WO 02/ 076232 PCT/ NLO2/ 00199 Title: Bi odegradabl e gum base show ng i nproved
properties This invention relates to a chewi ng gum containing a gum base
and/ or adwiotaieee3t r om bi odegr adabl e resources show ng i nprored.ogoémmess and
chewability with regard to earlier described fornul ati ons based on

bi odegradabl e polyners. It is known that chewi ng gum fornul ati ons can be 5
made from bi odegradabl e, environnentally nore acceptabl e polyners than the
convent i ondtleron- bBostkgr adalile ezymo byre sbowserlimprayeh fraperties chewi ng guns.
Exanpl es of this have been described, for instance, in US-A-S 672 367 and
EP-A-0 711 506, where aliphatic polyesters were used, in US-A-6 153 231,
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A further example of chewing gums containing biodegradable gum
bases prepared from aliphatic polyesters is described in WO-A-00/19837. These
disclosed gum bases based on poly(D,L-lactic acid) and copolymers thereof do,

15 however, have need of plasticizing agents in order to obtain the softness and
chewability required in a gum base. Furthermore, a glass transition
temperature of 35.8 °C is presented for a pure poly(D,L-lactic acid) with a
viscosity-average molar mass of 42 200 g/mol. It is apparent that a pure
poly(D,L-lactic acid) of this molar mass, without any kind of plasticizing

20  component present, cannot show a softening temperature that low, as it is
commonly known that these kind of polymers have a glass transition
temperature higher than that.

EP-A-0 882 751 discloses a method for preparing a biodegradable
aliphatic polyester in the presence of minute amounts of co-catalysts

25  comprising glycerol or butyrolactone. The polyester prepared showed lower
melt viscosities than a polymer prepared without the co-catalyst at the
preferred molding temperatures around 180 °C.

In the present invention, however, a gum base is prepared by

making branched or star-shaped polymers with several polyester branches or



preferred nol ding tenperatures around 180 C. In the present invention,
however, a gum base is prepared by naking branched or star-shaped pol yners
wi t h sevewalo2pod2gest er branches or WO 02/ 076232 PCT/ NLO2/ @0XT99.02/801a% ns
attached to a central polyfunctional conpound, thus, surprisingly,
resulting in the gum base having inprovegd softness and chewability. Further
i nprovenents in the current invention are the use of certain starting
conmpounds or preparation conditions giving the final chewi ng gum additi onal
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10 The polymers used according to the present invention are branched
polymers with several polyester branches or arms polymerized onto a

polyfunctional compound with desired properties, as schematically shown in

Formula (I).

©—‘[——Polymer arm] n )

15 wherein,
C = central polyfunctional; and

n = polymer arms attached to C.

A polymer according to the invention can be prepared from the ring-

20 like ester, such as L,L-lactide, D,D-lactide, rac-lactide, meso-lactide or
mixtures thereof, glycolide, trimethylene carbonate, lactones, such as B-
propiolactone, §-valerolactone, s-caprolactone, or other corresponding cyclic
compound like cyclic amides. The polymer can also be prepared by
condensation reaction from a hydroxy acid, such as lactic acid, glycolic acid,

25  amino acids, or from monomeric units of diols and diacids. Such a polymer can
for instance be used in the form of block copolymers, random copolymers, graft-
copolymers, or as mixtures of two or more homo- and/or copolymers. The

invention can be described as a concept where the starting compounds in the



25 am no acids, or fromnononeric units of diols and diacids. Such a
polymer can for instance be used in the form of block copolyners, random
copol ymerwo ogoaf282 copol yners, or as mxtures of two or nmpCcE/Nioze19and/ or
copolynmers. The invention can be described as a concept where the starting
conpounds in the WO 02/076232 PCT/ NLO2/0@199 3 polynerization wll affect
a | arger nunber of different properties, of which sone are described
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3. The choice of starting material and/or preparation conditions or
post-polymerization processing may offer benefits in the view of health aspects
for instance by equipping the gum base with for instance antibacterial effect

15 (lactic acid and lactones are known antibacterial substances) or other effects
(examples on such compounds are lactones, xylitol, organic acids,
hydroxylapatit).

4. The starting material, ways of preparation and processing
conditions have a significant impact on the hydrolytic stability of the polymer

20 used in the gum base, which will affect the compostability and enable the
removal of undesired chewing gum from, for example, clothes, furniture,
streets, and floors. Degradation enhancing compounds can be compounds
increasing the hydrofilicity (for instance anhydrides or carboxylic acid
compounds) or compounds catalyzing the rate of hydrolysis (for instance amino

25 or amido compounds).

The polyfunctional compounds according to present invention
typically contain three or more hydroxyl groups, such as trimethylolethane,
trimethylolpropane, butanetriol, phloroglucinol, erythritol, pentaerythritol, or
dipentaerythritol. Naturally occurring polyfunctional compounds of sugars of

30 mono-, di-, or trisaccharides of hexoses or pentoses, or maltitol, sorbitol,



increasing the hydrofilicity (for instance anhydrides or carboxylic acid
conpounds) or conpounds catalyzing the rate of hydrolysis (for instance

am no 25wvor2ami2en conpounds). The pol yfuncti onal conpounsgsTadozp@dong to
present invention typically contain three or nore hydroxyl groups, such as
trinmethyl ol ethane, triinethylol propane, 4butanetriol, phloroglucinol,
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Preferably a systemc al ni ng at I

parti cul ar bopdymeeastblék copolPmbaot 4 dectidsand ede oFhtorobthee ciyzlat bstarsan be
done by any conventional polynerization technique, such as, for exanple,
pol yner i zab@nas glsglideofrimgthitlenn cagenate) lagtones, such as B-propiolactone, o-

valerolactone, s-caprolactone, or lactones of larger size, or a mixture of two or
more polymers, with at least one polymer containing lactide, is used in the

15 gum base. Preferably a system containing af least 50 mol % lactide, more
particularly at least 65 mol % lactide, is used.

The polymerization can be done by any conventional polymerization
technique, such as, for example, polymerization in bulk or solution, generally
in the presence of a proper amount of suitable polymerization catalyst.

20 A chewing gum typically consists of a water-soluble bulk part, a
water-insoluble gum base, and flavoring components. The water-soluble part of
the chewing gum comprises of, for example plasticizers, sweeteners and
combinations thereof. Plasticizers, such as glycerin, lecithin and combinations
thereof, are conventionally added for improving the softness and chewability of

25  the water-insoluble gum base. It was, however, surprisingly noticed that in the
current invention usage of plasticizers are not necessary in order to obtain the
chewability and mouthfeel required in chewing gums. Plasticizers may
optionally be used in the gum base formulations described herein.

The water-soluble sweeteners consists of, for example, saccharide

30 containing components conventionally used in chewing gum, dried invert



in the presence of a proper anount of suitable polynerization catalyst. 20
A chewing gumtypically consists of a water-soluble bulk part, a

wat er - i nswbwbbm2spum base, and fl avoring conponents. The watemiswbub e part
of the chewing gum conprises of, for exanple plasticizers, sweeteners and
conbi nations thereof. Plasticizers, such.as glycerin, lecithin and

conbi nations thereof, are conventionally added for inproving the softness
and chewability of 25 the water-insol uble gum base. It was, however,
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apple fiber, zein, gluten, caseln,

agents.

Furthermore, fillers, such as magnesium and calcium carbonate,
kaolin, tricalcium phosphate, talc, wood fiber, apple fiber, zein, gluten, casein,

15 can optionally be added to the chewing gum. Natural organic fillers are
preferably used in current invention.

Additional components, such as colorants, medical components,
mouth conditioners, and antioxidants, can also be added to the chewing gum,
either during the polymerization or afterwards.

20 By no way of limiting the present invention, explanatory examples
will be given in the following. Standard laboratory procedures were used in all
chemical handling, purification, drying, and synthesis. Calculations known in
the art for obtaining a polymer of a certain number-average molar mass and/or
copolymer composition were used. The polymerization experiments were

25 performed under an inert atmosphere in an electrically heated Brabender W
50 E mixer, unless otherwise stated. Usual polymerization conditions were as
follows:

— Polymerization temperature: 140-170 °C.

— Polymerization time: 30-240 min.

30 — Rotationspeed of the mixer: 15 rpm.



15 can optionally be added to the chewing gum Natural organic fillers are
preferably used in current invention. Additional conponents, such as

col or ant swomwediqad conponents, nouth conditioners, and arCroWozienvs, can
al so be added to the chewing gum either during the polynerization or
afterwards. 20 By no way of limting thg present invention, explanatory
exanples wll be given in the follow ng. Standard | aboratory procedures
were used in all chem cal handling, purification, drying, and synthesis.
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specific preferred embodiments thereof, it will be appreciated that those skilled
in the art, upon reading and understanding of the foregoing will readily
envision modifications and variations to the preferred embodiments which are

nonetheless within the spirit and scope of the invention and of the claims.

EXAMPLE 1

An amorphous, non-crystallizable copolymer of (50/50)rac-lactide
was prepared by ring-opening polymerization in the melt by using different
hydroxyl compounds as initiators. The initiators and some polymer properties

20 are listed in Table 1.

Table 1. Examples on different initiators in the preparation of gum bases

based on rac-lactide.

Experiment | Initiator Mw Mn Tg
No g/mol | g/mol °C
1 1-Decanol 33 500 | 20 000 44
2 Phloroglucinol 33 800 | 19900 49
3 Inositol 16 400 | 12 600 44
4 Dipentaerythritol | 21 600 | 18 300 43




specific preferred enbodi nents thereof, it will be appreciated that those
skilled in the art, upon readi ng and understandi ng of the foregoing wl|l
readi |y wowesiase nodi fications and variations to the prePermad2enbodi nent s
whi ch are nonetheless within the spirit and scope of the invention and of
the clains. 15 EXAMPLE | An anorphous, npn-crystallizable copol yner of
(50/50)rac-lactide was prepared by ring-opening polynerization in the nelt
by using different hydroxyl conpounds as initiators. The initiators and
some pol yner propeEKiAMPLED2are listed in Table 1. Table 1. Exanples on
different initiators in the preparation of gumbases _  based on rac-| agtide.
Experi ment |niti at dfamghapedrcopglymersafdpctiderand e-caprelasngmypraprenizeeo 000

44 2 Phl oyogl uci nol. 33 800 19 900 .49, 3 i 6 4 4 Di
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shown in Tad Plglbzﬂ% élzgl%lrgtﬁgﬁfélé%&n%ﬁeeﬁéﬁsgﬁ%&gggegﬁé%néglig]ssgli}a)ng of branched
copolynmers of |actide

Table 2. Examples on gum bases consisting of branched copolymers of lactide

10  and s-caprolactone.

Experiment | Lactide | e-CL/ Lactide | Mw Mn Tg
No ratio g/mol g/mol °C
5 Rac 37/63 29 600 | 25 900 -20
6 L,L 42 / 58 26 400 |23 900 -
7 Rac 54/ 46 19300 |17 200" | -23
8 Rac 32 /68 43700 |32600™ |-13
9 Rac 22178 67 500 |43 000 ™ | +2

) Not detected; DSC showed Tw = 150 °C, AH = 33 J/g

) Based on NMR

EXAMPLE 3

15 Star-shaped random copolymers consisting of e-caprolactone and

(50/50)rac-lactide were prepared by ring-opening polymerization, initiated by
pentaerythritol, in the melt. The polymer characteristics are presented in

Table 3.



10 and s-caprol actone. Experinent Lactide s-CL / Lactide MWIMh Tg No ratio
g/mol g/mol C 5 Rac 37 / 63 29 600 25 900 -20 6 L,L 42 / 58 26 400 23 900
- *> 7 RNO0247¢23246 19 300 17 200 **> -23 8 Rac 32 / 68 #81TMNI028R9600 **)
-13 9 Rac 22 / 78 67 500 43 000 **> +2 Not detected; DSC showed T. = 150
C, AH =33 J/g *> Based on NVR EXAMPLE g3 15 Star-shaped random copol yners
consi sting of s-caprolactone and (50/50)rac-lactide were prepared by

ri ng-openi ng polynerization, initiated by pentaerythritol, in the nelt.
The pol yrmer, Bi@BaEkﬁfdpiéd &% QE&bﬂée%S@htswﬂtihg of haihéhedl raad R cOF SR dkrs

PCT/ NLO2/ 00199 8 Table Exarrpl es on gum bases consisiting of branched
random copﬁlrxandastld@hndaesdpaolacweand c-caprol actone. Experinment s-CL /

Lacti de Na-—MAL—M+—TF rat6r —*> 103971+ 5601 34 +45 11

8/92 16 7d6xpesEmeng 81@%’4@%6‘ Mo 1. 47 Mas! Mg diTen r& NVR 5 EXAMPLE 4

800 g 88%No| actic adinti®ds dried a &@81189 sation pollyterized in the

presence [0f0 0.2 wt %|t3 h9T1) oxide pl7580 C |ih34 standat4b | a oratory rotary

11 8/92 16 700 1.35 +40

12 14/ 86 15 800 1.42 +35
) Based on NMR

]

EXAMPLE 4

800 g 88% L-lactic acid was dried and condensation polymerized in
the presence of 0.2 wt % tin(II) oxide at 180 °C in a standard laboratory rotary
evaporator unit under reduced pressure and argon flow until the poly(L-lactic
acid) had a My of 1 900 g/mol (M«/M; = 3.12). The poly(L-lactic acid) was then
10 further linked with 96 g of a hydroxyl-terminated star-shaped poly(e-
caprolactone) with a pentaerythritol core at 195 °C (p = 5 mbar) in the
laboratory rotary evaporator unit, resulting in a star-shaped copolymer with

M, = 7 400 g/mol. DSC showed a Ty = -22 °C and Tn= 130 °C.

15 EXAMPLE 5
800 g of 88% L-lactic acid was dried and condensation polymerized

in the presence of 20 g succinic acid and 0.1 wt % stannous 2-ethylhexanoate
at 180 °C in a standard laboratory rotary evaporator unit under reduced
pressure until the poly(L-lactic acid) had a Mw of 3 800 g/mol. 40 g of the

20  brittle poly(L-lactic acid) was further linked with 40 g of a hydroxyl-
terminated star-shaped poly(e-caprolactone) with a pentaerythritol core at 180
°C (p = 25 mbar) in the laboratory rotary evaporator unit until the resulting

soft star-shaped multi-branched copolymer reached a Mw = 40 600 g/mol.



evaporator unit under reduced pressure and argon flow until the
poly(L-lactic acid) had a M of 1 900 g/mol (M,/M, = 3.12). The

pol y(L-| asoioe/oaesr) was then 10 further linked with 96 gpraff/N.02/00199

hydr oxyl -t erm nat ed star-shaped poly(c caprolactone) with a pentaerythritol
core at 195 C (p = 5 nbar) in the |laborgtory rotary evaporator unit,
resulting in a star-shaped copol yner wt M = 7 400 g/ nmol. DSC showed a
Tg = -22 Cand T,,,= 130 C. 15 EXAMPLE 5 800 g of 88% L-lactic acid was
dried and condensagkkynMPeoJEygeri zed in the presence of 20 g succinic acid
and 0.1 wt % stannous 2-ethyl hexanoate at 180 Cin a standard |aboratory
rotary evaporator 88ftDdnbeticrasitlived drprdssd cendensdtiarhpolyaarized iacthiec

acid) had a MWV of 800 g/nol. 40 f .the 20 bri e pol -l actii c aci d)
Was 1 urt hepaserReal mwt?{o%wua %*3%&%@%? i 1805 g&%%-%%‘rfﬁaﬁéd _
pol y(c- Capf'(ﬂ)lo?ﬂo??%l)tﬂ & ol Lok ATY bbb Pld ERSHREshR0untH (1R Fol%@l),’mar ) in
the | aboratory rotary évaporator unit until the resulting soft Star-shaped
mul ti - by anthed woghohydrarMy, edSHEd g mdIV(VE,/Xa 600/ 0y/ Tbé brivBeqlp(IERIactic

PCT/ NLO2/ 00199 9 EXAMPLE 6.88%D, L-1acti cid was drie nd condgensation
pol yner i zedcidy wasdurphardapleed wit 117.0s8 @Xf%gﬁgﬁiﬂ'@mﬁir}ﬂﬁ?ﬂ@iﬁﬁﬁg‘t‘@ t 180 C

nt 11t he. pavy BAERLRERY A HoRHRRSUAREN o 4t B0 REVLORNRR TANET,)
The br i 111 GupehithPabthaciyspora@ Onitao il a stakslapdd boklndr srich a

hydr oxyl -t erm nat ed star-shaped po(li%gc.c- caprolactone) with a .
pent aer yt hM.t 818 2 e/mel. VEshou the-ad@tionaf)anyplagticigng ssen iy sefhr y

evaporator unit, resulting., n.a.star-shaped r wth M,, = 8 500
g/ mol . 18 t FRRAVIIRE Silamefii%?ﬁg #Eaﬁyaﬁﬂsg%f?fwlﬁﬁﬁﬁoééﬁts this soft 10
copol ymer showed a Tg of 6 C, as determ ned by DSC. EXAMPLE 7

EXAMPLE 7
Star-shaped random copolymers consisting of e-caprolactone and
(50/50) rac-lactide were prepared by ring-opening polymerization, initiated by
15  pentaerythritol, in the melt. The amount of residual lactide available for
hydrolysis (eventually into lactic acid) could be determined by the choice of

polymerization time (Table 4).

Table 4. The amount of residual lactide as a function of polymerization time.

20

Experiment | Residual lactide at different polymerization times
No ™ mol % **)
30 min 60 min 90 min
10 7.0 5.6 3.6
11 10.7 3.9 2.7
12 4.3 2.4 1.8

) Experiment no. from Example 3; 9 Based on NMR

EXAMPLE 8
A star-shaped copolymer of rac-lactide and s-caprolactone was
prepared in the same manner as in Example 2 and the gum base was tested for
25  rheological properties. The gum base, with no components added, showed

rheological properties comparable to a conventional gum base.
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gum conprising a gum basé and at | east one other conventional chew ng gum
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addi tive, A3RfHICHANLRYFYRLREPI 1 Sing as chew ng gum additives at |east one
branched po?yne? nain?y baseg on blodegradable and/ or hydrol yzabl e ester

Chewing gum, comprising a gum base and at least one chewing gum
additive, said chewing gum comprising as chewing gum additives at least one
branched polymer mainly based on biodegradable and/or hydrolyzable ester
groups.

3. Chewing gum of claim 1 or 2, comprising as said at least one

10 branched polymer a star-shaped biodegradable polymer with several branches
or arms attached to a central polyfunctional compound.

4. Chewing gum of claim 3, wherein the said polyfunctional compound
1s based on one or more compounds having at least 3 hydroxyl or amino
groups.

15 5. Chewing gum of claim 1, wherein the said at least one branched
polymer is based on one or more cyclic esters (such as L,L-lactide, D,D-lactide,
rac-lactide, meso-lactide, e-caprolactone, glycolide or rings of other size), cyclic
carbonates (such as trimethylene carbonate), cyclic amides (such as
caprolactam) by ring-opening polymerization.

20 6. Chewing gum of claim 5, wherein the said at least one branched
polymer is made from one or more from one or more diol/diacid combinations,
or from hydroxy acids, such as lactic acid and glycolic acid, or from amino acids
by polycondensation.

7. Chewing gum compound of claim 1 where the starting compounds

25 give the final formulation one or several functions, such as softening

temperature, viscoelasticity, taste, compatibility or degradability.
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Chewi ngsgum conpound of claim1 where the starting conpounds 25 give the
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PCT/ NLO2/ 00199 11 8. Chew ng gum conpound of claim 1l where the processing
conditions gives the final fornulation one or several functions, such as
softening tenperature, viscoelasticity, taste, conpatibility or
degradability. 5



