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chemistry. By far the most widely available is isosorbide, which can be obtained from biomass

15  sources via enzyme hydrolysis to make simple hexose sugars and subsequent hydrogenation to
make sugar alcohols. Isosorbide is increasingly becoming used as an intermediate and raw
material for polymers, additives and stabilizers.

One of the great advantages of isosorbide, unlike its isomers, is that it has two hydroxyl
groups with different topographies and chemical reactivity. One -OH is exo and one is endo and as a

20  result they can be selectively esterified and etherified by use of specific chemical reactions under the
correct conditions. This invention discloses a range of products and additives in which this idea is
exploited to make multifunctional additives, stabilizers, etc., all based on isosorbide. Incorporation of
isosorbide into PET has been shown to raise the Tg of the resulting co-polymer affording a copolymer
that has potential as a hot fill bottle resin. However, incorporation of isosorbide into PET on a

25  commercial scale has encountered several problems. The secondary hydroxyl groups of isosorbide
make it less reactive than the primary hydroxyls of ethylene glycol. This fact coupled with the
volatility of isosorbide make it difficult to get high incorporation into PEIT copolymers and leads to
complications with the recycle of the ethylene glycol/isosorbide stream generated during
polymerization. It is believed that the different reactivities of the two hydroxyl groups of isosorbide

30  also complicate its polymerization chemistry.
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An object of the present invention is to provide novel asymmetrically substituted
20  bisanhydrohexitols.

Another object of the present invention is to provide novel AB monomers comprising
asymmetrically substituted bisanhydrohexitols that can be polymerized through a novel self-
polymerization reaction to provide homopolymers.

A further object of the present invention is the addition of the novel monomers and or

25  homopolymers to condensation polymers to produce condensation polymers having novel and
improved characteristics.

Yet another object of the present invention is to introduce a bisanhydrohexitol moiety into

polyester with reduced loss of the bisanhydrohexitol during polymerization.
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pol yneri zation. WD 2011/116270PCT/ US2011/ 028966 These and ot her obj ects of
the present invention will be nade apparent to those skilled in the art
upon a revi ew and understanding of this specification, including the
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pol yne[igs.after annealing. Fig. 4 is chart of the DSC anaIyS|s of a first
experinment producing polynerized 1. 10Fig. 5 is the 300 MHz 1H NMR spectrum
of the polyner produced in the experinent producing polynerized 1. Fig. 6

|sschart of the DSC anal ysi s o% second.experiment producing pol ynerized
1. Fig. 7 is the 300 NEE—%%?@N&F%ﬁ%@FEgﬁﬁéf t he pol yner produced in
t he second Exnekd JBNMHR" BNMRRFedd@hYIETFZ @5 oflpolymer 2.
Fig. 2 is a chart of the DSC analysis of polymer 2.
Fig. 3 is a chart of the DSC analysis of polymer 2 after annealing.
Fig. 4 is chart of the DSC analysis of a first experiment producing polymerized 1.
10 Fig. 5 is the 300 MHz 'HNMR spectrum of the polymer produced in the experiment
producing polymerized 1.
Fig. 6 is chart of the DSC analysis of a second experiment producing polymerized 1.
Fig. 7 is the 300 MHz 'HNMR spectrum of the polymer produced in the second experiment
producing polymerized 1.
15 Fig. 8 is a chart of Tmax versus number-average molecular weight for the five experiments
producing polymerized 1.

Fig. 9 is a chart of Tg versus Tmax for the five experiments producing polymerized 1.

Description of the Invention

20 A Preparation of AB Monomers

1. Preparation of 2-Benzyloxy Isoidide 5-(4-carbomethoxvy)phenyl Ether (4) from

Tosylate (3a)

The reaction was run in a 1000 ml four-neck flask fitted with a sealed Teflon paddle stirrer,

25  reflux air condenser, with a Drierite guard tube, long stem thermometer with a Therm-o-Watch™
sensor while the last neck was fitted with rubber septum. The glassware was dried at 110 °C. The flask
was charged with 32.6 g (0.088 mole) of isosorbide 2-benzyl ether 5-tosylate (3a), 14 g anhydrous
potassium carbonate, 15.0 g (0.097 mole) methyl 4-hydroxybenzoate and 1.0 g of 18-crown-6 ether.
The flask was sparged with dry nitrogen through a hypodermic needle inserted in the septum and 300

30  mldry dimethylformamide, stored over molecular sieves, added via an 18 gauge double-ended
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weighed 19.0 g (59% theory). The product melted sharply at 68-9 °C. The proton NMR spectrum

was consistent with the desired structure.

2. Preparation of the methyl ester of 2-benzyloxyvisosorbide (3b)

15 In a dry 5000 ml 4-neck flask fitted with a paddle stirrer, nitrogen inlet fitted to a pressure-
equalizing 250 ml tap-funnel, a long stem alcohol thermometer and an air condenser fitted with a
nitrogen outlet via a bubbler tube, were placed 1000 ml dry pyridine and 252.0 g (1.07 mole) of
recrystallized isosorbide 2-benzyl ether, mp 99-100 °C. The mixture was sparged with nitrogen and
stirred until all the solid dissolved. The flask was mounted in a large bath full of ice-salt mixture and

20  chilled to 0-5 °C. Methanesulfonyl chloride, 97 ml, 134 g. (1.17 mole) was added dropwise (1 drop
every 2 seconds) with steady stirring, keeping the reaction mixture around 0-2 °C and never above 5
°C. The addition took about six hours. The flask was stoppered and placed in a freezer chest at -15
°C overnight.

Next day the mixture was allowed to warm up to about 5 °C and the tap funnel, thermometer

25  and stirrer refitted with the nitrogen inlet and outlet. Distilled water (100 ml) was added dropwise
until the cloudiness due to pyridinium chloride had disappeared. The contents of the flask were then
added to a well-stirred 10-liter beaker containing 6000 ml deionized water and 2 kilos of crushed ice.
After ten minutes of stirring, the product began to crystallize out. The mixture was stirred for 30-40
minutes, and the product filtered off on a 24 cm Buchner funnel using a 15-liter filter bottle. The solid

30  was washed with dilute hydrochloric acid (1N), until the solid no longer smelled of pyridine, then
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had to be stirred manually to break up a thick mass but subsequently mechanical stirring was trouble-

free. Next day the mixture was an opaque grey suspension. It was left to stir at room temperature for
24 hours then added to 1 liter of distilled water in a 2-liter beaker with vigorous stirring A milky

20  emulsion formed, but soon solid began to deposit on the walls of the beaker and the liquid slowly
cleared. After stirring for another 30 minutes, the crystalline solid was scraped off and the suspension
of liquid and crystals filtered on a 7 cm Buchner funnel using a #4 filter paper. The off-white solid
was washed repeatedly with water and sucked dry on the filter. The damp-dried product weighed 37 g
and, after drying at 45 °C in a vacuum oven, weighed 32.5 g (88% theory).

25 The crude product was recrystallized from 160 ml methanol and gave a white crystalline solid
weighing 24.6 g (66% theory), mp 68-70 °C. A second recrystallization raised this to 69-70 °C,

identical with the material prepared from the tosylate.

4. Reduction of 5-(4-carbomethoxybenzoxy)-2-benzyloxy-Isoidide (5) to Isoidide 2-(4-

30  carbomethoxyphenyl) ether (1)
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To a LabCrest pressure bottle containing 200 m nethanol and 0.94 g of
pre-reduced 10% Pd/ carbon catal yst was added 18.5 g (0.05 nol) of

5- (4- car bygebhIoRyIhenoxy) - 2- benzyl oxy-i soi di de. After s@C@Esolapesves of 75
psi N2 followed by evacuation to < 0.5 nmHg, the manifold was pressurized
to 75 psi with hydrogen and stirring was begun. Over a period of 18 hrs,
the pressure 5dropped 23 psi (theoretical. 26 psi). The system was vented,
and the nethanol solution of product was filtered to renove catal yst. The
nmet hanol was renoved on a Rotavap to yield 15.6 g of a clear oil which
sol|dﬂ§|edIhﬂmﬁmamdFRHWnﬁbﬁnnﬂbdhkmomms recrystallized from 100 m of

met hanol .
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nonomaddeina soletmmwed S&l thl daflaged) titanium tetra—1sopropox1de (TIPT) dissolved in 1.0 ml of

dichloromethane added form a micro-syringe through a septum in the side arm. The vacuum was re-
applied to evaporate the solvent and heating commenced. The oil bath was heated to 160 °C over one

15 hour and when the monomer was molten, agitation commenced. The bath was held at 160 °C for three
hours. The melt, initially clear, began to bubble briskly and eventually went opaque and white. It also
grew more viscous and the bubbling ceased. The oil bath was held at 165 °C for one hour then raised
slowly in 10 °C steps to 277 °C. The vacuum was 0.05 mm Hg. After heating at 277 °C the melt was
maintained at this temperature for thirty minutes. Then the oil bath was removed and the system

20  allowed to cool without agitation and eventually the vacuum was let down with dry nitrogen to
atmospheric pressure.

The polymer button was removed and broken from around the stirrer. It weighed 4.7 g and

was ground into a powder. Some was dissolved in TFA-d and the NMR spectrum ) in TFA-d, Fig. 1)
.showed that it was a low molecular weight polymer with the expected structure and from end-group

25  calculations had a DP of about 20, corresponding to a Mn of ca 5000 g/mole . DSC (Fig. 2) showed a
Tg at about 170 °C and a Tm around 300 °C. The isolated solid was heated in a tube in the oil bath
under nitrogen to anneal it. After four hours at 260 °C, the DSC was measured again (Fig. 3) and
showed that the Tg had risen slightly to about 176 °C. While the Tm was not changed, the degree of
crystallinity, as judged by the enthalpy change (peak area), had notably increased. The reactions are

30  illustrated in Scheme 2.



of noisture and other volatiles. Next the vacuumwas released with dry
nitrogen and the catal yst added, a solution of 5.0 m of (liquid) titanium
tetra-i sopoepoxileso( TI PT) dissolved in 1.0 nl of dichl orcwatsh@nm2sedeed f orm
a mcro-syringe through a septumin the side arm The vacuum was reapplied
to evaporate the solvent and heating commenced. The oil bath was heated to
160 C over one 15 hour and when the nononmer was nolten, agitation
commenced. The bath was held at 160 C for three hours. The nelt, initially
cl ear, began to bubble briskly and eventually went opaque and white. It
al so grew nore viscous and the bubbling ceased. The oil bath was hel d at
165 C for one hour then, raised slowy in 10 C steps to 277 C. The vacuum
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henydy ether (1) 5

xyphenyp ) ether,

, 99 % pure by

degcri bed above and the

reactor was evacuat ed
reactor was filled wt
t etrai sopropoxi de 10 catal ys¥| (64 ppm Ti) dissolved in 1 ml of dry benzene
and 45 ng Irganox 1076 dissolved in 0.5 m benzene "'was added. The
apparatus was evacuated to 1 nnlkg@and filled with dry nitrogen. This was
repeat ed tw ce Sekanee 3: Fobyairpizationrod eilidst2-gksaghomethopEplicasle eher (ghder dry
nitrogen at 1 atm was heated to 150 Cin a tenperature controlled
fluidized bed heater to nelt the nonomer. The stirrer was turned on and the
reactor was evacuated to 50 mm Hg. The tenperature was raised to 200 Cin
one

2.

g nononer. The
Jur e ani um

Second Polymerization of Isoidide 2-(4-carbomethoxyphenyl) ether, Isoidide AB-ether (1)

Isosorbide AB-ether 1 (14.16 g, 99 % pure by DSC) was placed in micro polymerization
reactor as described above and the reactor was evacuated for 1 hr at 100 °C/15 mm Hg to dry the
monomer. The reactor was filled with dry nitrogen and 5.6 ul of pure titanium tetraisopropoxide

10 catalyst (64 ppm Ti) dissolved in 1 ml of dry benzene and 45 mg Irganox 1076 dissolved in 0.75 ml
benzene was added. The apparatus was evacuated to 1 mm Hg and filled with dry nitrogen. This was
repeated twice more to remove traces of oxygen. The reactor under dry nitrogen at 1 atm. was heated
to 150 °C in a temperature controlled fluidized bed heater to melt the monomer. The stirrer was
turned on and the reactor was evacuated to 50 mm Hg. The temperature was raised to 200 °C in one
15  step and then in 10 °C increments to 270 °C as the vacuum was reduced in increments to 0.4 mm Hg

over a 40 minute period. Over the next 2.5 hours the temperature was gradually raised to 295 °C and



15 step and then in 10 Cincrenments to 270 C as the vacuum was reduced in
increments to 0.4 mm Hg over a 40 mnute period. Over the next 2.5 hours

t he tenpewetorigllgms gradual ly raised to 295 C and WO PCT/US2011/028966

2011/ 116270PCT/ US2011/ 028966 held at 295 C for one-half hour with the
vacuum nai nt ai ned below 0.4 mm Hg. The reactor was filled wth dry nitrogen
to 1 atm the stirrer was raised fromthe nolten polyner and the reactor
was renoved fromthe fluidized bed heater to cool. On fully cooling, a

i ght brown crystalline solid was renmoved fromthe reactor. The solid

showe dheld aT 295" ot ofie-hlcbuh evdth theaadutmvmaimeditadrbglopol.Aitrsn Big. 2HOredetndw@09 C

(Fig NVR spectrum (Fig. 5 in TFA-d). was consistent with the

desi ré@l)e%’ﬁ‘gﬂ B Y HEFEnAP ﬁ A ﬂéﬁlﬁ‘%ﬂwég r&’ﬁ%‘!: Q‘NHIWF mo%f‘ffyﬁf ‘Ith&r‘?aétﬁé‘éfﬁs of the
exper irfRiNedgRel R ﬂmdizfad Bed hdark totc%@petﬁ@fdﬂ;r%o&fng?’alﬁ)gh@bﬂﬁ)hecrﬁstﬂﬂ{eysﬂﬁﬂ wat th a
Tg=191 C and Tm > 320 C, a DP=50 (Fi Vh="12500 y NVMR, Fig. 7; it

| s as semexddtiteat the mctpe akheapli@ st wed mT(gGHBU °F @nd héae) aVRve peliing peintsepPese nt's

are 1078ar e | KT PR S CABOr ArDe K BepLRIBHE SoRokn and Tg. on

Tmex, hoh@phlysbesith 4 PIPRET 8hkd h MRal31885/mdlt Al BRAt bithe mﬁh@ﬂlt)éﬁ&hg Zv'i\thlao n.
Table 1 Rel ation between Trmax, M and Tg Polg 1 expt Tmax Cg) Sg/ nol )
Tg ( Cffinal temperature of 310 °C gave a polymer with a Tg—191 and Tm > 320 °C, a DP=50 (Fig. 6
and Mn= 12500 (by NMR, Fig. 7; it is assumed that the peak at 3.8 ppm (CH30O-) in the NMR
spectrum represents one end of the homopolymer.). The data from five polymerization reactions are
10 summarized in Table 1 which tabulates the dependence of Mn and Tg on Tmax, the highest

temperature that was attained in each polymerization.

Table 1
Relation between Tmax, Mn and Tg Poly 1
Tmax
expt # (°C) Mn (g/mol) | Tg (°C)
1 220 1786 125
2 240 1265 136
3 275 2200 172
4 295 3180 171
5 310 12400 191

15

Discussion
From Table 1, it appears that the maximum molecular weight obtained for poly(isoidide AB-

ether) 1 is determined by the maximum temperature attained in the polymerization. This is shown

20 nicely in Fig. 7 where it is seen that the molecular weight of the polymer goes up significantly with a
polymerization temperature > 300 °C. At 300 °C there is also noticeable decomposition occurring as
evidenced by the color of the polymer. A number of variables need to be optimized to obtain the best
polymer, e.g. temperature program, time at Tmax, purity of the monomer, alternative catalysts. Fig. 8
shows that Tg increases with Mn. Because of scatter in the data it is not obvious what the limiting Tg

25  might be for the homopolymer.



1 220 1786 125 2 240 1265 136 3 275 2200 172 4 295 3180

10
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Results

Using the Sn2 inversion chemistry it was possible to make the isoidide AB-monomer 1 in
high yield and purity starting with either the tosylate (3a) or mesylate (3b). This produces an AB
monomer with an ether link which is expected to be more stable than an ester link. This monomer
leads to another new class of polymers.

The AB monomer 1 was successfully polymerized to give homopolymer 2 with a number
average molecular weight, Mn, determined by NMR end group analysis of ca 5,000 g/mol as outlined
in scheme 15. This is the first isoidide containing homopolymer of its kind. In addition to being a
new polymer it is believed that the homopolymer can be incorporated in PET and PLLA by
transesterification to raise the Tg of these polymers. Using the proper catalyst and thermal conditions
it may be possible to incorporate 2 into a copolymer as a block. A chemical scheme for

implementation of the AB monomer into PET via transesterification can be seen below:

10



171 5 310 12400 191 15 Di scussion From Table 1, it appears that the
maxi mum nol ecul ar wei ght obtai ned for poly(isoidide AB-ether) 1 is

det er m nedoly1the270axi mum t enperature attai ned in the p@®Cyrseézaesden. Thi s
is shown 20 nicely in Fig. 7 where it is seen that the nolecul ar wei ght of
t he polyner goes up significantly with a polynerization tenperature > 300
C. At 300 Cthere is also noticeabl e deconposition occurring as evidenced
by the color of the polymer. A nunber of variables need to be optimzed to
obtain the best polyner, e.g. tenperature program tine at Tmax, purity of
t he nononer, alternative catalysts. Fig. 8 shows that Tg increases with M.
Because of scatter in the datg/it is not obvious what the Iimting Tg 25

m ght be for the honopo{gﬂﬁ —\ WO 2011/ 116270PCT/ US2011/ 028966 Results
Usi ng the Sn2 inversionlchem st it was possible to nake the isoidide

AB- mononer 1 in high yie i yth either tlhe tosylate ()
or nesylate (3b). This j 8 Kth an ether [link which is
expected to be nore stal \—an i This nonormer

\\‘\\‘
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Scheme 3: Incorporation of AB monomer 1 into PET to form novel copolymer.

Due to the ether linkage this material will not scramble through transesterification which leads

S toaunique polymer with a defined structure.
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5| eads to anot her new cl ass of pol ymers. The AB nononer 1 was
successfully polynerized to give honopolyner 2 with a nunber average

nol ecul arwaenghitis27Wh, det ermi ned by NVR end group anal y®C3/usko1aa286€000
g/mol as outlined in schene 15. This is the first isoidide containing
honopol ymer of its kind. In addition to being a new polynmer it is believed
t hat the honopol yner can be incorporated in PET and PLLA by
10transesterification to raise the Tg of these polyners. Using the proper
catal yst and thermal conditions it may be possible to incorporate 2 into a
copol ynmer d&3edorbgaickdesAiption anddawigk evrepriserillustipiversatbbdiments o thetphaserAB

mononer into PET via.transesterificatio n be seen bel ow

2011/ ThsphoPCHE st sRsagtens and dutieds ecABeT raraioy Ha‘@fba% Hehorer 1

into BElity exfefbfeNM¥gefERRQ of MRise skilled in the artDAgerbIQ 1ikd} RS {&Ss of iRkAGRLiRI S

material W Il not scranble through transesterification which |eads 5to a

uni que cpdiy mesier dies hoterodgitita el lsnitation wn éhe oD Ot Bepd FAFOPENOUSPIRL 1/ 028966

tTE L e gﬁfegngesgr‘?&%%'aﬁé B9 R0 Shelh 20 YR o CPIRL AL 1 iRboh Al i 1§0Rag) frent s of
not limited thereto, except insofar as the claims are so limited. Those skilled in the art that have the
disclosure before them will be able to make modifications and variations therein without departing

from the scope of the invention.
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i nventions. The foregoing enbodi nents and the nmet hods descri bed herein may
vary based on the ability, experience, and preference of those skilled in
the art. wbrelwyiibi7eti ng the steps of the nethod in a cePCaUS2@nMe8966l0es not
constitute any limtation on the order of the steps of the nethod. The 5
foregoi ng description and drawings nerely explain and illustrate the
invention, and the invention is not limted thereto, except insofar as the
clains are so limted. Those skilled in the art that have the disclosure
before themw || be able to nake nodifications and variations therein

w thoWwedeparti ng fromthe scope of the invention.

2011/ 16270PCT US2011/ 028966 An AB nmonone risin

bi sanHydr oh¥ki*BSTONGBIT: &%@P@%@V‘%%?ﬁgb#rehf‘é‘fto Vatyst ARable 2@%@%?%%&?9 to
for”1$&€&§Q6%9Hi@&e&%1&9%&&?Rﬁﬂbﬁ&c&ﬁ@ﬁﬁﬂ&@ﬁﬂﬁﬂaﬂﬁM%Hkﬁmﬁﬁy&ﬁe general type
5A- X-C-Y-B wherein Ais selected fromthe group consisting of carboxylic

aci ds, ester derivatives of carboxylic acids, and reactive carbonyl

deri vatives of carboxylic acids su%ﬁ¥%s aci d chloride; Yis a

bi sanhydrohexitol unit derived from éYagoup consi sting of isosorbide,

i soi dide and isomannide; X is 10sel ected fromthe group consisting of
aromatic rings, including 1,4-phenylene, 1, 3-phenylene, ht hal ene
and 2 Wﬁlefﬁéﬁ)ﬁtlh%ﬂk@ﬁ?é froarht«he SIYB CPRSIMIBE OlcRarhopaliq arids. ¢sks ﬂ@@fatweeﬁmﬁ c Bi»tyéibl e

het er %§1¥1§; lahg’ I \Q@twe% 3{1 dgﬁéla]lﬁgéﬂa cgrng 17814 QI ag a1§ a{]&‘&ﬁ&@c‘f‘e”‘? 18 nd both

saturated ‘and unsa tic chai'ns and “acycli ¢ conpounds; B is -OH

and Chbisanig@reekied ufult déﬁvfeh €ro@ thel proap B&isBtihef 165 soﬁﬁdéefsoﬁidy gedis omalﬁhﬂlef Xde
sul fur, and an amne, and NH or NR wherein Ris C to attaching X to Y.

180" 2 selacted fioradhe FrovP GANGIENG Ff gromtiaBngh Hishding lc‘bﬁliﬂniﬂsn%d SrphenylerssdOof - ( a)
reactiy gnﬁaiaiélaﬁ& b Uiy gﬂhgi@ﬁé it guisghtnéd aéhdail&@ e ohg hitBle Aiéigg&[yaloor otective

noi ety to protect on OH groups of the substitute vative of an
bi sanhydanth exiudoig; 2.3- ﬁ])rammd\Zér timcrp(geltehandhqﬂr stegtethd Wkhtgrnedpliplatiacitérsi vat i ve
susc ept cli g(!y%hé gong]puo%lngs? %hlls l—bﬁ leSSED ectecti %rom the group consisting of ether oxygen, a
sulfide sulfur, and an amine, and NH or NR wherein R is C1 to C6, attaching X to Y.
15
2. A process for producing an AB monomer, comprising the steps of:

(@) reacting a substituted derivative of an bisanhydrohexitol with a protective moiety to
protect one of the —OH groups of the substituted derivative of an bisanhydrohexitol;

(b) converting the unprotected —OH group to a derivative susceptible to nucleophilic

20 substitution;

(©) reacting the protected substituted derivative of an bisanhydrohexitol with a compound
selected from the group consisting of substituted and unsubstituted aromatic phenols
and thiophenols, substituted and unsubstituted aromatic primary and secondary
amines, aliphatic unsaturated and alicyclic alcohols, and aliphatic unsaturated and

25 alicyclic primary and secondary amines, and their derivatives, to attach the compound
to the protected bisanhydrohexitol at the derivatized —OH group via an ether linkage;

and

(d) removing the protective moiety.

13



(c) reacting the protected substituted derivative of an bi sanhydrohexit ol
with a conpound sel ected fromthe group consisting of substituted and
unsubst i twDedl1arnemt i c phenol s and t hi ophenol s, substit RCEWS201d/028966
unsubstituted aromatic primary and secondary am nes, aliphatic unsaturated
and alicyclic alcohols, and aliphatic unsaturated and 25 alicyclic primary
and secondary am nes, and their derivatives, to attach the conpound to the
prot ect ed bi sanhydrohexitol at the derivatized -OH group via an ether

| i nkage; and (d) renoving the protective noiety. WO
2011/Bl62709@@h&$2ﬂt1ﬁ@®ﬁaﬁﬁhoﬁmpﬂwmagb@ﬁm&mngdhbnumbynwﬁmnmnphmhdpﬁhyner,
conpri % a honD ynerization product of an AB nononer as defined in

cl ai m#4B Mmogomet agd Qén?%¥nLroducing a stereoregul ar AB ol i goner or
honnpolyner conprising reacting 5an AB nonomer of claim1, optionally with
a catalyst, either in the nelt or in solution under conditions to effect
polynérizaﬂ%pma%sBﬂpmﬁpdoges@ﬁbU%UbrABuﬁgwgmaﬂbopmpﬁemm@aﬂmm@hpmf%ﬁng

catal 90 RRRPOConare foriopyanratr obaItEl FE mefh P HB ok ik D Sces for

pr oduGbRGtiGRROLYRSpAYmeeARPE.I Sing m Xi ng an AB mononmer of claim1l into a
pol yneri zati on reactor containing nononers or prepolynmers which nay be of

the AA-BB or AB type, optionally with a catalyst, under conditions to

effects COpQﬁl Js% Fo%&ﬂro%‘[km&? ?Roﬁ{n EQQH?{]S%%&EB%%XA A8 rh&lg)rr%%g\g ﬁ&ﬁ?ﬁ&% of a

first "poly Xi'n ormopol yner of
cl ai mpalyagtdeoptmﬁmn \'&/itlﬁ)ﬁlSatMS)stefnﬁaaiontﬂltlalﬁ’sﬁesff&”t cdpotyahdroation3. The met hod of

cHgin17, wherein the first polyner is selected fromthe group consisting of
6. A process for producing copolyester, comprising mixing an AB monomer of claim 1 into a
polymerization reactor containing monomers or prepolymers which may be of the AA-BB or AB

type, optionally with a catalyst, under conditions to effect copolymerization.

15 7 A method for improving the performance of a first polymer, comprising melt mixing the

polymer with an AB homopolymer of claim 3 under conditions to effect transesterification.

8. The method of claim 7, wherein the first polymer is selected from the group consisting of
aromatic and aliphatic polyesters.

20
9. The method of claim 1, wherein the bisanhydrohexitol is selected from the group consisting of

isosorbide, isomannide and isoidide.

10. A method of introducing an bisanhydrohexitol moiety into a polyester with reduced loss of the
25  bisanhydrohexitol during polymerization, comprising use of an AB monomer of claim 1 as a

monomer in the polymerization as the source of the bisanhydrohexitol moiety.

11. A method of improving the crystallinity of a polymer made using a first monomer, comprising
substituting in a polymerization reaction a second monomer of claim 1 for at least some of the first

30 monomer.

14



aromatic and aliphatic polyesters. 20 9. The nmethod of claim1, wherein

t he bi sanhydrohexitol is selected fromthe group consisting of isosorbide,
i somanni cwoand/il6ndi de. 10. A nethod of introduci ngP&m/US2011/028966

bi sanhydrohexitol noiety into a polyester with reduced | oss of the 25

bi sanhydr ohexitol during polynerization, conprising use of an AB nononer of
claim1l as a nononer in the polynerization as the source of the

bi sanhydr ohexi tol noiety. 11. A method of inproving the crystallinity of
a polymer nade using a first nononer, conprising substituting in a

pol yneri zation reaction a second nononer of claim1l1 for at |east sone of

the first 30 n VWD 2011/ 116270PCT/ US2011/ 028966, 12. met hod of

i nt r oddci ng* @ﬁn?]f)ggf lﬂfra@cf%la@tlipl(% @Olﬁtydﬁtlo)?ri’@? YL SPPHENG fresies € eps of -

(&) maki NG qa)TONQRRINGAGAEH MR dodoRiifd BicTHich 1\/\4;1?@&&5 thebi@niidaABYALARRYIidR! 1S

i sosorbi de; ‘and 5(b)using the nononmer in a polynerization reaction wherein

| SOSOI’bI de is ephdéreri zed to isoidide duri ng a nucI eophilic substitution

ction. 13. A thod of . |ntrlodu0| (%01_ san ro em{t%%nmetle into a
co densat i &R polw eI 8 %H%ﬂzﬁg X 18P e ORI S8 ai m 1
as an initial r‘i‘@ﬁdldi@dhrﬁﬁgfa%tl htﬂiz: dubgin@Pndensat.i on 10pol yner initi al
reaction mxture. 14. A net hodp i ntroduci ng bi sanhydrohexitol noieties

into a condensation polymer, conprising transesterifying one or nore AB

MONONM{RKS OfA ﬁlle@lf)moilmlr&lhﬁm g%?ﬁaﬁ]??@g&r&%l 'n?cﬁeti%? n¥c§r§ ?IBQI%FR&{] ohzn‘grélcsonﬁrgﬁtg hod

of formng rrsin
nono mﬂdmg one or more AB monomers of claim 1 as an initial reactlon materlal to the condensation

10 polymer initial reaction mixture.

14. A method of introducing bisanhydrohexitol moieties into a condensation polymer, comprising

transesterifying one or more AB monomers of claim 1 into the condensation polymer backbone.

15 15. A method of forming an oligomer or polymer, comprising self-polymerizing an AB monomer

of claim 1 to form a regio-regular condensation oligomer or polymer.

16. A method of introducing bisanhydrohexitol moieties into a condensation polymer, comprising
adding an oligomer or polymer of claim 15 as an initial reaction material to the condensation polymer

20  initial reaction mixture.

17. A method of introducing bisanhydrohexitol moieties into a condensation polymer, comprising
transesterifying one or more oligomers or homopolymers of claim 15 into the condensation polymer
backbone.

25
18. A method of forming an oligomer or polymer, comprising polymerizing a mixture of two or

more distinct AB monomers of claim 1 to form a regio-regular condensation oligomer or polymer.

19. A method of introducing bisanhydrohexitol moieties into a condensation polymer, comprising

30  adding an oligomer or polymer of claim 18.

15



of claim1l to forma regio-regular condensation oligoner or polyner. 16.
A nmet hod of introducing bi sanhydrohexitol noieties into a condensation

pol ymer, wWOrpty6279 addi ng an ol i gomer or polymer of cl &CHUB201a8928966 i niti al
reaction material to the condensation polyner 20initial reaction m xture.
17. A nmethod of introducing bi sanhydrohexitol noieties into a condensation
pol ymer, conprising transesterifying one or nore oligonmers or honopol yners
of claim 15 into the condensation pol ynmer backbone. 25 18. A nethod of
form ng an oligomer or polymer, conprising polymerizing a m xture of two or
nore distinct AB nononers of claiml to forma regi o-regul ar condensati on
ol i goner or, pol yner. . 19. t hod of. jntroducing hi sanhydrohexjto

noi et i<€s i ﬁ%e@oggﬁﬂgﬂ%qgévaﬁdﬁ@ﬂtgmw B NG LA TP RO I YBIEE or
pol y mefan QktefifyiiaBnd 3r mbR ARdHeL L6 BAOREL/ PSR 14 HeBR6 Bondéhatiéh pRiHad of

i ntroduci ng bi sanhydrohexitol noieties into a condensati on pol ymer,

conpr ibs¢kbgne.r ansest eri fyi ng one or nore oligonmers or polynmers of claim18
into the condensation pol ymer backbone. 5 21. A nethod of introducing

bi sanhydrohexitol noieties into a condensation polyner, conprising adding

one on]1nor e\ ABHhEB BPiiEbSucRy HidadhylrdheRiol dibidtidk tritdh corRiafshli @NpdBh&T ¢adhprisigt he
condensation polyner initial reaction m xture and processing the

conbi rdding Ang 9 meore Adcmpranesx efrqlaer | aspg impal seagBerhpatcndl ¢ be gprignHoB| i gomer

or pol o L.S1 Ng. ' . AB. im1l as an

i 1 el R R B D RS R A R IR R Bl ™ Lo on

m xture and pol yneri zing the conbination to forma condensati on ol i goner or

pol ymer havi ng regi o-regul ar bl ocks of the AB. nmononer or nonomers. 1523. A
mePhod2of i"hIFGAEEl REMBR 8 AHSUPBRERPIYBET AYNRISINEAIIRE §ng Ol P (e} e

t er pt : I S I J g  OF -&gﬁg noner s
of cIg?%?%?iﬁﬁ%tMﬁﬁéE%o@&?%%%%FgﬁgL?g§%§ﬂ§%§%§; pgﬁgﬁggk%ac gﬁgmgg forma
copol yobmetihiag theasmbmatioc odase d cagleasticooijzanedort @l higngfegtdaegular

pol y(et hyl e rpt hal at e olymer itself. 20 24. A nethod as defined in
clainﬁ%%%sﬁﬂﬁ?%gﬂggﬁﬁﬁ¥P%%ﬂ ®'&nsesterifying one or nore oligomers

15 23. A method of introducing bisanhydrohexitol moieties into a poly(ethylene terpthalate) polymer,
comprising transesterifying one or more AB monomers of claim 1, into the poly(ethylene terpthalate)
polymer backbone to form a copolymer that has an increased Tg as compared to the Tg of the
poly(ethylene terpthalate) polymer itself.

20 24 A method as defined in claim 23, further comprising transesterifying one or more oligomers
or polymers of claim 4 into the poly(ethylene terpthalate) polymer backbone to form a copolymer that
has an increased Tg as compared to the Tg of the poly(ethylene terpthalate) polymer itself.

25. A method as defined in claim 23, further comprising transesterifying one or more oligomers
25  or polymers of claim 15 into the poly(ethylene terpthalate) polymer backbone to form a copolymer
that has an increased Tg as compared to the Tg of the poly(ethylene terpthalate) polymer itself.

26. A method as defined in claim 23, further comprising transesterifying one or more oligomers
or polymers of claim 18 into the poly(ethylene terpthalate) polymer backbone to form a copolymer
30  that has an increased Tg as compared to the Tg of the poly(ethylene terpthalate) polymer itself.

16



or polymers of claim4 into the poly(ethylene terpthal ate) pol yner backbone
to forma copolyner that has an increased Tg as conpared to the Tg of the
pol y( et hyweorneittgsyohal at e) pol yner itself. 25. A net rod/img01deRsvsed i n
claim 23, further conprising transesterifying one or nore oligoners 25or
polymers of claim 15 into the poly(ethylene terpthal ate) polynmer backbone
to forma copolyner that has an increased Tg as conpared to the Tg of the
pol y(ethyl ene terpthal ate) polyner itself. 26. A nmethod as defined in
claim 23, further conprising transesterifying one or nore oligoners or
polymers of claim18 into the poly(ethylene terpthal ate) polynmer backbone

to forma copol yner 30t hat has _an jncreased Tg as conpared to the Tg of the
pol y(et'hyl é%glei}l@ii pt frarmng E’)Claﬁ%‘l?nglﬁh?rtcgapf“?mg %tfli‘%i ? OPEPIUB 26917028966

27.  ABbIRErsas clfh DNBEL B pSly RIS tqutﬁﬁlht@ﬁ}%olﬁﬁémfabﬁioﬂgtotﬂ)ﬁﬂ 88Sciyrhdryi ng
one or noife oligoners or polyners of claim22 into the pol y(ethylene

t er pt Hadt hasedn ipaéasekt e boeskipared to theflgrofithe pobyteshylensrtenpthataten aslyanar itselfr eased Tg
assconpared to the Tg of the poly(ethylene terpthal ate) polyner itself.

287 A method of introducing bi sanhydrohexitol noieties into a poly(ethyl ene
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polyners of claim4, into the poly(ethylene terpthal ate) polymer backbone
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comprising transesterifying one or more AB monomers of claim 18, into the poly(ethylene terpthalate)
polymer backbone to form a copolymer that has an increased Tg as compared to the Tg of the
poly(ethylene terpthalate) polymer itself.
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31. A method of introducing bisanhydrohexitol moieties into a poly(ethylene terpthalate) polymer,
comprising transesterifying one or more AB monomers of claim 22, into the poly(ethylene terpthalate)
polymer backbone to form a copolymer that has an increased Tg as compared to the Tg of the
poly(ethylene terpthalate) polymer itself.
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