and RE is —CHa.

31. A method according to any one of claims 28 o 30, wherein the diy
organic solvent i dry toluene or dry tetrabiydrofuran.

32, A polymeric material having low tack which has a straight or branched
chain carbon-carbon polymer backbone and a multiplicity of side
chains attached 1o the backbone wherein the side chaing, which are
attached directly to carbon atoms of he polymer backbong, have the
formula -

?:H—i:m ge

CUNR=T

wherein B is H, ~C{OYOR® ar -C(O)Q and R is ~C{OYOR or
~C{OQ
provided that at least one of B' and "2 is the group —C{O)Q;



-0--(Y(c)) (Z( -R5 11l CHs (iv) reducing conmpound Ill and reacting the
product a- hydrodi nethylsilyl polyal kylene oxide with a straight or
branched chai n hydrocarbon polynmer containing a nultiplicity of carbon-
carbon doubl e bonds in the hydrocarbon pol yner backbone in the presence of
at transition netal salt, 29. A nethod according to claim28, wheréin in
step (iv) the hydrocarbon polyner containing a nmultiplicity of
carbon-carbon doubl e bonds in the polynmer backbone is polyisoprene. 30. A
met hod according to claim28 or claim29,, wherein Y and Z are both -CH2CH2
and R5 is -CH3. Si. A nethod according to any one of clainms 28 to 30,
wherein the dry organic solvent is dry toluene or dry tetrahydrofuran. 32.

A polyneric materi al H%sviﬁr*rboﬂ'dw"aiack whi ch has a straight or branched

chai n carbon-carbon pgh4: ARt drhal i@ darboh aserdde; chains
attached to the backbg}r‘\elg%g’?%i?%’%?@c}sfade $in |

i
chai ns c e a@atta d
directly to carbon atdirgs¢f gt havlyedhe 6‘3%6@”%&'%7‘@“‘? Or%?cﬁéﬁb—l-m
R3 IRL R 2 wherej [ SoH. - ,g% r Qe apsuRBaviag HGHORARA or
-C(O Q provided t%hngs}ﬁgggﬁ‘dngé% R ﬂg'n%n %Ql)es 'ﬁ_e gfagulqg- C%%% 40 R3
is Hor-CHs: R4 dasmbehatoras aatliF isdl ougnraler sows SAVIRST B8 'l toms; 0
is a group having tt Jormula -0-(YQh-(ZQc--Rs, wherein each of Y and Z

i's, independentl y?m *al kyi ene group having from?2 to 4 . carbo and
R5 is Hor an al kyl granseaavihig shdornis independantihe o an m(ieger S G53"F

to 125 provided that the sum b+ ¢ has & value in the range of from 10
to 250, preferably from 10 to 120, and wherein the carbon-carbon
palymer backbone is derived from a homopolymer of an ethylenically-
ynsaturated polymerizable hydrocarbon rmanomer containing & carbon
atoms, or ie derived from a homopolymer of isobutylene, or is derived

from a copolymet of isobulylene and isoprane.

33. A polymerle material according {© claim- 32, wharein the side chains

have the formula
CHa

G HoCHG(O)R
wharein Q is as defined in claim 32.

54, A polymeric material aceording to claim 22, wherein ihe side chains
have the formuia
——CHCH, R

H‘1

wherein one of R' and R? is —~C(0)Q and the other 1s ~C{ONORY, in
which O and R* are as defined in claim 32.

35. A polymeric material aceording to any one of claims 32 to 34, wherein
in Q the alkylene groups Y and Z are both ~CGHeGHz.



atons; and each of b and c is, independently, O or an integer of froml to
125 provided that the sumb + ¢ has a value in the range of from10 to
260, preferably from10 to 120, and wherein the carbon-carbon pol yner
backbone is derived froma honopol yner of an ethyl enically- unsaturated

pol yneri zabl e hydrocarbon nononer containing 5 carbon atons, or is derived
froma honopol yner of isobutylene, or is derived froma copol yner of

i sobutyl ene and i soprene. W A polyneric material according to ol aim 32,
wherein the side chains have the fornula CH3 --CH2GHC(0)Q wherein Qis
as defined in claim32. 34. A polyneric 4hmterial according to claim32,
wherein the side chains have the fornula - | HCH2 R2 R wherein one of R
and H2 is -C(OQ and the other Is -C(OOR4, in which Qand R4 are as

defined in chel M AohiReridnebyATRICCErdR) & Ay one ePcitimg 3Dtady, wherer
claims 32 to 34, wherein in Qthe alkyiene groups Y and Z are both
-CH2CH2-. 41 36, N He grasi B Wdieri al " according to any one of claims 32 to
35, wherein in Qthe group R5 is H 37. A polyneric material according to

any one of claims 32 to 36, wherein in Qthe groyp RS |s- 33. A

pol ymeric naféri af REAUBREG Mpledrl A6F0BIRS §¥ agy Q%ﬁﬁot‘!ﬁa“f"@ %%ﬁﬁe\‘@?ﬁami n Q
the sumb + c has; Wt Re.d@nge of from40 to 50. 39. A polyneric
mat eri al accordi nlgq%\éﬁélﬁ@u% of clgi ns 32 to 38, wherein the

car bon-car bon pol yner backbone is derived froma honopol yner of isoprene.
38. A polymeric material according to any one of claims 32 to 37, wherein

in Q the surn b + ¢ has a value in the range of from 40 to 50,

3. A polymeric material according o any one of claims 32 to 38, whersin
the carbon-carbon polymer backbone ls derived from & homopolymer
of isoprene.

40. A method of making a polymeric material according o claim 32
whereln the side chains have the formula
~OHaOH(CHa) -G (0) -0 (Y Q)p~(ZO )"
in which Y, Z, B8, b and ¢ are as defined in clalm 82 which method
comprises reacting a straight or branched chain hydrocarbon polymer
in a solvent in an inert atmosphere with the compound
CHe=C{CHa)COIO~(YOR~ZO) R,
in the presence of a free radical initiator.

41, A method according to claim 40, wherein the solvent is toluene.

42, A method according to claim 40 or claim 41, wherein the free radical
initiator is benzoyl peroxide.

48. A methed according to any one of claims 40 1o 42, whersin the reaction
s carried out at & temperaturs in the range of from 60° to 130°C for a
perind of from 20 1o 150 hours,



40. A nethod of meking a polynmeric material according to claim32 wherein
the side chains have the formula -CH2CH(CH3)--C(Q-0O(YOe-(ZOo0o--R6 in
which Y, Z R5, b and c are as defined in claim32 which nethod conprises
reacting a straight or branched chain hydrocarbon polynmer in a solvent in
an inert atnosphere with the conmpound CH2=C(CH3)C(O O -(YODb-(ZOc-R6 , in
the presence of a free radical initiator. 41. A nethod according to claim
40, wherein the solvent |Is toluene. 42. A nmethod according to claim40 or
claim4l, wherein the free radical ini ti2at or is benzoyl peroxide. 4%. A
met hod according to any one of clains 4(§ to 42, wherein the reaction is
carried out at a tenperature in the range . of from 601) 10 0 r
period of fro 207t HeTRE RJPEKING KA ﬁYHﬁT’%pﬁ{?&’g})faﬁé@%%g g%[@n%% c
mat eri al accor di nghéircihal disdZhzind REet thetfdemalzde chai ns have the fornul a
-CHOR2R2 | Rl in which one of RL and R2 Is -C(O Q and the other is
-C(OOR4 where Qand R4 are as defined in claimt which nmethod conprises
reacting polyisoprene-graft-nal ei c—a-n[t}y(m-{adaz or a nonoester derivative
thereof, In an organic solvent, with Ithe compound HQ (YO b-(ZO OR5, in
which Y, Z, Rs, b and c are as defined i,n claim32. 45. A nethod according
to claima44, wherein the reaction is clried out in the presence of an
activator. 46. A nethod according to claim45, wherein the activator is
triethylamne, 47. A nethod_gccorgdsng bai 4
wherein the sol veRtWhiel C‘Pﬁlqgﬁigﬁ&r‘.dr'q Q"é@))@gn&’ﬂ% 8{]19?'561 ('ff&t))’(‘:ﬂa’ fndfe

O and R* are as defined in claim 1 which method comprises reacting

polyisoprens-grafi-maleic anhydride or & monosster derivative thereof,

in an organie solvent, with the compound
HO—(YO),~(ZQ)~R7, in which ¥, Z, R®, b and ¢ are as defined in

claim 32.

45. A method according to claim 44, wherein the reaction is carried out in
the presence of an activator.

46, A method acsording to claim 45, wherein the activator is tristhylamine,

47. A method according to any one of claima 44 1o 48, wherein the solvert

is toluena..



