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BASED UPON BI SANHYDRCHEXI TOLS Background of the Invention [0001] This
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groups with different topographies and chemical reactivity. One -OH is exo and one is endo and

as a 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 useful, stereo-defined monomers and polymers 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, simple
incorporation of isosorbide into PET on a 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 also complicate its polymerization

chemistry.



WO 2011/ 116275PCT/ US2011/ 028975 Sunmmary of the Invention [0005] The
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(denominated herein as compound 1), isosorbide 2-(4-carbomethoxybenzoate) (denominated

herein as compound 2), and isoidide 2-(4-carbomethoxybenzoate) (denominated herein as
compound (3). In addition, homopolymers have been synthesized from these AB monomers by a
novel method of self-polymerization, which homopolymers not only have regioselectivity but
also represent a new class of polymers. It will at once be apparent to those skilled in the art that
the two monomers 1 and 2 will give the SAME regioregular homopolymer. This appears to be
true from their physical properties. The new homopolymers exhibit a definite melting point
evidencing crystallinity. These monomers moreover can be introduced into condensation
polymers, such as poly(ethylene terephthalate) (PET) to introduce improved properties into the
condensation polymers.

[0008] An object of the present invention is to provide novel asymmetrically substituted

bisanhydrohexitols.



[ 0009] Anot her object of the present invention is to provide novel AB
nononmers conprising asymmetrically substituted bi sanhydrohexitols that can
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novel homopol yners. [0010] A further object of the present invention is the
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[0012] These and other objects of the present invention will be made apparent to those skilled

in the art upon a review and understanding of this specification, including the figures, and the

appended claims.

Brief Description of the Figures
[0013] Fig. 1is the 300 MHz 1H NMR spectrum (in TFA-d) of polymerized 1.
[0014] Fig. 2 is a chart of the DSC analysis of polymerized 1.

[0015] Fig. 3 is a chart of the DSC analysis of polymerized 1 after annealing.

[0016] Fig. 4 is the 300 MHz 1H NMR spectrum (in TFA-d) of polymerized 2.

[0017] Fig. S is a chart of the DSC analysis of polymerized 2.

[0018] Fig. 6 is a chart of the DSC analysis of polymerized 2 after annealing.

[0019] Fig. 7 is a chart of the DSC of PET (IMPET) used in copolymerization with 1.

[0020] Fig. 8 is a chart of the DSC of PET (IMPET) + 10 % 1.

[0021] Fig. 9 is the 300 MHz 1H NMR spectrum )in TFA-d) of PET(IMPET) showing. 2%
DEG.

[0022] Fig. 10 is the 300 MHz 1H NMR spectrum (in TFA-d) of PET (IMPET) polymerized
with 10% 1.

Detailed Description of Preferred Embodiments the Invention

A. Preparation of AB Monomers

1. Preparation of Isosorbide 2-benzyloxy-5-(4-carbomethoxybenzoate) (6)

[0023] Into 500 ml 3-necked flask equipped with magnetic stirrer, pressure equalizing dropping
funnel, and drying tube was charged 28.35 g (0.12 mole) isosorbide-2-benzyl ether (4), 100 ml



[0019] Fig. 7 is a chart of the DSC of PET (I MPET) used in copol ynerization
with 1. [0020] Fig. 8 is a chart of the DSC of PET (I MPET) + 10 % 1. [0021]
Fig. 9 iswohe1130@7wHz 1H NVR spectrum )in TFA-d) of PETPCWREI)11HRRYS ng. 2%
DEG [0022] Fig. 10 is the 300 Mz 1H NWR spectrum (in TFA-d) of PET
(I''VIPET) polynerized wth 10% 1. Detail ed Description of Preferred

Enbodi nents the Invention A Preparation of AB Mononers 1. Preparation of
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reaction was stirred overnight. The next morning the reaction mixture in methylene chloride was
poured into a 1 liter separatory funnel and washed with 2 x 150 mls 15 % v/v hydrochloric acid
followed by washing with 100 ml saturated aqueous sodium bicarbonate and 100 ml brine. The
product in methylene chloride was dried for 2 hrs over anhydrous sodium sulfate at 8 °C, filtered
and the methylene chloride removed on a Rotavap to give 57.1 g of reddish solid (0.14 moles
crude). The product was dissolved in 600 ml hot methanol and allowed to crystallize in the

refrigerator overnight. The next morning the methanol solution was filtered to yield 41 g of

white solid (87 % yield after vacuum drying) mp 90-91°C.

2. Preparation of Isosorbide 5-(4-carbomethoxybenzoate) (1)
[0024] TIsosorbide 2-benzyloxy-5-(4-carbomethoxybenzoate) (6) (35.0 g, 0.088 mole) was
added to 0.61 g of pre-reduced 10% Pd/C suspended in 200 ml of methanol and reduced with

hydrogen at an initial pressure of 85 psi. When the theoretical amount of hydrogen had been
absorbed, the system was vented. An additional 200 mls methanol was added to the reduction
product, warmed to dissolve the product and filtered through Whatman #1 filter paper to remove
the catalyst. The methanol solution was concentrated to ca. 250 mls with heating. On cooling,
22.6 g (0.0733 mole, 83.4 % yield) of 1 as a white solid, mp 154-155 °C was isolated. The

reactions are illustrated in Scheme 1.
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Scheme 1: Isosorbide 5-(4-carbomethoxybenzoate), Isosorbide 5-TA AB monomer 1

3. Preparation of Isosorbide 5-benzyloxy-2-(4-carbomethoxybenzoate) (8)

[0025] Into a 500 ml 3-necked flask equipped with magnetic stirrer, pressure equalizing
dropping funnel, and drying tube was charged 28.35 g (0.12 mole) isosorbide-5-benzyl ether (7),
100 ml methylene chloride and 30 ml (0.215 mole) dry triethylamine. 4-Carbomethoxy-benzoyl
chloride (5) (0.15 mole) in 120 ml methylene chloride was added dropwise over 1 hour. The
reaction was stirred overnight. The next morning the reaction mixture in methylene chloride was
poured into a 1 L separatory funnel and washed with 2 x 150 mls 15 v/v% hydrochloric acid
followed by washing with 100 ml saturated aqueous sodium bicarbonate and 100 ml brine. The
product in methylene chloride was dried for 2 hrs over anhydrous sodium sulfate at 8 °C, filtered
and the methylene chloride removed on a Rotavap to give 56.5 g. solid (0.14 moles crude). The
product was dissolved in 700 ml hot methanol, treated with activated carbon, filtered, and
allowed to crystallize in the refrigerator overnight. The next morning the methanol solution was

filtered to yield 37.4 g of white solid (78 % yield after vacuum drying) mp 100-101 °C.



3. Preparation of |sosorbide 5-benzyl oxy-2-(4-carbonmet hoxybenzoate) (8)
[0025] Into a 500 mM 3-necked flask equi pped with magnetic stirrer,
pressur e wqQualmapar§ droppi ng funnel, and drying tube wa®Cthmegaea288s 35 g
(0.12 nol e) isosorbide-5-benzyl ether (7), 100 m nethylene chloride and 30
m (0.215 nole) dry triethylam ne. 4-Carbonethoxy-benzoyl chloride (5)
(0.15 mole) in 120 m nethylene chloride was added dropw se over 1 hour.
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Scheme 2: Isosorbide 2-(4-carbomethoxybenzoate), Isosorbide 2-TA AB monomer (2)
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2- ( 4- WBM%8@5@%&1@%@6@%&%&% Téleﬁﬁmiz@eﬁﬂwhﬂene chloride extracts were

washed with 200 mls saturated aqueous sodium bicarbonate and 100 mls brine before drying

with anhydrous sodium sulfate. The sodium sulfate was removed by filtration and the methylene
chloride removed on the Rotavap to yield a brown oil. The oil was dissolved in 50 ml hot
methanol and refrigerated to crystallize. The crystals were isolated by filtration and
recrystallized again from hot methanol to yield 8.47 g (42 % yield) of isoidide 2-(4-

carbomethoxybenzoate)-5-benzyl ether, mp 59 °C. The reactions are illustrated in Scheme 3.
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Scheme 3: Isoidide 2-(4-carbomethoxybenzoate), Isoidide 2-TA AB monomer
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P onsi SPmRS PR AL Mabifts St ShelRTaRl Ned s AR A RIS R b S ou 4 ¢ as
j udgedhityg eh faﬁd e{&ct«awlw @@ded d Emﬁu@l%frsee POBAgiquRY) AtMuR tetfedisdptBPogddol €. The
DSC (Fi showed a f pattern of Tm endot herns and no

ea5| | yéT%th depsplyedinel. @f@ﬂ OﬂdW@WPme@ﬁlﬂfededad heoal & pacrarsgEngmihtquggarsepunpia0 C,

wel | . defined.Tg at 145 C see arou
Sors) e B DEStIRG AR08 Vadihlh FallfPs 3 118 e Pu SRR 4 160 -C'O
2- ( 4- @aﬂ’tb@rlﬁfuwllﬁ@m&ta@itaté@fortdhe @Gﬂfyiﬂﬂiﬂ hbﬂlﬁét 160 °C while it bubbled. After this,

the bubbling died down and the melt was quite viscous. The batch was raised to 190 °C in
increments of 20 °C per hour. The vacuum was maintained at 0.05 mm Hg. The bath was then
raised to 265 °C over an additional hour and stirred at this temperature for one hour more. It
grew very viscous and began to stick to the stirrer and also discolor. The vacuum was let down
with dry nitrogen and the system cooled rapidly to room temperature. The isolated brown solid
weighed 5.8 g.

[0030] The solid was ground to a powder and a portion dissolved in TFA-d for NMR studies.
The NMR spectrum (Fig. 1) was consistent with the desired structure with a low MW and a DP
of about 4 (as judged by the end-groups). This corresponds to a Mn of ca 1200 g/mole. The DSC
(Fig. 2) showed a complex pattern of Tm endotherms and no easily-recognizable Tg. However,
after annealing under nitrogen at 240 °C, (Fig. 3) a well-defined Tg at 145 °C was seen and a Tm
around 240 °C.



[ 0031] The polynerization followed the same route with an identical anount
of TTi P catalyst and the sane protocols for drying out the apparatus under
vacuum TWe 20elt163568] yneri zati on was commenced by heat i n@CrRiS2datoedy7ap to
170 C over two hours from anbi ent under a vacuumof 0.1 mm Hg. The nelt was

held for another thirty mnutes at 170 C until it ceased bubbling. Then the
bath was raised to 280 Cin increnents of 25 C per hour, still under the
sanme vacuu The. vi.sco nmej t eld at 280 C for,one hour then the
vacuur 1 ot Dabupetighiat oF oS 295 Chibondhoftendal B o b AT L' o

The pobo3gr mRIpolynadi daskRMed 8 ald GaRbYteatitPa0idtnti N8R GARK TTIM ek

brown solid was i'sol ated and wei ghed about 5 grans. It was ground up and a
por t i @nd thesaule\psetorels fTuralrging ont thheppasyizb uNgR vagraet. rilmmethpol juwRi{atiog was)
showed A& SXPEFREM WAGIAIS, W) o2 BB Blo o SROEESRONG Lo Rul fPout
1200 ¢ per ol & "Thes atrac,pe( |g.q§/) showe a]flgaout 45" ¢ iTe the
Tm at (ot hingn B Ag8e Wts: wBSRN for AetRal thitg @inu24Qt €70 ar uBtilnotdaSedmidlingr y
nitrolgﬁlg rai sed the‘Ta sl !%(gpt ly to 145-150 C (Fig. 6) while the Tm

endot Héemthsagihaeepdich o 28 dgii ssmengsf 200 r kes hovd stdll vedes theagie vapwim. 240
C. Resyl| t r Lt : i zed as
R R e G T L
honmopahey/syaten( ¢db2dd tomrosmhangerbiure. [TAO P3lynids nrefy HalelaeRed mueeshlpat 281G.stry we
have al so prepared an isoidide terephthal ate ester. (3). The Sn2 reactjon
gave OKBeTRIIe Gtk Growssalid %Sdé%lﬁteg PRf deEhodgLoidd oAt BRS A8YRY BRAIG as a
phase atﬁo?t'i'bﬁi &bsob@lah 5 -G %haugia ORMR g@é&mﬁﬁ?ﬁ@ NMR (BBt hylvell @feePht hal at e
apparently fromdi sproportionation of 44 and a | ow yi elgd of 45. The yield
of 45 espadia dvmciunc wehadoP biy4.addesmpndihgtto atMie attrott 12@Gg peromolei XhaP8Citrace mal |
portiops over a ur, a C.. ragenat.ion of 4 ives the desire
ronomal 35 PoUEHR Taatyel Lear o b PR A r Gee e TPt Aonitis Lo fesi zed
by soltyt s REurP QhdFRIEY Aidbolb&Nralsol WLEE KlighRy to ReRABN °C MrigapwBM fhaufh, M,
Synthesis and Properties of Hi gh-Mlecular Wight Polyesters based on

1, 4: 3,eed@hqmbmamﬁ@ﬁmtymesombl%ea@m@ﬂhmomdedA@i dlmpgkboredOChem 194, 53-64
(1993)). In this polynmer the isosorbide units which have two possible
orientations in the polymer chain are incorporated in ransom order as

illustRegtled i n Schene 4. Schene 4: Synthesis of PEIT (13) with random

orientation of I|Isosorbide [0035] Using the AB-nopnoners (1) and (2) should
| ead 1801 pdibgiwp Al mengmersed igigtdiave bery syREhesized medipdesedr B appcas that,

the. por s o5 TR DE0R % 2 he RE KBS AL AR S I FhARE o) °Bna (2) g1 ve

the s4q0633t afstoyr thgBh2inveoligmeterasiry Wk hista dteprepared an ésoilids tevaphepectstdrhat

ot ol B et BB RS B 2550 R 555 o

(1) and,GR)schavSreY BieYiysd At akioh i IR ARE bf @inddftydSere phiBiSe AppdiEBEELh Vel V)
F

and DSC thernogranms (Fids. 3 and 6, respectively.)

disproportionation of 44 and a low yield of 45. The yield of 45 could be increased by adding 44

to the hot reaction mixture in small portions over an hour at 150 °C. Hydrogenation of 45 gives
the desired monomer 3.

[0034] Poly(isosorbide terephthalate) (13) has been synthesized by solution polymerization
(Storbeck, R., Rehahn, M. and Ballauff, M., Synthesis and Properties of High-Molecular Weight
Polyesters based on 1,4:3,6-Dianhydrohexitols and Terephthalic Acid, Makromol.Chem, 194,
53-64 (1993)). In this polymer the isosorbide units which have two possible orientations in the

polymer chain are incorporated in ransom order as illustrated in Scheme 4.



Schene 5: Synthesis of stereoregular PEIT (12) from AB nononers 1 or 2.

[ 0036] W& have surprisingly observed that polyner (12) shows a Tm on
anneal i ngworeotigns27ast to pol yner (13) which i s reportedPCo/Use0IdORIIPHOUS
(Storbeck et al., supra). We have al so observed that polymer (12), nmade
fromeither nonomer (1) or (2) are remarkably simlar as shown in schene 5.
3.Incorporation of |sosorbide-5-(4-carbonethoxybenzoate) (1) into PET.
[0037] 17.35 g (0.09 nole) PET (identified as | MPET, Tg 2nd , M 81.5 C,
Fig. 7) and 3.08 g (0.01 nole) of 1 were mxed iR _the mcroreactor. The
reactor was purged with oxygen, “hi trogen and/heated to 270 Cin a
fluidi zed bed heater. Wen the\P had el t ed g stirrer was turned on and
the reactor was evacuated to <Q.1 nn1of Hg. A 30 minutes the
tenperature was raised in 5 G- ements ever 5 mnutes to a tenperature
of 290 C where it was nmintained for 4 hrs—%he reactor was then renoved
fromthe fluidized bed heater, the stirfer was WO

2011/ 116275PCT/ US2011/ 028975 rai sed "4fid |t he reactor was al | owed to cool .
Fig. 7 shows the DSC of the PET used in¥Ythe copol ynerizati on experinent.
The starting T has a To of 81.5 C (2ndpheat) and an MPgof 255 C. The

pol ymer resultling from i pf PET with is@s@rbide 5-TA 1

gave a Tg of §9. 32 d S 32 C ( 'g.s%) ) i ncrease in
Tg of 7.7 C. 1H anal of t\he /star PET (Fi/g. 9 372) det ected
no copol yner with/ the exdg .2 % of (di ey ene gl ycol)

whi ch is fornmgdfxgnt et hylene gl °during hqj facture of | PET. [0038]

The 1H NVR spéctrum (Fig. 10/ t he PET-
i sosor bi de- 5- (14- car bonet hoxybenzoat e) (1) copol yner show t he® expected naj or
peaks at 8.1 and 4.75 ppm for PET and peaks between 4 and 5.7 ppm expected
for incor por at$abamefd: SyubenibofdREI{3) whike ruboynetentafios of keondbale shift and

integrated intensities of the isosorbide peaks conpare very closely to the
peaks seen in the isosorbide-5-(4-carbonet hoxybenzoate) honopol yner (1). A

peak 39033193 Pt AR ERneMes A Pakd\@) SRIuN®XMd €4 p&ls}hiaabvach@teeme%mw of the

copol ynmer. No evidence was found for the presence of an isosorbide end

gr oup oadering b thst iseostidys iHstrasedsirSchere Shdmifepalymendonirhasp difarenh of t he
copol [ 4o nh d dr oxy
group¥%$9gﬁgﬁ§§@%? gﬁg%/ lgﬁa§$0£&h%1 158%?%%%%d%% 5?##? r%@@gé;@% ester
and t hiee m&meoﬁgmmopblymaﬂ azl; 1Hastﬁte£ﬂhhfstl&1ﬂnet 2 vedexpectth@pheyawill ieedifietact ed
in the integrated spectrum Fromthe integrated intensities of the 1H NWR

spect FifRt Pt PoaBeRtian Rpiwee tihdes %@‘%%‘P’SM#@FO‘]@&H%?H@G ag egdopydonyl i
9
boen S Lofyory BBtk POGnIT8) Ae Yor o N R Bl oat

(1) prespedesly aodﬂﬂﬁé}nhennograms &g andoorgspeaivelyr) of i sosorbide into PET.
The i sosorbi de/ PET copol ymer forned showed an increase in Tg of 7.5 Cwth
an incorporation of 8.9 nole % isosorbide. This is consistent with the
expected rise in Tg with addition of isosorbide to PET as reported in the
literature. No catal yst was added to the polynerization since it was
assuned that sufficient catalyst remained in the starting PET to catal yze
the transesterification with 1.
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Concl usions [0040] It has been successfully denonstrated that: (a) A new
class of polyners can be nade from AB nononers based on isosorbide and its

i somers awo 20hiati6278ese honopol yesters have Tg > 150 C amdTAIS@011/028975

sem -crystalline; (b) AB nononers can be used to incorporate isosorbide
into PET to raise Tg; and (c) these results provide strong incentive for
further studies on the WD 2011/116275PCT/ US2011/ 028975 i ncorporation of AB
nononers based on isosorbide and its isongers into a variety of polyners to
nodi fy their properties. [0041] The foreonlng description and draw ngs
conprise illustrative enbodinents Rresent i nventions. The foregoing
enbodi nents and the met hods descr? G may vary based on the ability,
experience, and preference of thogeskill¥g the art. Merely listing the
steps of the nethod in a certain, Aiﬂgr doe Onstitute any limtation
on the order of the steps of the" mefhod. The

drawi ngs nerely explain and illustrate the

®@egoi ng description and
wention, and the invention is
not limted thereto, except insofar "ds"tthe clains are so limted. Those
skilled in the art that have the discloYure before themw || be able to
make nodificatd ons and variations therein w thout departigng fromthe scope

of the inventiion. WD 20 1/116275PCT/U82 11/ 028975
B Ezzg/, o ézzg/' EEEET’ B

Heat, cat.

@g

Scheme 5: Synthesis of stereoregular PEIT (12) from AB monomers 1 or 2.

O//,

[0036] We have surprisingly observed that polymer (12) shows a Tm on annealing in contrast
to polymer (13) which is reported to be amorphous (Storbeck et al., supra). We have also
observed that polymer (12), made from either monomer (1) or (2) are remarkably similar as

shown in scheme 5.

3. Incorporation of Isosorbide-5-(4-carbomethoxybenzoate) (1) into PET.

[0037] 17.35 g (0.09 mole) PET (identified as IMPET, Tg 2nd , Mp 81.5 °C, Fig. 7) and 3.08 g

(0.01 mole) of 1 were mixed in the microreactor. The reactor was purged with oxygen free
nitrogen and heated to 270 °C in a fluidized bed heater. When the PET had melted the stirrer was
turned on and the reactor was evacuated to < 0.1 mm of Hg. After 30 minutes the temperature
was raised in 5 °C increments every 15 minutes to a temperature of 290 °C where it was

maintained for 4 hrs. The reactor was then removed from the fluidized bed heater, the stirrer was

11



W claim 1. An AB nononer conpri sing bi sanhydrohexitol derivatives capable
of self- polynerization directly to form stereoregular or regioregular
condensatwonopaitgamér of the general type A-X-C Y-B wher @CA/US301a/02897HoXY| i C
acid or ester or reactive carbonyl derivative such as an acid chloride, Y

I s a bi sanhydrohexitol unit derived fromisosorbide, isoidide or isomannide
and X is selected fromthe group consisting of aromatic rings, including

1, 4- ph 1, 3- ph 2, 6- t hal . 7- napht hal

subst MORLIdas Fa8er VEs i usbisitrol A LilvaareDNG: el PEr e Caihant o

i ncl udbpQyRedz fibhaRpaifed, The RaAniemer nhot ”gg 58 5 a@?%@ﬁ&g%ﬁ%%ﬁb?d
|

al i phatic chains and acyclic conpounds, an is -OH and S an ester
car boyb °Ci dlbewolymer iesugingform aepayhedzation Xt R wikeisosoybidn Salid.aclgedt 20 V.

21 PHOESSS.L LR BRUSHES Mo Ry ST AR TIRCP RS Mg

reacti uted deri i san rohex h™a protective

nDi et WnilgsipbptheGtar@iePPT (Figeo, T3 79y a¢tpGedho todIEHESYIt] theedlcdriohvabizve of an
bi sanhydr ohexi t ol reacting the protected substituted derivative of an

bi sanhyle hekPEs (;diﬁéltﬁl\er@ gysippotiah sdoepedgomeghilenseel yroddpriensi sti ng of

substhﬁﬂﬁﬁguﬁggfpﬁ§ubstituted aromatic, or heterocyclic or aliphatic
unsaturated and alicyclic acids and their derivatives to attach the

conpoyieeBs] o Tthed HINM R giceduini (Fan h g dsfcthe RETolsosdrbidh e - (dnqarindnesth@d befdags) oup

via ar&l)ecsoa)germf}r Qlllgvxe/ ?ﬁeeerxpgétec? nrrliajdoer plezi1knska?%.el; an%r}lc.i75 ppm for PET and peaks between 4
and 5.7 ppm expected for incorporation of isosorbide into the polymer. The chemical shift and
integrated intensities of the isosorbide peaks compare very closely to the peaks seen in the
isosorbide-5-(4-carbomethoxybenzoate) homopolymer (1). A peak at 3.93 ppm is assigned to the
methoxy terephthalate end group of the copolymer. No evidence was found for the presence of
an isosorbide end group as demonstrated by no measurable change in the NMR spectrum of the
copolymer in TFA-d on addition of trifluoroacetic anhydride. The 2-hydroxy group of an
isosorbide end group would have formed a trifluoroacetate ester and the methane proton would
have shifted to ca. 5.6 ppm and been detected in the integrated spectrum. From the integrated
intensities of the 1H NMR spectrum it was determined that the copolymer contained 8.9 mole %
isosorbide, 2.4 mole % DEG and had an Mn = 14,900 g/mole.
[0039] It has been successfully demonstrated that isosorbide-5-(4-carbomethoxybenzoate) (1)
provides a convenient route for incorporation of isosorbide into PET. The isosorbide/PET
copolymer formed showed an increase in Tg of 7.5 °C with an incorporation of 8.9 mole %
isosorbide. This is consistent with the expected rise in Tg with addition of isosorbide to PET as

reported in the literature. No catalyst was added to the polymerization since it was assumed that

sufficient catalyst remained in the starting PET to catalyze the transesterification with 1.

Conclusions

[0040] It has been successfully demonstrated that: (a) A new class of polymers can be made
from AB monomers based on isosorbide and its isomers and that these homopolyesters have Tg
> 150 °C and are semi-crystalline; (b) AB monomers can be used to incorporate isosorbide into

PET to raise Tg; and (c) these results provide strong incentive for further studies on the

12



(c) renoving the protective noiety to create an AB nononer. 3. A process for
produci ng a stereoregular AB honopol yner, conprising nelting an AB nononer
of clai map20ptiteatal |y with a catal yst, under conditi on®CraSediimess7s

pol ymeri zation. 4. A process for producing a copol yester, conprising nmelting
an AB nmononer of claim1l and a polyester, optionally with a catalyst, under
conditions to effect copolynerization. WO 2011/116275PCT/US2011/028975 5.

A process for i a copol yester by, reacting an AB nononer fromclaim1l
and o ovsRStot b e SERy Pales Sae B A Har oA Bip LORICE PoRGImers

modify their properties.

[0041] The foregoing description and drawings comprise illustrative embodiments of the
present inventions. The foregoing embodiments and the methods described herein may vary
based on the ability, experience, and preference of those skilled in the art. Merely listing the
steps of the method in a certain order does not constitute any limitation on the order of the steps
of the method. The foregoing description and drawings merely explain and illustrate the
invention, and the invention is 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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6. A process for producing copol yesters, conprising mxing an AB nononer of
claim1l into a polynerization reactor containing nononers or prepolyners,
opti onal Iwoabithe278A- BB or AB type, optionally with a c&Calisseri/oesvder
conditions to effect copolynerization. 7. A nmethod for inproving the
performance of a first polynmer, conprising nelt mxing the polynmer with an
AB honopol yner of claim 1 under conditions to effect transesterification.
8. Thggne%hoﬂ of claim?7, wherein the first polyner is selected fromthe
group 'tbfi¥1"8ting of aromatic and aliphatic polyesters. 9. The nethod of

claimil, whgf RBMmédndiceaphyids ehaxh &uk&pﬁﬁﬁﬁﬁﬁﬁgc%%ﬂﬂ&&h@ﬁgrOUD

consi sting of isosorbide, isomnni de and i soi di de. 0. A nethod of

i nt r odgebimmyizanorbiiseetbiyel Faestereolcgwiai et ipgiorrgylag cpardopesiioarpolyidr of dituced | oss

of theeE&§ nhgdrohexitol during polynerization, conprising use of an AB

monomé’ of ¢raim 1l as a nonomer in the pol ymeri zation as the source of the

bi sanhydrohexitol noiety. 11. A nmethod of introducing an bi sanhydrohexit ol

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

pol yneri zation, conprising use of AnXABYhBnopol yner of claim3 as a

copolynmer in the polynerization as the source of the bisanhydrohexitol

noi ety. 12. A nethod of introducing bi sanhydrohexitol noieties into a

condendgrid Aris pohrpoeylic acahqrdseir ngreadiihengurionmgl derivatresdB asmnadidrchlovidecYai m 1
t.o the condensation polynmer_initial

as an.injtial reaction nnterial ,

r eact iivh PHFSEFEC g D SE Y s B mpeor LR 1l daersomainiad and X is selecied
from the group consisting of aromatic rings, including 1,4-phenylene, 1,3-phenylene, 2,6-
naphthalene or 2,7-naphthalene (or substituted derivatives thereof), and suitable heterocyclic
variants, including 2,5-furan and 2,5-thiophene, both saturated and unsaturated aliphatic chains

and acyclic compounds, and B is —OH and C is an ester carbonyl link with the carbon attached to

X and the oxygen attached to Y.

2. A process for producing an AB monomer, comprising the steps of:

(a) 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) reacting the protected substituted derivative of an bisanhydrohexitol with a
compound selected from the group consisting of substituted and unsubstituted
aromatic, or heterocyclic or aliphatic unsaturated and alicyclic acids and their
derivatives to attach the compound to the protected bisanhydrohexitol at the
unprotected —OH group via an ester, thioester or amide linkage; and

(c) removing the protective moiety to create an AB monomer.

3. A process for producing a stereoregular AB homopolymer, comprising melting an AB

monomer of claim 2, optionally with a catalyst, under conditions to effect polymerization.

4. A process for producing a copolyester, comprising melting an AB monomer of claim 1

and a polyester, optionally with a catalyst, under conditions to effect copolymerization.
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13. A nethod of introducing bi sanhydrohexitol noieties into a condensation
pol ymer, conprising transesterifying one or nore AB nononers of claiml
into the wondaretr’son pol ymer backbone. 14. A net hod ofPCTArSadNg289Ms

ol i gonmer or polyner, conprising self-polynmerizing an AB nononer of claiml
to forma regio-regul ar condensation oligoner or polyner. 15. A nethod of

i ntroduci ng bi sanhydrohexitol noieties into a condensation pol yner,

conpri sing adding an oligonmer or polynmer of claim15 as an initial reaction
material to the condensation polyner initial reaction mxture. 17. A

et hod, of i brRedGbinNGallihg aRBYsly Qe HyledctiiRiaR AR ohBiner RomQNMERNSALd £HN

pol ymer, conprising transesterifying one or nore oligoners or polynmers of
cl ai mpedyestar, prafereblyomdenalt polymsolzgtrsrcapdidiobene. 18. A nethod of formi ng
an ol igoner or polyner, conprising polynerizing a mxture of two or nore
di stinct AB nononers of claiml to forma regio-regular condensation

ol i gorer OrA pRIYRE: prodindcdpRledr tompiifindHeting abiABmbYcthenekdial |

noi eties into a condensation pol yner, conprising addi ng an oligoner or

pol yneptogfpodynagrikation reagior contpipingdaoneee ey prepelymers) aptianaby oflered B R ple

d ' - ; | St f I t hyl
For ephihotFar SRR i R e A b e o g
bi sanhydrohexitol noieties into a condensation pol yner, conprising

transesterifying one or nore oligoners or polyners of claim12 into the
conderlsat i %%ﬁ@%gﬁléq,in}%_eﬁggg) He performance o? a fgst p)(/)lymer, compris?ng melt mixing the

polymer with an AB homopolymer of claim 1 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.

0. 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 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 introducing an bisanhydrohexitol moiety into a polyester with reduced loss
of the bisanhydrohexitol during polymerization, comprising use of an AB homopolymer of claim

3 as a copolymer in the polymerization as the source of the bisanhydrohexitol moiety.

12. A method of introducing bisanhydrohexitol moieties into a condensation polymer,
comprising adding one or more AB monomers of claim 1 as an initial reaction material to the

condensation polymer initial reaction mixture.
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22. A nethod as defined in claim2l, wherein the condensation polyner is
sel ected fromthe group consisting of poly(ethylene terephthal ate) and

pol y(| actwo 2atiyd§275 WO 2011/ 116275PCT/ US2011/ 028975 23 PCA/USRM1102890S

i ntroduci ng bi sanhydrohexitol noieties into a condensation pol yner,

conpri sing addi ng one or nore AB nononers of claim12 as an initial
reaction material to the condensation polyner initial reaction m xture and

processing the.c Lnation in reactive extruder. 24. A nethod of formng
B o1 1gonarA BEHAY i ga e SrHE R O GHES o hevEehE RBRONEES of ol al m
12 as _c@fﬁph_@i‘n? in@hses@A€¥1h®Bnd &t Bbedd B i bR rCANUE RS PinkPthe REhISTBAi dn i dlyrAér
reacti on m xture and polynerizing the conbination to forma condensati on

ol i goeekbonepol ymer havi ng regi o-regul ar bl ocks of the AB nononer or
mononers.

14. 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.

15. 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 initial reaction mixture.

17. A method of introducing bisanhydrohexitol moieties into a condensation polymer,
comprising transesterifying one or more oligomers or polymers of claim 12 into the condensation

polymer backbone.

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 adding an oligomer or polymer of claim 12.

20. A method as defined in claim 19, wherein the condensation polymer is selected from the

group consisting of poly(ethylene terephthalate) and poly(lactic acid).

21. A method of introducing bisanhydrohexitol moieties into a condensation polymer,
comprising transesterifying one or more oligomers or polymers of claim 12 into the condensation

polymer backbone.

22. A method as defined in claim 21, wherein the condensation polymer is selected from the

group consisting of poly(ethylene terephthalate) and poly(lactic acid).
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23. A method of introducing bisanhydrohexitol moieties into a condensation polymer,
comprising adding one or more AB monomers of claim 12 as an initial reaction material to the
condensation polymer initial reaction mixture and processing the combination in a reactive

extruder.

24. A method of forming an oligomer or polymer, comprising adding one or more AB
monomers of claim 12 as an initial reaction material to the condensation polymer initial reaction
mixture and polymerizing the combination to form a condensation oligomer or polymer having

regio-regular blocks of the AB monomer or monomers.
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