WD 03/ 076454 PCT/ US03/ 06628 PROCESS FOR | MPROVI NG SUCRALCSE PURI TY AND

YI ELD FI ELD OF THE I NVENTION This invention relates to processes for

puri fyi ngweuwsiad4sse by the use of an initial non- 5 cryst &criusas/@es
purification procedure followed by three or nore sequential crystallization
steps and recycle of the nother |iquor remaining fromeach crystallization
step to the feed of another crystallization or purification step. This
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conprising the sucral ose conpositions of the present invention. These
conpositions may be highly pure and have a superior taste profile. 10
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and pur whichefe sxpresalyoiseonpsratdueby reference herein. However, such approaches typically

20  provide a product that contains varying levels of other chlorinated sugar compounds in
addition to sucralose. Although much effort has been directed toward the synthesis of
sucralose, the isolation of sucralose in highly pure form from this complex mixture of
contaminants heretofore has received relatively little attention. Early reported work typically
involved crystallizing sucralose directly from the synthesis mixture, a process that yields a

25  material with high impurity levels. Sucralose is sometimes purified from a synthesis mixture
by silica gel chromatography. See, e.g., U.S. Patent No. 5,128,248, which is expressly
incorporated by reference herein. That procedure, due to its use of silica gel, may be ill-
suited to large-volume commercial production of highly pure sucralose. In addition,
relatively little attention has been focused on other approaches for removing halogenated

30  sugar impurities from sucralose. Efficient removal of these impurities is importaht because,
even at quite low concentrations, they can have an adverse impact on the sweetness, taste,

and flavor-modifying properties of sucralose.
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Anot her approach is to 30 deblock the pure sucral ose and then purify and
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of up to 2%. Individuals can detect sweetness differences arising from impurities when the
impurity level is as low as about 1%, and even lower impurity levels can affect the perceived
taste of complex flavor systems. Hence, chlorinated carbohydrates created during sucralose

25  synthesis may have a profound effect on taste, affecting the quality of an end product.
Conversely, the removal of impurities may beneficially affect taste, sweetness, and
palatability.

Pure sucralose can be made by purifying the blocked or partially blocked sucralose

precursors, deblocking the precursors, and then isolating sucralose. Another approach is to

30  deblock the pure sucralose and then purify and isolate the sucralose. Another approach is to
partially purify the blocked or partially blocked sucralose precursors, deblock the precursors,

and then purify and isolate the sucralose. Therefore, the purification of these precursor

compounds is needed to increase the overall yield of subsequent reaction steps.



Sucr al ose and the bl ocked or partially bl ocked sucral ose precursors can be
purified by crystallization, liquid-liquid extraction, or chromatography.
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to enhance purity. Unlike sucrose and nost carbohydrates, however, the
crystallization of sucralose and the bl ocked or partially blocked 5

sucral ose precursors from crude solutions containing other chlorinated
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deacyl at ] to yiel ral ose, and then single crystallization of
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di ethyl ether, et élsgacetate, and petrol. 30 U S. Patent No. 4,980, 463,
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a first plgorc%a/ss.'stil(’i1 IV\lhiic a%bggAi iQ pl?rifsleizdﬂl l%ll t%.re?é sequential crystallizations, followed by
deacylation to yield sucralose, and then a single crystallization of sucralose from the product
stream. No pre-crystallization extraction is used, and no recycling of the mother liquor is
employed. This process purportedly achieves a purity of 99%; however, the yield of this
25  process is quite low (5%).
U.S. Patent No. 4,405,654 relates to synthetic routes for synthesizing various
halosucrose derivatives and is expressly incorporated by reference herein. The compounds
are isolated by ion exchange chromatography or by crystallization from solvents such as
diethyl ether, ethyl acetate, and petrol.
30 U.S. Patent No. 4,980,463, expressly incorporated by reference herein, relates to
various processes for purifying sucralose-6-benzoate, a precursor to sucralose in some

synthetic routes, including crystallization followed by recrystallization. Also shown is an

extractive crystallization, which combines extraction and a first crystallization in a single
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process dwpioagrasystal lization of the sucral ose pent aest ePCTIUS03/i638
procedure, the sucral ose pentaester is present in an inpure reaction

m xture in a solvent such as toluene. Water is added to create a biphasic
m xture, which is cooled to induce the 5 crystallization of the sucral ose
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deacety and purified to yield sucralose. 25 The precedi ng di scussion
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recpyst &hdeldy'ﬁtalﬁm sukfala¥ees-acktate is combined with the mother liquor from the third
crystallization of a previous batch and crystallized from a mixture of water and ethyl acetate.
A third crystallization is performed by dissolving the twice-crystallized material in a mixture
of water and ethyl acetate. This thrice-crystallized material is then deacetylated and purified
to yield sucralose.
25 The preceding discussion identifies an unmet need for a sucralose purification process

that produces sucralose compositions of enhanced purity and also minimizes the overall loss

of sucralose during the purification process.

SUMMARY OF THE INVENTION
30 The present invention relates to producing sucralose of high purity and at high yield
that comprises an early non-crystallization process step that removes a substantial portion of
the impurities present after the completion of synthesis, followed by a process of one or more

sequential crystallizations and optional dissolutions, and subsequent recrystallizations. In one
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subj ecting the crude 30 sucralose solution to"a non-crystallization
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and recycling steps are performed either once, or more than once. The subjecting step may
also be selected from the group consisting of liquid-liquid extraction, extractive precipitation,
25  chromatography, precipitation followed by solvent washing and derivative formation
followed by extraction or distillation. This subjecting step may also be carried out either as a
batch operation or a continuous operation.
Another embodiment of the present invention comprises methods of purifying
sucralose from a crude sucralose solution comprising the steps of subjecting the crude
30  sucralose solution to a non-crystallization purification step to yield an increased purity
sucralose solution, performing a crystallization procedure on the crude sucralose solution to

obtain crystalline sucralose and a first mother liquor, dissolving the crystalline sucralose to

obtain a sucralose solution and performing a crystallization procedure on the sucralose
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conti NUgHs,, %Ecﬁé %Tfﬂf%%craﬁ%@sbﬁﬁmﬁs”mﬂfye Ehe &1&sz§sﬂaﬁ&§&$ﬁ @%&Rﬁf&f | §8fis
(6] al nin rom

met hods of sucr al ose m xtdre co
6- O acydmbodimeft, tHersubjemetg)stép iay 6e pbnfoﬂmdnygalthm mac’flmes;mrfommhgsté;ﬂmay

chl orinated sucrose b ucts, and o tiopall cked or part bl ocked
ohi ori rieee PatRgd ot fﬁgﬁﬂ & dipriss (BFRs tagsy EJ é“’é’t Lisiges: B’é’g‘%er ¥
non-cr Yé%@é Wil thQ @uﬁé&tfr&%éﬂ@ péff&%ed%hep&cfee&c{nme%ﬁw &1&30 AQpéﬁhE' s@Ps

increased purity 6-Oa trichloro-4,1",6"'- trideoxygal act osucrose
conposi inithis emboslsmait Imazyl b@etﬂoancd\mt@agebhtpluopqrwl% Or gentinuoug opegations.

trichl oro- 4 tr| ctosu [0SEe _CO 05|t|
6- O acyl - %tgeli %tg%lg ﬁnive o f?lfl%sggwg act Osﬁtalrn%i%étﬁraéose ﬁOlf{lhe
l'iquor, 5 %@@xﬁktu@@c@hpﬂlﬁﬁéls O-héyaet, BolititoRl-4,1 S&Atdebtyalagtogadrasd, béhat | ons of

the 6-Oacyl -4 6'-trichloro-4,1",6' -trldeoxygal actosucrose.to obtain a
subt anthgmmayqumcyse byproducts, and optionally blocked or partially blocked chlorinated

6- O acyslruc dsgf byprodaétg %Qllngfl g tsﬁ%s o%%kﬂgﬁﬂl}{g?ln@ﬁt %%ﬁ?ﬁ%n%szgacﬂ%ﬂ%'tép' onal

not her uor conv

6- O acydn the ¥eednirtiiread bbtaiir alﬂin&reaﬁad ﬁllhi}d@@éygm%mﬁsndﬂm ig6’substantial ly
pure sucral ose, In this enbod|nent, the ﬁg crysta I|z| step %E
per f or nEfeeygRRgIORUGTRPLROTRROFHION, erypialiZiig g Inck Im% Opeyiet

mor e thanflya 1 'aﬁ%ﬁdeoé}ggaladt%%sgfz' ggmﬂ@&f foYpHing- Gtaéi%l AT’ nﬁcm%fcr or rred

more than once’ Wwhere crystal step Is performed at |east three
ti mes amd’6eyideexgelaetisectose ami 4 methegliquyy, eeasting 4t Aepsbihrde agiditpngl qui d

' ¢ i SSHELEN RORELAHB AP (HROah L AL B br S Rers et Rie BaPt P ng

25 st epshidin a%ﬁ]ﬁ&hﬁtﬁdllyzAlﬁlﬂQG% SOA-4TRY6° RACKIB VLN B6F -tiedty ARt ds@érofedridor M ng or
crystallizing step so Wit hi n an enbodi ment of the present invention are

met hodsaddﬁthmi mothem diquen encatawertingdhe sibslaatialiy nire 660@9ﬂp4= 1 s¢’Hgichloro-

R B S PO et SR T AL CY

bl owedc@bthmrzmgas&@dnayﬁé B&Fored 20 tHasit tBred QiYS) ﬁrd&gllﬁélefcﬁﬁr €ipgesOfiveaghbnion ng a
non 30 crystallization extraction step on the feed mxture to obtain an
i ncr easarehen fiye Hmer-anddiionplie din reforainesden may R BererApdiRere than once

6- O acylndelhe &gstﬁﬂfzg{?rsg%)r si&eﬂfom&ecf dtfidal gﬁ‘ﬂfefé%é%cahﬁ yst zﬁ Féd A gjd1cr eased

purity sucral os treamto sucral ose I'zing the
sucr al ogreup oonsisting of liquid-liquid extraction, chromatography, and precipitation followed by

solvent washing. In this embodiment, the mother liquors from one or more of the performing
25 steps or crystallizing steps may be recycled to an earlier performing or crystallizing step.
Also within an embodiment of the present invention are methods of obtaining
sucralose from a feed mixture comprising 6-O-acyl-4,1°,6’-trichloro-4,1°,6’-
trideoxygalactosucrose, other chlorinated sucrose byproducts, and optionally other blocked or
partially blocked chlorinated sucrose byproducts comprising the steps of performing a non-
30  crystallization extraction step on the feed mixture to obtain an increased purity sucralose
precursor stream, converting the 6-O-acyl-4,1°,6’-trichloro-4,1°,6’-trideoxygalactosucrose in
the increased purity sucralose precursor stream to sucralose, and crystallizing the sucralose to

obtain a crystalline sucralose and a mother liquor to obtain a substantially pure sucralose and



obtain a crystalline sucralose and a nother liquor to obtain a
substantially pure sucral ose and 6 WO 03/076454 PCT/ US03/ 06628 additi onal
not her | iWoms/07d4s4 t hi s enbodi nent, each perform ng, cryst &criusosigseand
converting step may be perforned nore than once. Particularly, the
crystallizing step can be perforned at least three tines, three tines,
four time, five times, or nore than five tines. The perform ng step may be
per f or nafditomekmothertineornt Hathie subodiwieat, eachperoryineatiystailizingandropgeryng

perfornmed nore th once all the steps ar |3 ce. In
Dl 1 arep e o6 PepmegH are ary, PRIFHERS. SR ARYREn PRLGe bothRR T
be crysitatdst arek fithedtiireetiiies CiSihe, fileltRads if inofe than foatieks.i Tige sai d
6-Oacyl-4,1',6' -trideoxychloro-4,1",6"- trideox g%ldgct osui:rose to,

sucr al opesformiies e e beiPaEREFdMICS 08 BIoTHibRY QBSS, § crystallizing §i6R

sucral ose.fra e 10 AR G RER AR ] oo

subj ectli"?{]é,"“éle?rflﬁc’&gh%@c"rn 5 ’oogzdﬂgf(%?%t??sgaﬁé?%ﬁ% nor%l? cr ydsntSd a Ig'i ?gﬁ(%%&g% raction
step toQydcel-4,1a8’-trithi@asker ,@uripilycisucrab osy teakystdlbred foen floy preayser
crystallization procedure on _the increase uri.t cral ose solution to

obt ai n #iFepEt AHYL th soneyang$ad 6- Ay ﬁ@&eqpxﬁ’ﬁlﬁ}B‘)r/O,j’weéYCl ing at |east a

portion, of LiOeerads@ the feedstock utilized in the first step,
to yi elgﬁgo%%é gpgrrgtsat ?s:ﬁnea ssucral ose conposition wherein 15 the | evel of

ot her chl ori Th¢ prbsentgaventips alse scludea metlinals forpueidying se¢ralosofipst ¢néh by

weight. This final crystalljne sucralose co Ltign c I purified
in fhti FErBPsEfOGtiE B .’f}ngtt_he StSPSo?fer{D}?%W}g_La glﬁggflécr%ro%eu%gl t%(?ég :aih%g ucr al ose
to acyl gtedstgsrbagRtioR %’%g% Giel adl inEYegadiphrisduicralodseab hnloy A efoesin god

hal ogenat'ed derivati ves. | ogenat ed sugar derivatives may I ncl ude

di chl or oysielizstiomprceduse 08 the ingreasedipslboisrleseseltion igofaln ayEHIBE osucr ose,
4,1 ,4" ,6' - 20 tetragchl orogal act ot se. .- :

41 6 e iy ae Bl sR ReAR B horion of og mpthegtiquor o the

t et r achkpuagal aslhRIus taskrst dep, 'to fiekid fnglgaysatlimsucraisse composition wherein

3',6' -di chl oroanhydr osucrose, 4,6"' dichlorogal actosucrose

1" 65 - dthsieen o athepelloripated sugagHs dissthinPBew V-2 @f iecompositionby Wegs ucr ose.

Q her eﬁﬁcﬂlﬁz @}yggﬁ%w.ets ?tlag{igﬁ&ﬂ o%i@&f’%i 0 DRl 48 iRAHRS B aRRhUEO@DSto

cont ai ni-ng uri sucf al ose conposi'tions derived from each of the
enmbodi meiiad Meoianded aminod & 000: Aduirtlosnial acglateddilonalviss, agartiter worgahicesalt,

sucr al ose_conpositi ons na nt ai.n addi.ti onal reservatives.l i, ke sorbic
acid, béﬁ?@h@é‘[@?’d’?%Bfoga?%?fﬁﬁ?%yﬁﬂﬁﬁz gfﬂ&"%?&f“&? S‘é&ﬂ gy gy ey ﬁ]élyé%ﬁlu(f%at are
sui t abl g;chRirosHirBRe aE&%?@,il%Ltﬁ&fl&gkifcrrése! ngloudiditrbeiaIs8ge s, 4',60nbi nat i on

sweet eners, —consumer products and sweetener products nay also contain the
pur 26 i etttsoitlonigabet@izateaph i d-trinhdorogaladiesugraseéraceiaisy abd t@nl.6The met hods of

I R TR R TR R i
dichlorogalactosucrose, 1',6'-dichlorosucrose, 6,6'-dichlorosucrose, and 4,1',6'-
trichlorosucrose.

Other embodiments of the present invention include aqueous solutions containing the

25  purified sucralose compositions derived from each of the embodiments mentioned above.
Additional embodiments of the purified sucralose compositions may contain additional
preservatives like sorbic acid, benzoic acid, or dihydroxybenzoic acid, and salts thereof that
are suitable for human ingestion. Products including beverages, combination sweeteners,
consumer products and sweetener products may also contain the purified sucralose

30  compositions of the present invention. The methods of the present invention are applicable to
the purification of compounds other than sucralose. Specifically, these procedures can be
similarly used to purify various hydroxyl-substituted trichlorogalactosucrose compounds that,

for example, are precursors of sucralose in various sucralose synthetic routes. Additionally,



simlarly used to purify various hydroxyl -substituted

trichl orogal act osucrose conpounds that, for exanple, are precursors of
sucr al osewpDr3wagsous sucral ose synthetic routes. Additi on®CTyjSo3046E3

03/ 076454 PCT/ US03/ 06628 the processes described herein can be used to
produce relatively pure preparations of other nono-, di-, tri-, and
tetrachl orosucroses, which also have distinct taste properties and can be
used t ahepbckiset bescHbeEhdremscapibo peerdttbq)sodmfce vastivelspure pespiaidtioas of @th
contenpl ated wi thin thehgéope of the present [nvention are.suc aI o

conposi PP dioHtiai ad detRrhiorgsugtnscs, W bralsp ayrdistinriasie PrOpRTTSS 2nfi&

met hodqj.ag 'tc?ﬁlo@ffy%ﬂ%%%éﬁ’%%n}ig g%’ﬁ@@&f i8S cHREDRS. Wl@é&ltte?nplﬁt@wmﬁﬁ ng the
sucral ose conpositions o y any one and/ or sone conbination of the

met hodahegiaps ocﬂthetp‘resqnt Hsfentuon aro emtralose ccmmnsit@ms eh@mdlbéfrmy’@ﬁe efdopr esent

invention rel ates.to ge for. en the aI at a@eas u%Is a consurrer

or oduct OB ERA I b PEoge OgsaP he prrrr Bl AR e

consu ”E‘Jonﬂfr%‘ﬂ&gcﬂle shdFalRBEcAIRREI0NE Bbtaircd ®yRmy oht ed/stisnsd &ﬁﬁmﬂﬁibnttﬁ" t89. 9%
pure. In another enbodiment, the sucral ose may be present within the

consurremetlhpddugltesafth&plr@@@ﬂmwmloabout 3 parts per m llion to about 0.1% In

anot her enbo fh cl L

roduct ot sy g Rl e SRRt fRE el dsupRIRIR
mlli O%alitﬂblﬁﬁﬂéﬂw&or@mh@dﬁbrﬂﬂﬁﬁt cotnpAsia g eadtepsef aﬂlEMgl}ﬂln}ﬁleéswhlom toithe t he

consuner 15 product at a |level, of about, 10 parts per n to_about 500

par t0s p@(nsyampq preductAfn aﬂ?jﬁmb?ﬁﬁllemeH”Sdﬂ‘ﬁﬁﬁﬁﬁu%ﬂ"?%a}ﬁpégéﬁt/o o PHGe i on

rel at es r D ;@m@ rising
the- st eitoRyel Sy ? BIANG My b raRah BB e R A P ot

t he puratoued paﬂspalmﬂbommabbet (99%9% pnnsther dmbowluuertteﬂle suerhlodé mam be the

sucr al ose may resent thjn the bevera at a |l ev o

per 20 PReFqt iz Elaﬁsmuneﬁrfr@fimﬁ # ame ﬁgﬁb@ﬁﬁé’a}fﬁﬂ?&mﬁ{% ﬁf(@ép y *be
present %"Iﬁﬁ'ﬁd}l thenofhey &h@&ﬁnﬁﬁt fhel s8¥BlosO nag bR PresenidRiihis t]@@éon@luhbﬂ on to
about % O parts per mllion. In another enbodi nent, the sucral ose may be

pr esent prailudtiana {dvel @‘éal@ua@@pats rer nellon t@fabcalﬁéaﬂ Pms ]pﬁrmléhqs)er milion to

about 500 parts her e t i ion
relates to nefRg mfl?r)[ilrer%]??gigﬂ gllq?éeseﬁ mﬁ%ﬂ 0tnar iesttglm ﬁ Oggg%neé’h%el@cﬁﬁ roduct
CONPr i SihB Gataledils }:@p abbvadsd étgnmmg‘msetep wa@dlﬂgpuﬁﬁecasucmu@ﬁre product
wherein the | evel of said sucralose in res uItlng consuner product does

not nodbevgraghe I preembediment, fh?é’uﬁ@élsﬂqrﬂ]@%@ﬁg bEEP- 9y ByGc Lo anihsigdi t i onal

nbodi th
oo ot anirefmeht S ERENE RNk Bl hRLBUEShrR DRG] O BB 10
t o 20 bemédiiage atdmit 011&4.elnnariotier bmbedineht, ﬂm ghcsalse abayse praseat wakinl the ng

beverage does no y the sweet
gbeverage ata EevﬁPoIl about S parts per ngllﬁlon to about 1000 parts per million. In another

embodiment, the sucralose may be present within the beverage at a level of about 10 parts per
million to about 500 parts per million.
Another embodiment of the present invention relates to methods for enhancing the
25  palatability of a consumer product comprising the step of adding purified sucralose to a
consumer product wherein the level of said sucralose in a resulting consumer product does
not modify the sweetness of the resulting consumer product.
An additional embodiment of the present invention relates to methods for enhancing
the palatability of a beverage comprising the step of adding purified sucralose to a beverage
30  wherein the level of said sucralose in a resulting beverage does not modify the sweetness of
the resulting beverage.
Other objectives, features and advantages of the present invention will become

apparent from the following detailed description. The detailed description and the specific



the resulting beverage. O her objectives, features and advantages of the
present invention will becone apparent fromthe follow ng detailed
descri pt iwn.03h@sdet ai | ed description and the specific 8PAUEE5/0666854
PCT/ US03/ 06628 exanpl es, al though indicating specific enbodi nents of the
invention, are provided by way of illustration only. Accordingly, the
present invention also includes those various changes and nodifications
Wi t hi n exhepkpj alihbuginthdsetipg specifidembadiments ofithiehnventay, drepmvededpyavasnef t o
those .gkilled in the art fromthis.detail description. .5 BRI EFF

DESOR! PHRRIGROTPE ASRATVRES BF BBt IMGPOvF Ase T 04ea ProsP RARCUBrEes e

ef f ect pidifasicRyvifhaf iR spirR And Bk RE Mieahyerfibn 115181l RE6maappEeRtechost t h
various crystallization processes. Figure 2 provides a chart that depicts

t he ef fsbitedan theaari Borm thiscletsiled descrinor-ecovery of to sucral ose associ at ed
Wi th various crystallization processes. Figures 3 a and 3b provide a chart
that depicts the effect of various factors on the recovery of sucral ose

associ ated with vari oUBRIEFDESCRPATIODNOP MEEEPRASVIRGHur e 4 provi des a
flomchart of a nother liquor recovery mnethod of .conf:entrati on followed by

recrystal | i Zagwisr. presides gghast apdepiyihs cHofy BWEHIr aBtPrSaorh@Fﬁ?ﬁ?VFW Whi ch
ot her gu'cﬁ#b%@%ssforaﬂfgdmﬂtﬁkfﬁjli sc?}?s.\t'aclﬁﬂtiélhg?éde%sﬁt eps are conbined prior to

concentration and recrystallization. ure 6 provides a flowhart of a
nul tipl e crdfpised provides a chartithat depiay theyeffvet dforrionnfantorcon thetrersvetyi @fuor i s
sub{ﬁect ed to sequentjal. operati onza .0of. concentration and crystallization.
20 i guivErajosgasPHEs with v SEYSizalig) QFfeSSSief erred approaches for the

recovery of ]fi%h‘x‘éﬁ%%ﬁ@ﬁgm%déi&la‘rﬁ‘th&'déﬁié%‘ihéHﬁé@'o@&&iﬁs@ﬁ&bﬁ;@n&he Figure 8
provides a flowchart of met hod for purifying an acylated or otherw se

subst i tetedrsotsatdee ges@iaiedwith ygrieusysysializatpnipsecosiesh recycling of the

Crystal |1 achige Ssromp BoycoyT nablugt Biuct CGHloEpn B BeaRiteRhich o

puri fi eghswed 8y eseyRillithpnpr esent  invention. Figure 10a provides a graph
of the effect of inpurities on the recovery of sucral ose

cryst al | i zatFignre Sprguidss adlowshat phiesiethodrin pRudeppibey Woﬁj%% Beléipleet aj ned
in ot hcei\rgrstlalili%lﬁ)orn s%)prgpa% ESlubined prior to concentration and recrystallization.

Figure 6 provides a flowchart of a multiple cropping mother liquor recovery method
in which mother liquor is subjected to sequential operations of concentration and
crystallization.

20 Figure 7 provides a flowchart of several preferred approaches for the recovery of
sucralose or partially blocked sucralose precursors.

Figure 8 provides a flowchart of a method for purifying an acylated or otherwise
substituted sucralose precursor by crystallization with recycling of the mother liquor,
followed by removal of the blocking group and additional crystallization.

25 Figure 9 provides a chart of an analysis of the purified sucralose of the present
invention.

Figure 10a provides a graph of the effect of impurities on the recovery of sucralose by
crystallization.

Figure 10b provides a graph depicting sucralose retained in mother liquor compared

30 to impurity level.

Figure 10c provides a graph depicting sucralose yield compared to impurity level.



30 to inmpurity level. Figure |0c provides a graph depicting sucral ose yield
conpared to inpurity level. 9 WD 03/076454 PCT/ US03/ 06628 DETAI LED
DESCRI PTIVON 0G076HSE | NVENTI ON It is understood that the presantsSos/meesnti on is
not limted to the particular nethodol ogi es, protocols, solvents, and
reagents, etc., described herein, as these may vary. It 1is also to be
understood that the term nol ogy used herein is used for the purpose of
descri bing 5 parti cul BETRNDEN PESCRIDAION ORHE INVENTIONENded to limt the
scope of the_present, inyvention. t st .be noted that as used herein and
in the appen&@ﬁ%&%ﬁr‘?ﬁfﬁk{aﬁ@eﬁrﬁﬂ{léi‘?’g%?ﬂldﬁm oo @da‘i‘?,t'epaa‘ﬂﬂuf“i he" incl ude
pl ural heiideltesplotscdls, BEvams bad redsbRar iy, MsehifddaserQh B hes3 Snay WS, 1if OF
no

exanple, a reference to "a solvent” i's a reference to one or e solvents
and i nclydésto hequidgestand:thatitheteaminolagywsed bereinds aseslddor theguippse hBdesctibmgd so

forth. | fined herw se. .all .technjcal and_scientific ternms used
her e?n kgr&lgﬂf[aﬁéﬁggﬁénenﬁseoéﬁ’ r?ﬁg 1Sa1§0%31§%4?ﬂ I IHH%%F SER5SPE Qfﬁ%englanS?tb‘?rhar y
skill i it b bambtddahatas @Bed hdrsiniafd @ithe @Ppeddell enR@ss, ¥ ghailseRrmetdods, »
devices, and materjials are described, although any nethods and naterials
si mi | ar 2B¢ “Bgunchidsplurplrefgiences ualess thesenterioleatly digtates etheswise Rhesadorpr act i ce
or testi f & ipv.ent i l, 1 e I te N are

i ncor polfg%ne%lgb%/{e?éeaf? @%egﬁcggﬂlg%i rﬂg%%@eri@ettﬂeoﬁ‘% 8{eﬁltgfer %tl‘f/énrts[%rdiqﬁ(iqﬁé}%ns Bat ch
oper at i equivasnts sleatedfkmeivn to dsse slhidlsd @ the attedd se forth. whi ch a fi xed anount of

materials are_introduced into rocess, .and the products qbtained from
thi $9fi xed aﬁ%\ﬂ“ﬁ‘? deﬁn@ﬂoothwaﬁe: @#%@ﬁ%@@f@#éﬁl%ﬁl otels utdeEa PEYIRe StmDY ¢
i nput  NMB{RAINBY as &ﬁfﬁ%ﬁ‘l@ﬁind&%to‘éﬁ%? B8 HEbRin El&iﬁqg R ﬂeagmﬁeﬁfh*?&m&ﬁ?onm

car bonat ed béverage suc as cola, diet cola, so soda, juice

cockt ai belongrotPrivteared nivthads, devdees, andymitetals arerdeseritied, alttopgl kity mgthbdsiand
juice, water, sparkling.wat tonic ter, .sport drink, and cl ub sada.
Bever agé | ?Saﬁng“ilaf Wcﬁqﬁbv\éfe&ﬁip these ‘iﬁs%\l%gﬁleée%%‘rh ec‘_ﬂ)sﬁgll? thegyragtice QBE‘ﬁtl’é% any
beer, i peihedire@nibvalin. P fefi@encek 8BET her6in afehcHPpbotAd b RE@8ce HERiA i | quor,
red wwne, white wine, sparkling wine, fortified wi ne, wne cooler, wne

sprilfzthelraﬁWr%Y-e- made cocktail mxer including margarita mXx, sour m X,

or daiquiri mx, any fernmented fruit or tea beverage, hard liquor, and any
flavored |iqueur such as brandy, schnapps, bitters, or cordial. Beverage
may i ncDefiaitbomg dairy, m |k, or cream product or any dairy, cream or mlk
substitute syuch as half & half, non_30 dairy creaner, powdered creaner,

fl avored cre | OpEERtion’ ps Pyeddgtain desgrbesAreclrG wavhirh k fixpd smgent of

Bever agﬁlaf@ﬁglsadcrf thttdAGb AR AN robEd] dndFhe YRUGLRBbRidel Histn tfis ¥RY Snount of

concent r at ed,
20 1mput are recovered prior to the addition of more input material.

Beverage: as used herein includes any non-carbonated or carbonated beverage such
as cola, diet cola, soda, diet soda, juice cocktail, root beer, birch beer, any fountain drink,
sparkling fruit juice, water, sparkling water, tonic water, sport drink, and club soda.
Beverage may also include any non-alcoholic or alcoholic drink such as any beer, including

25 ale, pilsner, lager, or derivation thereof, malt liquor, red wine, white wine, sparkling wine,
fortified wine, wine cooler, wine spritzer, any pre-made cocktail mixer including margarita
mix, sour mix, or daiquiri mix, any fermented fruit or tea beverage, hard liquor, and any
flavored liqueur such as brandy, schnapps, bitters, or cordial. Beverage may include any
dairy, milk, or cream product or any dairy, cream, or milk substitute such as half & half, non-

30  dairy creamer, powdered creamer, flavored creamer, soy milk product, and lactose-free milk
product. Beverage may also include any fruit or vegetable juice in whole, concentrated, or

powdered form and any combination of fruit and vegetable juices or other beverages.

10



powdered form and any conbi nation of fruit and vegetable juices or other
beverages. 10 WD 03/ 076454 PCT/ US03/ 06628 Beverage nay al so i ncl ude

cof fee, awg osofdsee drink, any coffee flavoring syrup, teapCrasdioeas and
cocoa, as well as any conbination of any of the foregoing. Bl ocked

sucral ose: as used herein refers to sucral ose nol ecul es on which sone or
all of the remaining hydroxyl groups have been bl ocked by esterification

or ot heBeveRaesnaybaléitbluda cbfiee, aite edfiradrinkaanyiseftbelfhiveting syrap,uete scedrtya,
conmbi nation or pernutation of sweeteners, including conbinations of
sucrald@@‘”g%%@ﬁﬁﬁﬂﬁsa&%ﬁ@?@%ﬁ%@“%ﬁﬁ&%ﬂ Fhedoregomassi um cycl amate, alitane,

stevi osi de, %io&!ﬁ @ucr [o¥&L QSSI?seg e 238 d@cﬁa‘?&s@m&l@&ﬂ% whiH sormb@Rh1l

al cohol, sorbito I tol manni to Consuner product: as used herein
i ncl udes the mmatmngttgdrtoxylsgrotapsalxavabpérelsladmd byj catesificatidn qrealﬂlmrelsqansrar mal ades,
frU|t snacks uit, butters, and fruyit.spr r _product ma | so
i ncl’ude any ‘&3 {natiom Weeiffle‘ér@%t‘ﬂﬁeﬂw’t?'iﬂfb{% g@&%a@s E‘ﬂ@’g% nqr(PBm&?tg%‘?#/ gnd
yogur t . sufRRSIARMcIWAL bihdtfont 88 suckAkRdsAeRGH, asffaltams, LeQafie doughnut s,
cakes, cheesecakes, dani shes, pastries, pies, bagels cooki es, scones,

cr ackerpotassiwd icyelamated alitamer stevichde ghisose fodiese, levihese mekosselastere.prBduct s
such as_col i t cereals, granola m xes, oatneal, and 15
trail rﬁu)ggrq@:lfgg%}ol%}y&hﬁ&n ﬁtﬁgs condi ments such as butter, peanut
butter, whi pQGﬁ’snﬁﬁﬁqmod%@ufasﬁIs@@HéreiﬁB@:lﬁ&&mm plodlitts swchras ppplggeaw,, jams,
mayonnai se, olives, seasonings, relish, ﬁ%pkles sauces, snack dlﬁisl9

mer

ket Bhupellisaimarmalasdes At snagks dvifbaiisisnanst fraihspreadsi ﬁ@asmﬂé? ct mey
pr oduct, tﬂaé aa@n%p% lof&%ﬁ @c@a%omg@hg&e le@gﬁ " o

chocol até duc |pop ews, nar chew'ng gum

bubbl e mmctmmsmm&gocﬂ@ smfh‘dsmxequ,eddulglmutstgmkesyhagp@ak@eﬂamxtmsks mnts,
popcorn, chips, and ret els. Consu g}ugfgn Iud s neat lpro%ucts such
as hot RFSHES: RishRagelsiconl 16%&8%%?5’9“3%1%% %’ré%qg’a A URELRIodUge hy dr at ed

meat, apdyibNEhen Briels sullP RSB EerBAlS, § hoD&rele %ra?ﬁﬁpfﬁlxegr QaEAsAEandand
bul i on.” Consuner ' product includes dental’ products such as toot hpaste

dentsal trdibméxes. ﬁa@usmﬂpd@émmdes ectidimente suchraspattenpeanahbutierf Whippedie

treatnments, and o 25 Consumer_product ..i ncl udes cos cC itemns
Such acHPRsE ey BEELFFE Ry STuRoR RSN b & st o ) e

pr oductpitiies, wa@ses i Naciaipidetchiuh &aka St Gfards saladre aas Candspiei Ed pépgpeac co

substi tut es, pharnmaceuti cal corrp05| tions, chewabl e medications, cough

syr ups, Consugr pEgneaiiscludesgael foody atedes puddingrraadypars, herd Faslyt ehocalate

Pt ac duoofisiofibaly BERcnley, ARLEURM SOhIE ol eI PR B Boers..
30 monmpaffyfpie fitlingsAPirahsy getl macﬂdsggtm ipogedeh aships end pretdelsd Coagenérgroduct

beverage concentrates fo nmedi ci nal pur oses aqueous phar naceut i caI
suspensingiydes mpﬁmﬂ%ﬁﬁ%h@t hetalogs,samasd figmgausage, prepared meats, canned meat,

dehydrated meat, and luncheon meat. Consumer product includes soups, consomme, and
bullion. Consumer product includes dental products such as toothpaste, dental floss,
mouthwash, denture adhesive, enamel whitener, fluoride treatments, and oral care gels.

25  Consumer product includes cosmetic items such as lipstick, lip balm, lip gloss, and petroleum
jelly. Consumer product includes therapeutic items such as non-tobacco snuff, tobacco
substitutes, pharmaceutical compositions, chewable medications, cough syrups, throat sprays,
throat lozenges, cough drops, antibacterial products, pill coatings, gel caplets, soluble fiber
preparations, antacids, tablet cores, rapidly absorbed liquid compositions, stable foam

30  compositions, rapidly disintegrating pharmaceutical dosage forms, beverage concentrates for
medicinal purposes, aqueous pharmaceutical suspensions, liquid concentrate compositions,
and stabilized sorbic acid solutions. Consumer product includes nutritional products such as

meal replacement bars, meal replacement shakes, dietary supplements, protein mixes, protein
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and stabilized sorbic acid solutions. Consuner product includes nutritional
products such as neal replacenent bars, neal replacenent shakes, dietary
suppl emrenwe,03pr@s€i n m xes, protein 11 WO 03/ 076454 PCT/ UBQ3/B66A®B28 bar s,
car bohydrate control bars, |ow carbohydrate bars, neal supplenents,

el ectrolyte solutions, whey protein products, netabolic response

nodi fiers, appetite control beverages, and echinacea sprays. Consuner

pr oduct barsichrhdbdgdate coatrol basidowichbobhydtcdmrs) agabsuppleatentsf electrolsted bi r d.

Consuner product includes foodstuffs such as f ood. Cons r _product 5
BT R R R e e e e e R

chew NGy ORBEELea spEBRL ICHASMAREMRL iRNideR aninne SoJasik BudH 4 didesdraocedur es
i n which product fray be renoved fromthe process while input naybe added;

r enoval foofl, gndduud tCasumgnproduet indludesgoedstufisuble as bahydaedt bnsueies portuchuous,

or a. constant rate hose skilled in the art. will readil recogni ze

Chatt ¢ rmcRaph BBhostifoutRaR af e ek slebferBibets per LR oL 88 T whar 10

arbitrary, agdntibaéus@piratiod:esiRed abriopelided Posediedsvii erhighifredianedy be

operations and pure continuous processes are possible. The_enbodi nents of

the pr esamveql fipahthe Grogess whide inpaUIRY be pddedt Tearayabyf Rraduct py pdditiongiingpt

possi bl tat i 0. e, d LA NG .Qse

i ed viPRoETRGH TR, 8 fioR8ed Bt 5Fcondinl B TRREHINLIE HEES LT ELAND

chl or i natkeghisdigar the aermstibaloh speration” @aldl “cofitiddoas byaationylare ddmevletips

renaining_after chlorinationgﬂay have been blockgg gg esterification or
P 3

ot h&t  n¥RHETY ARG AL RNy HBSEM eptp OBErafions BrEvef ur PIFIABAPYEES used
herein &&ﬁhg&%igraségg&sa%@ﬁogs{m%rﬁeﬁ?&&wﬁﬁ 00 tHeDréLRGGYEHionSRA M B8P "
wWth respec I SSO

supersature to a ved conponent, and the formation of
cr yst al practdedttyi thisdoltpargerntf possitde hpeetéehs. The i nitiation of crystal

f ti b it.2 i h i tion d
cryatal o aeCrudeSHRAssR Stvire Berei ihofr st A e P e Rlidlods Ton 1 o
whi ch ag@tkd ds el b SbrsloSPdrRlrdtidr chforihb&d @gga%i oh WhithSelneantallte? the 18}ddod1
solution which 1is then rendered saturated or supersatured so as to obtain

cr y$t al groups wmaining plieechlorinatine magrhave beapshladked batosigrifiagtion othaiadangr y

processgs of shi the crystals with one or nore solvents, drying the
crystalg?“%%%ﬂ% %V”g#ﬂﬁﬁﬂﬁﬁﬁéfinal product so obtained. 25 Extraction

operation: aerysenizhas® ps is2dheasineludespiot&sed iathictay sdlatipeisiraddeesl on  a
not her |iquor to renove inPuriti es fromthe nother ligllfor' The specifjc

oper at | BHUTRe]l opEUPssEAtEEd BatrIPHIFPR dERbEr CORRPIGREANEANS rmatiprok @ystals
rempvi nge ﬂmdcﬁ?g{o? 1§s haRMFt S inifiEEof : Oir}%xgiﬁir?%ﬁa . gﬂrar;s?oﬂgﬁeo%%r jare not

limted to, ation, solvent extrac hy, an
der 2ovat magtéquireftind dcdalitieh dfiscedomyvtals. ofs tshé heteir, vgistatemdtiombleo idedcrib80the

UYL 8o T hich B <olifl or Gl S merta TPOSb R edth ASbiven o y3el§ 2 20RR6n Sen
is then rendered saturated or supersatured so as to obtain crystals. Also, included in the term
crystallization are the ancillary processes of washing the crystals with one or more solvents,
drying the crystals, and harvesting the final product so obtained.

25 Extraction operation: as used herein includes procedures that may be performed on
a mother liquor to remove impurities from the mother liquor. The specific operation may be
selected from any number that may be suitable for removing undesirable impurities. These
operations may include, but are not limited to, distillation, solvent extraction,
chromatography, and derivatization followed by removal of the derivatized material.

30 Impurity: as used herein includes compounds other than sucralose and includes
products of any number of processes for synthesizing sucralose that are not sucralose.

Impurity includes any monochloro-, dichloro-, tetrachloro-, and pentachloro- derivative of

sucrose and any other dissacharide derived from sucrose, as well as any trichloro- derivative
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products of any nunber of processes for synthesizing sucral ose that are not
sucral ose. Inpurity includes any nonochloro-, dichloro-, tetrachloro-, and
pent achl owo-03@edqsvat i ve of sucrose and any ot her di ssach&cCirdsosiessesed from
sucrose, as well as any trichloro- derivative 12 WD 03/ 076454

PCT/ US03/ 06628 ot her than sucral ose itself, whether present in free form
or as esters of carboxylic acids. Inpurity includes any of the hal ogenated
sugar dehéntban steslovetitsel], Wadtheprdsenhindiagifortn os arodsteas of chrldnybic @sidsr ose
acetate, 6,.1',6: -trichlorosucrose,. 4,6,6'-trichl.oro ro 4.1 ,4' .6 -

ot 1 acHiREhuInEbiE: hrbe aREdtig st ARG Ne Saer dLroREtAieh s

4,6, 1", BchiSrob@irbRCREAED gal BCikRRkEdA8Rse, 4,66 -tALEIBIREAS, agt AsaIcT OSe,
3',6'-di chl oroanhydrosucrose, 4,6'- dichlorogal act osucrose,

1', 6' - detcdvhbrogalastotsgatoss, 8;1%. 0 teishloragalactogueosedb-acet@e, 4.6, 66t or osucr ose,
4,6,6"-trichl or | act osugr,0 4, 1 .5 -trjchlorogal - G-@acet at e,
and %, depeBL AR ] ST bl B bhe IR SO A A

sal t, caskeRydhafosucrede, gy dadhistositisse ab,6'sdich1dfdsiRaoys Uj1ng-teithlarosntoss,

| iquor: as used herein refers to the practice of addin | i quor

s Lo g the nother
t o anothep-ighlospgndactesyripse.dnl 'Sritishlaregalagtosyelioss§;acetets, %’i‘c{)§=§§l'l i zati on. The
mot her .l 4 SRNGER ; i £ HOlor hov1hegycl i ng.
Recover?lc%l;ayo%ralsu sF%ﬁ?élc ;I?l I:ﬂg(é)srtl ongégjﬁét @grs clrcg’:El %’sea!ﬂ?(gwglf ntlgr?é ?%1 this
not her ducrplye. may be essential to achieving an economically acceptable
process yield. 15 Solvent. as used herejn includes,a |iguid. that can
di s¥ol ve ano&f@ﬁﬁgﬁﬁg?mg?r ﬁ%t@ﬁ’é?‘? ‘?rSI&‘JE%e.rSj @311?13@8&“?‘%%&(1 migrjfﬁ? udes any
pr Oductmefﬁ@})ﬁééu?drfﬂ& afiter SOMRIsBRb1uA0N BFioPe! Sl Ofs AfstEER@DSENARBRf any
ot her sweeteners, Including saccharin, aspartanme, acesulfanme potassium
cycl aneligior alaytterferthetoncadiathd, orgutified priostoseeysting. f Reeaveseof a sihsienta,
| evul ose, .mal tose, | actose,. .an ugar ,al cohal orbitol,,. xylitol _and
man | to?o.m%oﬁgl? ﬁg%fg%(%? re@%{l?lgg%? g“sq%ﬂgle Rt AR e§gs ?:?n%la%)tsoe Cb’{regﬁﬁcatns One
si gni f i &3RbmEABY henpabldplobsssanamer ci al production of high purity sucral ose
is the poor yield that acconpani es the sequential crystallization and
reckyst al | i zZSelvent: o usedhespiggacludess ligned thateam deselwirngthse subsiance.
crystallizat { i.0C I . i 95“31!@ : 25 |i quor
cont ai ns an $ﬁ§?§§§ﬁﬁ§as?gpéﬁﬁ§%ﬁ&% 1§§%§%z%§§n§ﬁgia %$€ %ﬁ%g proportion
of chl ogonmtih&ibncardeahyidtied ef sutpiicsetand&r adhother dwdetendmss inchitlig daochamover a
substantial portion of the sucr%l ose ET%resent iin.the various nother |iquors

Wi t houtaSQP%IH?:éﬁPbeam?é’oﬁiﬁm cytlamps, }t"i‘i‘af’ S_tedi‘ﬁ ¢ BLUCOSS: BHFEOSSs ff‘f’?e’t he
Pr esent sy RUENEAfse BRKBsd B QEELY DS AddHL SbOMB, xpTiRR| ATmardfdLC! Al ed Wi th

sucral ose extracti 6on and/or purificdtion by conbi'ning an initial non
20

Methods of Extraction and Resultant Sucralose Products
One significant challenge in the commercial production of high purity sucralose is the
poor yield that accompanies the sequential crystallization and recrystallization of sucralose.
As the sucralose obtained by crystallization becomes increasingly pure, the residual mother
25  liquor contains an increasing proportion of sucralose and a decreasing proportion of
chlorinated carbohydrate impurities. Thus it is desirable to recover a substantial portion of
the sucralose present in the various mother liquors without diminishing the purity of the final
product. In one aspect, the present invention seeks to remedy the traditional problems
associated with sucralose extraction and/or purification by combining an initial non-
30  crystalline extraction with other processes such as crystalline extraction and recycling of
mother liquor. These steps, or processes, may be combined in any order and repeated any

number of times. Crystalline extraction is preferably performed at least three times.
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30 crystalline extraction with other processes such as crystalline
extraction and recycling of nother liquor. These steps, or processes, nay
be conbi neo 7@y order and repeated any nunber of timePCTASYIO@LS i ne
extraction is preferably performed at |east three tines. 13 WD 03/ 076454
PCT/ US03/ 06628 One aspect of this invention involves nethods for
efficiently recovering the sucral ose present in the nother |iquors while
limting theéneispedofdriaiiventiof inveiyes inetheds for effici¢rdlyrreedvering thepusradosent o

the final purified_.sucral ose.product. In. the t h f. n

| nvent ioseeht nehe FE GaeR vl SoUEE Pl BarRbn L e o B3 me: 4 o
of conpRuBESHRShe Fiakl AxEEalsBerafsé prodnEORIhE Medthols oPeicasttsehbinybntfbhl 149,
which is expressly incorporated herein by reference. The types of

conpourgcyredimmatadisuctiose miKIe Ma @Al BigEe AbsPIRIIRds RS RIFARPG t he
synt.hetj c rout. tic it . S\ N ] Tabl e
Bl oS S S B 5RO B VG M oG Rad iR RN AT

repr e; emeethgzpes%ﬂmfaﬁ@bhﬁds pabieat imgﬂistmhldch‘imetedynﬁghm m}fll Vplrymceohdl ireg thliladt maK
precede the purification procedure descrihed in this_disclosure. Su 10

pr ocedBhels poutenserd) gndihs ppiishler 8?@1%%2 thesyphssis nglFﬁreb eiﬂ"i’ ‘.SahWthg‘Sd, one
may spQed fil Lacti i P dtig U. S.
P o o1 G S B B e By ng
Sucr al qeedediird thdt may preeededthat puticationtphocetinicslesdribed i thimdiseosire axich

applicable, and is not co rained b he ticula rofil f ities
t hat® r S40¢8dvF5S e ?ag\%f“f?é %@8@8@&&’8%&%? a‘gub?d;ffe@soéleﬁ%a S%’S‘F%S@?e at

| east 400618y M@t tivermShodblbgief ad MSc164¢aNiR BES. dabviviahilVesert Appliatbnude
sucral ose conposition. The ch%orlnated m xture nmay be a solid material, or

it may dnitled §Bkimadtiva Metheds: for Peiifystenaicralesed pidehpreevss| dterdterewith.  Hais

chlorinated. m.xture is solid, t 1 : Lon
ori o 18 FRgRh PRy APpBRGy anf sl Bl B n e BRYSARO AR & (BB
Repr es eph@binerShuosmiiett 20106, GEnspios istéralosCoap oomptisdCaripass #0%odiy véiglhty
Wei ght of Sol ution) Sucral ose 3.252 4,1'-dichlorogalactqsucrose 0.138
3, 5 - afilaidbasumweisssisargéees in thgsrude sycralgse RYBPEHAIHC Qrgatedimigfgre

1", 6" - %%flf"g %?&%’ﬁﬁ&?iap o?%%‘ga?gbé%écg{l&cgﬂ AVARUG Q8fer deQpBible solvent. If the

4,1',6 orosucrose -trichlorogal act osucrose 0.302 14
chlorinated mixture is solid, it is preferably converted to a solution prior to its purification in

the process described herein.

Table 1. Representative Crude Sucralose Composition
Component Composition (% by Weight of Solution)
Sucralose 3.252
4,1’-dichlorogalactosucrose 0.138
3’,6’-anhydrogalactosucrose 0.165
4,6’-dichlorogalactosucrose 1.115
1°,6’-dichloroscurose 0.394
6,6’-dichlorosucrose 0.075
4,1’°,6’-trichlorosucrose ©10.079
6,1°,6’-trichlorogalactosucrose 0.302
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WO 03/ 076454 PCT/ US03/ 06628 4,6,6' -trichl orosucrose 0.273

4,1 ,4" ,6'-tetrachl orogal act ot agat ose 0. 110

4,1',6' - twoohloogsegal act osucr ose- 6- acetate 0. 030 PCT/US03/06628
4,6,1',6" -tetrachl orogal act osucrose 0.410 One aspect of the present
invention seeks to renove inpurities that interfere wth crystallization
through sucral ose purification by a non-crystallization extraction step,
cryst al4,6,patrichioresucraset i on and recycl|itizj3of nother |iquor, and vice versa.
Thereflore, as 5 described in detail Bhelow, the use of nmultiple

cryst al 1 zalg> aieacllcrO5NAG@EatBe MO hErg | fpquor recycl e steps may praduce a
sucr al|ose corrp05|t| onthat 1s purer tjhan any previ ously reported, whi | e

mai nt air s @At a commercial_procegs. The
i ndi vi dA'tj!%ll’léJ t#jgfglgirsémbt&)eo\égg@leésg)rélbﬁhg RWN S i nventl on may generally be

carri ed S4f——as—nat teh—eperatd of— nuUuo operat+ons—and—ay—+ncl ude
one or| hied Wﬁ%@?ﬁo(gﬁla&‘i?al}%?se 10 crysqg i zation steps. By conbinirg

extraction and crystallization undesirable chlorinated carbohydrates or
undesi rabl e bl ocked or partially blocked chlorinated carbohydrates my be
removed to i creaset ur i S i W t h
crystallizat %eh sﬂ?ﬁ?} tﬁﬁé@ efﬁng entl‘i eﬁgr éécrgf\?gggﬂgélﬂist%g rﬂ%tg{s%%r%‘[gath

Non- Cr y&{ahllizaasn tBrouBH shéraloaé p@rlilﬁdalﬂo@ B¢ a@x@h&dysmmatmhl’eetrmtﬂm%tﬁp i nvention
may conprise an initial non- crq)i]@tal lization purification of _ a crude

sucr al ogEstaliiratianorktiagtioreansaecydhas odmethes 1ianony had YIP%¥31F"?1 Therefors: 38 on.

Sol vent i | & esent
i nvent |%e%é&l£ﬁ%ﬁh dgﬁglt{eggr%aﬁ‘?g%s rrnell ets& gy %ﬁ%ggg s 4t ?ﬁg&c r%érnahﬁgg{ aphy,
pr eci pi ﬁeaydlastepu tnhy prodaté heudralase a@nmﬁionshﬂtvepureﬁ thbuh aweplreb;pusﬂasrmm“@d or

formatio derivatj ves. fol extr ctlon or istillation, such as
t hose deléff @é’é’éﬁlmﬁg eshlgbéﬁf%‘ﬁﬁ YN‘g% °ﬁ@§°m§ﬂf’6%‘&ﬂ§§i‘°'355 498, 709;

5, 498, 709;  S7¢dRqikAia] Broedd stR; de%e&xﬁmspﬁ%ﬁtﬁmw gehBRily G lcherdent i t | ed

"Extractive Methods fg Purifying Sucral ose,” which are expressly
i ncor poasdiaadh dppratl@hepecménmemmp@ratlons andsmwmud@mﬁ@tm%ﬂeﬁwﬂ@aélﬂﬂ/oa wi de

r an t acﬂrgs Xl:lf % YenLs HEE eﬁgﬁcélgp gﬁ% crya} 21%2}%}#9 Ien esua%& @?@Aa&e@ ted to,

t r I chl Oémﬂiﬁﬂﬁes dhﬁhqsﬁfameoloal&wtoe §ﬂ@1|ally blocket ggaYinanel cagysHyahosangy bany |
acetate, carbon tetrachloride, g}sene et hyl acetate,_ toluene,

t et r ahygmeved tmincisese e purishisuerlpse, Cagbinmayiareasyitberystaiestion owy
trichl of0e | e acetate, methyl ethyl ketone, acetone,
di acet oér%ge) %{Fi’ﬁ ghr&%kh&sogﬁ}eﬁ r%lfo)éﬁl oride, methylene chloride, butyl

Cel | osol ve(r), pyridine, Cellosolve(r),

S (

15 Non-Crystallization Purification

In one embodiment, the present invention may comprise an initial non-crystallization
purification of a crude sucralose solution to reduce the level of impurities in the solution.
Solvent extraction, for example, may be used in this aspect of the present invention. Other
alternatives may also be used, including chromatography, precipitation with or without an

20  anti-solvent followed by washing, or formation of derivatives followed by extraction or
distillation, such as those disclosed in U.S. Patent Nos. 4,980,463; 5,034,551; 5,498,709;
5,498,709, 5,498,709; 5,530,106; and U.S. Provisional Application entitled “Extractive
Methods for Purifying Sucralose,” which are expressly incorporated by reference herein.

In a solvent extraction approach, a wide range of extraction solvents may be used,

25  including, but not limited to, n-pentane, n-hexane, Freon® TF, n-heptane, diethyl ether, 1,1,1
trichloroethane, n-dodecane, white spirit, turpentine, cyclohexane, amyl acetate, carbon

tetrachloride, xylene, ethyl acetate, toluene, tetrahydrofuran, benzene, chloroform,
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nor phol i ne, di et hyl f ormam de, n-propyl al cohol, ethyl alcohol, dinethyl
sul phoxi de, n- butyl al cohol, nethyl alcohol, propylene glycol, ethylene
gl ycol , gWwgoamanm454 and water. The 5 sol vents preferably al lPewisSazodeos mati on
of two separabl e phases that may preferably exhibit differing solubilities
for sucral ose and ot her unwanted chlorinated carbohydrates. In a specific
enbodi nent, an ethyl acetate and water system nmay be used for extraction.
This snthientthytemnbj Oeldsolve@eacefatepuietsy] athgbletomex heaatd, dincetonaeldolialpn to t he
| ow cost, and favorabl e af e ofile f the solyents used. A w de range
of ext reﬁ%}g‘?nﬁ 1 ?ﬁl‘%‘rré‘??fh "g‘iorg{& %8?1@’5?]:‘(?@ B}S‘b‘%ﬂ% ,noﬁ‘glﬁ%@ng from bat ch
m xer - %ﬁé(j{;hﬁfm%, EPn 1 EdrAR e, Bliirbpy bRGBOL St AEOHHL EfethySUPROGEL - In a

preferred enbodi nent” the ratio of ‘ethyl acefate to water may be about 3:1.
Fi gur e butyd hivaboly netlefl Alsoholppropsitehe glycolacthylege glycoh glyicetwb\aadyvater. ddich

crystalljzation a overal | recaqyer ti.cularly the overall,.effect of
pur gi ng°‘°1vﬁ51i§ PF%}F’@BPypaﬂE& M]teggn%artygpo ﬁ"i’ g@taf)aﬁ]e' p}}aﬁesgt;%terp&f gregeg%lg\%hl ttgh

yi el d afgedoliBaltids fof Sucril BRndtotRS uiwntee chlerigged cdbobafraee Ina
crystallization. Referring to Figure 1, 100 pounds of sucralose is fed to

t he syspegifi¢ embodigmentjanetiyl peetatr gndwater Rysian nyhedised foriogastion; ddig col . C,
Sy ; e ) . _ > o oo ro
aftor - CREoP st By Bl il #55 cRlhdllon iR aliion I R0 kBl hERINIOT.
C, | i neafely) pafites TS panwked oA widt bargeldf guact@neqpipotutedy peabed i, | i ne

15). The, nother, liquor .is purged fro the system xt, the crystals from
t helOf i rthis appspacky ransiag from bateh mg@r-%&%rﬁ 19 i%gmwﬁem%l yStage F%%‘geffﬁ?fﬁe

recrys t&ltlja&t%f's? iﬂzl 2 tp%éfeﬂ@&' Elf_xgxﬁoéiﬁﬁsht thEratld ¥ty acetife :tg FavamR Rdpesd by the

first crysta at'i on. e recrystallizati'on yields 17 pounds of sucral ose
crystal s (cdligw€,1 shoms tH8ffemndf @Bicque favttas ofi tikGrepmieein dack guystaflzationand | i ne
19). The nother liquor is.recycled and the total.feed to.the system at a
st eady-%’t%ﬁeéaqﬁ‘i?ﬁ?‘f %rgagmqlgfyl%goisgaﬁage t@gpprg&lg PIRLUESPIONR: % ontir e

pr oces srydtalidfioh! InBﬁ}é‘i‘%‘a&ﬁe@%ﬁﬁﬁ@ﬂ?&n@Uo&?ﬂﬁ)@lﬁtiésbﬁndétﬁﬁfé_s nfytHegusyet em
(col. C " line 28). This sane process is also analyzed by inpurity renoval

i n Bi glheorg crystaliszagiond  previously, 100 pounds of inpurities are initially

t int ystem. : | i : i L] : d pri
o arystal | 159rTw. S REE 1 10 papForthlmdRis b BREbRoE LS B 19T o' of
i mpuri tdless \kzﬂlfxtéOO Poﬁﬁﬂ% oF iyiptudtics (6610C, 1i€3 31)i Mo idfpuritiesla® pupged pasr of theot her

| i quor (col. > line 35). The nother liquor is purged fromthe system 16
WO 03/ OB ystpdTationn3/ 06628 Next, the crystals and inpurities fromthe

1175 oL Ahicn RS okhigeth e b byl satoct i sy
20 83 pounds of mother liquor are produced (col. C, line 15). The mother liquor is purged from
the system.
Next, the crystals from the first crystallization are recrystallized. The total feed to the
recrystallizer is 45 pounds (col. C, line 17), which was produced by the first crystallization.
The recrystallization yields 17 pounds of sucralose crystals (col. C, line 18) and 28 pounds of
25 mother liquor (col. C, line 19). The mother liquor is recycled and the total feed to the system
at a steady-state equilibrium is 128 pounds (col. C, line 13). This entire process yields 17
pounds of sucralose or 17% of the feed to the system (col. C, line 28).
This same process is also analyzed by impurity removal in Figure 1. As stated
previously, 100 pounds of impurities are initially present in the system (col. C, line 31). No
30  impurities are purged prior to crystallization. After the first crystallization, there are 11

pounds of impurities left in the crystals (col. C, line 35) and 99 pounds of mother liquor (col.

C, line 35). The mother liquor is purged from the system.
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produced by the first crystallization. The recrystallization yields 1 pound
of inmpurity in the crystals (col. C Iline 38) and 10 pounds of nother

| i quor (cwD.03@76454 ne 39). The nother liquor 5 is recycl edpramdiSosreseeot al
feed is 110 pounds (col. C, line 33). The overall inpurity renoval is
98.90% (col. C. line 48). Hence, although nost of the inpurities are
renoved fromthe initial feed, the sucralose yield is very low. In
contrast, i fNexypeictyseds adenpurigediromithe ﬁtsd)cnyls’ellfziaﬁsm aerryaysthllizedt Tlon, t he

ane. haltpablec e temybiers s dd PR oS cOoUi RYLATEE DA (Rb Sy el dah aJerEes ror e
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sucr al gse are and 50 pounds” of
i pur i tdrpstala el f@dirte3 &) laed :t § pvemds (ocf motherp hqlumn@OB 1_3), lingBPkr dféoﬁlﬁlf kquor

crystalllzat 7 stal s pr,gdu and
74" pouriagecyrle lefGo e t%raﬁ@eﬁﬁ i} RN CINRIE 33% T il mP“ﬂ%%? vl

l'i quor deso@YaRdciRag)l Hehbs il é&\rﬁmmme ibdperifieyEt @érﬁoxfd’d(ffﬁrﬁﬁ& 1fﬂtfa$t
crystallization are recrystallize The total feed to the recrystallizer

is 57 poeddse ﬁwloseli)’lelﬂlls\éerl’hw V\:hl ch was produced by the first

crystallizat recry stal i

crystals (c OBtraéft ﬁémll’nglt ard” %‘f ohﬁ'gr 18 ﬂ?é i %&Sﬁﬁ]{ggﬁ%?ﬁe S?Mf%ﬁ@%%(fqd

19). Thﬁafraé H@:Eeabéd]blﬂéfehﬁlgra%@mb@iiglﬁéld dd1eD} @tcattal f eftble lrﬁpu‘hﬁibs aﬁtyﬂmunds

(col. ne 13{ This entire process yi el ds 26 pouénds 0 sucr?%gﬁe or 26%
i

of tthe puseel frpmtlmyséa}%bmm ebmore@f the girasion mgghqds dpscribed phoyier

hi gher éé!a%lp e tllaag r.bf{s 'afesfe@f he NterRYESIEO, Bid PI) ah@ 50pBEAG! 1 Zatl on
and is an rnprovene o over t e process wthout ~ an inpurity purge
(col . Dm;imsaﬁ)fedﬂ'm’lhs syﬂara(pwlobehm 3. al so anal yzed by inpurity renoval
in Figure 1. As stafed evi nds_of

initially pré@@’h’?l %Sttq%s"gyg‘it’é’ﬁi ?ycﬂ%xﬂﬁf’?crg tafs H’ée p]io%ﬁeﬁp@?fe? ﬁge eangur ged
prior t I £ 3¥ddBePRoRTUMAS 16f. THEPMbILE! Budre &1 fromi ne
31). Af?%ﬁéﬁfﬁg%?ﬂoﬁ&é@%rtgl ?I zatl(ggo t here ajre poulndg(?%f E‘lplbrrlgﬁrl t:)es | ef t
in the theyggttals (col. D, line 34) and 49 pounds of nother |iquor (col. D,

crystals andNERpH Gyt o e et AR e e DRI Phe Ml eed it o

The t Ofedtysta@isdr <051 Imﬁmaymrm i1fed 7P oMiiels waé pﬁfdusécm;sthamsucmwnmuea (col .
l'ine 3'/y whi ch wa the first crystalllzatlon

D, groduced g¥
recryst dh¢ tezmst&ﬂwaylpél}’tﬁi suckabeReictystaln (Gohdd, lneyls) apd3k E‘Eﬂnds of 1ine

38) an i Rafiquor is
17 vo oBPeFe ey BebiF il 531%%%%@@8 R g R Tl D s
(cobo Dpounids€cod I, linkhis)oThisadnkird prpcess lywldﬂﬁmmlnds sf sucralose or 26% of the feed

to the system (col. C, line 28), which is a significantly higher yield than when impurities are

not purged prior to crystallization and is an improvement of 155% over the process without
an impurity purge (col. D, line 29).
This same process is also analyzed by impurity removal in Figure 1. As stated

25  previously, 100 pounds of impurities are initially present in the system. One-half of the
impurities may be purged prior to crystallization, leaving 50 pounds of impurities (col. D,
line 31). After the first crystallization, there are 5 pounds of impurities left in the crystals
(col. D, line 34) and 49 pounds of mother liquor (col. D, line 35). The mother liquor is
purged from the system.

30 Next, the crystals and impurities from the first crystallization are recrystallized. The
total feed to the system is 5 pounds of crystals and impurities (col. D, line 37), which was
produced by the first crystallization. The recrystallization yields 1 pound of impurity in the
crystals (col. D, line 38) and 5 pounds of mother liquor (col. D, line 39). The mother liquor is
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98.90% (col. D, line 48). Hence, although the percentage of inpurities
renoved is the sane as when the inpurities are not renoved prior to
crystal | iwato3om4ss he sucral ose yield is much greater. Thip€TAfSO&04628 S Nor e
pronounced with further crystallization steps as shown in Figure 5 1,
colums E, F, and G In colum E, no inpurities are purged before
crystallization and the feed is initially crystallized and the resulting
not her decytled andsthp tstgefted s Dasunddedl. zihd:ime 33X HEhd ovesd]] ingruysy sdnhdmhisi on is

foll th b t tall t wh th i th
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process, yi el ds 7% recovery of sucralose (col. F, line 28) and an
pversal |1aiwﬁﬂ?ﬁ%’€»¢€ﬂ%\9§ of 99.99% (col. F, line 48), which is an

i nprovenent B coh@BHMNE im gﬁlﬁ‘t‘fbs&f_ OFREEd VbR stalizatiplint tye f2ed @eniialy. F,
line 29). 15 Further, if 75% of inpurities are purged before_any
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render {agrs@kivitRuiSAtihbatifbiREe &ePe §as doyt ed, and al |l owi ng crystal
formation'to occur. |In one enbodi nent, each crystalllzatlon step may

i mptove t he Purtharyifg6% eflimwaritesars purdsd before wy eitaklizaiaon fiers thenseovsty t he
startin
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non- cr y@ﬁyadalnzaﬁoxeyﬂercmtrbcmrefy of25% pﬂmtaﬂ@sel (amuGl, lih©39). anfan cewalipheurityn  t he
process utlllzed to create the data the feed to.the s st em was

cryst al Famevgl o %orerlr Gsting 43)z ér@l%%ﬁb’élsrﬁb?ﬂs {haﬁ@ymgrqu:rggggan pyeral
Crystal Clrél eile n(ci‘&1 fé}?%%%%rbylélﬂ‘%}%nﬁ)%u% rﬁp%ﬂryﬁgu&?l vé sequential or

crystal Tl za I ons. ree nmor e
non2d8 WO 03/ 076454 PCT/ US03/ 06628

Purification by Crystallization

Purification of sucralose by crystallization may be an iterative process including
preparing a saturated or supersaturated solution of sucralose, exposing the solution to
conditions that permit crystallization (which may include the addition of seed crystals),

25  harvesting the crystals so obtained, then re-dissolving these crystals followed by
concentration to render the solution saturated or supersaturated, and allowing crystal
formation to occur. In one embodiment, each crystallization step may improve the purity of
sucralose by about 2 to about 5 times that of the starting material at that step.

Figure 2 shows that increasing the number of crystallizations does not negate or

30  mitigate the effect of a non-crystalline extraction (i.e., purging impurities). For example, in
the process utilized to create the data in Figure 2, the feed to the system was crystallized
once, recrystallized three more times, followed by recrystallization of the mother liquor, for a

total of five crystallizations. Indeed, three, four, five or more than five sequential or non-
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sequential crystallizations are contenplated within the scope of the

net hods of the present invention. The basic process used was the sane
process awous®thssn Figure 1, with the exception that crystalriisazodsesn of the
not her |iquor was perforned. However, the effect of the initial
non-crystalline extraction is still pronounced. Specifically, the overall
recovery of 5 sucralose is 27%for a total of five crystallizations when no
i mpur i t segeemiad cpstafjemdtidi are gbntemptated-withis tlad dcopeotthe neetiddeof (eqireselt | i ne
32). Wien 50% the inmpurities are purged usin . hon-crystalline
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non-crystalline extraction (col. J, line 47). en 50%of the ippurities
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The effectiveness of a non-crystallization extraction step in improving overall yield

may be enhanced by recycling the mother liquors from one or more of the subsequent
crystallization steps to the feed solution for the extraction step. These mother liquors may
25  concentrate the impurities remaining after crystallization, and recycling of these solutions to
the extraction phase may allow the efficient removal of these impurities without sacrificing
overall recovery.
One skilled in the art will readily perceive that overall yield of the sucralose and the
purity of the sucralose obtained may be modulated by careful design of the flow sequence for
30  recycling the mother liquors. For example, a mother liquor with a relatively high impurity
level may most effectively be processed by returning the mother liquor to the feed stream of
the initial non-crystallization extraction. Additionally, mother liquor with a high impurity

level may also be subjected directly to the non-crystallization extraction, without being
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WO 03/ 076454 PCT/ US03/ 06628 conbi ned wi th another feed stream
Alternatively, a nother liquor with a low inpurity level may be recycled
to an upswosamr@systal lizati on step, where the rel ativel yPCawsosases t y

|l evel may not inpair either the rate of crystallization or the purity of
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enbodi n@pivni 'Pﬁﬂéhbﬁllae%u&ﬁm% B I(ﬁﬁﬁﬁhff)e #dd totthe ciptdRFer15quUater f rom t he
various steps is utilized. Crude sucral ose 800 may be fed to first

cr ykt al drystalfizat®mocrysatsex00cng sempininganother, hqsmy§9%my®9@em@re¢ efBg ni ng not her

| i quor 1000 rst
eor ysaPRRE R IREBRAF Fidyps ERaTpial bS ARk e RrdGEdadd (5L
mot her eqtaart stichU0DBYaPBe SdRahatashd divﬁﬁiteilﬁieﬂ%qumfﬁstal@ﬂ@n &o0h skdS may be
concentrated by nother |iquar concentrator 1150 and the resultant stream

1300 rmgrysfteléaer 4Slsertithen pemixed wish those @Oﬁtﬂ%‘eraﬂ%lhzarokﬁoftp SHaksiethd
cryst al ct 668’ > ‘6‘5@9{ 7? ﬁl%ﬂieWth c&%%&%&nﬁ cé%pa%g 950 fﬂlﬁ}sﬁe e net

recr yst artizer a produ t’he er 30 liquor
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system_. Because tal s 0 may_cone from th er Ii uor W a hi gher
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liquors from the various steps is utilized. Crude sucralose 800 may be fed to first crystallizer
850. After crystallization, crystals 900 and remaining mother liquor 1000 may be separated.

25  Crystals 900 may then be fed to first recrystallizer 950. After recrystallization, crystals 1200
and remaining mother liquor 1100 may be separated. Mother liquors 1000 and 1100 may be
concentrated by mother liquor concentrator 1150 and the resultant stream 1300 may feed
second crystallizer 1350. Crystals 1400 from second crystallizer 1350 may be mixed with
crystals 1200 from first recrystallizer 950 as total product 1600. Stream 1500, the mother

30  liquor from second crystallizer 1350, may be the net impurity purge from the system.
Because crystals 1400 may come from a mother liquor with a higher impurity level than the
first recrystallizer, they may be less pure than stream 1300. Likewise, crystals 1200 may be

purer than stream 900 as they may come from a purer feedstock.
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20 WO 03/076454 PCT/ US03/ 06628 Figure 6 depicts an exanple where a
multi-crop nother |iquor may be recovered, i.e., concentration and

recryst alwoaawiass of multiple nother |iquors from previ ou®CraiSago66k$ quor
concentrations and recrystallizations. In this depiction, crude sucral ose
1800 may be fed to first crystallizer 1850. After crystallization,
crystals 1900 and renmai ni ng nother |iquor 2000 5 may be separated. Mother

| i quor 2000 Rigyte lbelepincanetaaipdelwhareranhtiércrop modrer iqnaensy B¢ meovéz@dhG.eand t he
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it o SR 0 e e o B B BT 2 By b AR B g
si gni f i femtthe gdteat.i on in inpurities: specifically, unwanted chlorinated
carbohydrates. Thjs approach may. prqvide si.gnifi.cant i.pr.ov nts in the
potential yiefHe fﬁ’toﬁg 38 Tfl%?ﬁﬁic q?qdl‘r&gﬁif nqon@ﬁ%%tq%lgg%tae grg‘%atiloall’ ates may
be pur 9gdsihibfionsdxh@eidm AR recPERiLs ARbMer RfudeY. TeHis GRFOEY EHad Quckalpy i ti es

remai ning fromthe previous Synthetic steps may al so be purged. 25
Cr y5t al 2909204y, b3kd 0o liguiddiquahexteBon 28p@ Sughstxiiastors angh oKiraci veqrgesseds|ar er

3150, fjrst . recrystall.izer 3 ecr v [ : i.rd
reerystaion g EEE BB i Bt ALy SEBHL LEGIUENRe, TGy RuosBE: B C o
ot her nhledagy Rsd thamot Ml SOBCHRE elibiizasd S4bdhydeeednd crudcsuysiablsirzan. 3350,
and first recrystallizer 3250, respectively,_ and nq¥ be r ﬁy led info

str eansmttblsﬁléet%?dy sesHitpntAEgam s 180 mayaet aghaevedbeirgpie @W@%ﬁ? §g% SPEIBIES ent s

the net Y ﬁ%g{p&%%ﬁ]%ﬁ%ﬁ&%b@g Ldcp@lry Ol AAS hEMtaifRE 6verRY efcRAcHBr an

optiona? tract at extracts “inpurities frompurge 3900. If a
secmnd thehetietdons ®ORA@s peovidiegla significant redwecti® 40 impyritivs: spexificallyt, adwanidd

pur ged. ch ct]r?nar‘éeei‘isclétlr‘t;[olhr}]fgr’a’u?sl.J rﬁmris gl;[prrgﬁﬁ]mn%y prto)\Ef\idg gfg%l%cgl(ljt ilmrf)rg\%[rrben sgi?l(%hel nto first

potential yield of the resultant purification. Unwanted carbohydrates may be purged into

stream 3000. Preferably, other non-carbohydrate impurities remaining from the previous
synthetic steps may also be purged.

25 Crystals 3200, 3300, 3400, and 3500 are crystals from first crystallizer 3150, first
recrystallizer 3250, second recrystallizer 3350, and third recrystallizer, 3450, respectively.
Streams 3600, 3700, and 3800 represent mother liquors from third recrystallizer 3450, second
recrystallizer 3350, and first recrystallizer 3250, respectively, and may be recycled into
streams to be crystallized to enhance the recovery. Stream 3900 represents the net purge

30  from the crystallization system. There may also be an optional extractor 3920 that extracts
impurities from purge 3900. If a second extractor 3920 is used, impurities 3940 may be
extracted and purged. The resulting, purer stream may be recycled in path 3950 into first

crystallizer 3150 or may be extracted again by extractor 2950 in path 3960.
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crystallizer 3150 or may be extracted again by extractor 2950 in path 3960.
21 WD 03/ 076454 PCT/ US03/06628 If the optional first crystallization nother
| i quor i nporoBye4extracti on shown in Figure 7 is enpl oyedpcrhsos/emesery of
sucral ose may i nprove as conpared to recrystallization w thout recycling
the nother liquors; however, the inpact of the renoval of inpurities may
remain the sanme. Again, Figures 1, 2, and 3 show the increased inportance
of the pre- cifitht apticrmhfirsorystalkrativainotier ligqperriidpuesy @srabiighstowpliniHigwat7i on

| evel s are qesir d. Note that the sucral ose reCOVﬁrg ng%%ﬁe i mpraoved wel |
over 108oARRIOYSH Hisi PR IAPISUSTAIRRE ANy TMPFO YRS CPyRatefte sectystmlizatioamathouhg
again t echhigh e fuothhAgEBS: rﬁé{x/f%\%?‘ ROARATRY e b0 b PR RIS HS rephinonal

extracti on and stream e the recycled, purified first nother Iiquor
st r eam thEisame. éfgany Figregs he, emh3nlowd thsyinereasgd ipertanke ofithielpee-clyistalicrasiofir om

the optional ;extraction st 10. upstream of . the, pre-¢rystallization

b aot TRt SRR B RefPranitis St FRaFRR ) N e B it S ot her

|'i quor s rdcBvériingay B iRgirovelyweal besy 100% iefhpiiitRe brd RABMIri@fto ciBtllidaties. from
t he streanms which have concentrated the inpurities wthout sacrificing

recovery. Th&eEaripg egainin Higararhprasessespispmed4p snavrhe thepyiee deom the opfional
sucral o8&, DHEEYLS g‘ﬂ’réa'éa% §Qﬁo Q Qltﬁ%ergcﬁﬁe@;g&r?ﬁe% F&gth%gﬂgbér}{s{grggﬁ This

purification occurs e pygcursor S e and sone Ication occurs
af ter t bffedtinng] ber @hahdedrbyirecydlikg tisuaothbobqiordirgmrtke Sptidmheaxteictibh stapot her
enbodinment. In this exanple, .three c¢crystallizations naﬁ_bg_useg)prior to
conver s Ppiream efffbe Prerryspliizalion @il sier(PERrerTTsar. S0Rdn Sre 7)-

recryst 'e!:3ifc§iigiﬂ?é‘m {Eghﬁmflﬁge{ggg@ggfézgﬁew thd OMRMBE renldVal s@}e@gﬁeaber of

crystall1zations an er before and after l'ation are
not cri fiooathe s@@manwhkichurage 8oncantratedithesmpuatiesseithpug sagrdiomgaediersuch as

acyl ated sucral ose, for. exanple, & f eed | i.qui d-1iquid extractor, , 4050.
o spect 11 dBATBHIHERENS B ReRypietiodicrullatidh oEiraic g T B 4 or
the ext pAgdd HBeesbes Wikire 3bme LRHR pUHEEAI RS R i QE the PRECURRY sGOFRId §tnd €SS than
50% of the chlorinated carbohydrates in a crude Sucral ose precursor

st r éam pwhfieation dcews beryihe dinakreagtiongo mydie sigalosss tiFigann shows sttl enether act ed

or evi ouoaet; i fislERp it S i e st s SR8l i BBV ¢ e

final regyuhloedpreauborab8iéra®ee aal 05erdetystdllzafibn hidg NSO ties@nversionmi | arly, a
significant reduction in other chlorinated sucralose precursors with
nmi ni mal Hogeger, e totabnumberpissstallietions erd thapumberesfosngh peforegndeafior he

CriLect U B Mple 7 errvstel 2ot Lon schiere, oy cquval et 0
suceal ose pr &cBrgaoy 8, a StdeansalddGecudsdd 800B RacddGRyhated snesasisal for f r om each
of the g)lcjat%r?ﬁgﬂggg feed %ﬁltq%ﬂ-iuzp?lgi iegtrlgasc’toraé{z)(go. In a specific embodiment, an ethyl
acetate/water system may be used for the extraction. A typical crude sucralose precursor may
comprise less than 50% of the chlorinated carbohydrates in a crude sucralose precursor
stream. Unwanted carbohydrates are purged into stream 4100. The extracted solution 4200
25  is then crystallized in crystallizer 4250. As in the previous discussion, the resultant crystals
4300 do not need to achieve the final required equivaleht sucralose purity of the precursor.
Similarly, a significant reduction in other chlorinated sucralose precursors with minimal loss
of the sucralose precursor may be preferable.
After the extraction step a multiple recrystallization scheme, or any equivalent
30  scheme, with recycled mother liquors may be used to further purify the sucralose precursor.
Streams 4300, 4400, and 4500 are crystals from each of the subsequent crystallizations, and
streams 5000 and 5100 represent the mother liquors from these steps being recycled back to

enhance the recovery. Stream 5200 may represent the net purge from the crystallization
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streans 5000 and 5100 represent the nother liquors fromthese steps being

recycled back to enhance the recovery. Stream 5200 may represent the net

pur ge frowptld@7@systallization 22 WO 03/ 076454 PCT/ US03/ 0®628S0yyakem The
crystals fromthe final sucral ose precursor crystallization 4500 may be fed
to a deacylator 4550 to convert the partially purified sucral ose precursor
to sucral ose. The resultant stream 4600 may then be crystallized to produce
sucr al aystemr Yiteatrygstal$ fiohmgthe finel sugrales? @lecutsor ciystallizationp#t 00 maeberfdiern | i quor

4800 f t hi b | at 5 | ator 4850 f
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whi ch mRy iRk SiRe¥CA6Rd Iﬁa%ﬁélﬁeﬁ Bt @ry"sﬁﬁ}z@ﬂ Qﬁﬁ%ﬁuéeosubﬁlds@%fyéﬁéibf fige guriffhe

purification of the sucralose may al so be expressed as a ratio of purified
sucr al o&80. fwthos ¢rampilentlue inothes ligrorsk8AL froohthis stepamen be ireepigted prd vat i ves.
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pr esent™® qgfilag?ﬁ%ﬁ.byﬁ(&ﬁ%}%ﬁﬁpﬁlgﬁﬁg%&ét@‘?‘o]’?att%ﬁ}%oélésizﬁ)?%q { ﬁég%z% juggt ed assay
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unvapori zed Thepiifieatien phithespcrplogeanay alsa b sypreseer 25 Apia @ fgugrglose
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sucral ose 10 a ur'i s was cal cul at ng the 1 ndividual
val ues @aaBeBRi ety fidl seanlost wp theiprgsehninvesion. [Figure 8ipvovddesghblot bombeand
inverting 15 the resuJt. For exanple,.to calculate the.ratio, of. sucral ose
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t oget hgty 06y L ORE@I: dndBhitibR thayDeQiblinedtaBinvaporized

di chl oﬁ%@%&t&%%%%%se p(u%i.% %%L;jﬂgsi(ﬁ{lé d-l?d_fqiélhll or (?ggyleactlgg u%r oseapo%z.eOl) ,

1', 6' - dinotganicasaitr feen theGs@y) AlBmystritign pdn percantagesi dhictsrasg S acelssme pbse

(0.01), 1',6'-dichlaorosucrose .01), 3,6 .- s .
anhydr pr_aHQa_m&pE Fﬁ%gq. gt;‘?ﬂ rélﬁf) 8§ aléc&%g%elt%) 6-116){}},16 impurities was calculated by adding the
4,1", 6" mbifvi &M 9410624864 D88 il RS mEmaRE Fateach B, WyidingdbyoloD, add inverting
trichlorosucral ose (0.01), and unknown chl ori nated carbohydrates (0,01),
di visdedthbyesultoFor exranplpetn chisuiate theratioj afsysralose tol mmpuriiepfordefct@Ndde t o

chl ori nat i_npurifi I i +he: for the

chi or i rae S TBEYH e R fE g R e B0 opY rf5H AROKIEE 407

result -diéﬁloil:‘d’g@wmob@dr(@wl (l()t(h?;‘, 4, ot dichlofogahipiosidroge0t0d ),slisr -dichdmosmngpes f rom
approximately 500:1 (a inpuritjes) to proxi nat e 1400: 1 | or | nat ed

i npuri tﬁoe%l?;,%l ﬁs-a@bﬁ@f-ﬂda@lp@b%el%mﬁ&?w%@@i): 1N§§éﬁh§¥°%‘fﬂﬁe 64-8{31’13 6"

i mpurit i sted.i S gt L (®

dot or m SERGIH Fo et B RREbscTpO1) A S MM o ARaE S SR te (B0

t hezcact @1al, 6 rtaichlososaérakise (@D b end enknopurdhtarzstedwgrbiobydnateh (g0 Batisideddapendi ng

Do ] G389l L1 e SHOSE IR ARl RSl o o0 be
i nvent i Offe$46DbR8ddihS theBvAiR!fSr tht BhISARALA fuRfritlly $dReer, dividing by 100, and
inverting the result. As shown below, the ratio of impurities to sucralose ranges from
approximately 500:1 (all impurities) to approximately 1400:1 (chlorinated impurities),

25  specifically 556:1 to 1428:1. Notably, many of the impurities listed in the chart are less than
0.01. Accordingly, in determining the ratios, these values were rounded to 0.01.
Consequently the actual ratios of sucralose to impurities may be much greater, depending
upon the resolution of the test.

Other methods known in the art may also be used to characterize the purified

30  sucralose compositions of the present invention such as, for example, IR spectra or Nuclear
Magnetic Resonance (“NMR”) spectra. IR spectra may be used to determine the impurities
by relating measured infrared spectra of samples to the phase composition thereof so as to

relate differences between spectra of the samples to differences in phase composition of the
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Magneti c Resonance spectra. IR spectra nmay be used to determ ne the
inpurities by relating neasured infrared spectra of sanples to the phase
conposi t iwo Bleneof so as to relate differences between PpFaiSoxo@hst he
sanples to differences in phase conposition of the 23 WO 03/076454

PCT/ US03/ 06628 sanpl es; and obtaining the infrared spectrumof a sanple of
unknown phase conposition and conparing the spectrumwith the calibration
model sampdest andlehiginivigntae infear@hgretrumivRa efplel of uknovgn phast comgostia amd
magnetic field enployed to |line up.atons whose nucl.ei haye an odd numnber
of pr otSHPERA M spReliER grith thy calihration 1 éPiaEtQ‘ﬁieé‘FIH}m%Bﬁlp:ﬁéW as a 5 pulse

transverse tﬁhffﬁ‘&téitléiﬁ%iﬁg et diichh il el SR 19p&Rto iRe RYRrBHGE 1 Nt O

t hese nuclei, causing emto precess relative to the static field. After
exci t atiustei biree avuaddenurgbexdd atdtgnsrastiior meuttansalA spemedimagietic fidld apphed es 4 i el d
and give up the ener in the for f ak hyt detectabl.e ree induction
decay (Rﬂlﬁgjﬁ%ﬁs‘é‘ﬂé‘? © t%%ﬁ‘éggn}ggﬁetgq fggr‘gfsstﬂ% 8333388‘“619 CRetEY MRt ?SetnBcIS}’odupe
spectr %ahﬁﬁ% tiERREPEeBEsk Z8lativetio Y Q&AH fdld C AR BRHatiof thethusRipta@ual lPrefuriti de

range of extraction solvents that have differing solubilities for sucral ose

and otteeligumeetividh theoitgiisuindd and give uptheprerdyoritirafosa of sraskibytideiedable npy be
d in.the . liauid- 1 g d: . i ' U. S.
br ovi 51 Branagifiidizey LIl IRLATDMENATC WRR, LERAEUORE ikl 1S

ext r actdpeprLadi gHiedtteriR@thdmolieldr bompdienaifaample: angi ng from bat ch
m xer-settlers to continuous, multistage coun er,curreni, .extractors, as al so

15 Wi scl osedAivide ragsiobexiraction selyerds Rt BayediHune sgipniitisy ’{Oéﬁ‘.l"f‘i‘in*Fa?r} it
i | | b .. i | . . bt
W eotﬁéﬁﬁﬁvt dnfedtdd Iugﬁéﬁ f[nlhéh?din x% {rﬂg%lqﬁ'at | éﬁ& &alrlf;]ck%efctég{ Bla9beRBYSIGAL 1ideML ces

can be use 0 acco e e tion, the supral se
pr epar afiquid sxtodattari suedh ds yhdsheesoeibhd dothe §1. 8 sProfistonel Sppiation piemicastyi on may be

i ncor porated in a.variety of prodycts. Such products inclyde,, but are not
li i tede]@)t,lODngiﬁ%‘P@‘%?’ a8 ?’?i%‘?&Bge’g%g?%ﬁ@}lgrpg%t&H@ﬁc% Segﬂ%ﬂﬁ@?@?m§meet ener
product g o3 HRE HABh Gk &Sseftidrsto BatiRMus NaltifageCoufiRurreRN@t BRI bk 6Rb
conpositions (U S. Patent Nos. 6,258,381; 5,817,340; 5,593,696), rapidly

absbr bedis¢lpspdiia theorhous irtfersnesd(nuoBsiopaltapplication. &Firdly, 2aall be cipnlsl tiogeoam

conposi ti. : . S, .Pat ent . .6.090 401), dental f ( nt No.
6, 080, g“&@%‘}s{n(tﬁ%?ﬁ‘ 1 seers! %jﬁ?ésd?%t%%&esp bedSE |a88‘%18§@%hat§8§¥%“{r%?r%ﬁ'( U.s.
Patent No. 5inSafiticzd}the suBRIRE pEPattibaesBthiat@by flrmemoddslogias oftic pases (U. S.
Patent No. 5,674,522), aqueous 25 pharpmaceutical suspensjons (U.S. Patent

: . (
Nos. 5, BsgitpngnapberroRestedingn vauety obproguctgsduch progycss nglnde, fut gianad pr eads

(U S R 9 ? ) IO = ah O8lpidiONs
(U s PEPBR ongEvernbgd fopifatch SRQAR comuill o BRRS BRUERT pro@TROBEIL
Pat ant cdies (1AS 3BateRQR). .6,50108), phernmyutidad corhpositsed (UK. datemndes.tdi258,381;
| atabi it f duct
palata %,8|17,¥4(§); 5,§a93?609r]6§,urg§ircllype{b%or %d 11(31{11d compositions (U.S. Patent No. 6,211,246),
stable foam compositions (U.S. Patent No. 6,090,401), dental floss (U.S. Patent No. 6,080,

481), rapidly disintegrating pharmaceutical dosage forms (U.S. Patent No. 5,876,759),

beverage concentrates for medicinal purposes (U.S. Patent No. 5,674,522), aqueous

25  pharmaceutical suspensions (U.S. Patent Nos. 5,658,919; 5,621,005; 5,409,907; 5,374,659;
5,272,137), fruit spreads (U.S. Patent Nos. 5,397,588; 5,270,071), liquid concentrate
compositions (U.S. Patent No. 5,384,311), and stabilized sorbic acid solutions (U.S. Patent
No. 5,354,902).

Sucralose may also be used to enhance the palatability of a consumer product or

30  beverage. Sucralose may be added to any beverage or consumer product, such as, for

example, ice cream, soft drinks, or coffee to enhance palatability. Sucralose is applied to the

consumer product or beverage, for example, by spraying or dusting onto or into the consumer
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30 beverage. Sucral ose may be added to any beverage or consumer product,
such as, for exanple, ice cream soft drinks, or coffee to enhance

pal at abi IWDy3/08u464 al ose is applied to the consunmer produ®CTarsobesses age,
for exanple, by spraying or dusting onto or into the consumer 24 WO

03/ 076454 PCT/ US03/ 06628 product or beverage. Mre specifically, the
consuner product and sucral ose may conbi ned and/or bl ended. Sucral ose nmay
be i ncarpducabebewirddei Moréigpcodicelipghe constmesprvdnctpnd duablosomay cembined
SUfficéﬁﬂ%F% Eance the flavor or flavor characteristics of the beverage
or con %W@' 5 Further, sucral ose may be incorporated within the
beverage or %PﬁH%aﬁB@%@fpo?ﬂe@wﬁﬁi‘xﬁhe b&RkagdQR ToRRines bt teankel i mpact
t he sweet ness characteristics of beverage or consunmer product.
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Extracti on was  conmbi ned h crystallization and chronatography to produce
a hi%h P Pﬁﬁ?ﬁl nécbel?%tgdgépartsnﬁ/eéWb%pgegwggﬁgmgpgq%ﬂg purity were
returned to earlier steps in the process to enhance performance as to
yield and purity. An initial extpagtipoESstep produced a di scarded aqueous
phase and passed a sol vent phase forward for crystallization. The non-
crystalline W@ﬂmllbffqlﬂbﬁr elphorations it igbglisvad fhay ang dalledia the pbrusingdhaf erred to

?gegq?gﬁgiedlr&élesg o 1on cgrf"r?twie th?eﬁree%(éngnﬁ}%éﬁmoqﬂé ﬁﬁi&‘ é:htr fié'fd?ﬁ%lﬁ t he

I on em I'ng un SI rab nat er An
i ni 13 al exagiptaige UlugGhitd dnt@tand moshmtir@rdfyhaf &hmmhd ofithe disokisyistinbhy mgl

portion to the same extraction system Subsequent crystallizations returned

their UWBH§EVET-|ized nother liquors to the prior crystallizer. This general

schenme has been illustrated in Figure 7. 30 Extraction Feed streanms from

prior steps in the process (e.g., the synthetic process), the simlated

nmovi ng Eﬂdnpl‘él\IB) chromat ographic purification, and the second (first

aqueous .

g ) Extraction was combined with crystallization and chromatography to produce a high

20  purity sucralose. Intermediate streams of lower purity were returned to earlier steps in the
process to enhance performance as to yield and purity. An initial extraction step produced a
discarded aqueous phase and passed a solvent phase forward for crystallization. The non-
crystalline portion of the first crystallization was first transferred to an aqueous medium and
repurified via chromatography and returned to the feed to the extraction system, thereby

25  purging undesirable materials. An initial aqueous crystallization similarly returned an
uncrystallized portion to the same extraction system. Subsequent crystallizations returned
their uncrystallized mother liquors to the prior crystallizer. This general scheme has been

illustrated in Figure 7.

30  Extraction
Feed streams from prior steps in the process (e.g., the synthetic process), the
simulated moving bed (SMB) chromatographic purification, and the second (first aqueous)

crystallizer were combined to provide a single feedstock. This was concentrated to 2-6%
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crystallizer were conbined to provide a single feedstock. This was
concentrated to 2-6% 25 WD 03/076454 PCT/ US03/ 06628 di ssol ved

car bohydrewpes/anadi fed to a liquid/liquid extracti on col umPCTHE03/06628

reci procating extraction colum, Koch, Inc., Kansas Cty, M) in which the
solvent (ethyl acetate) was run continuously fromthe bottom and the
aqueous carbohydrate streamfed fromthe top at one third the feed rate
(by nmasBgsobfedtchbohpdratestnd Taigo fadrdidAhguit eatradtioh cobti@ Kard vebiphichtiegrul si on 5
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crystaI(IFi zaili og as the 15 solvent was distilled under vacuum The

cryst al 17981128 er at ure was mai ntained by circulating the crystalline

sl urry pifs oygalfzdieatryentbange fromi EdiypAegaer i fugal or di aphragm punp back
into the crystallizer, further serving to provide mXxin The crystalline

sl ury was ~Eemethylacelateatilaeniive serraind wilowgier i wesidehydietsd by detigied The
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water. The nother |iquor was converted by distillation in a rotary
evapor atontrotled afre mirganincof 298C\ayradjusting thequeans. hxrale ef distillatioamsshydr at e
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crystallizer had a diameter twice that of the lower half, with the two portions joined by a

conical section, aiding efficient circulation. Feed rate was such as to maintain an average
residence time between 2 and 14 hours. Longer average residence times tended to increase
yield, but with a corresponding decrease in production rate of the vessel. Slurries were
25  withdrawn by temporarily diverting the output of the circulation pump to an open top basket
centrifuge to collect the crystals. The cake on the centrifuge was optionally washed with
chilled ethyl acetate containing less than 0.1% water. |
The mother liquor was converted by distillation in a rotary evaporator to an organic
solvent free aqueous mixture at a carbohydrate concentration of 22% (brix measurement),
30  filtered, and purified chromatographically on a succession of two SMB systems to purge
unextractable impurities as shown in U.S. Patent No. 5,977,349. The product of the first

SMB system was reconcentrated via rotary evaporator to 18% solids and purified on a second
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SMB system was reconcentrated via rotary evaporator to 18% solids and
purified on a second 26 WO 03/076454 PCT/ US03/ 06628 SMB. The product from
t he chromaDagnaqbli c purificati on was reconcentrated to 30HCTIEBH0G6ROt ary
evaporator and returned to the previously nmentioned extraction feed. Second
Crystallization - Aqueous The cake fromthe first crystallizer was

di ssolved to a concentration of 30%in water. 5 at 45-50C or optionally

nmot her BMBIOThd protudtteorh el dhrdihits grabhic pafificaivnSy i rssodlceiitt a6 1689968 ia a
consi sted of an agitated round bottom jacket flask. This was fed to a
second Etgiyexppqrater andismer todhe sraviqualy pertioned extractign feedyut | acki ng t he

dehydraggwg?&#@gm&&e_gﬂﬁ%ﬂsty of the dissolution vessel was 9 liters

i nstead o rs and t argest di aneter of the upper section was
only 50% | ar @ke cildedinorn Itiee Susbdrystallizenvess dieoivedrio aSburanyrati@npE3(8s i watsas

again 10 maintained at 39C A snall diaphragmor centrifugal punp was used
to nai nBtn-20c6mr crtieAlyanethen auos fromnths tyFE Fystatbiget s @Jgiq%%ﬁf@e\fe%ose

t enpera j LSt itl-at) r ture of
t e heary R B ACleHalAob Bl foplot B e e Rl e doer PRAES] o s6C.
Aver age comfiutahsimilbilye thafirsdbiidackeenthaldehydr@imgublhatmuThd @apabityioBthe

= baske G EBHTSTT U8 SR RIS IS cBi it e A ESo s o SHa oot
washed Qr,s gpfyl 5@Wialrg/elr‘|@ﬁa§ﬂﬁ9 sm¥fldo® & L@, eSlurry REnpRARRS whd L4 Was

conbined in a controlled manner with fresh feed and chromatographically
pur il i echamesieed atl39°C. tAhemgi daplaghyor wentifiggadpumgr waa asal to fidntath and Fourt h

Crystallizations - uepus The cake fromthe. second crystalli.zer S

i Lol vEIHOR e BIONEha bRy ST 3HORTETPR At s BICRBE or 11 quor
fromth I d | } I i I

g Tt 66 e e e o b e
conf i guasditypicdiinti eebdlyw 56°C.havergerdideddetimapaddd hetwéer dboutld asdibdut 0D

vessel was 9 Jiters and the |argest.  dianeter, of the upper sectiagn was only
50% | ar §erst fERripgationaTas @gain saeamplished By, diverting the recycls sireany patogdashgai n

mai nt ai : i i to

i o8 ai iaiee At O TEhe o ARG BAMDS Hord By nb L e WP PoltHEIY Sahete

t enper atmitheoWwhwatea d] stmethet bquarwasabmbirstiith babntoslledat@mnei vith tfeesip fredtande  of

t he heatj ng nedi ym was i nt ai ne el ow, 65C and.typically at or bel ow 56C.
Aver agecﬂ’fégia 1 %W@F&Wtad’é’?%@ﬁ PESRIS y@e%meg%%‘i"t 2 hours.

Cent ri f ygal LRDFY@ES, agRtdNiACERIPALalRd by diverting the recycle stream onto
a basket centrifuge dt intervals. The centrifuge cakes were either not
washed or wa3hedal@drem tile sobutl evastellizerfnags dissolneed tb b guorentwaigor e 1°hetdi% t he

di ssol ution, vessel prior_to the second crystallizer, and. used to dissolve
cakad f r 6 G Bevetey %rtmgt,h?rsltl%qr ifepgy the fourth crystallizer. This dissolution vessel consisted

of an agitated round bottom jacket flask. This was fed to a third crystallizer configured
identically to the second. The capacity of the dissolution vessel was 9 liters and the largest
diameter of the upper section was only 50% larger than the smaller lower section. Slurry
temperature was again maintained at 39°C. A small diaphragm or centrifugal pump was used
25  to maintain continuous circulation through a tube heat exchanger whose temperature was
adjusted to control distillation rate. The temperature of the heating medium was maintained
below 65°C and typically at or below 56°C. Average residence time varied between about 3
and about 12 hours. Centrifugation was again accomplished by diverting the recycle stream
onto a basket centrifuge at intervals. The centrifuge cakes were either not washed or washed
30  with cold water. The mother liquor was returned to the dissolution vessel prior to the second

crystallizer and used to dissolve cake from the first crystallizer.
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27 WO 03/ 076454 PCT/ US03/ 06628 The fourth crystallizer was 3 liters in

vol ume and was a conventional round bottom flask. Centrifuge cakes fromthe
third crywoaBloraaes were dissolved in water at about 45-50@CT/URN3/86628

di ssolution vessel was agitated and jacketed to maintain tenperature.

Di ssol ved sucralose was fed to the fourth crystallizer in a continuous
manner to maintain a consistent 5 level in the crystallizer. Crystalline
slurry was dfiad foutth ceystedlizd way 3deeat in Yelgmk aod wois aphnegptmongummd botough a

t ube heat exchanger with the heating nmedi umtenmperature used to lptain a
consi stiask. Ceniige eakes omdtpe ghrd orafipllize wete disaelved i Ve %t(f?’f"bt‘l?g@g’i/

adj ustifg, %ﬁ%lg#m&}m v g&gﬁsﬁa}rﬂi\@& Gnd® ik @8 fPhnbheGh Yeﬁg{egﬂuﬂep AkoRRA@N top

basket centriiuge an not Shed or optlon y washed with a snal |
anount @ikratede dvaafeetonht dourthidrgsinfbizérdn al dogtimrovsasnnert tommeotafiCa ¢amsishest

di ssol utign vessel used to djisso]ve cake from Seco crystallizer for
al:ldi5t i g]ﬁ{’ﬁlén %ll}?eprysttﬂﬁizﬂ' éﬁry%tgllé‘lnls F‘]I?l\é(ry VS ARG e?l]’é’rcgp g%l%f/é][ag I ngnr omt he
fourth @Mﬁ hRbd dZeRbYRES bt %eﬁ’wivﬁlll thefHeHingh ZRginRERnPEN e ubdBRaif@kea

normal I'y contaihing 5-9%water to |l ess than 2% water. Purities and yields
at 15 veamsiatent stepdigilldion. Fempeiatat wos cpatodled$o AAUEbY edipstigsecilyad bel ow

in Table 2., Table.2, Progcess Step Conponent .or .Stream,Load Aver S

Car bohyelE{es WBPPIF@C"(lﬁ}G‘g&?F% teegfpegfoegaﬁ%é&%}ﬁ?maé% F’gﬁﬁfgx?ﬁi”ﬁ%s‘” SVB
return @& Q% &adiéathith 8 sPaflanRuRAChldEn#e Hater! THE mbiticlliqRecoEird& 5% +/ -
0.1%91.3% +/- 0.8% extractor EV-5 E-2 7.3% 91.3% +/- 0.8% Concentrate

First VYioghe dBsolegonvessel uped toGhseotvel dake omathe stoond grystabiizen foradflibion 3a theo, +/ -
2. 9% S%hi' gs a%aiﬁl 79.3% +/- 5.5%95.8% +/- 0.5% Mother |iquor assay 7.3%
+ - 1. 2042 BHHUAZ2 696 (return to SMB) Second Yield 50.5% +/ - 3.9%

Drying

The sucralose crystals from the fourth crystallizer were dried via a fluidized bed dryer

from a cake normally containing 5-9% water to less than 2% water. Purities and yields at

15 various steps of the purification process have been described below in Table 2.

Table 2.
Process Step Component or Stream | Load Averages Carbohydrate Profile
' (% Sucralose)
Fresh feed from 65.3%
synthesis
SMB return ‘ 22.0% 78.7% +/-2.0 %
product
E-2 12 stage Total Recovery 99.5% +/- 0.1% 91.3% +/- 0.8%
extractor
EV-5 E-2 7.3% 91.3% +/- 0.8%
Concentrate
First Yield 84.2% +/- 2.7%
Crystallization Slurry concentration | 33.8% +/-2.9%
Solids assay 79.3% +/- 5.5% 95.8% +/- 0.5%
Mother liquor assay | 7.3% +/- 1.2% 72.2% +/-2.6%
(return to SMB)
Second Yield 50.5% +/- 3.9%
Crystallization Shurry concentration | 51.0% +/- 2.7%
Solids assay 89.5% +/-3.2% 99.6% +/- 0.3%
Mother liquor assay | 36.2% +/- 1.5% 93.7% +/- 0.7%
(Return to extractor)
Third Yield 48.4% +/- 5.9%
Crystallization Slurry concentration | 46.3% +/- 2.9%
Solids assay 92.2% +/- 2.4% 99.90% +/- 0.04%
Mother liquor assay | 32.4% +/- 3.8% 99.11% +/- 0.39%
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Crystallization Slurry concentration 51.0% +/- 2.7% Solids assay 89.5% +/ -
3.2%99.6% +/- 0.3% Mbdther |iquor assay 36.2% +/- 1.5%93.7% +/- 0.7%
(Return twoasirastor) Third Yield 48.4% +/- 5.9% Crystal PCTAISODM663 ur ry
concentration 46.3% +/- 2.9% Sol i ds assay 92.2% +/- 2.4% 99. 90% +/- 0. 04%
Mot her |iquor assay 32.4% +/- 3.8%99.11% +/- 0.39% 28 WO 03/076454

PCT/ US03/ 06628 Fourth Yield 49.4% +/- 5. 7% Crystallization Slurry

concent Fadrtion 46. 0% tA4eld. 8% Sol i ds gsi®adpo 90 BWo+/ - | 2. 8% 99. 97% +/ - |0. 01%
Vbt her| duyGiFzaf6say 3 S48 dincedrai¥nNatacnmesEels Drying solids fromiLoss on
Drying 6.8%/- 0.7% | gsliacsxsy al | i zat|igasy, Examphe 2| §9.9mies- 0080 | |Cc

presert data demns“?&é@%ﬁd&h@r%sﬁ Ct|S310fo, Lpuaidt Y | gM8h&s@fed sucr aljose
crystadllization. Figiyre a presents |data from a coptinuous process

cr yst aH-—zat+eon—5—apparatus—ta—whichthe—impyg ity Tevet—of the sotgtion in
the ap yie folids 5oy b P8 On il ¢ he 8P 0% % ema ni ng in the notHer

| i quorllpst ceystalligghion ¢y a| gse t hat was lnot—cenvertedto—a—erystatin
state). This plot shows that the |evel of sucralose in the nother |iquor
increased with the inpurity level, denonstrating the inhibitory effect of

| mpur i tEeanpke 2cr ystal | i zation. Figure 10b presents another anal ysis of

t hese data, ai n_show ng that, increasing levels. ofc. [ L1t Les caused a
decr ease in_ﬁ%@reﬁé@f%‘f ?ﬁ?ﬁ?gﬁta@?mgﬂ%faéﬁ&}& eeftﬁc%sa(ffll%},% %gééelg 111‘80 shows t he
ef f ect SyufaldsBRWstdINzARUE FEo1R8 1 0 Sre¥dn® dhtd from Ldoysihaddsipzadesoerystalizagasi ng
impurity levels over the range of 5% to 14% (wei ght/wei ght of sol 't'iqtei on)

had sa cipgratisdnedtidcthe gmpuie levsl af thiselugionsn the gppHpES &vas Plinfed versus
crystallization. As di | [ i pr esent
at o - citepeear i I ARA i dtahE, b K. bR o A B PV el
and fi nakstpiadeie) pThistplot shdts Eaoa el leva oPsudrdlbsednshiemathes Bqis iprepaded by
the process of sol vent-sol vent extractjon a uent.i

t.1al .
r ecr yst with thedmparty levels Agmpnstizting i 1qry ?t;fgglpf‘ﬁglesgqne%ré(ﬁ?lhizﬁ%ht i on.
Next t hﬁgu%e%%r@enﬁs%oﬂﬁ? BN o SRR b ERowhifS Hid irdcFeadinB SR PG -

10  impurities caused a decrease in the crystallization of sucralose. Finally, Figure 10c shows the

effects of impurity levels on the yield from crystallization. Increasing impurity levels over
the range of 5% to 14% (weight/weight of solution) had a dramatic effect on the total yield of
sucralose from crystallization. As discussed in detail above, Figures 1, 2 and 3 present data

on the effects of impurity removal at various stages on overall yield and final product purity.

15
Example 3
Purified sucralose is prepared by the process of solvent-solvent extraction and
sequential recrystallizations as shown in examples 1 and 2 of the present invention. Next the
taste of the resultant composition is tested in a beverage.
20 Sucralose solutions are prepared by adding crystalline sucralose to a model soft drink

composition that contains 0.14% citric acid and 0.04% trisodium phosphate. The pH of this
composition is 3.2. Crystalline sucralose compositions are added to the soft drink
composition to yield final levels of 100 parts per million (ppm).
Panelists are selected from the general population, and no specific demographic
25  parameters are utilized in recruiting the panelists. The product samples are prepared and
served chilled. Portions are dispensed into individual servings for the panelists. Samples are
presented to panelists in a blinded manner (samples are identified only by a random digit

label). Each panelist receives three samples for tasting (one sample comprising 100 ppm
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20 Sucral ose solutions are prepared by adding crystalline sucralose to a
nodel soft drink conposition that contains 0.14%citric acid and 0.04%
tri sodi unwphiospiass e. The pH of this conposition is 3.2. @cygtsas/dhdonse
sucr al ose conpositions are added to the soft drink conposition to yield
final levels of 100 parts per mllion (ppn). Panelists are selected from
the general population, and no specific denographic 25 paraneters are
util i zegkrilase @i tuiotdangldsht panpfisisg sucralbs),pnd handlistscarp Een arendonsped ed and
served chilled. Portions are di sp%eg]fi nto i.ndi.vi dual Iaervi tﬁﬁ‘i for the

S I

panel | egenesippyieh i taste thesampiesy A dasting 8 Gorpigisly T (sanpl es
are id i1f i I gl i &B8l Jecofdablt eaneldcotd id®gei ves three
Sanpl et %{S*S?‘g%??"r‘%t %er%i"tst%@npé!@%léggﬁ%ﬁdﬁfﬁ 106 ppm 29 WD 03/ 076454

PCT/ US03hEh2they srcofthe sesubimhdtfinally aenor & whyi the ipl i glifderenta Beswsen and

anelists are n random zed ence in i : e sanpl es.
'Fl)'hué ![ fAstgg H?rsg%’}?/’?etsag?imﬂe fsts %8 ﬁﬂ?eét?%g%sertﬁﬂ%g ﬁw}]’ Ivgkahnéeﬁ?é@ \g?%pas ke(rjrp to
sel ect ,th@r3RARKE tdlal biteSof@idih 8FaeRér to CREMEANS Pabitd. cRunublists brecatvoctetpaived

confident they are of the result, and finally record why the odd sanple is
di f f er émwaitBeweiontes befese tapiing the neEpemple: t he panelists are asked to rinse

thoroughly with .a purifi r ' & Hili© tQtedRE@l N
cracker to gt%’cgﬁgael S%#éﬁ%%?%%g c%ﬁ%ﬁéﬁgt% giﬂgggogf‘gbé ?é%al?tr%éﬁ@ttoﬁ\e/vai t five
m nut eshdbeheletapbtdiffarehhRomeaks othanlod is Gtetiindd palsesif gsiatisieah tblothat he

correctness of the scores (i.e. panelist ahility to detect the sanple that
i s 18i f fcerelates themrabr of cABFCtEGIBPRScs Wiy aR ¥lHed by use of a statistical

tabl e that Iﬂagel?ﬁ% |3l &St e ﬁ@%&n%r f&%ﬁfiﬁ&ﬂag he SROBHASle\Whnd thadyRfYidd ue.
Panel i sts are asked to state the reasons for “identifying the odd sanple and
many ofcotdmeentCmniehy thosapaeliyts thossigrhe epirest sangple selpisdo theaneigasedct sanpl e

relate to the increasged al at abi |.i of .t he saml hstically

si gni f iH‘}%bﬂéﬁyfofr}é]?ee‘?ffdgsaF@ﬁ?' o‘gﬁgl%ﬁ{\‘ifﬁ% ng%ftlc Eﬁgﬁg‘%@ c%n@%@?ﬁéﬁ%’%r al ose and
the Sargam‘f&s REHHEOR sheratBe SN sQBFlewhbttongERBRIsubaldsbevitoremeaimaher Of
pal atabilrty, wﬁere pis prefe.rablty found to be less than or equal to 0.05.
Exaisp| epadanRen dfipathtahilityaivbers i is pafersblydeumsd, tothedess teereagtl 8 Ht4ent - sol vent
extraction and sequential recrystallizations as shown in exanples 1 and 2
of the present invention. Next, 20 sucralose is used to enhance the

pal at al:jg,{d,ﬁlyleqf a beverage or consuner product. Thirty persons were placed

inaroomfor two hours with a table displaying twg identical serving

cont ai ners dhurifredisucialnse és prepared Ay thy nrecess absoINESt-solee expiond2erI1 and
FJ2), two i. ' . ' Al ; RhNiNgt t he same
vol e PO ERUIARRN Ay 6RRE LEETeCL af @Il B pha A BN T o
colm caontaidikngudetigo satmpcy theyaiatakfilityiofaibdvdrilor consumer product.

Thirty persons were placed in a room for two hours with a table displaying two

identical serving containers of fruit juice containing the same volume of liquid (FJ1 and FJ2),
two identical serving containers of regular cola containing the same volume of liquid (C1 and
C2), two identical serving containers of diet cola containing the same volume of liquid (DC1

25 and DC2), and two identical serving containers of coffee containing the same volume of
liquid (CF1 and CF2).

The first serving container of each pair held a beverage comprising 150 ppm of
sucralose; the second serving container of each pair held a beverage without sucralose. The
volumes within all containers exceeded the volumes that could reasonably be expected to be

30  consumed by the thirty persons within a two-hour time period. Prior to the gathering, the
persons were instructed to consume (or not to consume) the beverages in the manner that they

would consume the beverages during any other two-hour period.
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25 and DC2), and two identical serving containers of coffee containing the
sane volune of Iliquid (CF1 and CF2). The first serving container of each
pai r hel dwe mBevasage conpri sing 150 ppm of sucral ose; theCcydasosnbeser vi ng
contai ner of each pair held a beverage w thout sucral ose. The vol unes
within all containers exceeded the volunes that could reasonably be
expected to be 30 consuned by the thirty persons within a two-hour tine
period. Pri otftdrahd fwe-pairitiiie pgiod heasupanannwemwsnleen ofshe ualtias bbliqudsume (or
not to consurre%@nhe beverages . in the manner that t d .consune the

L
bever a§eBSUEsd; SASH eRofAERSTE Ve pgsugReRig gre %‘@’f‘%ﬁﬁﬁ“g‘é‘/l’é‘#é&g AYPERF US03/ 06628
After thea iR HiR REOHCITHIE AHH PR s Wep&sdidk@dtedfed! he vol umes of
l'iquid consuned from each container. The neasurenents are expressed in
units of "vdhemseragehswanuiéows hataining iethgdmiiigdice demossiraied that BHt waganel s of

persons are tested. The measur ene nts erta| rU|t j uice
RS EPAERE R bt sl s Tha P o T e e udiapeh didltnk S bESal i

aver agdmyBasHeCMBNCS watcbAduiiddtt b @rdabe ree |t1@1n e nDinsiveddged nidagireftntsas
consuned at a greater rate than C2. The averaged neasurenents _ pertaining

to t he peiteininggbdheidisbende demeestiatedithad@Clharss eoivamed @t agreateyiadathep Rate t han
DC2. B aB¥rAL a@%%?ﬁﬁ&ﬁé‘ﬂtgggrg % ﬁa{%‘c@ﬂ@%&éjﬂ tﬁlsh%te(a(%flétﬁld\ﬁﬁg)%%ﬁlﬁ%@gt t hat

CFl was ¢onsume ese results strong

suggesta drbgteiaef e aTe. fIthésetI’@alm%brenggeﬁgg‘e@t the prafersneegior e hpatapedi I ity
enhanci ng conposi tion, nple 5 Purified sucralose is prepared by the
prd@es§06!PT1§]61lg\ﬁh‘?1Pal§t@P\}]éYl?nf@%ﬁmgéf’%ﬂm‘é% sequential recrystallizations as
shown in exanples 1 and 2 of the present invention. Next, 15 sucralose is
used to enhance the palatability of a consunmer product. The sucralose is
added tExammsledroup (1G of two groups (1G and 2G of a consuner product

such as ice cre to yield fina vels of 15 msuc Panel ists are
sel ected frdrit ﬁ’g] SYEHREPE IS BY %PY ﬁ’r‘? Pf%‘f?aS?r%S g‘ﬁ%‘@?‘l’w@ #B%’rogﬁﬁg

par amatg%g na'éﬁlelé}ysianli’z%ﬁiohsnasfs%ﬁzﬁhﬁ biwnﬁléﬁl RRNE b flepresEREinvdMdioqr QRS Of
sarrpl es are prepared 20 and served chilled. Portions are dispensed into

i ndisvi dualaleseis/ised o tranchthepatiedbility of 2 Sangyiness preguet. pr esent ed to panel i sts

in a blinded.mann are id | abel ).
Each panel i glfhersélﬁré‘ﬁ?fé %%83%%? g ﬁ@féi%f??’ Pr‘%‘l’%s%(}aagﬁg@ﬁ sqglgéelﬁnerven a
r andompzedhot S@BUBNEEcreA WS iyl ﬁ@aluaﬁsl@ﬂﬂse ppaigucetoseThus, the or der of
tasting is conpletely random each set of two sanples, one 1sqrrpl eis

from G and Rameligs pesiselegieg feom ﬂl@f&eawknopuhésﬁéi gk o spscific demogeghicy sel ect
the Sarlfndihdtard 4R ih ABrITRRE tRPaAUAR. Crne'tRE Yrbhrs A sabBRY bl lghrtECOr d

20 and served chilled. Portions are dispensed into individual servings for the panelists. Samples

are presented to panelists in a blinded manner (samples are identified only by a random digit
label). Each panelist receives two samples for tasting, and panelists are given a randomized
sequence in which to taste the samples. Thus, the order of tasting is completely random. In
each set of two samples, one sample is from G1 and the other sample is from G2. Panelists
25  are asked to select the sample that tastes the most palatable, record that result and record how
confident they are of the result. Between tasting the samples, the panelists are asked to rinse
thoroughly with a purified water preparation and take a bite of plain cracker to cleanse the
palette. Panelists are also required to wait five minutes before tasting the next sample.
Statistical significance of the correctness of the scores (i.e., panelist ability to detect
30  the most palatable sample) is determined by use of a statistical table that correlates the
number of correct responses with a p value.
The results demonstrate that participants deemed the samples comprising sucralose

more palatable than the samples not comprising sucralose. A statistically significant
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confident they are of the result. Between tasting the sanples, the
panelists are asked to rinse thoroughly with a purified water preparation
and take wolBwes46f plain cracker to cleanse the palette. PRaNSh3/84638 ar e
also required to wait five mnutes before tasting the next sanple.
Statistical significance of the correctness of the scores (i.e., panelist
ability to detect 30 the nost pal atable sanple) is determ ned by use of a
stati st digRkercald Ruhdamos@tHeHatiphs cobiPrisigrbatlons m&pmee@mpreea@mﬁlq&ismgt hap
value. The results denonstrate that_ partici pants deened t he sanpl es
conpr i sPUERISERCYHP BsBCct i the nesamagtenniealatpbility heherg g égefaablyf;famqoéqedass
sucr al ogg, o‘ro‘e&‘%aqttd ghkcal l'y significant 31 WO 03/076454 PCT/US03/ 06628
di fference 1s tfound anong the sanples conprising sucral ose and the sanpl es
not conprising sucralose with respect to the paraneter of palatability,
where p |s 5 eferably found to be less than or equal to 0.05. 5 Exanple 6
Purifie &P ose is prepared by the process of solvent-solvent extraction
and sequ e Nt palifEEaYaAbS! ik b?e’istaie‘aﬁﬁr tﬁépﬁﬁ@é%f lsSlvEATR) BB e)éltra%ﬂ@n gn®f the
present invention. Next, sSucralose is used to increase the palatability of
a bever a@aenm%dmcrm@bh@mn@fas dhcmn mnmkqsal@nér@fﬁh@wsmﬂ investin. (Nexit ai ni ng
0O ppm sucr I 0s.e 10 SD2 ta m.sucral ose), DSD3 (containing
50 ppm fEF 81;e1§£1)§ed t&ﬂﬂ“ﬁ%ﬁi %%tﬁt’ﬁl%ﬁg%agbﬁ %gﬁpm sucral ose). Panelists are
sel ected frombiutdRESF alet RIPatial 4rePrepared: ngqegmtaixlmw@ﬁrsa@aloee)
paranmeters are utilized in recruiti n% t he panelists es fromthe four

bat éhesDSD2 (cpriginingetl ppra syeplpse), PRD |(éa1ta1pmgt50drr§n aliCéalaiif‘ép@dé%%D nt o
individ anelists. 15 Sanples are presented to

panel i sts 1faﬁﬁ£gﬁp@§%&?fﬁﬁ%ln%% " (sanples are identified only by a random
digit |abel) PafcAists spassitdted fromahe yarrdl pupulswom lagd nb epeci s démegragstticl

panel i sts are given_a _randon zed sequence in ich tg taste the sanples.
Thus, t hEagelsey argfutifized migenEmgdhypaclsty. Saaa@“%om the doprpatcdes € f our

sarrp| es reﬁ%déﬁggéﬁe& §h1?1[3&’m’&fl9&s at@ Bspehdd o indi{-AaQm S onh@ ke 1S

fro one sanple is romD Panel i sts are aske el ect the
20 $SarrpSanpl¢at1retIaSSea&=dtth Pandsts 1palbdamdd:ﬁ mameecmmpl@me idestified omiydbyraecor d how

oo e Padbnit el e Seth Rl TRty R0t Bite fud PRAISR o 85e1 8 | on

and t ak@ndomidea s@(‘iueﬂt:@hﬂwﬁircﬁ%(ﬁﬂétett@e £nGAES el &rhB at Rk betasi R |cbﬁ1b§etﬁ§1e
also required to wait five mnutes before tasting the next sanple

St ati st fasdpms |Ig gadhy @éﬂﬁ@u@sampies ooe sanplaésEonDINE anesrmple(is frem, DBBAel i st
abi I'it yoﬁe %f tfrczrpl ﬁsﬁfﬁ? axqg @%;' %btlrommél ellaneﬁstgj g}e as{peci1 % sepﬁ%t t'ﬁse of a

statistical cdrre
20  sample that tastes the most palatable, record that result and record how confident they are of

the result. Between tasting the samples, the panelists are asked to rinse thoroughly with a
purified water preparation and take a bite of plain cracker to cleanse the palette. Panelists are
also required to wait five minutes before tasting the next sample. |

Statistical significance of the correctness of the scores (i.e., panelist ability to detect

25 the most palatable sample) is determined by use of a statistical table that correlates the
number of correct responses with a p value.

The data indicate that the panelists regard the samples comprising sucralose (namely,
the samples from DSD2, DSD3, and DSD4) as more palatable than the samples that do not
comprise sucralose (namely, the samples from DSD1). A statistically significant difference is

30  found among the samples comprising sucralose and the samples not comprising sucralose
with respect to the parameter of palatability, where p is preferably found to be less than or
equal to 0.05.
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nunber of correct responses with a p value. The data indicate that the
panel i sts regard the sanples conprising sucral ose (nanely, the sanples
f r om DSD2yoDSD245end DSD4) as nore pal at abl e t han t he sanpicagisosrede28l0 not
conprise sucral ose (nanely, the sanples fromDSDl). A statistically
significant difference is 30 found anong the sanpl es conprising sucral ose
and the sanples not conprising sucralose wth respect to the paraneter of
pal at abEkample Where p is preferably found t?) be Iessfthgn or Iequal to
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final levels of 10 ppm sucral ose. A nodel soft drink conposition w thout
sucr al osempasitainsis 3|£'+’r éé@st@ﬂme@ocrpbpﬁ@wmm@tm axedded éxithesofhdrink gener al
populatl rameters are utilized in
recrui tlor{ngpqs éonptgr}'éﬁﬁlggﬁ icl(ﬂfff"}e pro%%{(;:mh%rglr?p es are prepared and served
chilled. Por Alrﬁa@elabﬂgﬁhﬁp@:ﬁp@ft@ﬁﬁhMdu%flald»\gﬁisdas@rptems%for Ithe panel i sts.
Sanpl es are _presente aneljsts in a blinded nmanner anpl es . are
|deH5|t| fied oRmelisty age ?%%%ﬁﬁ@ﬁéh; geneggh pelyulatiog, @%&ﬁ%ﬁlw three
sanpl es ?cf]ﬁ [ cein
whi ch tB tglglgéegss%rhgﬂls% YQ&H%E% é%agl%gsft%e? é(;}?l%td{é%& nglelgg co gclge y random
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a bite of,plain, cracke lists are al so.
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20 thoroughly with a purified water preparation and take a bite of plain cracker to cleanse the

palette. Panelists are also required to wait five minutes before tasting the next sample.

Statistical significance of the correctness of the scores (i.e., panelist ability to detect
the sample that is different from the other two) is determined by use of a statistical table that
correlates the number of correct responses with a p value.

25 Panelists are asked to state the reasons for identifying the odd sample and a
statistically significant number of the comments made by those panelists choosing the correct
sample relate to the enhanced palatability of the sample comprising sucralose.

The data indicate that the panelists regard the samples comprising sucralose as more
palatable than the samples that do not comprise sucralose. A statistically significant

30  difference is found among the samples comprising sucralose and the samples not comprising
sucralose with respect to the parameter of palatability, where p is preferably found to be less

than or equal to 0.05.
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statistically significant nunber of the comments nade by those panelists
choosing the correct sanple relate to the enhanced pal atability of the
sanpl e cowpros®rdags sucral ose. The data indicate that the paaghisss/eseeegard

t he sanpl es conprising sucral ose as nore pal atable than the sanples that
do not conprise sucralose. A statistically significant 30 difference is
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t hose In the art at the sane techniques can be applied to the
purifi cﬁtthmurd’fcaﬂomoaiums@ thw prewursorsageand additinhaleyrifcgtamsarenrswiier fiesone  of

t he pur catjion occurs at th ecurs S I |cat|on
ocodr o el ERcidb gt Hasko FrBhct § il ks HeAcPar Bl i RAP: i ||

cl ear trﬂ@b@%ﬂa@ésséﬂ)idﬁl%hg bk EHeQey Fea@REB! thelyychBopesRssRed Gaultipky as the key
features 'of the invention are practiced (nultiple_ recrystallizations to

obtain rh¢rg$takblaaﬁlcnr5$ to wbtam Tnigh pavity, witharotherdigpperecycle ﬁmeﬁeecer EEQNFEYy |
preceded e of I Y

removalP’ %“feﬁF(ﬁ% UIPE (?fn n—g %@@véﬁf%&%ﬁ?&r"ﬁ‘%’g@%‘g rg§%@§gggéﬁﬁg%%n) 10
Var i ouspo peslicht @@iuri@pbaktdesoretyeddgendatiaf). t he descri bed nmet hods and systens
of the invention w|l be apparent. to those SE?A@ qj& t rt \Qallgl'hout
depdrting f rbariQusanesdifieptions and waslatipps effthe descry fs 2 §3ﬁ (it

i nventi ' fr6m RS &bgé bed

enbodi r%g{) ﬁ%ﬁvﬁﬁ agﬁ%% ﬂetgﬁﬁo e?léi?lg{f)g‘?ﬁ%gﬁ% eﬁbﬁgﬁéﬁﬁ%n as cl a?rred shoul d
not be spitftchltlye imvmticmd Althcsigh Ith@pemtrbndaaehmcﬂea‘m’aeé in pordwetion with ispessfic

nodi fi cat he descri node carr o} t 9 ion

whi ch &% eB‘Baie Wr‘fshbtss @E%I“@gerﬁ ﬁmfgi‘}e g R 108%% ag{l?{;%g ecir%tgft Fed
fields g1 %ﬁ@cﬂ%dsutcﬁ’ Zg&lm SdibHitBRs S BIR8d, Aaribiembific MR @ f elerdedBribed34 WO
03/ 076454 PCT/ US03/ 066 What is clained is: 1. A nethod for pur| fying
sucrsal osedefsrfomaa[rmgmw teeiwahiomevkioh are dvis ipiose sigliedia mdusiél of : ~ (a)
subj ecti,n ki Si | r S t to anon- 5
cryst al SR A e (B SiEHAE sSSP S 48Rl C, Soce
solution; (b) performng a crystallization procedure on said increased
purity sucralose solution to obtain crystalline sucral ose and a not her

| i quor;
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(c) recycling at least a portion of said nother liquor to said feedstock of
step (a); and 10 (d) performng at |east three additional sequenti al
crystal | iwatosom4ps ocedures on said crystalline sucral osePCT/USOstes6p®et hod of
claiml1, wherein said subjecting step conprises a non-crystallization
purification procedure selected fromthe group consisting of liquid-liquid
extracti ofnat i€XhindGtis,ve precipitation, chromatography, precipitation

foll owed by sol vent washing, and 15 derivative formation followed by
extracti dn or Adinsthod|fert pusifying sudtaleserfohpaicyfle sucatlaselsolutivarcomprisaigdhe steps
subj ecti n? step conprises a non-crystallization purification procedure

sel ected®fromthe group consisting of a batch operation and a continuous

operation. 4. (dhe rEbjBEtheOf feeliltbdR compMiaipaialll GadesimuldRELINGNSS @POSONPr i Ses
a liquid-Iiqui 20 extraction with et_hél acetate and water. 5. The nethod

of claimi1, weestillizagion pagEeationsam tp oieldan SKTRsebPHEY SUGraless salitith;at | east

one of said adgjti t 11Zatd r ) o

i ncor por at ed gﬁ% o] g)g 8e 1&2&0%%&}1%%&&8@ rbgggeeagl%qufrlosggl @gﬁeﬁ%eg&ug ?%fgde&alose

crystal | i zat i galufibn cedbtnmscrydalliddsicrdddecaidafmathen Iqubr; wherein at sai d

not her |iquor aof step (b) or said at | east a 5 portion.of said. nother
| i quor of qst e[.()‘c’))(c) r?‘%”éﬂ%)ﬁe‘@?%&%’@%%ﬁ@ﬁ%@? hiq s fﬁ‘?dﬁ?‘?}%‘?fsﬁi’ @gl d

recycling step,q7. The nethod of claim1, wherein said subjecting step

conprises chronatographic purification. 8 The nmethod of claim1, wherein
sai d 10ryst al | i{dat i gerfproingdtiteestitbrepedditionddequentiel crgdallization procedtes onet hod
of claim1, wherein id crystallization procedure is performed four

times. 35 WO @3]7‘1(?71555% “W}%%/ 06628 10. The method of claim 1, wherein

sai d cryst al | igathQRoP6LAGHI SyheteiR 8hldatBREtidd 3t cdrhpfass a hén-cijseuimiioad of
claim1l1, wherein said crystallization procedure i s perfornmed myre than
five ti mpurifigation pracedutcisdecesd fpumitiegragp sonsishing 9& lifgvwigri A existieicr al ose
oL o0 L4502 B AL AT 12 6 Kkt S
15  derivative formation followed by extraction or distillation.
3. The method of claim 1, wherein said subjecting step comprises a non-crystallization
purification procedure selected from the group consisting of a batch operation and a
continuous operation.
4. The method of claim 1, wherein said subjecting step comprises a liquid-liquid
20  extraction with ethyl acetate and water.
5. The method of claim 1, wherein at least a portion of said mother liquor from at least
one of said additional crystallization procedures of step (d) is incorporated into a feed
solution of one or more earlier stage crystallization procedures.
6. The method of claim 1, wherein at said mother liquor of step (b) or said at least a
25  portion of said mother liquor of step (c) is subjected to an extraction operation prior to said
recycling step.
7. The method of claim 1, wherein said subjecting step comprises chromatographic
purification.
8. The method of claim 1, wherein said crystallization procedure is performed three
30 times.

9. The method of claim 1, wherein said crystallization procedure is performed four

times.
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obtain crystalline sucralose and a first nother |iquor; (b) dissolving said
crystalline sucralose to obtain a sucral ose solution and 10 perform ng a
crystal | iwatosom4ps ocedure on the sucral ose sol ution to obtairusas/emee pure
crystalline sucral ose and an additional nother |iquor; (c) performng step
(b) at least two additional tines; and (d) recycling said nother |iquor
obtained fromone or nore of said crystallization procedures into one or
nmor e of 16.ai dThelafetlodsd chaidu, mdrescintdid ceyathllizativhmproeedire evpetformed §ival | | zat i on
procedures. 13. A nethod of purifying sucralose froma crude sucral ose

sol uti on@érrpri sing the steps of: (a) subjecting a feedstock conprising

said cr gi’.e SYGE AARR TRl ORvHeRiR sA8 BrystallVatigh boeadir® s Riorinke &ldr&thagt ep
to yield an increased purity sucral ose solution; 20 (b) perform ng a
cryst al fivedtiesn procedure on said increased purity sucral ose solution to

bt ai Il fi h | i : I L vj id
Cryetal Kove. derlpBERva gt alhior® fnet 3ol Ugrsot SiiMonc frdfBe g =

crystal hrzation procedure on the sucral ose solution to obtain a nore pure
crystalline sucral ose and a second nother |iquor; and 25 (d) repeating step
(c) at |east(@wo apedomiipgalcrystaiization peredns oa Spd o wis SUSTHGSEisetion i r al ose

and at | east og{iﬁg%ﬁ%lﬁl%ggﬁérﬂ@éB%ahﬁ?ﬁlg’ﬁ{eﬁiiéﬂofme nmet hod of claim 13,

wherein said step i s repea e tinmes. 15. The nethod of
claim 13, whesei ndsasleind akbdryitalding bepalbse toebexdt edudralose taluim and16. The

nmet hod of claim 13, wherein said dissolvi gg st«igq S r.egleat d.five tines. 30
17. 1The net hoaforniag aicrystalizafionPeqosdursion thy sucraloserRglutton jo PRI MOrG IRy o
than five ti 11 : i ; erein one or nore of said
not her Iiqqu@gdruéﬂegﬁaég&fgﬁggﬁgdmlgec@%dg}é%qi)qfu sai d subjecting step. 36 WO
03/ 076454 PCTé)USOPefTohiag skp.(b)liideastivmoatidotional tings; 280 wher ei n sai d not her

| i quor from of saj.d crystallizati . cedures is recycl ed or
nore earlier ?&agée“é’fsb% %1¥pyzlgqr &Huﬁ?‘g{g@l}%{ ggr_n 0§ O FipE© g?%%ﬁryts)tfah%ag{;m 13,
wher ei n one ProdiBies 51t6Bie 8 RoRES @I Rerafte Bluibns RNPEAL QB Sarifer 21. The

met hod of claim 13, wherein one or nore steps are performed as conti nuous
operat i ons. crystallization procedures.

13. A method of purifying sucralose from a crude sucralose solution comprising the steps
of:
(a) subjecting a feedstock comprising said crude sucralose solution to a non-
crystallization purification step to yield an increased purity sucralose solution;
20 (b)  performing a crystallization procedure on said increased purity sucralose
solution to obtain crystalline sucralose and a first mother liquor;
(c) dissolving said crystalline sucralose to obtain a sucralose solution and
performing a crystallization procedure on the sucralose solution to obtain a more pure
crystalline sucralose and a second mother liquor; and
25 (d repeating step (c) at least two additional times to obtain a further purified
sucralose and at least one additional mother liquor.
14.  The method of claim 13, wherein said dissolving step is repeated three times.
15.  The method of claim 13, wherein said dissolving step is repeated four times.
16.  The method of claim 13, wherein said dissolving step 1s repeated five times.
30 17.  The method of claim 13, wherein said dissolving step is repeated more than five
times.
18.  The method of claim 13, wherein one or more of said mother liquors are added to said

feedstock of said subjecting step.
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22. A nethod of obtaining sucralose froma feed m xture conprising
6-0acyl-4,1",6"- trichloro-4,1",6"-trideoxygal act osucr ose, ot her

chl ori natwo ostoousse byproducts, and optionally bl ocked oPCparsni/edobs

bl ocked chl ori nated sucrose byproducts conprising the steps of: 10 (a)
perform ng a non-crystallization extraction step on said feed m xture to
obtain an increased purity

6- O acyl19.4, 1Théinethodaiflctiim-13, Whedin gaid meﬂnxyb@l(ucﬁmm@fﬁld gustpldigatioron; (b)
perform ng crystal {fl zat i on rocecéure on s #aﬂ pcrease(?l urlty 6- 0-acyl -
4,1, 6' DROPPQUReSE secycled tyong pr r St NP LRI On to obtain

6- O acyho 4, 1Th@meﬂ§o% dtfchial 187 ¥héren o orloidrd 8RYY SiRlREbARSCIOSEcand a not her
liquor; (c) performng at |east three additional sequenti al

cryst al bpegatiorsns of the 6-0- acyl

4,1 6 richloro-4,.1 X | act os t antially
pur é o- Blacy b Hepioa ey HRGP ARG leBS FesRithal & rfidholed

addi ti oggdratidisher iquor; and (d) converting said substantially pure
6-Oacyl-4,1,6"-trichloro-4,1",6"- 20 trideoxygal actqsucrose t

subst an22al | ;Arpatbedgﬁebtaumgesucgéosew AT GBXBIC EPTHPTTIDD @ﬁ@ﬂe‘f h-%ne or

more of tr?c%'lg B ér’?e{ deb%ﬁ&to%ﬁcﬁ éa B eﬁ BltoRhated Sderd¥e® Plgﬁﬁﬁ@se'ﬂld' dpkien&IRe or

nmore of “sal on-crys Ine extraction steps and said
per f or nblgked ySiaadidllyzisibelad chtcﬁmatedzdcroﬂ'dieypmtﬁtdctscbonfpmi@the; g2ps efherei n sai d

erformng a non-crystalline extraction ste
Ir[:on-l%r yst gl | (Rat i Bﬁ%%‘ﬁ'iﬂpglaé‘&ﬁ%wt P%IQHG?“EM%@PQEEP népéﬁo%??ﬁ’éx%lf tﬂp?btam
consi sting of, A&é&éé%&:ﬁ?l&-é a%gfﬁqcé"tﬁéhlo&m PIALALOR act@B%@ro@é eci pitation

fol | owed by Solvent The net hod 'of claim wherein said
crystalli zat campodititthe 6- Oacyl 4,1',6'-trichloro-

4,1 ,6' -trideaxygal ctosucros d thr £6 ti t hod of
claim22, WhZ@el nP§ &?ﬁn@gﬁﬁ@ EfdlﬁlpPBHOCS&?Fﬁ)ES %8%%32“@ %B? ‘chl or o-
30 4,1, 6' -t yideO¥YHRLAS!108UEHOSE chiBcBaick e RBahpbsition td ottsin 620- acyhemm hod
of cI ai m 22, Wwherein said crystal |gl zation of tﬁ

6- Olacyl - 4, 1'tr1<61101?t0r4 b’kﬁ'—mctﬁoxxgaiact@ucnowm thenbg¥ucr ose is performed

five tims. 37 VOO 0849 PETHIURIA 0558 o i ARUTELIH, O bR mL72.

wherein said ion of t -tri chl oro-
4,1 ,6" -tri d@,QX,BQt@ﬂcﬁIbir@-ﬂ;lQ6'&3166@)8_,@@1@6’[6&10@ torobiairt abstantialyt pure $:0-20yl- A

met hod of obt ai ni ng sucral ose froma feed mxér .conmprisin )
6- O acyl - 4, 14;166*trichlogerttdr.6- -t dgoxygalagtopusreseyrgd pd @PBQ%IE‘F%@E g{ﬁ‘Ph@Pd
chlori nat ed iy A {Béﬁﬁ%ate staﬁﬂﬂlfﬂ.gb%r@ byi-4, 7, ®igloBloplkeed or

partially bI ked C sucros ypr o ucts conpri sing the steps of:
(a) 2per f or M midedxpgriacogstat ko adbistaohalbxpurastdrdnsst ep on said feed m xture
to obt ai2r31 . The method of claim 22, wherein one or more of said mother liquors of steps (b) or
(c) are recycled into one or more of said performing non-crystalline extraction steps and said
performing crystallization steps.
24.  The method of claim 22, wherein said performing a non-crystalline extraction step
25  comprises a non-crystallization purification procedure selected from the group consisting of
liquid-liquid extraction, chromatography, and precipitation followed by solvent washing.
25. The method of claim 22, wherein said crystallization of the 6-O-acyl-4,1',6'-trichloro-
4,1',6'-trideoxygalactosucrose is performed three times.
26.  The method of claim 22, wherein said crystallization of the 6-O-acyl-4,1',6'-trichloro-
30  4,1',6-trideoxygalactosucrose is performed four times.
27.  The method of claim 22, wherein said crystallization of the 6-O-acyl-4,1',6'-trichloro-

4,1',6'-trideoxygalactosucrose is performed five times.
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an increased purity sucral ose precursor stream (b) converting said
6-0Oacyl-4,1",6"-trichloro-4,1",6"-tri deoxygal act osucrose in said

i ncr easedwpusiotesssucr al ose precursor streamto sucral ose; PCO/US0Y/06628
crystallizing said sucralose to obtain a crystalline sucral ose and a not her
liquor; and (d) perform ng at |east three additional sequenti al
crystallizations of said crystalline sucralose to obtain a substantially
pure suzg.al ovke @Bthod ddichimnal whatiesnid driygjaitivatiohsof3he 6-Thecylel, Hodtrishlarbai m
29, further conprising the step_of crystallizing 6-0acyl-4,1",6"-

tri chl obés0trdeogygalagtaRisiaeg at %f%’%‘ﬁ&?%’%%&‘lal"éf’ﬁalt Si ncreased purity

sucr al o pr I b asiep'eh) . 31.
The et fiod Ogﬁg§t§§%o§%§tﬁaﬁ§r%i@ﬁlﬁsg?rgﬁg% 51629211%?%?%%&%%%%@?5 p(?rlf ornmed three
times. trid3Rlord#gd’ Fetrideciyehlactoaicro@g pthaheesimaterbdudrase pyprprdnets, ang optiepallys

performed faour tines.. 20.33. The .nethod of ,clai.m 29 rei [

cryst al Pthsy blgekedas p@gtlag}g%ﬁceff%aﬁp{iﬁ%e Fifegese byprodypls cﬁ%%ﬁglggg% %?ﬂastjon% 29,
wher ei n sai d(ac?r Y Sha¥drhah$ § noh @Ry statlizabh extRMonelep ohhaid fted/mixtiierpobtadb. A
met hod for purifyling sucral ose Troma crude sucral ose sol ution conprising
the steps ofn irREeaserd pwithjsewriopyprgceiciied®k conpri si ng sai d crude

sucral ose sol.ytion to _a non: | zad Nk i Yicelid an
i ncreased puh? ty g%vregf%sémds%]%%ﬁ?}%%:lb%%ﬁchfé& fg }61{,%%18@%}1}%?1;2%061 Ir%)%al%iisgiﬁ
procedur e onjkiaded paitgasadiopepictyrsisticainas ucrsiobast i on to obtain
crystalline sucral ose and a nother |iquor; [(uigy) gecycl%g)% at .l east a portion
of " é@&i d not h&w | i quskellizingsaidsycsdassio Oktat ? FIYPRHICTUCHESE f2H2 P2 and (d)
per form ng a?i Oeraaltldthree nore sequential crystallization procedures on
said crysta ffie“Sucral ose to yield a final crystalline sucral ose

conposi tion yher eiperfbinging heleast tinke additonat kéquentia cexdtaligpioss pEsaidss t han

0. 2% of the conpgsition by wejght. 38 WD.03/076454 PCT/.U /06628, 36. The
met hod of cl &ivsiadline sHREQse o 9@3@1 e §%‘M1\%zpé‘if? T ?%?caé’&&ﬁgﬁﬁogglp%?%’% med
three times The met hod of claim 35, wherein said crystallization
procedure is rmed four tinmes. 5 38. The nethod of claim35, wherein
sai dscr p6t al Mhez atdtiend @icaieddf, durther pempuising thefsiapeof crystallizing 6-O-acyl-4,1',6™

trichloro-4,1',6'-trideoxygalactosucrose from the increased purity sucralose precursor stream

iged

of step (a) prior to performing step (b).
31.  The method of claim 29, wherein said crystallizing step is performed three times.
32.  The method of claim 29, wherein said crystallizing step is performed four times.
20 33.  The method of claim 29, wherein said crystallizing step is performed five times.
34.  The method of claim 29, wherein said crystallizing step is performed more than five
times.
35. A method for purifying sucralose from a crude sucralose solution comprising the steps
of:
25 (a) subjecting a feedstock comprising said crude sucralose solution to a non-
crystallization purification step to yield an increased purity sucralose solution;
(b) performing a crystallization procedure on said increased purity sucralose
solution to obtain crystalline sucralose and a mother liquor;
(©) recycling at least a portion of said mother liquor to said feedstock utilized in
30 step (a); and
(d performing at least three more sequential crystallization procedures on said
crystalline sucralose to yield a final crystalline sucralose composition wherein the

level of other chlorinated sugars is less than 0.2% of the composition by weight.
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times. 39. The nethod of claim 35, wherein said crystallization procedure
is performed nore than five tines. 40. A purified sucral ose conposition
obt ai ned W9 oBlossaset hod of claiml. 10 41. A purified sucralrase3/e®e$posi tion
obt ai ned by the method of claim12. 42. A purified sucral ose conposition
obtai ned by the nethod of claim13. 43. A purified sucral ose conposition
obtai ned by the method of claim?22. 44. A purified sucral ose conposition
obt ai ned6.by Themesitddod cifimASaimireen saidigrystallipation prodediue satesfoamediessi t i on
obt ai nefi bg/ the nmethod of claim35. 15 46. A sweetener conposition

conpris purified sucral ose, wherein the ratio of said purified

sucr al o3® t O ThRsidd STldif T, QakRin $Hd@eryslatizhti®OProtedudd is phfermedasi ti on of
claim 46, wherein the ratio of said purified sucralose to inpurities is

gr eat ertlm&n about 750:1. 48. The conposition of claim47, wherein the

rati o ofesai I about
1000¢ 155 ThEHSGEE o%%ﬁ%f?%%%m%?@%&%gﬁ“@LS@%?PP%@E’%npr.
one or thiee. inmpurities selected fromthe group consi sting of water,

4,6' -di chl orogal act osuch 4.1 - hl or ogal.act osu ose tl , 6 -

di chl ora%ucr @me@hode@ m%ﬁaavhar@ln%ﬁl FYS120 a1 PSR Sperfonhed more

4,1, l‘faﬁ %gal act osucrose-6-acetate, 6,1 ,6'-trichl orosucrose, and

ot her L orl nat 25 carbohydrates. 50. The corrposi tion of claim46

wher ei n48ai dAppxmﬁadedc&mssabmsesiﬁm obtainnd by theonsthod of cieinph. 51. The

conposi t f claim 50, wherein sol n ad aJ I cont ai ns
prgg%rv kl ve% ‘ggaeﬁlzgm%e%%%§ ?1?8 31816&]%?' erﬁlgf% é\/ﬂg &nﬁ ai d
preservabi vea fificiubalos8 ebslpodieor 8btainde byl the 1BEthel By daex ypenzoi ¢ acid, or

the salts thereof that are suitable for human i ngestion. 39 WO 03/ 076454
PCT/ usoéﬁoaa?epurﬁkd sacrplasd sempesiipn pipingd Ay sircneained ef elai®83i t i on obt ai ned

by the t ho% éun}a%dse cﬁ@ﬁ&q 1&1 Waﬁe@ B?%Cﬁlefhgdﬁ?klgﬁﬁ 6g_fromthe group

consi st era e€s, sweet eners, consuner pr oducts, and

sweet engp, pr detﬁiﬁed s’,ﬁéraldﬁembmguﬁﬁomobmihbs by theamsthod af clafn 86Mposi t| on
obt ai ned by the nethod of claim12, 5 wherein said praoduct i.s ? cted
fronfthé groé”ps"&i‘??ﬁ?éie%?QW@WOW&wW%%PWQPF%Wh%%&%B?é’ sgdnsuner

Product S A0ASRYRELAB SpRiRLUE bikater than about 500:1.

47.  The composition of claim 46, wherein the ratio of said purified sucralose to impurities

is greater than about 750:1.
48.  The composition of claim 47, wherein the ratio of said purified sucralose to impurities
20  1is greater than about 1000:1.
49. The composition of claim 46, wherein said impurities comprises one or more
impurities selected from the group consisting of water, 4,6’-dichlorogalactosucrose, 4,1°-
dichlorogalactosucrose, 1°,6’- dichlorosucrose, 3°,6’-anhydro-4,1-dichlorogalactosucrose,
4,1°,6’-trichlorogalactosucrose-6-acetate, 6,1°,6’-trichlorosucrose, and other chlorinated
25  carbohydrates.
50.  The composition of claim 46 wherein said purified sucralose is in an aqueous
solution.
51. The composition of claim 50 wherein said solution additionally contains
preservatives.
30 52.  The composition.of claim 51 wherein said preservatives are sorbic acid, benzoic acid,

or dihydroxybenzoic acid, or the salts thereof that are suitable for human ingestion.
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55. A product conprising a sucral ose conposition obtained by the nethod of
claim 13, wherein said product is selected fromthe group consisting of
bever ageswomommisnat i on sweet eners, consuner products, ane@CIESes/efses
products. |10 56. A product conprising a sucral ose conposition obtained by
the nethod of claim22, wherein said product is selected fromthe group
consi sting of beverages, conbination sweeteners, consungr products, and
sweet eni. prAguedust cETprising seRTRlosWRISEION PO VNG %&%&%mgn

o e iahiad: et i el Ehiiding o o donitimahect od from

the grolf everages, conbinatioR 15 sweeteners, consuner
pr oduct Siyechdh@rsS WaRLBRE produastidsweb@nerArpdutiuct conpri sing a sucral ose

conposi ti on obtai ned by the method of claim . erein. sai : t is
sel ect edhf r o rrpdicy eompriving a segrplqse %m%3@“ég’g@?e%n%le Héetﬂimgfn& CEE\{/@e éners,
co 2;5"] mef RLedue! ﬁrodﬁl&qs ?é’l‘@c%c?ﬁ@ﬂl the %@Hﬁ t8nsisthg ohbBWrhdes eebnsiiatinos e

g than 0.01

conposi tion co isrn ess percent inpurities. 20 60. The
conposi §wederefs, comumeb prodnbisy midrsweatenenpradyais.of said inpurities is sel ected

from a _group consisting .of hal ogenat ed sugar i i ted
sucr al oég, s &y Rroduyyt coag E}Bﬁﬁﬁ}lﬁfﬁg?e BOPIP O C%Drtr%gés(%l?}?%lﬁ\f%?ﬁh% alcrlr?%%%ﬁv\her ei n

sai d ha gx%ﬂﬁa%j Rddais dasdivtrbvaie lcbadstingl ot vsragasccaosEnaet at e,
6,1 ,6'-trichlo gsucrose, 4,6,6'-trichlorosucrose, 4,1',4',6"' 25

t et r ac hkweagars conduata posictsdand sveetengt pR¥tHgal act osucr ose- 6- acet at e, and

4,6,1',6' - tetraghl orogal.actos .~ di §igh 22

3 8 P61 Ry POCHEr G SuareleRE Compsio Ui ihal BORCIACASYGf 15t 22,

1', 6' - digled QSUBFRIRE: is Belbéted irohl the grupreonsistimyal béydrags, corbinatidror osucr ose.
62. A nethod for purifying sucral ose froma crude sucral ose sol ution

conpri siswgetetrss, spagener prodicts, g sweehmEtPioECtS: f eedst ock conpri si ng said

crude s E?r al %ﬁrg@ﬁét%%{n%gsﬁg ubBQibse Sh%pbHibd Slﬁﬁiin@dﬂbg Wel théthad bbelaist 29, t O

yield an’'inc purrty Sucral ose solution; and 0 WO 03/076454

PCT/ USO 31662 8aid pRydupeisfseleatizd froat the gesip cohsis@ngofibeverapesz aenbiaei®bcedur es on
said increased purity su(gqr?al %z(f soltuti on .tg obtain crystalline sucral ose
and 18 nSWREIENTH.EQBFUNeSProducts, A FEEFIGET RIOMS62  wherein said subj ecting

step comggris r&-ﬁ@f@ | dugAlidse RomBYsitibh 66thined bp Hieoaethoe ofebhme88d from
the gr oﬁg' co?s?%tdlﬂﬁg 0o in%ui éll-l [ qsui dmgxt raction, 5 extractjve,

preci pi tydtcrein said praivet sgrlapled fropr eigmuparonsiating ] ksne@esy ceBPirelien washi ng,
and dersi;v\égt%ril(;/r(sa, Jo%gunn%ri p(%gdlIc sl, %ﬁ)&gvgee?é/ne?ﬁ}ordﬁ&rs.i on or distillation.
59. A purified sucralose composition comprising less than 0.01 percent impurities.

20 60.  The composition of claim 59, wherein one or more of said impurities is selected from
a group consisting of halogenated sugar derivatives, any acylated sucralose, salt, or
carbohydrate.

61.  The composition of claim 60, wherein said halogenated sugar derivatives comprise
dichlorosucrose acetate, 6,1',6'-trichlorosucrose, 4,6,6'-trichlorosucrose, 4,1'4',6'"-

25  tetrachlorogalactotagatose, 4,1',6'-trichlorogalactosucrose-6-acetate, and 4,6,1',6'-
tetrachlorogalactosucrose, 4,1'-dichlorogalactosucrose, 3' 6'-dichloroanhydrosucrose, 4,6'-
dichlorogalactosucrose, 1',6'-dichlorosucrose, 6,6'-dichlorosucrose, and 4,1',6'-
trichlorosucrose. |
62. A method for purifying sucralose from a crude sucralose solution comprising the steps

30 of

(a) subjecting a feedstock comprising said crude sucralose solution to a non-

crystallization purification step to yield an increased purity sucralose solution; and
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64. The nethod of claim 62, wherein said subjecting step conprises a
non-crystallization purification procedure selected fromthe group

consi st i nyoaB/ozs4bat ch operati on and a continuous operati @eT/US03/64528 The

met hod of claim 62, wherein said subjecting step conprises a liquid-liquid
extraction wth ethyl acetate and water. 66. The nethod of claim 62,
wherein said subjecting step conprises_chromatographic _purification. 67.
The net hod ofbkl arpﬁﬁfetzpmwaéﬁéstrﬁhr%pa’s@ﬂg@ﬂam Pi%@ém@iﬁw&g@&maéeq RUHEr f or med

three 15 ti Nﬂg {Ted, L ai ' @&lhfocrystal li zation
procedure i sqg(gr?]f)gg%é our %ﬁﬁﬁéﬁaﬁggswgysﬁe%%g{%écha? m 62, wherein

sai d cr st al IThaahdtiood @f chaia0eR, evhiessip eaifl subjedingistep cotripmsss a AGh-Fstallirationet hod
of claim62, wherein said crystallization procedure.is rforned nore than
ive {1 RUSReeion ocBwL iRt ot de Spun e RERE of hgu iR edetiBhal ose,

wher gi n QiftfatidRl ChromAtobilal B8 Soll v & byodoliviat RdshiAR Wikt i es i s
ar ea’?er e%ﬁgcﬁfvg%g%tlﬁ%ggﬁ’l. 071{% ﬁgﬁ%g}rr%glglj ti o.n0 of cl a}?gm 71, m;]e{ﬁe)i n the

rati o ofdegeativefomdtioadoBowedbyedraction phdistillatioinnat ed i npurities is greater

th boyt 750:1. 73 it f.claim72, wherejin th io of
S pur i ed fedistabaErtist ChRBrh e d e P aontREL fork PRelefl a8
1000: 1. phfificdiiim (HOCHARRI del@fedatfork kiR ghodd condhreihgona Batchl opératisnh aat £d

inmpurities conprises one or nore inpurities selected fromthe group
consi st icagtimfous opera@eshl or ogal act osucrose, 4,1' 30 di chl orogal act osucr ose,

3, 119 577 o gRE St i P B Bl Sedeclio e QRGBS PRAFHARELS

OSUCrGse- 6-ace sucr ose.
75. A nekhasidnovitleahaneicnge iddewsted. at abi 1 ity of a consuner product

conprising the step of _adding purified sucral ose to sai %con uner . product .
41 VO 0$0076488 Ceedpiopehgvheren saif SUbjEttHES IR CORMmAISR ?n\ﬂﬁP@F sai d
purifi eg)uﬁﬁ%t%nose is 99.9%pure. 77. The nethod of claim75, wherein said
sucral ose i's present within said consumer product at a |evel of about 3
parts pe7. m | THeanethed abdlaim 62, WherdlB saidllveystedlizatidn pfoceflae s Ferformisd tlrieer sai d
| evel is. about 5 parts per mllion to about 1000 5 parts per mllion.
15 times.
68.  The method of claim 62, wherein said crystallization procedure is performed four
times.
69.  The method of claim 62, wherein said crystallization procedure is performed five
times.
20 70.  The method of claim 62, wherein said crystallization procedure is performed more
than five times.
71. A sweetener composition comprising purified sucralose, wherein the ratio of said
purified sucralose to chlorinated impurities is greater than about 500:1.
72.  The composition of claim 71, wherein the ratio of said purified sucralose to
25  chlorinated impurities is greater than about 750:1.
73.  The composition of claim 72, wherein the ratio of said purified sucralose to
chlorinated impurities is greater than about 1000:1.
74.  The composition of claim 71, wherein said chlorinated impurities comprises one or
more impurities selected from the group consisting of 4,6’-dichlorogalactosucrose, 4,1°-
30  dichlorogalactosucrose, 1°,6’- dichlorosucrose, 3°,6’-anhydro-4,1-dichlorogalactosucrose,
4,1°,6’-trichlorogalactosucrose-6-acetate, and 6,1°,6’-trichlorosucrose.

75. A method for enhancing the palatability of a consumer product comprising the step of

adding purified sucralose to said consumer product.
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79. The method of claim77, wherein said |evel is about 10 parts per
mllion to about 500 parts per mllion. 80. A nmethod for enhancing the
pal at abi I'wDy3efé4a4 bever age conprising the step of addi ng Poarushs/ed2s
sucral ose to said beverage. |0 81. The method of claim80, wherein said
puri f: ed sucralose is 99.9%pure. 82. The nethod of claim&80, wherein said
sucral ose is present within said beverage at a |evel of about 3 parts per
mbl lion7Go aBeumeibodof clggn 7Fhwheremsid mwifier sperpipse IS9P e PR ai d | evel s
about 5 part er.. m.l |- : gk The

met hod 70? cl ikilél?ﬁngt?,%%8@&?@93?%%3%@%%@@%%3%&%& %ﬁ%&%?&%uﬁﬁ on to
about 5@@dudqaf 4 fevelesf dbiolit 3 parts B miRiomed hbabtflok%enhanci ng the pal atability

of a consumer product conprisi it he, step.of di uri.fie uc se to
sai d co%um?h%mé@@épfwgﬁnwg%ém V@fls l%ﬂ“ﬁ%’ﬁ%?ﬁ%d?éh?rh%aa%op{e ting
consume riushiofoes not nodify the sweetness of said consumer product. 20
86. A rréafrﬁ(?% ]#lorloen.hanci ng the palatability of a beverage conprising the
step of 7@ddi Tige mpthoilfof ethim 76 whes vl uelds senél A gartswrmeillion RabPel 20 of
said sucralose.jn a resulting beverage does not nodify the sweetness of

sai d r eRBPRhGIHYer age. 42
80. A method for enhancing the palatability of a beverage comprising the step of adding

purified sucralose to said beverage.

10 81.  The method of claim 80, wherein said purified sucralose is 99.9% pure.
82.  The method of claim 80, wherein said sucralose is present within said beverage at a
level of about 3 parts per million to about 0.1%. | |
83.  The method of claim 82, wherein said level is about 5 parts per million to about 1000
parts per million.

15 84.  The method of claim 82, wherein said level is about 10 parts per million to about 500
parts per million.
85. A method for enhancing the palatability of a consumer product comprising the step of
adding purified sucralose to said consumer product wherein the level of said sucralose in a
resulting consumer product does not modify the sweetness of said consumer product.

20 86. A method for enhancing the palatability of a beverage comprising the step of adding
purified sucralose to said beverage wherein the level of said sucralose in a resulting beverage

does not modify the sweetness of said resulting beverage.
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