; €3eLh$6ZTj vt 11 July 2003 WO 00/41985 * PROCESS AND PRODUCTS OF

PURI FI CATI ON OF ANHYDROSUGAR ALCOHOLS Field of the Disclosure The present
"disclosure relates to a process for the purification of 5 anhydid4ig8P3

al cohols by distillation and/or recrystallization in the presence of an

al i phati c al colual/is19end t he products of the purification, whi/obpsasss
desirably greater than 99.0 % pure and, even upon thermal treagtnent, are
substantial ly cqjwont ess Rel ated Applications 10 The foll owi ng application)
filed on even date herewith) contains related subject matter: CONTI NUOUS

PROCESS FOR : ON OF ANHYDROSUGAR ALCOHOLS, [Atty. Docket No.
032358-019] \% matter of the above-nentioned application is

her eby i ncor'porated by reference. 15 Background of the Disclosure

Anhydr osugar al cohols, in particular derivatives of mannitol, iditol, and

sorbitol, are known for their therapeutic uses and uses in food. Further,
at | east isosorbi de, 1,ERGCBSSIANDPRODECTSICFPURIFICREION O¥xam ned as a
ren @E@H Mﬂ“@ resource forANHeDREmutﬁgtuLeomkngplyners) especially

pol use 20 isosorbide is a derivative of sorbitol) which can be
deri i ous natural resou&gesthé Dgtlogikd1g corn starch and cassava

(t api ocd}®6!%Cee rel at ed applications on processes of making and products
made from pol yners ha;vpfh@emama@sntaxdmes f%&Mi QY burdidi@tdryl ene gl ycol

noi eti es, U S. Patent ications 09/ 064, 844; 09/ 064, 950; 091 064, 846;

091 064, 858; > 091 HEHITEYE? %@P@‘BHY disiglatiorogngisy reseystallizgtion & ho presmae 9. al |
filed April 23, a1bR2R,a1086 NafdfthaftbdiRdis dF Mhe ipBERHH, JhRE aferhe§1m1yrgr@hﬂatr| rety by
r ef er ence. 11 July 2003 WD 001 41985 PCIl US99J00539 -2 The purity
requirenent s fd?ml%%0%§%"ﬁwdéﬁﬁ%H¥B§%ﬁ%¥t%NEBWOWESHFFF%¥Wd@B%%8|ng upon t he
i ntended application. In food and drug applications, for exanple, one
requirenent is that there be no iggurities,that cause harmto the

i ndi vi dual or organi smusing the ! i ni ng the anhydrosugar

al ﬁohol. 51q3y|thi s daé ifmiobvh@rappnﬁauoanhbéai@ﬁa@ardatah&em{, cBﬁMlnﬁler”]ﬂeiai n ngrrer ous
other materials or inpurifie t are n n rosugar_al cohol s and yet
still be consi osé‘glé&‘ (% P%H‘Eqﬁgﬁ%ﬁgcﬁgéﬁ&é%%i PSQI?%GTIQ%8BOI ymer

appl i cations, e/spsymﬂdswaptmﬁﬁcoh@mrm@i Deck@m& coai35810a9]i U'Dhe sj&ch as

pol yners used in gac#@gin one nnnonergﬁurlt uirepent is that there
not be any mat &P{4r 8 aWﬁﬁHFWngéqﬁy%g s bergby e RBARHPOTPEFChat coul d
cause the resultant polymer to devel op an unacceptable degree of color
during synL{esis and/ or process_no. I -urltles that may be permissible in
anhydr osug al cohol s used for o LRSI cat i ons may not in fact
be acceptable for amyﬁh’rmglzgal'coﬁh@Glhﬁﬂrﬁculahaénvaﬂi\%s bOmimittlS Ridtoll, Bndool ymer

appl i cations bec i.Mpur i dtoith evel o nt of an
unaccept abI e | &%uogfremnown for'their t}lerapcutxc 1}1555 ang uses 00(? gurther aprgs

isosorbide, 1,4:3,6-dianhydrosorbitol, is being examined as a renewable natural

resource for the manufacture of polymers, especially polyesters, because
20 isosorbide is a derivative of sorbitol, which can be derived from various natural
resources, including corn starch and cassava (tapioca). See related applications on
processes of making and products made from polymers having isosorbide,
terephthaloyl and ethylene glycol moieties, U.S. Patent Applications 09/064,844;
09/064,950; 09/064,846; 09/064,858; 09/064,826; 09/064,719; 09/064,862; and
25 09/064,720, all filed April 23, 1998, each of which are incorporated in their

entirety by reference.



' S color during the synthesis or processing of the polyner. Several
nmet hods of purifyi ng anhydrosugar al cohols are known in the art. For
* exanpl e) such al cohols can be purified by vacuumdistillation 1drduly 2003
recrystallization froman organic sol vent such as ethyl acetate and/or
ether, as di sbesedsi n Fl eche and Huchette, "Isosorbide: perepanads on,
Properties and 20 Chemistry, " starch/starke 38 ( 1986) Nr. 1, pp. 26-30 at
29, or nethyl ethyl ketone as disclosed in U S. Pat. No. 3,454, 603.
However, these nethods do not sufficiently renove inpurities that may | ead
to the devel opment of an unacceptable | evel of col or during polyner
synthesis and/or processing. Purificatign by recrystallization fromwater
is al so known, as disclosed in 25 Beck, "Di anhydrosorbitol - a new
phar maceuti cal i ngr e peity, requilRh@nteres etetuse aff anhfsneshigae talgohonodiftert er nat i onal |
.97-100 at 97-98 (1996),. alth h .the product resulting fromthis is onl
gbout 97 % pur &PRUREP “I"K}‘fm%%ggpl?%mﬁ’ﬁgé% OPgﬁrf r%a@‘%"gf)ﬁ% because Y
anhydr osugars ax#npix bhersghiyenitygis GRCHEE Ge no indplritles] tyat 2A0ShaMD tO€He41985
PCT1US99/ 00539.-d3 .(ruLi fication by disti LI ation under reduced &r essure in
the presence of"h3TGhYAPARET USHE thfJaatcijal grnpiniag t ‘?Hﬁ&’@ﬂ‘?ar cofelscl osed by
FIheC hedand_s Huc fB?&lﬁiﬁdqfﬁ(i;ioﬂSan anhgtiofgatfcnol higttohtin lduslﬁeroﬁbdttt;qrgﬂterﬁl.,s 160564 1 for
t he reduction of  periodateconsun ng i rities in jsosor usi ng boric
aci d. 5 Net hodSr iRBFiF SR BieRR Aty fropsge 40ne'S Plavef i PGS PBRUgar al cohol
derivatives, anfg affosd q@uirigd ippRdation RfpoBsY SpAGHUGR! esptiOR@hosPhacur sor s.
Purification of speci fic anhydrosuglar al caohol ger,i vat i vesgjg)/ _
recrystal | i zat FOHTE PRGRIFATNA B0 45 REYBET 457N PASKaptign AL PUOEE FUIY £ or
exanpl e, Hocketdqueément is tilat therd noChealy nfa@@ials or Mpuriti&Srespnt 38935 (1946); Cope
and Shen, % Am Chem So? % 3%77-3{182 Og 195‘1?%"; and Q rzanowski et al
Acta PollV. PHSPoHeT AR gguld casgerheesylanigogsyner fe deyqlon an ugagepriableqegrss of
precurs olr Is _suchf étﬁc%r [RQuitR$yinthed isl anitbr Progéssi t Dﬂlpu]?}{es,ttﬁat ma?/ bapérin@SibRlin
recrystallizatiqn from ethapol aor ture of ethanol an ter,
et vl y . agusiEarSrap uador Bpdiok e wlicafins AR aoCRd Boomn. (43)
p. 264268I |(1989)1cceﬁlﬁ}lél'fme ameroﬁfgafmtdhaﬁgﬂ{at aach &td@@dﬂi}?lpoiyﬂlefj dplications ' conol
recrystallization o recur.sors an rivatives an rqs r .al cohols is
L1 50" dermonst r abGa Ry dbb FEpHAG may A gt Rloptee oban FRREIEEH 850 * Do aye
et al. al 90 dep@msduriag @ symhdsisDF plokésziag ofabe pdlymbranhydr osugar al cohol s,
specifically, 1,4:3,6-dianhydrpo-D.mannitol and, 1 4:3 6di anhydro-D-glucitol.
However, these recrvg?rgllmqtli(éf P@H‘é‘fﬁaﬁg ﬂ‘hﬁ'é)rﬁsé’éaré]fclorb(ﬂ%‘irié g”% ’5¥l}§§ﬁtol s such as
met hanol , et harod examplef duyh gitahollcyced pudiSied By weminsdistilati@t srod of purification
of nmonoanhydrohexitgl s. and di anhydrohexitols s also set forth in U S.
Pat ent 4, 5%4, 6&2”?88%}08E@Hhane?g%‘fc.sogﬁ%é’efgraf e#’ﬁiaget‘ﬁ? 6’@2@5"}%&& res placing
t he anhydr osugaiscleded @hBibche AandiHtichaney "lsosgtbidt: Rpirmipn 1 Pidpéhivsadneér by wei ght and

addi ng se crystals of the. desj] hydr os r cohol, to be 25

recr ygt al I%lgz ed&el‘ﬂlétfye F‘%w%‘aﬂ&ﬁ O%(??ngglﬁ?% QP'C#Q%J’F ?éﬁr Hﬁmgheuévghydr osugar

al cohol by r eckstsiealds kiszlaged anUTS. @80, &bl Rhs4,603. aodeid) hess wekhoasdamet hanol )

et hanol or ethylene glycol. The above processes,.as known in the art, are
i rared’t o pubined S imp ey i e g P SR RO AT bbb Son” of
phar maceut i cal levelmydosibt duping polyiner synthdsishndl/vr AOEESsinf0 001 41985 PCT/ US99/ 00539
-4 inventors herei npare ungware of. an ﬁt%r evi oys I% rifi catdl on Arocess

achi eving the requiTSHcaten Ry resrysi ’rz?tfoé B WS 4P OB "EC1H Wi ew of t he
above, a npl BeckndDiafiBidrozbrbitelt-ia\new phirmactuidal fapreditnt] rRhammosutica s ugar

al cohol s, resulfing in gn extrenel r t)..is desired. 5 Further, an
extrenel y pure%‘ﬁﬂ@@‘&?ﬂ@éﬁ”@%ﬂ&*lﬁ@a@g%?&g&’ﬂmglb\?ﬂsgrrog&“f‘for use in

pol ymer f or mat ranltingSfronatiy is@hlytabeut BF % PufeS LGenerdilg watey 8nindesiratd astahe pr esent
di scl osure have di scovere hat 10 recrt}/‘ét gl | i zation from|ower aliphatic
al cohol s, suchSYEHRTALR BTV BERLHBIremey AYRIPCOBS el t recrystallization,

i nproves the purity and clarity of color of anhydrosugar al cohols.
Distillation also inproves the purity of the end product, and rnay
optionally be done over sodi um borohydride (NaBH 4) or other hydride ion
cont ai ni ng conpounds. A conbination of distillation and solvent or nelt




15 recrystallization markedly inproves the purity of the end product.
~Simlarly, multiple distillations and/or multiple recrystallizations from
| ower aliphatic al cohols have been found to markedly increase théulpdediy of
t he anhydrosugar al cohol . Further, it is disclosed herein that the purity
of the anhydrwsugasssal cohols 20 is best measured w th regafdisbdpotive
relative color of the anhydrosugar alcohol and its ultraviolet (LTV)

. transmittance. A nethod for obtaining such nmeasurenents is herein

di scl osed. Al so, a nethod of determining the quality of polyners prepared
with the purified anhydrosugar al cohol is disclosed, wherein the

anhydr osugar al cohol is 25 anneal ed at tgnperatures approaching those used
in polynmer formation, thereby testing the devel opnent of color in the
aﬂne?I ed al’lhydr?Sugalﬁrifa:h@mm|diﬂilllat’lidﬂ&mdﬂrebtfﬁtdﬂﬁ)résﬁﬁ@ﬁllrtﬁé ptre@ﬁcmcleszary for
the formation olymers. The coloring of the resultant anneale

anhydr osugar aﬁ’(‘,’BﬁB‘%r}/dieéOqs e ag%?tqe%prB?osg%és gisgiosed by Klechgpd ﬁlé?)’éﬁ‘%ﬁ' during
synt hesi s andl @p, giiee esstitg ipU.S. IPar. NS BI16@B41 BOMY FRlGction of feriblidy. 2003 5
Further, use of the purifi ed,ap{%‘&l’rosu ar alcohols resulting fromthe above

met hods in t he “PHFREEIHRVEES Bo K¢ usiAgbYIcddidct s formed therefromis

described. sin a fir#ethd&e€hiso kdd@nifMMBNpurFidatioh OF drli@Srosug ¥ AGe8&S f or
obtaining a purjfied anhydrosugar al cohol conprising: gISSO|VIng an

anhydr osugar al9gdygres; #rdfor gafiicaton of anbpdrosugarAlcoBepdrecyigons o PHSIACAE yt i on:

cooling the sologitpetific hhyarob@aPAERbLAvaWES byCle@dtalliAtibDfrbth etahddl S of the
purified anhydroqs)%gq% al.cohol ; and separati ng@t he crystals of the purified

anhydr osugar aPt kis drmensarehiny for s1rmpfen Hacke et ol adnddem. §9¢e i nvent i on
provides a p(r]I pwe,;s.ﬁsyf p.paa-ans @ﬁ@;{j@'@@bﬁ@%@?,&?ﬂl E@,Sﬂd aﬁ.lmhti%bpl S
conprising: distllling fhe annydrosugar. alcohol: and nelt

re(r:nr)yst al 11%i n I%SH)éa%fﬁﬂWﬂnB‘éf%g‘ral‘a BEEY MY LAPBPr osugar  al cohol
having a purity of Rirthe€astifi@eD8bprdcirsarstsidnrad DAGAMASLand Degradi¥ErIt | ON

provi des a purified anhg_dr os%a%hgl cohol  havi ,ngllra urity of at |east 99.0%
In afourth asSEEACHOR HICTHRAMRIYNTHR SVFRLY AMEBIS ofethapd3pd Mafing t he

purified 15 anhaspécasdigare @naitted b \Bldtg efal PidrActayCHef, 8éanl @35p.260. 0% In a
fifth aspect, Ehe i?ﬁsenti on provides a product forned fromthe pol yner

conprising the ﬁfﬁ?l ed anhydrosugar al cohol having a purity of at |east

99.0% In 13 sixth apfRast of hétkanblune BihhN ifPthOMLGaslligatidR bhsrecut0fs et er mi ni ng
t he suitabilitﬁ of an gn% rosugar @I cohol, for use in a polyner,
° er

|
conpri sing: anfigaf QSUEATAI PO (s dgmensierd bt Defayeeh e of at

| east 260C f or Rai. 2b£p3b1-2OM1 99U DBfayEQQI. Iakg dehéhsaiaaadredapatidsros ugar

al cohol to for upercooled nelt. and determning the colaor of the

super cool ed neg]la’a‘}i‘yﬁr é'ﬂﬁ?bélf?l?gsnSptef)‘%gfml‘(ngﬁﬁ’Gtc*g’l’”é‘Vd%ﬂgF’f“.m“Phanﬁ 1dedBnt h aspect,
the invention platiwideeB-guciiBll IHhel @ thek@tredryiallizagbnt € natsgaliphity of an

anhydr osu%%r al i a _sol ut ioﬁ)n of anhydrosugar

al cohol i ifdi S@ﬁ&%ﬁs&u%ﬁ%&%ﬁaﬁmgtag{ogérﬁttﬁ?%a ROl A AYERSi ol et transni ttance
of the solution. A method of purification of monoanhydrohexitols and dianhydrohexitols is

also set forth in U.S. Patent 4,564,692 to Feldmann et al. However, this process

requires placing the anhydrosugar alcohol in a heavy liquid having 1-20% water

by weight and adding seed crystals of the desired anhydrosugar alcohol to be

25 recrystallized.
There is no known teaching of purifying an anhydrosugar alcohol by
recrystallization from aliphatic alcohols such as methanol, ethanol or ethylene
glycol. The above processes, as known in the art, are directed to purification of

the anhydrosugar alcohol for use in food or pharmaceutical compositions. The



'n an eighth aspect, the invention provides a nmethod for making a polyester
pol ymer conprising: (1 ) conmbining in a reactor a nononer conpr|5|%h

t erepht hal oyl noiety; optionally, one or nore other nononers dd i%
aromatic diacid noiety; a nononer conprising an ethyl ene glycol noiety; a
nononer conprygdongst he purified anhydrosugar al cohol havipggugsopbezs ty of at
| east 99.0% optionally, one or nore other nononers conprising a diol

noi ety; and optionally, a nonomer conprising a diethylene glycol noiety,
wi th a condensation 35 catal yst suitable for condensing aromatic diacids
and glycols; and (2) heating the 11 July 2003 5a nononers and the

catal yst to a tenperature sufficient togpolynerize the nononers into a

pol yester polyner having at |east terephthal oyl noieties, ethylene glycol
noi eties and i geeNsBiheiRintRé BlalveR;of Whieirelituspiefidatad progsd £heong theued for a
sufficient tine to yield an_i otro ol yester having an inherent

vi scosity of afCQB“T%IS%Eﬂ 0518{519( 0p 14 B‘I’_l)"gerﬁhen measured as a 1 %

(wei ghtl vol une) sol mtvieanofahe dbbee, Q@in)pﬂ':bsdinﬁrcoslt Bif@tichhanandtenalyinat a
t enperature of nipth as t he invention provides an isotropic

pol yest er coinW&Wﬁ“gﬁégl%‘ﬁ’ﬁFhﬁF‘B g ’Prﬁ? EXFemELy PYS RISl FAesitidner ar omati ¢

di aci d noi gti egirtek hamleaﬂanajf Fﬁ@hnﬂ%ﬁo@lglaxeﬁcohﬂl iCHRYEE PartghGPlor GRIigL I €s; the
purified anhydro al cohol having a 10 purity of at |east 99. 0% and

optionally, onBOBWg BFRA8 her di ol npieties, wherein the polyester has an
i nherent viscosity of at |east about 0.35 dL/g when neasured as a 1 %

(wei ght/vol une) solution of the polyester in o-chlorophenol at a
tenperature of 25C. In a tenth §§%§%¥Liﬂﬁél¥#¥@ﬁtlon provi des an i sotropic
pol yester conpri si nguelxazeh@rsemmefpaésayhlsamueénaesdls@pem@ﬂadIy, other aronatic

di acid nD| ties ene glycol noietjes; o |onaII di et hyl ene gl ycol
noi eti es; ‘the ﬁﬁpa?réﬂma PB@UﬁﬂWméP@@W@P‘EQGfW& obefidiefhan¢ls asat [ east

99.0% and opt vemad hylt ree:ryaamﬁauamr@pﬂiv&eﬁe lirey ardQiLicy afScoloWGerel n the
pol yester has a |nhe?bﬂt Vi S | east ahout dL/ﬁnmhen

0sj t
measured as a TYSORBRLHIANYS] ﬁsé‘jlatg’Bla Pl"B‘?foﬁ’F ﬂlerPé‘”B’cﬂfﬁfsef‘%P“’F

o- chl or ophenol armtm@%paoﬁaﬂyrmeaaicwm s6diud dorohjRidai(N£BH Hos 6théralyiade of the
Preferred Enbodi nents. of the cl osure The Locess of the invention
provides for t K8 pRIFOE ﬁ%fPl?"B %ﬁﬂ’ﬂ%&‘m‘%‘%ﬁdjéﬁ illaffop sAG FLver{ &R MNer starting

with a comser crea}ylswl@amhhah&eelymmp:dmtme ity \6TTthe eng pyddudl. Bindifarlpy oduct derived
directly froma cont i nuo ocess for formation of anhydrosugar

al cohol's. In tWEP ’Btg B%“OBT andyps "?‘\Iﬂ‘{}’é‘iﬁﬁ“?rﬁﬁalﬁqaﬂ@sﬂﬂ%{}a ‘ﬁ'@garmal cohol is
purified by di Stéholsaavetteihdio mekddySih@tdse tapluan of theamlyamedganl | phati c

al cohol s. By"l ng al i phatic alcohols"it is neant linear aliphatic

al cohol s, pref y havi ng 1-4 carbons. Myst 30 desirably, the al cohols
are nethanol, et harrakthéxt it64 discietEhegdily hed the Py mwmymsu@urdlcfoh@d

anhydr os uggr al Cbgsq ?rlleaslu%da\}uthl rgga% togtlgne' roeoaotieeugo?dr o?{hc anhy rofsgg%n alg(%f an T nants,
its ultraviolet (UV) transmittance. A method for obtaining such measurements is
herein disclosed.
Also, a method of determining the quality of polymers prepared with the

purified anhydrosugar alcohol is disclosed, wherein the anhydrosugar alcohol is

25 annealed at temperatures approaching those used in polymer formation, thereby
testing the development of color in the annealed anhydrosugar alcohol at the
elevated temperatures necessary for the formation of polymers. The coloring of
the resultant annealed anhydrosugar alcohol is indicative of the color that may

develop during synthesis and/or processing of the resultant polymer.



and is preferably colorless. The anhydrosugar al cohols of the invention are
~nonoanhydr o- or di anhydrosugar al cohols. Desirable dianhydrOSﬁP?r gé ohol s

i ncl ude i sosor bi de, 11 July 2003 5b isomanni de and i soi di de. ity abl y,
t he anhydrosugar al cohol of the invention is isosorbide. Distillation of
anhydr osugar al cohols can be perfornmed with or without 5 hydride ion
cont ai ni ng conpounds, such as borohydrldé I on contai ni ng conpounds |i ke
NaBH4, or lithium alum num hydride. In a preferred enbodi nent, distillation
occurs by placi ng Futben Ry of bewnyafiedariymsupar alcaholstesulios Bamjtae abeus t he

flask to VaC%’é’fhé’dsﬁB'tt‘\é %?mgfbrﬁéf p%l}n?é??%ééwo‘%c@ffoﬁﬁed tﬁé‘u%?ron@qg:dew&%@r abl'y

at least 70C, nost preferably at |'east 80 he anh érosugar al cohol is
kept at 10 this tdmwpdirgaspectufeinventien eroyidps PRrecsss &I okaining p purified

i mpurities i %nﬁ?cﬁel;lfé alcbR8! Jolnﬁy?lglnbsdlgé’tﬁ\ﬂndj)éﬁfaﬁﬁﬁfi’éa HigBHEIBERbI M & ower

non-reactive sucn as nItI'O en or arg e 1 on contal ning

conpound, 5pr maima}coaobt@rf@marsp@éon motmwthalsmun@w m&wtuwﬂw& erably
NaBH4, may opf fo?uﬁastéf?lg%f ﬁ@ﬁﬁﬂmé@aﬁ r@gmgxﬂéle&waarndaéeseﬂa%g tre erprﬁalgl ask at

this tine. The K eated to a tenperature of ul'y
2003 WO 001 4 pHtie maiiedgoiyronear alsoha fem thegolulion.pr ef erabl y at I east 120

G rost preferabl yy glchsasspkdl nvé}ﬁ&)ﬁrp?oﬁafe%ﬁ@bb@& bPRRREREERGE! Y 1

nbar pressure under vacuum subsequent di st tion. ydrosugar is
t hen di sti | | @hydiosgarglcopels cemprsipg: Ci'ﬁ@'”ﬂﬂ@? ANNYSrosyigal %'C?JECH f?lﬂdrfé etin an

appar at U%oeqlﬂéd?pégm%é theaa chfsugérsatlédhlo%'dl’)‘i‘alﬁgh‘éﬁﬂydrésuyé?afébﬁél'ﬂablﬁg

anhydr osugar al cohol P erab further purified by one or nore
addi ti onal diasurty @‘tqtdﬁ?é 8%8%er recrystatlizations. For recryst al l'i zation

from sol uti on accqgdiyRgy éébetsh%é |HV@rﬂFoh%\h%seé Bunﬂteﬁ%n J{”th 4@8holal cohol
may be placed in a solution of | phati'c al cohol's, preferably nethanol,

et hanol or etayinggerujityefcat |eth%99‘(’4’rrperature of the solution is |owered 10

to less than 30C, rﬁ’ra%lﬁ'f@@décﬂ ﬂw%smwlﬁl@nJp%lde@iSol%@ﬁcﬁfn%?isbﬁg'tﬁ@éuﬁfré@n 0C,
and nost ref erably less than -10C, until recrgstal l'i zation'is conplete,

usual |y 45" anbﬁrpw%ﬁ'cﬁhmlr@é{@@ PKituplat lgast 9983l t ant crystals are
collected by filtnagisgn a@ﬁ&t%@ ReAnibr Brotnh@s aPrébLRt forfiad fremahé 8Bger

preferably at or belowt rrgerature of crystallization so as not to
3

di ssol ve t he CeMpEsing éhe ﬁtﬁé'ee ¥‘HP§-‘%§‘|CSB?'|"@M'§9 1BPYsEY afept f5asked-P- vacuo at

room t enperature. lr'FHrsbJﬂ‘?ésﬂé%t?rtb(éﬁﬁér'\tloﬁaérb\ﬂd@s5Frfétﬁo@l'fblpcﬂbiéﬂnﬁmﬁ @ghol s and/ or
distillations may be perfornmed. Al ternatlvelklapmelt recryst al |zaf;| ons of

t he anhydr os@@ﬁ“?b”ﬁ}' ef)%pnrmgyos(ygar alcohol for use | olymer, comptising: annealing
20 the anhydrosugar alcohol at a temperature of at least 260°C for at least four

hours; cooling the annealed anhydrosugar alcohol to form a supercooled melt;
and determining the color of the supercooled melt in comparison to a known color
chart.
In a seventh aspect, the invention provides a method for determining the
25  purity of an anhydrosugar alcohol, comprising: forming a solution of anhydrosugar
alcohol in distilled water; and determining the ultraviolet transmittance of the
solution.
In an eighth aspect, the invention provides a method for making a
polyester polymer comprising: (1) combining in a reactor a monomer comprising a
30 terephthaloyl moiety; optionally, one or more other monomers containing an
aromatic diacid moiety; a monomer comprising an ethylene glycol moiety; a
monomer comprising the purified anhydrosugar alcohol having a purity of at least
99.0%; optionally, one or more other monomers comprising a diol moiety; and
optionally, a monomer comprising a diethylene glycol moiety, with a condensation
35 catalyst suitable for condensing aromatic diacids and glycols; and (2) heating the



performed. Melt recrystallization may be done by any means known in the art
and may be perforned before or after distillation, or in place of
distillation and 20 recrystallization from sol ution. Typical#ydmg?bé3
recrystallization entails heating a conpound in the absence 0 vent j ust
beyond its nmelting point, then slowy cqQling the nolten conpound to cause
formation of purified crystals of the comfpound. The inpurities generally

forma Iiquid surroundi th rlfledc stals d have a lower nelting
poi nt than tHBOWFQPQH%Z@t%‘% WHP%@&%%?‘%&?'Q@HBPOQH{G&F?\ by the above
ggsgr:)/ b)ed Wgtdﬁ\@ftﬁnéiaﬁnt@awdrybét)ér pélyakr hmatg&dﬂt@(@phtﬁélﬁfllﬁﬁ@bﬂles at | east

6) an

t preferabl
desi rabl y- obt MRS S BotRIEs B RS micEdnaipts: ety e Heatipe i Sonlinded ©
recrystal | i zabi HBeHiienndd fophed be isatrepib Polyetter Baviighit inheicht Jidbysitd @93t WO

00/ 41985 PCT/ US99/ 00539 recrystallizations a c i nati on of _no nore
than thred of'eﬁaié{’%ﬂ% g Mhep easHiadrasEy I@éﬂqmt&%e% !é’p%"b%tg ®net hods
of purifying dgoyesenhysiensrpnendlataksrhperairdef zppl i ed to a batch process.

They are al so applicable to conti nuo roces nuf act urin
Anhydr osugar al colBRTH EALSLINS MYAREI RN SRoTEPE REVBF bF AP ki |

in the art, asrefhthalysadicties; bbforipesiisirgorant diacitintdietics| émglleh@gs/cslarre day

N ooOLS &Hr'eﬁgvegqﬂwﬁhaﬁ% Bt RTes s PUTed SBRVTPRNR ARRBOAIREE on of

anhydr osygar pkigodfeh feabS30. 0% 8nd, optidrialig 0sHel GTUAGIE dBtied Gis moleQIeISSWEBreMen by

the reaction chani.s of the continuou 0 T, fore el d may be
Somewhat | owdhe PrVEEIETTAS ANDUS Bt vraosty pin AL 6510 o hep pleaSufec
purifi catl on Rt p Weieignblufies edlutich 6f tiepelyaster in@actiorophermi aia a bat ch
process. In Rarti cul ar %I stillation and/or recrystallization froma

conti nuous protREE LB%@ 2 Gvi th separation of the anhydrosugar al cohol from

t he sol vent of t hdn @aahthagpes, the wﬂéﬁttcﬂﬁﬁroviﬂba; an Gsatropic Qiolyesi@npompridhey
atlon of the cohol , fromthe

hi eved I nhyd
o eme 1Y derebinaloy RNk bl iag e lér el HEH s, hushe avbline: 1's
obt ai ned as anaemesdopﬂbmtmeiwetnmmgmol sefieaf the gutified antygrbsogargaicoral cohol

o e Sy L o HOH SEABRR e i Wi o
et hyl ene gl yoxHereititiee mmembromsg:annMremhMﬂcoile/ ¢frat easbélzout 6 didg whsnl ution in

i conol 15t nBSHR ALY ! ghrye ol ok iR i REalBRE ' GRuBRRRERAE Bra o

recryst al2bi zat teoperafimefR83s to a reaction product with superior purity
conpared to other processes, and provides a nore econom cal process for the
formation of purified anhydrosugar 2~ aI cohol s. The purlty of the

anhydr osugar al @QetailecoBesgriptiv e Pre aigyie RQisgldsiureit i on can
be neasured by co i rimetry
(DS, wherein the & S TP e S0 S e oL
However, a siaighels, wheltheestyrtlagmhaat@nnrealswilyeamllableanrodllc:l Jwvorking @gh\ao

00/ 41985 CTI\5 et ﬁﬂ[b\(l r or use in
pol yrner §§p| i acﬁ‘l%oagaéng rllﬁﬁém%%a?é &Bﬁ%gri yg@ﬁ&g’g%&g@%@hg&am ning the
col or of the enmwrdsmgangmohalbcohol s) preferably as a supercooled nelt. Col or
determ nati on of S ﬂsbﬁ'n of the
anhydr osugar al coﬁﬁlt@e{]%%g%%#%gém%@@n g%ﬁg@gs@%@%oﬁﬁgﬁﬁﬁé e such

col or syst emdistillatioovandéy reﬁestamuoyﬂoemomnawmbhal@oh@ssBa'ﬂ@NQfeﬂdlehahcned by

hall | Chi
Systom hue. q5enolif it fe Suctiefe oRRhUECHeRRanIFRAN] (X EPESR, Msky! 7 S
360) witRB00 aledirdgy tb@ahghwldemmew:bnolFemaeodamptrerlene@iwohaw regultiad ues
around 0 (or 3G8d4 a¥ifdt G anASho B! fsasPbo BHOMME, §G%recdhishn EontBMIdROUGh the

and is preferably colorless.

The anhydrosugar alcohols of the invention are monoanhydro-or
dianhydrosugar alcohols. Desirable dianhydrosugar alcohols include isosorbide,



rest of the color spectrum (green, blue, purple, etc.). Conbinations of
colors, such as orange (red and yellow), have val ues between the two
nunbers, for exanple, between 0 and 60 for orange. SaturatioﬁTJwyﬁpQ%lly
denoted by the synbol S, indicates the intensity of color, and ranges from
O to 100, wth zero 15 being no intensity, indicating a white col or.

Bri ght ness, denoted by the synbol B, ranéés fromO for black to 100 for
white. In the application of this color systemto the rating of nononer or
pol ymer col orisonsannigeaancigoidde. \Paefeeably; thasenhydragugarchleahiohafithe dwe®n isal ues
close to 100 ;a8 irable. At a saturation value of zero, hue has no
meani ng. 20 ﬁor Besf results, it is preferred to conpare the discoloration
of supercool ed nelts of the anhydrosugar al cohol at roomtenperature. This
elimnates col or di - j C f t he
particle size of gmgﬁﬁpﬁ?Sﬁ%Fw@§%H%§§3k%ﬁ§§éﬁﬁﬁgivgﬁgkgggﬁﬁff%gwg&ts of
anhydr osu§ar hatiddshion centainingeauiprimndd; suchrasriorefydide iopaostdining sanpl e and
particle siz unt f ] | r agt | i lL.ection
Prom the sagsrisoupds iRedisiRy 8t ikl sl aepiidk o b pferbfed ShpbasE] | 2
anhydr osugar digtiatfenl ocgfitsdry placihgthetardydrosbfjaraientiot io adflask apd saljaetinghi st or y
simlar tot L I : i / i i der to
deter m ne. i t &L LEROP vEBuRF AKRIOR P IERp o oF iy BATBEE. ool NPACE] TP
preferred thdeash78¥hpnest pfeferablyfat tapshBONCd r Twuaphydedsugiralicdbe! iakaptated in a

cl ear gl ggs I - ; i a
Cemper at ute aho sxfipsratefe ylt e RHASRLPN Bilfoinfidhnc S oRbetd The sk,
pref erabl y atis theagreferapin purgedwitie edloadeadiivgioas. such @sartagehedargant A The

anneal ed anh r ﬁﬂﬂ? i color chart.
The cl oser tﬁgagﬁﬁggfggﬁbar grggtod’?ghﬁgaggﬁggﬁggg?égﬁgmﬁnré %ure it is. 5
Al t er nat el y, conwopid,iness grefenmplyrNaRida maxlaptianally bgradded éxtheianbidrogugar
wavel engt h tﬁﬁﬂ? i i i ; i t T, t
transmttance o aphgmgﬁ%$ rgﬂﬁggg!gwgéﬁgf%ﬁggfﬁﬁﬁgiFﬁ%E”%%*?P?n%o oration
which is18t | east partially dependent on inpurities in the anhydrosugar
al cohol . The wavel ength transm ttance of the anhydrosugar al cohol is
determ ned by UV/vis 10 spectroscopy at specified wavel engt hs. Because
anhydr osugar al cohols are preferably maintained in a crystalline state
after purification, spectroscopic - ' neasurenent is nmade of anhydrosugar
al cohol in a 20 % solution of distilled water. The purified anhydrosugar
al cohol desirably has UV transm ttances when neasured in 5 cmcells in a 20
% sol ution of greater than 50 % at 224 nm greater 15 than 65 % at 242 nm
greater than 75 % at 276 nm and greater than 85 % at 400 nm Preferably,
the percent transmttance is as high as possible. Col or determ nations and
U/ vis spectroscopy nay al so be determ ned on polyners incorporating the
purified anhydrosugar al cohol. Wether the purified anhydrosugar al cohol or
a polynmer incorporating it is examned, the color test is 20 preferred to
W/ vis spectroscopy because the exam nation of the color of the sanple
utilizes all wavel engths of visible light, thereby providing the full color
of the sanple as seen by the naked eye. Individual wavel ength neasurenents
are not indicative of the total color of the sanple, and can be m sl eadi ng.
By the nethods descri bed herein, an anhydrosugar al cohol which is 25 ess;
,ntially colorless and having a purity of at |east 99.0% may be obtai ned.
Preferably, the purity is at least 99.5 ~ , nost preferably at |east 99.8 %
A determ nation of purity may be made by color determ nation or UM vis
spectroscopy, as well as other nmethods known in the art.



11 July 2003 WO 001 41985 PCT1US99/ 00539 -10 The purified anhydrosugar

al cohols may be incorporated into polyners, particularly for use in tical
grade pol yners. For exanple, a polyester may be forned fron1aﬂ1aﬁﬂ&a&§§ugar
al cohol, an aliphatic diol such as ethylene glycol and a dicarboxylic acid
such as a tepoRbkfgd oyl noiety, or a dinethyl ester 5 depénmadobRaot her eof)
as denonstrated in copendi ng applications 091 064, 844, 09I 064, 826 and

091 064, 720, ail filed April 23, 1998, which are each incorporated herein in
their entirety by reference. Such polyesters may be used to form commerci al
products, such as fibers, sheets, filns, containers and optical disks, as
denonstrated in copendi ng applications g9/064, 950, 091064, 846, 09l 064, 858,
10 09/064, 719 and 091 064,862, all filed April 23, 1998) which are each

i ncor por at ed i Rasgt M6G°C, pitkerabBl 3 1dapt 1REFE mRICRefelably REJedst C40°@T befprel ymer s
i ncorporating the anh%drosu ar al cohol s Pro%uced by the process descri bed
herein may be F8F4FEY! )prTBF'g@GHdIe‘Hgaétpf"ésr‘l‘ Ofndeh@cyy SOXEYPSR al cohol with

nul ti -functi ongiktilRas. are MBydiehelr issthéh GG MSaguel Wecteriglxtheé ¢ nonomer s,
pol ycarboxylic acid halides such as 15 acid chloride, EPLycarbonate

mononers such daiémlip?ih'éH?‘lf?fﬁ‘F‘bB‘r?&taBPW%ﬁ‘lb‘E@fQﬁ‘éfhais%ré_fﬁé gglggccgm as tol uene
di i socyanate angk dlﬁﬂlbdlbxﬁl@&oﬂlgm%lli§?&€ﬁéﬁa’8@tf&theﬁtpﬂ'iﬁm¢3§lbb@éﬂr§&hér§ aci ds, such
as terephthal oyl noieties, or dinethyl esters thereof and) optionally,

al i phatic di oI%d,d“’é’ﬂ‘tlH“S&gat’@f'%%}‘ﬁ@ﬁée"@‘lséﬁ%?t‘.‘m“t'xarrpl es of the invention

descri bed herein ammr sRtyskhlizdon BOMQGIutidNREARdIAP K @MPéfRiSn AérBini thé UStrati ve
only and do not enconpass the entire sco he i nvention, which includes

equi val ent meatfEYYAWeHACRe! Ay b BlagsddhA Sﬁkeb‘iogrﬁ’égl&*‘a‘&ra&‘ioﬁ%ﬁ’Wr%fﬁrla‘?lp' in the art
and as furt hermélginonethaldl of &iBylelie$Blcors UMe idhgeiute ek doheioh @lIbwsedg cl ai ms.
Ref erences, ci ted et eLf. are | G0l ROf Al B0CT oL el il Elde P2 11 JU1Y
most preferably less than -10°C, until recrystallization is complete, usually a
period of at least 4 hours. The resultant crystals are collected by filtration and
washed with the cold aliphatic alcohol, preferably at or below the temperature of
crystallization so as not to dissolve the crystals. The crystals may optionally be
15 dried in vacuo at room temperature. Further recrystallizations from aliphatic
alcohols and/or distillations may be performed.
Alternatively, melt recrystallizations of the anhydrosugar alcohol may be
performed. Melt recrystallization may be done by any means known in the art and
may be performed before or after distillation, or in place of distillatton and
20 recrystallization from solution. Typically, melt recrystallization entails heating a
compound in the absence of solvent just beyond its melting point, then siowly
cooling the molten compound to cause formation of purified crystals of the
compound. The impurities generally form a liquid surrounding the purified
crystals and have a lower melting point than the crystals.
25 The anhydrosugar alcohol obtained by the above described methods has a
purity of at least 99.0%, preferably at least 99.5%, and most preferably at least
99.8%. This level of purity is desirably obtained by no more than three

distillations, three recrystallizations from aliphatic alcohol, three melt



PCT/ US99/ 00539 Purification of |Isosorbide A series of purification
experinments were perforned using isosorbide as the anhydrosugar al cohol .
Tenperatures for the dissolution as well as for the 5 recrystalllJua2e®h

- itself were varied. The concentration of isosorbide in the nother |iquors
was al so variwdowitesults are shown in Tables 1-3 bel ow. Ticrnisaddoss contain
a short description of the respective experinent together with purity data
determ ned by differential scanning calorimetry (DSC) and col oration of the
sanpl es after annealing at 285C for 4 hours. 10 In particular, the
purification experinments were perfornmed using the follow ng general
procedures. Distill~t',on of Isosorbide-fromlsosorbide |sosorbide, 1300 g,
was placed in a Schlenk flask and was kept at 80C for 15 60 m nutes under a
dynam c vacuumrbcrystaﬂlhm/iensr esi cuinage ofewtmeantiarotire of thelabdve ldescribgdur i ti es.

The flask was pgl ggaqo gr gon. Sodi um bor ohydri de (NaBH4) in an anount of
1.3 g, was addet tha* ask The flask was heated to 140C. The fl ask was
evacuat ed to appr oxThaatevy methndseof ppuifgimng threenbyudbsigo slootoi thay tazpplédst i | | ed
under vacuum except for the
absence of NaB aWE:[%h B{Qa%?-ldﬁg'arg?lgo %Bﬁéggé?%g%ggﬁg%cﬁst allization of

| sosor bi de ¥ r ormdvisfab@ring anhydrsugamaidohéls withy modifieatiod 40Khoyn twers ofi ssol ved in

met hanol ) 600 . Al . STTAVAS i

refrigerator a{g r@%@@?kn%xé@?gﬂsgs&ésggss%lo % %’@3&5%%3&?&?? gtfﬁ(g)gnmlsrgérﬁ%\er e washed
with 600 m colddy her¢8iD), tivied CAONGINUDKE RR@QE&B!FGRy'@{FaPBOIRHCé?IW O&d i n vacuo
at room t enper i 0 . I |4 i on from et hanol

is identical afﬁﬁ'ﬁ?ggé%ﬁ!%ﬂ EL@‘?@RE%T@% 5 h(%?r%?%tr%&ﬁeérf Wgﬁ%% Sn'ﬁréct 1 July 2003
WO 00/ 41985 PCT/ USOPhOE8810n P arhmdnongér abdoholh olated frymtagiohtirmasi pooress

experi ment S d r initiate
recrystal Ilﬁyzat ﬁ%gll“%g b? i rgﬁk)?%)égghiﬁﬁgsacﬁ%ﬁg&f%@?usy ggsg "ﬂhe Hl% Esegdr bi de was
pl aced in a thindy bmbmadlagloa/ssmtawbmmumks@rdzoub@umﬁ@ueﬂva@rudtled and seal ed. The
tube containin ' %g } . 0 oyr.s and
cooled. A colo u;lhﬁtlbégeﬁf g?ﬂe%ﬁmﬁﬁgdnﬂ\%gs% péefl%%%rgmf?’cf?l%%f)%érh cte%r Lrrq:'natl on 10
An estirrtate ghrtsupedstidtod amctjvrongystafmaiomﬁxbrma continpak proeess 0¢8P col or was

made by conpari t d on a
Hew et t Packar %Iﬁte%gat{?} ?{h§3b)@i all F?Eﬁ r i I%lt%e%'lrt Qﬁt&g@&ﬁ lﬂoggmr el Dr aw~
program | oneracassi é}ustnan ght mmslewaasachneved batilre_c@&crﬁata!élzms offtaei ed from 25
to 60 in incre Oin
i ncrenents of Wd?osgéaég Re grggig}rlld; ﬁﬁe{gql@ed"ﬂ lfrglgt nlﬁgﬁ pﬁ-&@@shél‘;hgs 100, hue
was varied frornBEiresogad@leplwl ismbragee at ssofifi. Bnotherdndans aflsepaseing thas varied from
O0to 100 inin bl es and the
best col or mat% B%eg%?%qg Oéﬁg@méé)ﬁém\wngh% CSIRF;R %ﬁcésﬁt‘%]le S |q%‘ Icate a
darker materi alextrtcamwrmmgros afi gliphatict algoholisueh aamgthiand, dtradplcdit e a nore

col orl ess ter nerat ed on
a Perkin t@n‘gdé%owlr){ %/?nsh? ﬁ%@%{, 2%‘%%&'?9 gggg(gét%ng@%[tgf ons of

i sosor bi de vver anqgtiraaplacthehoher cgylape ﬂh’lxghﬂ' hpeeperetad anhydrdsugar didobel inemr .

(Al drich, OptingqQf gﬂ'ﬁied aSBEGh{A a%ﬁlﬁ Syl tEinGHa/8L regrggflﬁé:timvﬁﬂynber s/ mn.

| sosor bi de sol utions were neasured inh'a b cm quartz
leads to a reaction product with superior purity compared to other processes, and

provides a more economical process for the formation of purified anhydrosugar
28 alcohols.
The purity of the anhydrosugar alcohol obtained by distillation and/or
recrystallization can be measured by conventional means such as differential
scanning calorimetry (DSC), wherein the measurements are taken in accordance

with ASTM E 928-96. However, a simpler and very accurate measure of the



agai nst a standard of distilled water.
Purity Measurenent by Differential Scanning~~(orinmetrx~DSC) PCTI US99/
Absol ute purity was neasured by differential scanning calori me
20 25 according to ASTM E 928-96, which is hereby incorporated by

r ef er ence.

Calorineter from Perkin El ner.
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Theo sRessr enents were made using a DSC7 Di ff epgpiysdlgespeanni ng
Abbreviations used in the tables are as

foll ows: A-1sos= isosorbide produced by the process disclosed inco-pending
appl i cati on CONTI NUOUS PROCESS FORTHE PRODUCTI ON OF ANHYDROSUGARALCOHQOLS,

U S Serial
comrercially avail able isosorbide from gerestar;cold recryst.= dissolved at
maxi mum 50,

No. 09/-,°

50, recrystallized at -15;D= distillation;dist.= short colum
vacuum di sti | | gghitabof Inghadydfkidaralednbp@phse ki

[Atty. Docket No. 032358-019] BuOH= but anol ; C- I sos=

mer@ppihtidhs @lg@ki@g hot recryst. =

di ssol ved under reflux, recrystallized at 25C;1sos= i sosorbide;| sos-Ref=

i sosorbi de ( hi §PHCH! SRIKY Fancg made By exdménnaNBerelorpé {1k aAIdrosrganriaghelsaddi t i on of

NaBH4 t o i SOSOpRIEbIPLs afipdrEbokad eiétt Mtiofdr idktbMih400n Ran' ARydY&h
1 denonstrates the level of purit

avai | abl e i sosBEbPaBad qywov'a?fﬁsewgytﬁmwvrea{sﬁr
di scl osed Ber efyien's can be seen fromthe results, the highest |evel
purity is attained when a conbi nation of

} %Jr hicghii on.
achi eved ?ﬁylp treatment of 30 commercially
ORt!P AYSKIOVREPIRNi ng t hose

Tabl e

of

recrystallization and distillation

i s used, wherein tHOT FEEINGS OB TUFh STt istkngim Ahe HAB BYs&m. ¢t Whikl| | or

where nul tipl ecdlbs e dedtrhadts

| sos- Ref.

Al cohol

10

15

20

25
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has values
between 0 and 360, with 0 and 360 being identical. For example, reds have
values around O (or 360), yellows have values of around 60, and so on through the
rest of the color spectrum (green, blue, purple, etc.). Combinations of colors,
such as orange (red and yellow), have values between the two numbers, for
example, between 0 and 60 for orange. Saturation, typically denoted by the
symbol S, indicates the intensity of color, and ranges from 0 to 100, with zero
being no intensity, indicating a white color. Brightness, denoted by the symbol B,
ranges from O for black to 100 for white. In the application of this color system
to the rating of monomer or polymer color, saturation (S) values close to 0 and
brightness (B) values close to 100 are desirable. At a saturation value of zero, hue
has no meaning.

For best results, it is preferred to compare the discoloration of supercooled
melts of the anhydrosugar alcohol at room temperature. This eliminates color
differences which may be caused by the effect of the particle size of a solid. For
example, use of crystals or fragments of anhydrosugar alcohol could produce
different colors based on sample and particle size due to the amount of light
refraction in, or reflection from, the sample. Further, it is desirable to evaluate
the color of the anhydrosugar alcohol after it has been subjected to a temperature
history similar to that used in polymer synthesis and/or processing in order to
determine its usefulness for incorporation in polymers. Therefore, it is preferred

that a sample of purified anhydrosugar alcohol be annealed in a clear glass tube at

tgﬁd’sﬁﬁrﬂﬁg&’xfaﬂfem& refi th ud, BRuB@IPLMA desi gnat ed
0141985 -14 Table 1 Puri t¥1 of Anhydr osugar

| sosor Piightness. 11y thissysggm, hue, typically denoted by the symbol



25 30 PCT/ US99/ 00539 ExperinentPurity (DSC)Isos-Ref*99. 95C-1s0s98. 79C- | sos
| X recryst. MeCH cold (standard: 70% sol ution)99. 20C-1sos 2x recryst Me CH
"col d99. 35C-1sos | x recryst. MeOH hot (saturated hot sol ution) o1 482003 | x
- recryst, EtOH cold (standard: 50% sol ution)99.25C 1sos 1 x recryst. EtOH
hot ('saturat egqbfliessol ution)98. 77C-1sos 1 x recryst. Et OpRalsod@abur at ed
hot solution), crystals washed99.54C-1sos | x recryst. isopropanol hot

. (saturated hot solution)99.65C Isos |x recryst. acetone cold ({standard: 40%
sol ution)99.92C-1sos Ix recryst. acetone hot (saturated hot
solution)99.81C-1sos | x recryst. THF cold (standard: 50%

sol ution)99.72C1sos |Ix recryst. THF hotg (saturated hot

sol ution)99.63C-1sos Ix recryst. BuCH hot (saturated hot

sol ution) 96. 40G-thaRsarhr¥ of RAEXEI60° @g%&%@jsﬁﬁo/f&m lehst #ur halred hot

sol ution)98.45C 1sos | x dist.98.66C-1sos |x dist (NaBH4)99. 07C—Isos | x
recryst. MeOH @#tferably 2t leasseighotheuesoled ssgivea pupericoaled malle GHpecanegled | x di st .

{ NaBH4) 99, 85C- l B Rirds¥gad hisbho! ik BHHen compart®frai&bwn bMGHNGR! dROader - 1 he

reterence sanple is an extrenely pure sanple or tsosorotae roar was
prepares sy rret‘Eﬁ%WPﬁugarﬁgf’%‘?l#‘BWIH{!?SENB‘F@O’thg{elﬂsattons as descri bed

above to ensure a highndag!®ep@ificd dfidytidosugdNEAbI GF bakxag@fiEppr oduced a cl ear
solutton. Table 2 prOV| des the purity) after purification by various

met hods, of corsFlenst Frapsmifarae aping UVeds teeiogeorkndhs voelkprsh de produced by
the process di sgh@seshct b GOarBOMNIERE ARRSIIERbicRVe FMNTINHKIR WRIGESS FOR THE
PRODUCTI ON OF ANHYDROSUGAR ALCOHOLS, [Atty. Docket No. 35 032358-019]
(A-1sos), fil ed gt Pﬂ%aus}'é?%e“ﬂ%&OHE?@WIEW“Q}?GWWE%P%PI&?@H ke ein by
reference. As GaReIBRHSEA MkEREE Be afiidBloBugat NEHBES tek@Bitdhs UNSYie Oobt ai ned by
t he 11 July 2003 001 41985 PCT/ US99/ 00539 - 15 conbi nati on of

di stillatildn f SPACBREPYF) Shesidied wpvelangthst Besause aehiresizRHenol Arcet hanol . These

exanpl es have tpRgerhiW\Raintabdl W Déry@lide std) af@P purlHcBPA! spe@MBEcpicOf
transm ttance at each UV wavel ength tested than the commercially avail abl e

product. 5 Tabl“?asz‘rqﬁt’fﬁ‘F?‘aﬁoﬁ%‘?sbﬂadé‘%&o'Wa@%é‘ﬂl‘“i??ofﬂ}s‘ﬂ"énsm ttance and

Col or of Pol yngatet NTR RRfRY hidgdidstighd dl&ﬂo]' ®EBIyHas & vifhndrRittances when
Experinment | sosorbi de W Percent Transmttance 20 wt % solution, S cm

cel | Pol ymer CoM§ASUESFAR o 41 cshiin 224 Zosphuion pigpseater dipa (4% at 224 nm, greater

recei ved) 0521. b8 6333t 945mH) 106 er i@ F5 BER276 nm, and greater than 85% at 400
( MeOH) 29. 460. | 69. 393, 85520100C- | sos 1xR (MeCH) 1xD

(NaBH4) 1. 624. 758 dieferabls 1 e peyeent wgnsmittappe is as high as possible.

(NaBH4) 1xR( MeOH) 5. 660forierBRRioad k00 Lss sb&@%sc@fﬂﬁﬁﬁl@%)detemmed on
1xD2. 618. 226. 870. 64040100C-1sos 1xR (Et OA\C% 1xD 1

(MeOH) 75. 284. 189867 Sepemitiphe P%fbféﬂdfﬂ‘ﬁd(‘ﬁ @e}f"hfk DWQ%P@T the purified

(505, 13, il b b iy s fonta g, 5010100

Pol ymer fotTrted b ol ynenzanon
Lor opht haly| ATty Ul Ribarosoae AAGe FirestmbRen & e RoLt Hoat f ng
purified i sososdngleudited dMewdvelsigisaf Hsbid 1Qht] itietsby prvidaipnBafull RGloAofPOl yer .
Thi s indi cat es whet her the )périfiﬁgd mr)’n%r’r%r maél deyvel op col or during
pol yrer i zat i on T5PaPRAAS $5°7L Pyt naked eye, {ngfadual wavelength, MEAUIGMEnSIAfeioht Tapl e 3)
3 coml): nation afdmlrae&wsﬂeabthli cbivk bPihe bdngple, rmdmrbehn@elradﬁghanolj and
i sti at|onresut in a.c oner up anneal j jcating a 25
good result if use ?hﬂ‘ils;fgfs?'ft?ﬁ‘f}éerem aff“@ﬁf%?“gfbélﬁo%lﬁ‘gl} %1 985 cases.
This is mpst pmbmhycdmsg shdthaeing & Girity B4t 1QS0.0% ﬂx@ﬁb@(ﬂiﬂiﬂhﬂs of inpurities
may be responSIPPelfeeragI)%rthé ;t]u?lty 1555? 1%;'15958 gl%orr;lo tr;])?e grgb‘:'l‘y gt least9]9 8%.

determination of purity may be made by color determination or UV/vis

spectroscopy, as well as other methods known in the art.



5 10 15 tables. However, no NaBH4 is required when applying a conbination
of distillation and recrystallization. 20 concerning the purity o ified
i sosorbi de and the discol oration observed on the HSB scal e for11p{5;l31$

i sosorbide after annealing to 285C can not be nmade in all PCT/US99/ 00539
Tabl e 3 Col onw®éoaisgh Tenperature Anneal i ng Purified | soyefilossd@osio

Experi ment Anneal ed | sosorbi de Col or Eval uati onHSBC-|sos (as

recei ved) 5040100C- 1 sos 1 xR (MeOH) 5510100C- I sos 1xR (Et OH) 5520100C- Isos 1
xD5520100C- 1 sos 1 xD (NaBHa) 5510100C- 1 sos 1xR (MeOH) 1xD-0100C-1sos 1xR
(MeOH) 1xD (NaBHg) - 0100C-1sos 1xD 1xR (MeCOH)-0100C-Isos 1xD (NaBH4) 1xR
(MeOH) - 0100A-1sos 1 xD5520100~A-1sos 1 x® 1 xR (MeOH)-0100 It should be
noted that a clear correlation between analytical data Purification of

i sosor bi de per f or methequltifiedanhydrcungan albosdls nhyobd incorgbesed iatol pplydfers, ncl udes t he
addi tion of NaBH4 tlo obt ai n g{goq results, a% shomllei n t]he above A

combi nati on of PYPEHHI QL 1S5 PRICHI R PRYMFISc FOSPAPPEARYIYHCUWEY ¥ound t o
produlce t he besdrmf:sfﬁuﬂnfaﬁ afilyarsigat ;ﬂgohlaurahElj@h@tﬂﬂhiﬂ@hmra&ﬁ:ihsbllﬁnd)glydosOS](c)rbi de. 30
11 July 2003 wo_oo/.ar9ss. PCT{ US99/00539 -17 Cl ains: 1. rocess for
obtaining a pu?‘?df‘i‘é‘ﬂar%l%%?cé‘gﬁﬁ P FEBHRAON BIGiSPY & %Ej‘fne@@s‘gﬁhi ng an

anhydr osugar abeoadve thétred, hsaisfbnsidatef) hpdobéndinl apilivhucho©0d/0d4m84a, 5 sol ution; -

pur 11a" anhy apCbbEb i afhf PR Gopbid B4 Vhich e 3o’ **' ¢

purified anhydhasid@atheidletrirbs by féferencs aisdehgolydétéred may 80used to form

commercial products, such as fibers, sheets, films, containers and optical disks, as
demonstrated in copending applications 09/064,950, 09/064,846, 09/064,858,

10 09/064,719 and 09/064,862, all filed April 23, 1998, which are each incorporated
in their entirety by reference. In particular, polymers incorporating the
anhydrosugar alcohols produced by the process described herein may be formed
by polycondensation of the anhydrosugar alcohol with multi-functional containing
materials such as polycarboxylic monomers, polycarboxylic acid halides such as

15 acid chloride, polycarbonate monomers such as diphenylcarbonate or phosgene,
isocyanates such as toluene diisocyanate and methylene diphenylisocyanate, and
dicarboxylic acids, such as terephthaloyl moieties, or dimethyl esters thereof and,
optionally, aliphatic diols, such as ethylene glycol.

Examples of the invention described herein are set forth below. These

20 examples are illustrative only and do not encompass the entire scope of the
invention, which includes equivalent means and materials as known to one of
ordinary skill in the art and as further defined by the disclosure herein and the
following claims.

References cited herein are incorporated in their entirety.

25



2. The process of claim1, wherein the |ower aliphatic alcohol is nethanol,
et hanol or ethylene glycol. 3. The process of claim1, further conprising
distilling the 15 anhydrosugar al cohol. 4. The process of clai il Juiy\gR@3ei n
« the anhydrosugar alcohol is distilled in the presence of borohydride ions.
20 5. The prooasm/4pks cl ai m 4) wherein the borohydri de i ongcaussssasi um
borohydride. 6. The process of claim 3, wherein the anhydrosugar al cohol is
.distilled, then recrystallized. 25 7. The purified anhydrosugar al cohol
produced by the process of claiml1, said purified anhydrosugar al cohol
having a purity greater than 99.8 %. 11 July 2003 WD 00/ 4198S

PCT/ US99/ O0S39 -18 8. A process for the-purification of anhydrosugar

al cohol s conprising: - distilling said anhydrosugar al cohol; and - nelt
recrystallizing said anhydrosugar al cdsampkp obtain an anhydrosugar 5

al cohol havi ng g %r:té Eﬂ% gg.dleeast 99.0 % . 9. The process of claimS§,
wherei n the anh | is distilled in the presence of borohydnde
ions. 10 10. The pr ocesies of pucifisdtion @xpevimemewere peréorinod wdinglisosdbide@ns ar e

sodi um bor ohydr ] i roc | Qi ) i ydr osugar

al cohol is di st%hglgféhd,%lr]bts Eﬂglrcr@c’t) f%@e%gﬁrt%l%t?eeg{sso%gﬁ% ‘pﬂf%ﬁ?rﬁﬁ?ed

anhydr osugaf al motysthllipatiod urseiivdry viried. Thecmssitratfionalf dsomrille sahameberi i ed
anhydr osugar al gohol having. ri.ty of at.| t .8 % . . Apurified
Anhydr osugar ol LA AEE. B JrehoRl i B 1 eig¥ fhe sy, T
purified anhydrasiaiea shattclestoptiof of ceakbspectiSe expaninery tagegper withypuoity data | east 99. 8
% . 15. The purified h osugar. al cohol of im,13, erein the purified
25 anhydrosugardeé?"élgﬁgsy%ig{eﬁeg"‘%rs‘faé"s“gg 5%?%?&%’15%&9 %nﬁﬁo ata fgtlrlr'i)erature of at
| east 260C for S$aoipies hfverragnealify at A8§F@! fprmehowonpri sing the purified

anhydr osug 6 al coho IIn Sa];rtiglllaafl, S %ér‘ificatio]hlexg&ln%n?s Qv%?o’e performed using the

following general procedures.

Distillation of Jsosorbide from Isosorbide
Isosorbide, 1300 g, was placed in a Schlenk flask and was kept at 80°C for

15 60 minutes under a dynamic vacuum to remove residual solvent and other volatile
impurities. The flask was purged with argon. Sodium borohydride (NaBH 4) in
an amount of 1.3 g, was added to the flask. The flask was heated to 140°C. The
flask was evacuated to approximately 1 mbar pressure and isosorbide was distilled
under vacuum.

20 The procedure is the same for all examples except for the absence of

NaBH, when NaBH, is not indicated as used.

ecrystallization o orbide fro thanol or ol
Isosorbide, 1400 g, was dissolved in methanol, 600 ml, and allowed to
25 recrystallizc overnight in a refrigerator at -18°C. Crystals were collected by
filtration and were washed with 600 ml cold (-18°C) methanol. The washed
crystals were dried in vacuo at room temperature. Yield is 850 g (60%).
Recrystallization from ethanol is identical with the substitution of ethanol

for methanol.



WO 00/ 41985 17. condensation. PCT/US99/ 00539 -19The pol yner of claim 16,
wherein the polyner is formed by nelt 18. The pol yner of cl ai H\ 1JG %ﬁ#‘ét her
*conprising a dicarboxylic acid 5 and an aliphatic diol. 19. T d Hyl r of
claim 18, wherein the aliphatic diol is ethylene glycol. 10 20. The pol yner
of claim 18, LN the dicarboxylic acid is a terephth jety. 21. A
pr oduct forn&%ﬁ@@ﬁ%the pol ynmer of claim16. 15 22. The g%@%%??:’ﬁgg%f claim
21, selected fromthe group consisting of a fiber, an optical disk, a
container, a sheet and a film 23. A nethod for determning the suitability
of an anhydrosugar al cohol for use in a polyner, conprising: 20 - annealing
t he anhydrosugar al cohol at a tenperatuye of at |east 260C for at |east
four hours; - cooling the anneal ed anhydrosugar al cohol to forma
supercool ed nelt; = 1, i - melt in
conparison to a kng\f/?w&11 0§t50q %ﬁg@%@%ﬁﬂ%ﬁ&ﬂﬁgﬁé %é%l{ﬂégﬁy %#ingrgiq?ﬁieg (,) wher ei n
t he anneal ed atihyuthes ligwr taibitiete ofcrystillizationrof sgsorbide. 11 Jul y 2003 WO 00/ 41985
PCT/ US99/ 00539 -20 25. A nethod for determning the purity of an
anhydr osugar al cohol, conprising: - formng a solution of anhydrosugar
al cohol in di sAnhdakag Teat er; and - determining the ultraviolet transnmittance
of the solution. 5 T i in t ionis a 20
% sol uti on%;I and VWeI%gllﬁfﬁd{; 8%‘3 ep%g\l}ﬁgﬁdgbg#@e{ﬁg%ﬂ g{r??&eﬂgbfﬂgﬂ%g%g% sol ution
det er mi ned ovetvaguad@nd gelell. fh¢ bd emginingghe BR4rbidnvias heated a0 38X°C3000 10 27.
The met hod of i ej g i.on. | 9 | uti on, and wherein
the ultraviol eﬁh?fr)dapﬁ%%btcp@%{ie}\g?lg{lﬁ(la&%(séé%lg&oh'?ﬁag%(g%e/%@r?m' ned over a 5 cm
cell path length at 242 nmis at |east 65% 28. The nethod of claim 25,
wherein the sofuti8helhgnfor0% sol ution, 15 and wherein the ultraviol et
transm ttance o sol ution determned over a 5 cmcell path |ength
at 276 nmi@s at | eastestBateof supgcooldanameintraveliofolor bapaly@§ chiptreloeivas t he

ot . % L an, ) . it ¢
he 20 % sol atTes Sepiph e bt EbsmIRior bielUdrpial oh ARSI L B0CT
at |east 85 9% PacROd HPHReskntt\BaPO seigrainkiet rrinteobisingf the CorielRra@® pragiamg  an

ul'traviol et tr %%Ma%fe?‘%%n%gs‘gatshlelﬁ?ﬂOO,SEuel%Qéa%é/g%&ldﬁm%% jeasured as a 20

% aqueous sol ution over cmce pat
increments of 5, and saturation was varied from O to 100 in increments of 10. In

15 the second table, saturation was held at 100, hue was varied from 25 to 60 in
increments of 5, and brightness was varied from 0 to 100 in increments of 10.
Samples were compared to these tables and the best color match was recorded.
Lower numbers for brightness indicate a darker material. Lower numbers for
saturation and hue indicate a more colorless material.

20

~

UV /vis Spectroscopy
UV/vis spectra was generated on a Perkin Elmer Lambda 9 UV/vis/NIR

dual beam spectrometer. Solutions of isosorbide were prepared at 20.0 weight
percent in distilled water (Aldrich, Optima grade). Spectra were collected at 960
25 wavenumbers/min. Isosorbide solutions were measured in a 5 cm quartz cell

against a standard of distilled water.



25 31. The anhydrosugar al cohol of claim 13 having an ul traviol et

‘transm ttance of at |east 65 %at 242 nm when neasured as a 20 % aqueous
solution over a 5 cmcell path |ength. 11 July 2003 WD 00l 41945luly 2003

- PCTNS99/ 00539 -21 32. The anhydrosugar al cohol of claim 13 having an

ul traviol et twanomisgst ance of at | east 75 % at 276 nm whenporeswsrs as a 20
% aqueous solution over a 5 cmcell path length. 5 33. The anhydrosugar

al cohol of claim 13 having an ultraviolet transmttance of at |east 85% at
400 nm when neasured as a 20% aqueous solution over a 5 cmcell path

| ength. 34 A nethod for making a polyester polynmer conprising: 10 (1)
combining in a reactor a nononer conprisjisng a terephthal oyl noiety;
optionally, one or nore ot her mononer s cont ai ni ng an aromatic diacid
noiety; a ' nniey Meges : ffere agmeg gh Ehy; a nononer
conprising the purlfle drosuga of claim tionally, one
or nore other nononméy q'é‘ Wévaﬁﬁ'gaéurcﬁ?h}'ga&eg scagwagg)aiqr}nbeﬁrg”y, a nononer
conprising a loacchréingyl £3TEMEH 9286, Whiklets\herehy h]borporﬁtemd)eméncenmeat al yst

sui tabl e for condensin arona i c.di col s n 2) . heating said
nonomer s and safp‘?fs‘lfﬁ‘["ﬂﬂgil e g %“St"éﬁgiflr‘gﬁa?éwg%f‘%fw %Fa]f’B tS%?%I’I ze said
nmononers it o aPepih Fsdrer pol ynmer having at | east terephthal oyl noieties,
et hyl ene gl ycol npieties and isosorbide noieties; 20 wherein said heating
is continued for a sufficient tine to yield an isotropic polyester having
an i nherent vi smséviayiomfusatmltl&asKIesab@utfoﬁbv&S dL/ g when neasured as a 1 %

(wei ght/vol une) sol II on of sajd yes |n 0- chI o 0 he oI at a
tenperature of 25 ‘SO 25 357 ¥H8 e pu. ified
anhydr osuggr al cohol is isosor dm rrprl si ng
t erepht hal oyl noi eties; option § | etf(es
et hyl ene gl ycol nvieti es di et 0 Era) 90

Fus,1 urified anhydrosugar al cohol of

claim 13; and, opti Iy, oeb(511n Eg{g d|o |et iawhereln sai d
pol yest'er &as an i nhet®nt vi sc rc‘ ya At ?ﬁforl g 58 ﬁL/g when
measured as a 1 % ({7 FtFVolu %‘T’td’faixtﬁmb Eery SHiESHeA £ ke
o- chl orophenol at a terrperatu i tropic poI yest er of

cl ai m 3b, wherein télt% urifi ed ﬁ%‘&%gﬁcé“ﬂ' dé?f‘@?f‘%llm ¥ isosorbide. 38. An

i sotropic pol yester risi rlgt r[lt hal oyl noieties; 10 optionally, other

C
apormtic a4 Mol et eeay;%ﬂv EElpOD Bl R 1y, O ety ere
optionally, one or r t her. G1°0 ei n,.said pol yester has an
i nherent viscosity {éfgogﬁfol east;rsloa%s ;2;6 @ggyaﬁ?fbe\ﬁh\ﬂﬁ%rﬁmﬁeasur ed as a 1 %

(wei ght/ vol une)

PCT/ US99100539 - 22 E noi_e

(NaBH4) = addition of NaBH, to isosorbide prior to vacuum
25 distillation,
R = recrystallization.

Table 1 demonstrates the level of purity achieved by treatment of
commercially available isosorbide with various purification methods, including
30 those disclosed herein. As can be seen from the results, the highest level of purity
is attained when a combination of recrystallization and distillation is used, wherein
the recrystallization is from methanol or ethanol, or where multiple distillations

are performed, as in the sample designated Isos-Ref.
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99,63

FO10% & () -

F10% & () 5 310p7

F&10% & (] - $10peA

96.40

3@’4385 l&)echlslrl\lbﬁ\eﬂ hot l.ﬁl%i(e@ ﬁ(&sc(lv)troﬂ' 109% & ( )

Y &'(L S 10%

STUFgsZ (|)
5o YNC!

10( 10(
Y

10( 3Y10% & ()= = @*' 100 f_)_l_g,%_&_é
ZX9YNC @0%& () CALS X @iBnog (& () -/ ! @0%30&' ()-/! @O%AAa () 246
@QLO% (& () -/ $1POqR k)ist GBIBC @ 09610%& ()- 10 = 10 99.07
C-Isos 1x recryst. MeOH cold, Ix dist. 99.94
25 C-Isos Ix recryst. MeOH cold, Ix dist. (NaBH,) 99,85
C-Isos Ix dist. (NaBH,), Ix recryst. MeOH cold 99.10
* The reference sample 15 an extremely pure sample of 1sosorbide that was prepared by the inventors
herein by multiple distillations as described above to ensure a high degree of purity. Annealing at 300°C
30 produced a clear solution.

Table 2 provides the purity, after purification by various methods, of
commercially available isosorbide and isosorbide produced by the process
disclosed in co-pending application CONTINUOUS PROCESS FOR THE
PRODUCTION OF ANHYDROSUGAR ALCOHOLS, [Atty. Docket No.

35 032358-019] (A-Isos), filed on the same day herewith and incorporated herein by

reference. As can be seen from the table, the best results were obtained by the
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7109% ()1 as/ 1 40%08 ()2 el L1008 (L FELONE () SERL 100 ()o)40%: ()= v
91109 () - 831Q&ach v kavehgthltestell Gapthe!cdfifi@R il dvaBabid geddn& () - S10%z2 & () - !
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10%28& ()-1092& ()-10%& ()-<1V112223} "ol £/ GL0% & ()-T. 10%& () -, 10%& () -

k)1 10%2& () -1 1< 2GL0MEifylot idIaMEE A MY B G4 e MakiEnck0Z 102
102y810%& () - 610%& (ind/Golod O hofirker 13cobMatihe Duritidd Tsosorbide

102/(2&: ()- 444I.;|5T55#7a’>YNC' S\ ! 100/' ! 1'10%zz& () s 10%& () -
igz/?.gL(Véz&' I‘(_;Loggfo%z&' ()- '. X o &gn:sr?]%i 1 ?,;E)Z #ﬁg‘j"?f&w%ﬂ&' ()-210
%mg’ () -1 10%m & ()-f1!; solution, 5 cm cell Evaluation
224 | 242 | 276 400 JH| S B
10 C-Isos(as received) 02 1.1 | 10.1 | 839 )45 30 {100
C-Isos 2xR (MeOH) 294 | 60.1 | 69.3 | 93.8 |55 20 | 100
C-Isos 1xR (MeOH) 1xD (NaBHj) 1.6 | 24.7 | 46.6 | 83.4 | 451100 70
C-Isos 1xD (NaBH,)1xR(MeOH) 5.6 | 57.0 | 73.8 1 959 ]50] 10 {100
C-Isos 1xR (EtOAc) 1xD 2.6 | 18.2 [ 26.8 | 70.6 | 40 | 40 | 100
15 C-Isos 1xR (EtOAc) 1xD 1xR (MeOH)[75.2 | 84.1 | 929 [ 97.9 1 50 | 10 | 100
C-Isos 1xR (EtOAc) 1xD 1xR (EtOH) [53.7{ 68.2 | 75.9 | 89.9 | 55| 10 | 100
A-Isos 1xD 1xR (MeOH) 23.6 | 41.2 | 59.6 | 93.3 |50} 10 | 100

* Polymer formed by melt polymerization of ethylene glycol, 1sosorbide and terephthaloyl motety.

20 Table 3 demonstrates the effect of heating purified isosorbide to the
temperature required for annealing a polymer. This indicates whether the purified
monomer may develop color during polymerization or remain clear. As can be
seen from the results of Table 3, a combination of recrystallization from methanol
or ethanol and distillation results in a clear monomer upon annealing, indicating a

25 good result if used to form polymers.
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C-Isos 1xD 1xR (MeOH) - 0 100
15 C-Isos 1xD (NaBH,} 1xR (MeOH) - 0 100
A-Isos 1xD 55 20 100
A-Isos 1xD 1xR (MeOH) . 0 100

It should be noted that a clear correlation between analytical data
20 concerning the purity of purified isosorbide and the discoloration observed on the
HSB scale for purified isosorbide after annealing to 285°C can not be made in all
cases. This is most probably due to the fact that even trace amounts of impurities
may be responsible for the discoloration phenomenon.
Purification of isosorbide performed only by vacuum distillation desirably
25 includes the addition of NaBH, to obtain good results, as shown in the above
tables. However, no NaBH, is required when applying a combination of
distillation and recrystallization.
A combination of distillation followed by recrystallization was found to
produce the best results concerning purity and coloration of isosorbide.
30
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purified anhydrosugar alcohol; and
- separating said crystals of said purified anhydrosugar alcohol from said
solution.
10
2. The process of claim 1, wherein the lower aliphatic alcohol is

methanol, ethanol or ethylene glycol.

3. The process of claim 1, further comprising distilling the

15 anhydrosugar alcohol.

4. The process of claim 3, wherein the anhydrosugar alcohol is

distilled in the presence of borohydride ions.

20 5. The process of claim 4, wherein the borohydride ions are sodium
borohydride.
6. The process of claim 3, wherein the anhydrosugar alcohol is

distilled, then recrystallized.
25
7. The purified anhydrosugar alcohol produced by the process of claim
1, said purified anhydrosugar alcohol having a purity greater than 99.8%.
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distilled in the presence of borohydride ions.

10 10.  The process of claim 9, wherein the borohydride 1ons are sodium

borohydride.

11.  The process of claim 8, wherein the anhydrosugar aicohol is

distilled, then melt recrystallized.

15
12. A purified anhydrosugar alcohol produced by the process of claim
8, said purified anhydrosugar alcohol having a purity of at least 99.8%.
13. A purified anhydrosugar alcohol having a purity of at least 99.0%.
20

14. The purified anhydrosugar alcohol of claim 13, having a purity of
at least 99.8%.

15.  The purified anhydrosugar alcohol of claim 13, wherein the purified
25 anhydrosugar alcohol is colorless after annealing at a temperature of at least
260°C for four hours.

16. A polymer comprising the purified anhydrosugar alcohol of claim
13.
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17.  The polymer of claim 16, wherein the polymer is formed by melt

condensation.

18.  The polymer of claim 16, further comprising a dicarboxylic acid

5 and an aliphatic diol.

19. The polymer of claim 18, wherein the aliphatic diol is ethylene

glycol.

10 20. The polymer of claim 18, wherein the dicarboxylic acid is a

terephthaloyl moiety.
21. A product formed from the polymer of claim 16.

15 22. The product of claim 21. selected from the group consisting of a

fiber, an optical disk, a container, a sheet and a film.

23. A method for determining the suitability of an anhydrosugar alcohol
for use in a polymer, comprising:
20 - annealing the anhydrosugar alcohol at a temperature of at least 260°C for
at least four hours;
- cooling the annealed anhydrosugar alcohol to form a supercooled melt;
and
- determining the color of the supercooled melt in comparison to a known

25 color chart.

24.  The method of claim 23, wherein the annealed anhydrosugar

alcohol is colorless.
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25. A method for determining the purity of an anhydrosugar alcohol,
comprising:
- forming a solution of anhydrosugar alcohol in distilled water; and

- determining the ultraviolet transmittance of the solution.

5
26. The method of claim 25, wherein the solution is a 20% solution,
and wherein the ultraviolet transmittance of the 20% solution determined over a 5
cm cell path length at 224 nm is at least 50%.
10 27. The method of claim 25, wherein the solution is a 20% solution,

and wherein the ultraviolet transmittance of the 20% solution determined over a 5

cm cell path length at 242 nm is at least 65%.

28. The method of claim 25, wherein the solution is a 20% solution,
15 and wherein the ultraviolet transmittance of the 20% solution determined over a 5

cm cell path length at 276 nm is at least 75%.

29, The method of claim 25, wherein the solution is a 20% solution,
and wherein the ultraviolet transmittance of the 20% solution determined over a 5

20 cm cell path length at 400 nm is at least 85%.

30.  The anhydrosugar alcohol of claim 13 having an ultraviolet
transmittance of at least 50% at 224 nm when measured as a 20% aqueous
solution over a 5 cm cell path length.

25

31.  The anhydrosugar alcohol of claim 13 having an ultraviolet

transmittance of at least 65% at 242 nm when measured as a 20% aqueous

solution over a § cm cell path length.
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diethylene glycol moiety, with a condensation catalyst suitable for condensing
aromatic diacids and glycols; and
(2) heating said monomers and said catalyst to a temperature sufficient to
polymerize said monomers into a polyester polymer having at least terephthaloyl
moieties, ethylene glycol moieties and isosorbide moieties;
20 wherein said heating is continued for a sufficient time to yield an isotropic
polyester having an inherent viscosity of at least about 0.35 dL/g when measured
as a 1 % (weight/volume) solution of said polyester in o-chlorophenol at a

temperature of 25°C.

25 35.  The method of claim 34, wherein the pu:ified anhydrosugar alcohol

is isosorbide.

36. An isotropic polyester comprising terephthaloyl moieties;

optionally, other aromatic diacid moieties; ethylene glycol moieties; diethylene
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anhydrosugar alcohol is isosorbide.

38. An isotropic polyester comprising terephthaloyl moieties;

10 optionally, other aromatic diacid moieties; ethylene glycol moieties; optionally,
diethylene glycol moieties; the purified anhydrosugar alcohol of claim 13; and
optionally, one or more other diol moieties, wherein said polyester has an inherent
viscosity of at least about 0.5 dL/g when measured as a 1 % (weight/volume)
solution of said polyester in o-chlorophenol at a temperature of 25°C.

15

39.  The isotropic polyester according to Claim 38, wherein the purified

anhydrosugar alcohol is isosorbide.



