WO 03/ 076453 PCT/ US03/ 06627 EXTRACTI VE METHODS FOR PURI FYI NG SUCRALOSE

FI ELD OF THE | NVENTI ON The present invention relates to novel extractive
nmet hods fwo opurdsyi ng sucral ose. The 5 present inventi onPpalTamsos/edéat es to
conpositions conprising the sucral ose preparations made by the nethods of
the present invention. BACKGROUND OF THE | NVENTI ON Sucr al ose, 4, 1',
6'-trichloro-4, 1', 6'-trideoxygal actosucrose, a sweetener with a 1o

sweet ness i nt ensEXTRACHYE METHODSt FORPUTREYINGSICRAR.OSE derived from
sucrose by replacing the hydroxyl groups in the 4, 1', and 6' positions
with chlorine. Synthesis of sucralose is technically challenging because

of the need to selectively rep@aseEpaeNvENTION oxyl groups with chlorine
atons, while ﬁreserV|ng ot her hydroxyl groups including a highly reactive
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reported wor Rudrylpss dl [y6’-tmnhdxime¢j lcrwsmédokygalﬂgosslumse,lm&etﬁneewtthyt fromthe
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20  contaminants heretofore has received relatively little attention. Early reported work typically
involved crystallizing sucralose directly from the synthesis mixture, a process that yields a
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-

25  suited to large-volume commercial production of highly pure sucralose. In addition,
relatively little attention has been focused on other approaches for removing halogenated
sugar impurities from sucralose. Efficient removal of these impurities is important because,
even at quite low concentrations, they can have an adverse impact on the sweetness, taste,
and flavor-modifying properties of sucralose.

30 Various methods for the synthesis of sucralose and related compounds have been
suggested. U.S. Patent No. 4,405,654, which is expressly incorporated by reference herein,
for example, relates to a process for the synthesis of a related compound, 1',4',6'-trichloro-

I',4',6'-trideoxysucrose. After the deacetylation of a pentaacetate precursor, the reaction
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relates to solvents that may be used to extract sucralose from the aqueous brine produced by
alkaline hydrolysis of a 6-acyl ester precursor compound. Possible solvents include methyl
acetate, ethyl acetate, methyl ethyl ketone, methyl isobutyl ketone, methyl isoamyl ketone,

25  methylene chloride, chloroform, diethyl ether, and methyl tertiary butyl ether. Ethyl acetate
is presented as a suitable solvent for reasons of extraction selectivity, ease of recycling, and
toxicological safety.

U.S. Patent No. 5,498,709, which is expressly incorporated by reference herein, also

relates to a process in which the aqueous solution remaining after ester hydrolysis of

30  sucralose precursors is concentrated and then sucralose is isolated by three sequential
extractions with ethyl acetate or other suitable solvent. The extracts may then be combined,
and optionally washed with water to remove any dimethylformamide remaining prior to

recovering the sucralose by concentration and crystallization. This patent also relates to
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20  concentrated, decolorized, and the sucralose is recovered by crystallization from the aqueous

phase.

Extant methods involving crystallization without the use of at least two carefully
controlled solvent extractions fail to effectively remove impurities both more polar and less
polar than sucralose. Hence, a less expensive and more effective method is needed for the

25 commercial production of sucralose. The present inventions attempt to solve these problems
and provide methodologies that are both commercially practicable and effective at removing

impurities.

SUMMARY OF THE INVENTION
30 One embodiment of the invention relates to methods for removing impurities from a
composition comprising sucralose and impurities in a first solvent comprising the steps of
performing a liquid extraction of the composition with a second at least partially immiscible

solvent to effect removal of the impurities into the second solvent and performing a second



solvent to effect renoval of the inpurities into the second sol vent and
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Another embodiment of the present invention relates to methods for removing
tetrachlorosucrose compounds from a solution of sucralose and halogenated sucrose
derivatives in a first solvent comprising extracting the solution of sucralose and other
halogenated sucralose derivatives with an at least partially immiscible non-aromatic second

25  solvent to effect the partition of the tetrachlorosucrose compounds into the second solvent
and the retention of the sucralose in the first solvent.

An additional embodiment of the present invention relates to methods for removing
impurities from a composition comprising a solution of sucralose and impurities in a first
solvent comprising the steps of performing a liquid extraction of the composition with a

30  second solvent that possesses a lower Hildebrand parameter than the first solvent under
conditions that selectively transfer impurities less polar than sucralose into the second solvent
thereby providing a sucralose solution in the first solvent that has an increased ratio of

sucralose to impurities less polar than sucralose and performing a liquid extraction of the



conditions that selectively transfer inpurities |less polar than sucral ose
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20  one and/or some combination of the methodologies of the present invention.

Other objectives, features and advantages of the present invention will become
apparent from the following detailed description. The detailed description and the specific
examples, although indicating specific embodiments of the invention, are provided by way of
illustration only. Accordingly, the present invention also includes those various changes and

25  modifications within the spirit and scope of the invention that may become apparent to those

skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 provides a general schematic diagram of one embodiment of the methods of
30  the present invention.
Figure 2 provides a general schematic diagram of another embodiment of the methods

of the present invention.
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sol vent, so that the recovery of the valuable product such as sucral ose may

be naxi ﬁtezre@tlrfﬁy the first solvent. The backwash solution optionally may be
concentrated prior to its addition to the first solvent. Beverage: as used
herei n i ncl udes any non-carbonated or carbonated beverage such as col a,
di et colprfinf@sds, di et soda, juice cocktail, root beer, birch beer, any
fountain drink,
Aromatic: as used herein includes solvents containing cyclic compounds with
resonant conjugated double bond structures such as, for example, benzene, toluene, or xylene.
20 Backwash: as used herein includes an extractive step in which a second solvent
phase remaining after its use to extract a first solvent is re-extracted with a small portion of
the first solvent. This provides a means for recovering valuable materials such as sucralose
that have partially partitioned into the second solvent which may be employed to
semiselectively remove impurities. The backwash solution may be combined with the first
25  solvent, so that the recovery of the valuable product such as sucralose may be maximized in
the first solvent. The backwash solution optionally may be concentrated prior to its addition
to the first solvent.
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,
30  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

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



30 sparkling fruit juice, water, sparkling water, tonic water, sport drink,
and club soda. Beverage nmay al so include any non-al coholic or alcoholic
dri nk sucwoag/oamy3 beer, including ale, pilsner, |ager, oPCE¥aSI¥aios2DN
thereof, malt liquor, red wine, white wine, sparkling wine, fortified

W ne, wine cooler, wine spritzer, any pre-made cocktail m xer including
margarita 6 WD 03/076453 PCT/US03/ 06627, m x, sour mx, or daiquiri mx,
any f er PERSEW Py of deiauirienip ape forgented Ay ariteq hsveragadaghliquar adanyd | i queur
such as RDap. i Of.:.eQr di . o any
dairy, pn ng&g)é(ﬁu@?eam %f”&%‘ﬁdéé E%@E%pnsyﬁﬁt%afg%@dgglggreng&%?aggﬁiwghﬁg%l te such
as hal f déinhahitk, onoramdabdyct or emndiary, pewtie veilk selsstiarte sidhaasdiafd bakarmer, soy
m |k prqoduct, and | agtose-free mlk 5 fE)roduct. .Bever.age nay al sp incl ude
any fruf#ofredagePABFEC Gﬁ?@eﬁﬁ{na\)(ﬁﬁ’ldéf oK il gduy an %a%erﬁae m and
any £onpiaatd abvefagt Miylal@ MBSt PR of WReD1hicRiN VhoRE ¥SHRERSd, JBEVer age
may al so include coffeé, any cofféee drink, any ‘coffee flavoring syrup, tea,
i ced t eppwdarnd fgocod, anysomblinatian of fiyiteodivegesahlojviess oanthepbevterages.or egoi ng.
Conbi nat,i on_sweet ener.: a(i u? d her e'ttn ingll udes ’in‘%/ conbi nation or 4t

per mut aPr bA26t 13 F158 MlvdeATee $i§ OEP AGTeARBICAETT TROTDR S¥HRr oised e
sacchar piY cRoRadstvidIBas AEasulbiaA®n of 8hpesthe Mregiisgamat e, alitane,

stevi osi de, glucose, fructose, |evulose, nmaltose, |actose, any sugar

al cohol , sor %‘uomdnpa&gn pwesitenexy cbs ggshiiarein indhwdes gie eotpbindiien or pesmytedi@nioér ei n
i ncl ude ' . ' | [ mal ades,
frutd shuehilehs BACARHEE BodbiaRi R SHRRERRL SRtk M bparteic hSadiBE ™ 20931 oo
15 i ncl petessiviy, daidnyate, Hitdne, oteviosidaglptasd UictossLiehulase, elididse ladtaxse, afyeam
and yogurt. Consuner, product includes baked goods such as breads,
doughnufugar alsrlel, sarhidels xRl and papniétes, pastries, pies, bagels, cookies,

scones, crac b%ﬁéumﬂ"h“(ﬂﬁt: ?ggse%%ﬁéinﬁ%géﬂﬂﬁ gf(gfuggtéﬁ&h d zﬁﬂléégl‘ﬁ:%, ffseal

products such as co cerea gri ot cere ranol a m xes, oat freal ,
and t r pilliespinessaladssnfurtrenacss,duthutions; bud feit spreedsreisusecprodsct it dsq

eanut butter, i pped 20 crea squr cream BBO sauce, .chili, rup,
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Consuner product includés snack foods such as puddi ng, candy bars, hard

candy, bB#dees) pice bagelsdwokiss, Jconds; greplesrs, fuffins, ché wafersraCongvanier pvasiuct hewi ng
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nmeat, dehydrated neat, and |uncheon neat. Consunmer product includes soups,
con3brmeFeaBnIPUr SERANT, BHEQ eBieaGhEE SYR B B Y4 ayarBaise, Gbinen scasprags relihych as

t oot hpagigles AGMAR! sifak R8s, ketchup, salsa, mustard, salad dressings, and pickled peppers.
Consumer product includes snack foods such as pudding, candy bars, hard candy, chocolate
products, lollipops, fruit chews, marshmallows, chewing gum, bubble gum, gummy bears,
taffy, pie fillings, syrups, gel snacks, mints, popcorn, chips, and pretzels. Consumer product

25  includes meat products such as hot dogs, canned fish, sausage, 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.
Consumer product includes cosmetic items such as lipstick, lip balm, lip gloss, and petroleum

30  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



nmout hwash, denture adhesive, enanel whitener, fluoride treatnents, and oral
care gels. Consuner product includes cosnetic itens such as lipstick, lip
bal m 1i pwgloasss4sand petrol eum 30 jelly. Consuner product PCRAISOsIem27

t herapeutic itens such as non-tobacco snuff, tobacco substitutes,
pharmaceuti cal conpositions, chewabl e nedications, cough syrups, throat
sprays, throat |lozenges, cough drops, antibacterial products, pil
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baby food. Consuner product includes tobacco products such as pipe

t obacco predughineludes tobpereduodustisuch enping tapcew Istaeedtc tohagse.ndichewingn: as
useq heq&; Ancludes processes in which a solution is rendered saturated
or supersaat ured with respect to a dissolved conponent, and the fornation of
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al | i npusiallization preghe pngillaryprogssses k€ weshing thelcuyiéals withpoe vdsont smdventhan
suet ol o3 Dt AELHESHo LUy Phag DU TEGRfPr oceses Tor
nonochl or o-, Fded MiRfude: ab QiddaridiRimiuded By PR cOmPouktRthmItdute i@k 25
ts fféﬁfg,a%' g}gglge%{qu{rg%s gc;rsélslggﬂ)gé | Idnglu%gsr Jlfn\ll)?u?re]; ro? Qlc?aﬁgsreoasn?i an?%n(\i\gllll as an
impurities.
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
25 sucrose and any other dissacharide derived from sucrose, as well as any trichloro- derivative
other than sucralose itself, whether present in free form or as esters of carboxylic acids.
Impurity includes any of the halogenated sugar derivatives within Tables 1 through 4, such as
dichlorosucrose acetate, 6,1',6-trichlorosucrose, 4,6,6'-trichlorosucrose, 4,1',4',6'-
tetrachlorogalactotagatose, 4,1',6'-trichlorogalactosucrose-6-acetate, 4,6,1',6'-
30  tetrachlorogalactosucrose, 4,1'-dichlorogalactosucrose, 3',6'-dichloroanhydrosucrose, 4,6'-

dichlorogalactosucrose, 1',6'-dichlorosucrose, 6,6'-dichlorosucrose, 4,1',6'-trichlorosucrose,

4,6,6'-trichlorogalactosucrose, 4,1',5'-trichlorogalactosucrose-6-acetate, and 4,6,6'-



ot her than sucral ose itself, whether present in free formor as esters of
carboxylic acids. Inpurity includes any of the hal ogenated sugar
deri vati @ odfotdash Tabl es 1 through 4, such as di chl or oskcrases/aset at e,
6,1 ,6"'-trichlorosucrose, 4,6,6"-trichlorosucrose, 4,1 ,4",6"-
tetrachl orogal act ot agatose, 4,1',6'-trichl orogal act osucrose- 6-acet at e,
4,6,1',6' 30 tetrachloro alactosucrose 4, 1" -di chl orogal act osucr ose,
3' 6' - diriuospeiHgTEEStC es anysoreapic OF INorgRaG sl 63 %miwe or acylated

, 6" - digghly %psucrose 6, 6' dlchlorosucrose 4,1',6"-trichlorosucrose,
4 6 6' -trichlorogal act osucr ose, 4,1',5'-trichlorogalactosucrose-6-acetate,
and 4,6, 6" 8Subend/ ﬁh?@é&ﬁeﬂé(ﬁ'ﬁ/nblﬁﬂ&{ @E@ﬁdthettcmmbmm@aioﬂmr@shmws.e. | ncl udes
any organlc i horganic salt, boh or Iated sucr al ose.
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|nprovenents in eff|C|enC|es in separating sucralose frominpurities. The
i nvent i Sisthads fprgunfying syerloset hods for the isol ation and purification of
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the inpurities nore p an sucrdl ose are renove
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results in an effective r| catl roc ss that royﬁq%ﬁl |f|ed
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nul ti pl @nosd fHlaethbh SkdrhléSe ﬂ%@@rﬁ%dﬂ@ﬂo@éﬁ Bﬁ&i%(dldiﬁoﬂa!l@iét&é&lbﬁ%aft FQAdRes 384 Ut i on
contai ning sucral ose and inpurities. The Tirst extractive step conprises

an ext r aelar papwitics, for expmplerasuligin at efs"@rélrva Pog Ecatipnamocegsidvtiprogidenan- aqueous
sol vent W%@d Sz%lc]?ﬁcon(i!e # -mscible solvent. In a specific enbodi nent, the
rati o oP'the second P & verrllt to the first solvent nay be about 0. 35: 1 or

from about 1TBe besahrdbibentioh inoidet for:aRelE, a rﬁul&gle@t@b@mactlve‘lp@éess ifgt anot her
S pe(Z:(l) i %err?on\}:l)r?g {mn;urllltnegl}rognhae sorjllat?gneggnteilgl\{lg rslltlclzrglgse andollflrgpuzllr-ltlgs The first extractive
step comprises an extraction of a crude solution of sucralose in an aqueous or non-aqueous
solvent with a second non-miscible solvent. In a specific embodiment, the ratio of the second
solvent to the first solvent may be about 0.35:1, or from about 1:2 to about 1:5, or from about
1:3 to about 1:4 or, in another specific embodiment of the present invention, about 1:3.5.

25  This extraction removes a substantial portion of the impurities that are less polar than
sucralose. Optionally, the second solvent phase from this extraction can be washed with
water, an aqueous solution, or a non-aqueous solvent to recover a portion of the sucralose that
transferred to the second solvent phase. The crude sucralose solution remaining in the first
solvent, optionally combined with the backwash of the second solvent, may then be subjected

30 to asecond extraction with a third solvent not miscible with the first solvent. This extraction
may be carried out so as to transfer the bulk of the sucralose into the third solvent; hence, the

impurities that are more polar than sucralose remain in the first solvent. The second and third

solvents may be identical or they may be chemically distinct solvents. The partially purified



25 This extraction renoves a substantial portion of the inpurities that are
| ess polar than sucralose. Optionally, the second sol vent phase fromthis
extracti owoaman7das3 washed with water, an aqgueous sol uti onPCarusa3/o@n? aqueous
solvent to recover a portion of the sucralose that transferred to the
second sol vent phase. The crude sucral ose solution remaining in the first
solvent, optionally conbined with the backwash of the second sol vent, may
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concerns. As described in this application, ethyl acetate is a suitable
exerlrf)! a?l}fsgﬂt%’ n§6Ps-15 t hese extraction steps. Many extractive processes
of this inveniQnx i b@éésé%ﬁaf&lﬁl@iﬂveﬁﬁ&?mﬁ&éh?l@sas thMReS nlik@Rg
conprising sucralose and inpurities, specifically inpurities resulting from
sucr al osempgsitiprssiosipaising sworatoss ped ihipurities yspecificaltycanfaitiogyrasulting fioncr ose
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processes for sucralose. Solvents conten;ipl ated for use in the extractive
€

st e i Fenaigiastiss Bersyathete procagsi ddiess feed mixtures result from many synthetic

processes for sucralose.

Solvents contemplated for use in the extractive steps include those that are immiscible

with water or other solvents in which halogenated sucrose derivatives are readily soluble.
Also included are solvents that are partially soluble in a first solvent such water, an aqueous

25  solution, or other solvent in which halogenated sucrose derivatives are readily soluble, but in
which the second solvent still forms a separate phase when mixed with the first solvent in
proper ratios and under proper conditions. Solvents suitable for use within the embodiments
of the present invention include, but are not limited to, n-pentane, n-hexane, Freon® TF, n-
heptane, diethyl ether, 1,1,1 trichloroethane, n-dodecane, white spirit, turpentine,

30  cyclohexane, amyl acetate, carbon tetrachloride, xylene, ethyl acetate, toluene,
tetrahydrofuran, benzene, chloroform, trichloroethylene, Cellosolve® acetate, methyl ethyl
ketone, acetone, diacetone alcohol, ethylene dichloride, methylene chloride, butyl

Cellosolve®, pyridine, Cellosolve®, morpholine, dimethylformamide, n-propyl alcohol, ethyl

10



with water or other solvents in which hal ogenated sucrose derivatives are
readily soluble. Also included are solvents that are partially soluble in
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recg(?ni ze that a_variety of solvent choices, extraction tenperature and

condfl t i B¥d, I Hicrobisnt exfraclien sives libe pesedintsationty ¢fisttherlesirrl ssparaion of
g])ft ract [ 1SCR} RimplREABHERERLSs irﬂﬁﬁﬂfek,%dtsﬁeﬁﬁéa%tthéééqmgﬁﬁ{iésetﬁatsa?g aration

more or less polar than sucralose.
One aspect of the methods of the present invention relates to the selection of a first

solvent and a second solvent. The second solvent, for example, is preferably sufficiently

25 polar such that sucralose will at least partially partition from the first more polar solvent into
the second less polar solvent, but the second solvent may preferably be sufficiently non-polar
so that it remains immiscible with the first solvent. Examples of suitable more polar/less
polar solvent pairs include water and ethyl acetate, water and methylisobutyl ketone, and
water and methyltertiarybutyl ether. Although this invention is readily practiced with a

30  binary solvent system (i.e., a system comprising two solvents), the use of ternary or even

more complex solvent systems (i.e., systems comprising three or more solvents) is included

within the scope of the present invention.

11



sucral ose, for exanple, fromvarious inpurities, and specifically those
inpurities that are nore or |less polar than sucral ose. One aspect of the
met hods oWotohe7qasesent invention relates to the sel ecti onPofi/tz03/06621

sol vent and a second solvent. The second sol vent, for exanple, is
preferably sufficiently 25 polar such that sucralose will at |east

partially partition fromthe first nore gol ar solvent into the second | ess

pol ar sol ventWhilgthe prescridaveniionds Wr’ﬂoullﬁll y prtentdhedsiop o eolybility, staadandy I
|
ol e B B Ty PR e SO T

acet at e,soM@ﬁtQ;lystaﬂ@ nﬁ’d‘}iﬂnﬁéﬁcﬁﬂhuﬁa/ﬂes&ed @é}ﬁra‘u@ﬂdof thatafrer@tlifivention. See
met hyltertiarybutyl ether. Although this invention is readi Iéﬁoractl ced

with a 3’9}1%@%F%%W@&ol@éw’rﬂr«meférs Theary opd dPBBABIN s MY AMOWE W ANt s) |
the uyse pabpt BRBBF WNIHRNR R &8Pl ex sol vent systens (i.e., systens
conprising three or nore so ven(t @I s included wthin the scope of the
pr esent hitpVipatimpsest. in vl 6By yaedBrREId N80 Titisband sylabildy piremstees aat

invention is 0 t t i.es of sol |I|t st a dar

|t o nacraised an SRR B SR 8D 5 Rof-npde s ns b RsRRIgR 00098,
for asseasdaly Phé BiheSBb $SMbilFy pireABtelBiobiiRa it sdlvéﬂ@ &hél fford f6lar that
separations of the current invention. See generally John Burke, Solubility

Par anet @ob/entrHl&lnrsyhtbﬂdyApmme@@ctfpmmlxtnres)fmsp@@@advm is deternpEr EROSP

| NTERNAT| ONAL

htt g2/ / par® ﬁg\l@%%%"?é%e ofihesd “‘%IHEY/%%{B?’“F.T/ Yl individusl solvents i the uXfIS | i1ty
par amet gWwsighted aveprapé eﬁﬁ@dn@isldﬁhm@l@hcb Bymcemﬂa)t iFoR akartiplef SinylActaten

nmega- pascal s _(one neg ascal is 1, ascals). The hlgher t he
sol ubi | .(@glulph?ymmteh ]Jcl)aﬁnédnfw‘ﬁbl’lﬁﬂb}’l §6‘I°U@ ubel% PRt SITAD-3) IeaR be

I t
501 Vet Op PRt B3 AREl ok Oy OtAHAE e EIBOL SrRLUER e
i ndi vi dlﬁﬁéta&((hcﬂ&lﬂllﬁj panarhbier m“ mn)r €Thig miitgletvesh]dlisreaieilaf fuhbitonatit) toi ethdl
sol vents by vol ume). For nyl ace at sol upi ity paraneter of
17. 1y aﬁﬁet?ﬁ?tlﬁy}e S@P‘F’Fﬂm%&tﬁ E’%Pﬁ Ini“’tta]?"dtﬁ %?enbmvi@l can be m xed
in equal por tSo‘PJbﬁf ttﬂatydlﬁhdslgmﬁein 12,% Oy ﬁar&metiar m@na%& ﬁ&d iHAkAd ¥

paraneter as ethy acetate (solubility paraneter of 18.2). This m xture
woul d hadeeulsstaritially 1rhtmsmblan5he tifferant pohyltlesl(sf the sulagrds ane aﬂstme:rﬁ:leplapether ons
that ar t he es i pventi on. . Sol vents th d| ffer
St oni 1 CaRtpyRish of BadlFrd B sl barbeaPhRPRRen o M RE e bt

subst antid ghlckily aWifey Bystem SPEvelpidsed, 80t oRBLAE tdrhAS, ?ﬁatérﬁ@rys&bVQﬁténﬁéﬁi al SO
critical to the fractionation of dissolved material between the phases of
an i2fm deiadyantagspydyuseltosepargtelspBiplaxgnixisesdal |y a binary system of two

phases, but  Qf,GQUFS Smb&iRA Y o sONBhE M atritidh ifito 2 SMGIE PRasE AP a similar

polarity and less polar impurities will partition into solvents of similar low polarity.

Generally, the substitution of a chlorine group for a hydroxyl group renders a compound less
polar (for example, the solubility parameter for methyl alcohol is 29.7, but the solubility

25  parameter for methylene chloride is 20.2). Therefore, tetrachlorosucrose derivatives are less
polar than sucralose, whereas di- and monochloro derivatives are relatively more polar.

Therefore, in the methods of the present invention, one skilled in the art using such

known solvent polarities and solubilities can select a variety of solvents and solvent
combinations to effect a separation of sucralose from impurities. For example, a difference in

30  solubility parameter of about 20 units, and specifically of about 30 units, between or among
solvent phases is contemplated in one aspect of the methods of the invention to produce the

desired separations of sucralose and impurities. The Hildebrand parameter is empirical in
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20 be advant ageously used to separate conplex m xtures). More polar
inpurities in a solvent will partition into a solvent phase of a simlar
pol arity wWod3leas3 polar inpurities will partition into solrggnised/ede2si m | ar
| ow polarity. Generally, the substitution of a chlorine group for a

hydr oxyl group renders a conpound |less polar (for exanple, the solubility
paraneter for nethyl alcohol is 29.7, but the solubility 25 paraneter for

met hy| eRatuehpad beredion chetmiopl theppribeay ke divided i fapoeipp@sat etryat i ves are

| ess pok: . r ha :gﬁﬁochloro derivatives are
reIativg+€&%%?§ﬂ%%#§92&%ﬁﬁgf%?g$ggﬁfﬂb?ﬁg&%£t ds of the present invention,
one skill ed iUtilizhe Bildchisidgrratetbrsias @uites @nk ety gpdeavor to eiflizentbrevémplel i ti es

can select a variety of soqlvents and solvent.  conbjnationg ta effect a
Separ at HH® 1V Ut FelGSLaF R P PET48) RO NERAIRG Tigh MNP LPGHERSHA 30
sol ubl | o padiadet ?{b)Q)fne 20QUt with ADinkEmedRe S%Hﬁ)@lﬁtgl'pﬁ@alrﬁéferqf‘in@é?&:g!&itaﬁg units,

bet ween "or “anong solvent phases is contenplated in one aspect o
met hods soffveniti) aind (@ e solvent witloa lnve selhlityfesimetdr Stpaselvemils of sucral ose

and inpurities. The Hi|debrand rangter..i s irical .in 12 WD 03/ 076453
PCT/ US03/ 0663 7" CHARIPe™ %‘E‘&%&%@“&%&‘H&%&?5&%‘?1%‘:8?1??“?1{1% AT W ded 1nto
thr ee C@xﬁ?@r@@é&twﬁlﬂ_ﬁ fie _§olvé1€i!vﬁ[l%!ﬂ%bt\/tﬁe ﬁ@ﬁﬁ&,ofmb&ﬁtiéﬂégé olaBar yudfadgsen

bondi ng force). Utilizing Hil debrand@garam&ters as_gui des, aone may endeavor

to util iinte the low sokemmpped provideasn isfrpedtitts solvervike highes 18HO PESHERBIDRY: (a)
one 180| Yl%nﬁuv%stlgss o?a{rqg > lcf'!il%sle' %Sﬁeglé@%fag{ion f e?ﬂt%eﬁ%’cg g&kfe twitlPthe 0N
sol vent PR an At ennedl at e sol ubi 11ty par anet er Irnterned ate sol vent"),
and (c) hosesob@iny il effedt thtrhGiér SO itpiritids yngrapalaetlen s(érhlvee fnd deritigh . For
exanpl e, an extraction of an internedi ate solvent containing, sucral ose and

i mpur i t isekyenangd providear Bitaardialg $qlvent palke higher patig Qb supralgseitogapytitiess | ess

pol ar t'ﬁ%}eﬁt}&?ﬂhﬁ%ﬁcmio@%o the | ow solvent and provide an internedi ate
solvent Wth a higher rafio of sucralose to 10 inpurities |ess polar than
sucral ose. ASimdartyl apxxtractidnosf adbwtsobventtontangidg av@alosd srehimpirities with anhi gh

solvent wll effect the transtfer of.inpuritigs re.polar.than sucral ose
"t 05t ham gt P EH AR 6 Pelgctts DRHESF HERe e BV BRI i gher
ratio ofsoREEY AdPeSvili@ah MMl ®Sso1 VM SitBQ! BEhdr RAb SREGEANRS S0 inBhuiTitleBNésy, an
extraction of a’l ow solvent containing sucralose and inpurities with an 15

i nt er negokrr hagshoraitsewdl decerid exdractioreoistbe gdenmediate splvdng wilfthe bighspbisat i nt o
the inter. i at solvent. and..provi de,an, i ntermedi.ate sqlvent. wi.t h.a higher
aci o of Daded Be uRR o BLR Pl A Dt Bl bt Mo

ext r act ipgsvi@d arl MerimRbRENRIVRt &ithQh\eRbasel HiotdTeudradie soinvRiities Wiokrd p&thf ect
the transfer of inpurities nore polar than sucralose into said third

sol VZént thgmgpucralose.

The extraction steps used in aspects of the present invention may employ any of a
number of available technologies for liquid-liquid extraction. These include methods of
agitation in a standard vessel followed by settling and decanting, continuous column
extractors, and/or continuous mixing and decanting. Batch, continuous and continuous

25  countercurrent equipment can be used in the context of the present invention. Examples of
this equipment include, but are not limited to, any Karr reciprocating plate column (Koch
Inc., Kansas City, MO), any Scheibel Column (Koch Inc., Kansas City, MO), any packed
column, any pulsed packed column, any bank of mixer-settlers, any bank of mixers and
centrifugal separators, and any centrifugal counter current extractors (e.g., extractors

30  manufactured by Robotel Inc., Pittsfield MA).

Indeed, a variety of extractive approaches may be advantageously employed in this
invention, and the scope of the invention is therefore not intended to be limited to a specific

configuration of equipment. Furthermore, the different process steps described herein (first
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provi de an internedi ate solvent with an increased ratio of sucral ose to
inpurities nore polar 20 than sucral ose. The extraction steps used in
aspect s owotobe7qasesent invention may enpl oy any of a nuniper/ush3/assal | abl e
technol ogies for liquid-liquid extraction. These include nethods of
agitation in a standard vessel followed by settling and decanti ng,

conti nuous col extractors, .and/or continuous .m Xing,and decanti ng.

Bat ch, Wﬁl%gﬁngk‘ﬁar? o(fgtm ﬁﬁﬁ@ﬁ?cﬁ@’ 88% ﬁ?cé)fa@ ﬁ?‘?aecﬁltong]a]ﬁ? Bﬁ@ﬁ]jtfor(r:%{% Be used in
the congigxtenPiedsbig oPpREGIGT éq&ﬁﬂ[&ﬁ.oﬂheﬁé@x@k%ﬂ AAfthest Bieps BAYbHE Febrohdic| ude,
but are not limted to, any Karr reciprocating plate colum (Koch Inc.,
Kansas iBithy satOygsselroy, iBeleghipeispecty, imany(kderterisieultangayidas City, MO), any
packed colu an ul sed packed.cal jxer - , any
bank of mi xefgé %Wﬁéio%é?ﬂe?efr? Ognglc’%g‘léﬁloegrb t'87 fsn%ﬂéﬁgf%gﬁﬁ%Eéﬂr?tﬁ%?wreﬁglatvg‘lé%ﬁt er
cur r£nt ma¥ bk atoBcrate® irto a vaxttydE perduc30 Suetnpifodatts irethdey biRebohet linhited to,
Pittsfield MA). Indeed, a variety of extractive approaches

dee, y_ be
advant abRYSTREES: CORPIRATIOR SMSCIERFLS, CONFITRET PEYHICtSaFMeqisHeT Qfﬁﬁiﬁétsotgﬁ?h%pr%vent i on
is ther r tor : 1M b Eak Fquration of
equi prreﬁ‘?'.g' Eﬁ?@%énrgﬁ%@hgﬂgﬁ 13 F é’?@%ﬁgﬁl %@'gg?%it p%fetqil’eensc%?li@{)éé ’ herein (first
13 WO Opiidibedadic AEhnRRions 62.5. Patettrast 644 3,38,k 8ES M1 5,398696] which are
extraction, and second extractiqgn) . b erformed.in different, vessels
or pi ecBYPrEEhEREIBREARI DyEIPS: G%Fé‘fﬁglapéﬂ%’ _ ﬂ?eﬁlgE 1@?%5%08%?8‘@@'%& f or med
in thie AR NETEl 1 Mo, whLICS bkt PEREpbfated By RRMafedRfcif), seblbirnaneous! y.

The sucral ose preparations obtained by the nethodol ogi es of the present
i nvent i compositiynst(E.S. Matanp dioa 6. 880,40, ovhichyisreixpregsly incernedated BY refgieAcdr oduct s

cons ume PR roL ot TSR BFmt iR, 6 BB TR i G h ra B T A
6, 277, 4Q&eimphifidly SisRxdpi A% phatisRiiel abfde BinisqUes. et et 887,759,

phar maceuti Cal ~ conposi t onsgéu. S. Patent Nos. 6,258,381; 5,817, 340;
5, 593, 69®ichvifpxpressheincesporated by referernedsraite Bevsyagecpasaiates fRrmedisinal api d y

absor bed |i gui Wi 140: P 5 i i
cxprossl YR ST sy 2 raubpis Bp RSty Mtoptad pE el teh]
(U.S. Pagigents plearnbcOfRakéibpensting (UISs Petenir Nss 5)658194 6y o2 B0 S0 % 7er ence
herein), dental floss (U.S. Patent No. 6,080,481, which i. xpressl

i ncor poPat &458y5,2 &3.63 o fiich g cpisysly %W&We@i’%feﬁqr@w‘;}q‘?@’ S(HEI’SH?@@%t i cal

dosage ?[g_rnsggat%ﬁjc Nos. ;§§9§I§88!\@,276’,0%7, vhidPare e%ﬁiegi'y in%oﬁié?a[t@cfﬁﬂl YeférBRQy por at ed

by refe erein), beverage concentrates for” medicinal 15 purposes (U.S.
Pat ent hereind, 16jtdd B@R entndte chmpesigopr(EsS [Ratdnh dNor p.3B4BEL vidyich sfexpresglg her ei n)

ngggug. Qlaprorrraatgf g§/ Irec erlengeuﬁé%eelrr} ,Iagg %tagilﬂ'zesd soegfcea@}d s%l?u iong (ﬁ? Pgt]érglf Ng.’ 621, 005;

5,354,902, which is expressly incorporated by reference herein). The determination of an

acceptable sweetness of products of the present invention may be accomplished by a variety
of standard “taste test” protocols known in the art such as, for example, the protocols referred
to in WO 00/01253 and Shamil & Birch, 25 LEBENSM. Wiss. U. TECHNOL. 192-96 (1992),

25  which are expressly incorporated by reference herein.

The processes of this invention may be advantageously incorporated into more
extensive processes for the purification of sucralose, where additional purification steps are
employed before or after the extractions described herein. Further, steps to assay the
materials of the extraction steps by HPLC or other methods in the art may be incorporated

30  between the steps described herein. In addition, additional steps to purify or concentrate
sucralose-containing solutions may be incorporated between the extraction steps described

herein.
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5,374, 659; 5,272,137, which are expressly incorporated by reference
herein), fruit spreads (U S. Patent Nos. 5,397,588; 5,270,071, which are
expr essl ywprsorqass at ed by reference herein), liquid conc@ornso®06627
conpositions (U S. Patent No. 5,384,311, which is expressly 20 incorporated
by reference herein), and stabilized sorbic acid solutions (U S. Patent No.
5,354,902, which is express i ncor porated by reference herein). The

det er mi N&’@S%Ba@ﬁdﬁﬁtm%%Meﬂ{ﬂ% sweet ness of products of the present

i nvention may be.a lﬂeslh%ﬁe %b@dlﬁféht 8%3)’11%{1 11%1’&1{’&;%%% Sive' A f8hSa bERE

protocol s known |n§tFE %art Fotocol's re &rred to
i n WO 0pfeBd@5dvemtion Shehioiin. &"nBt raqﬂreouRSudrﬂBEé\thdﬂ/ H®. m:ijz belfe@hiNolliquil®?2- 96

(1992), .25 whi ch are express cor po by reference herein. The
pr ocess HgUigrextigsier YW@H%@O‘?’P@%?{Y @%e%w@a dYQlnei ol ey, g%‘reé%t"éﬂl 3 1318 ofor e

ext ensi Yo RNors SRy afceratet e&iérsbfdti%ﬁ} mbuafmgxgrr@.L,rﬁéﬁgoﬁreﬁro?r&ﬁﬂaf' onal

purification steps are | oyed before or xtractions descri bed
her ei n. skExalobemay bt eqnamtad veidisthy 1¢sk @olamathst acatm gifearh200p wiula clid majositye@S by

HPLC t t hods j th t d30 th t
Hosor | pEuGre RN R Sy Vol B D S PR e D Pl Gl e o

sucr al 0ﬂﬁ:‘&l@ﬂh@btﬁie%e&ﬁ'l@bh@%d%k@@shwQﬁthﬁ%téﬁ 8 HSﬁé&@in‘e&u@%aﬁ%&a{sﬁ&t Ion
steps described herein 03/ 076453 PCT/ US03/ 06627 Vessel Based

Ext r act 2o% tavsconsd ap@r@rduahglcmioaﬁufgun@thyl aqstase stndsot2 ¢k nkhedessgpalarqui d- | i qui d

e &t ol B O Ry P B e NG MRkl EORRanel BB e 10,

and may bey fomlidigiet agustut backwish 808 oy betcbitbir@detidi e ifilstaqiidius @olfiolirabout
1: 3.5 (ethyl acetate:aqueous solution). Inmpurities and a small portion of
r esi duaPauidgliquid seteactarvesss! | dhoinseplogetAay %eﬂt%?dﬁéln&reﬂéﬂ RYAtataclet at e stream

200, wh in

i qui d- PrampS i ge bl 3 GHShBU I LSRR oS BRI AT e o
200 nay vk bbaeksestet the ﬂdss peltesthylnceofted shirai ﬁ)@uﬂﬂl&e hmkpa]ahmmmrﬂﬁ@ to
recover any. re i dual from et acet S 200, The, | ess

pol ar 16 |a€§e(ﬂjﬁ)1’%fl ?ﬁ@ aﬁ?fﬁ@éﬁ%? @VE £ heddpiistillE ot at e
sol vent 34 E@ﬁﬂo@@@esnﬂ?aﬁvater 80y pfe@é’fﬁ'lﬂ'ﬂﬁg; ﬁgﬁieqiﬂl%f RacKuaRR: R0l BRYyDE
conbined with the first a&ueous solution’in iquid-liquid extractor vessel

150. Sueecitte searmay0®magsbe attoecdyali@limg 480Hx0m a/d,f\ecﬂmuelﬁeﬂ @rystaélmdpu@alqscn a
t t 3 bout 4:71 eth tate to
tcr al ogud Wthoteied, Sadiddbpiiphye S B TG et Wb Ll g Bl s oo,

and the nore polar inpurities 15 remain in the aqueous phase. Ethyl acetate

solvent stream 500 may then be fed to distiller
20  Column-Based Liquid Extraction Method

Figure 2 depicts another embodiment of a liquid-liquid extractive method. First, the

aqueous sucralose solution with impurities 1000 may be fed into the first Karr column 1500,
where it may be combined with water-saturated ethyl acetate 2000 in a ratio of about 0.35:1
(ethyl acetate to water). Two distinct phases may be obtained from the first Karr column

25 1500: the aqueous phase containing sucralose, and the ethyl acetate phase containing residual
sucralose and impurities. The ethyl acetate stream 3000 may be introduced to the second
Karr column 2500, where it may be combined with water 4000 in a ratio of about 0.7:1 (ethyl
acetate to water) to recover the residual sucralose. Again, two distinct phases are formed in
the second Karr column 2500: the aqueous phase containing recovered residual sucralose and

30  an ethyl acetate phase. The aqueous stream 5000 from the second Karr column 2500 may be
combined with the aqueous phase from the first Karr column 1500. The less polar impurities
may then be purged from the system with ethyl acetate solvent stream 9000. The combined

aqueous stream 6000 may be introduced into the Scheibel column 3500, and combined with
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350 to renove residual water 600 present in the system Purified sucral ose
in the ethyl acetate stream 700 may be fed to crystallizer 450 from which
purifi ed wowswad4ss zed sucral ose may be recovered, and anpCTArsas/MieaT
inmpurities are removed with ethyl acetate solvent 800. 20 Col um- Based

Li quid Extraction Method Figure 2 depicts another enbodi nent of a
liquid-liquid extractive nmethod. First, the aqueous sucral ose solution

wi th i mpt eeeiate T0bn At f pant Bitt (sthivhacetate:statorhr Fhecpipiase foopthe where it
may be i i - I i i f about
0. 35: 1 “ORrhy r coth RS SALHAIE (RN neR Bl Skl Jobh Tl BiRE Trom
t he fir stcriflase indbé ethyl Kstaid@kant $000angaseioaifed pinaske costhitizen 46)0stoan athdsde, and
t he et hél .ﬁc tataf'1 %hase cont ai n& ng residual sucralose and inpurities. The
ethyl a@BTHPESUEFRER0RRHAYBE i ntroduced to the second Karr col umn 2500,
wherg it may be conbined wth water 4000 in a ratio of about 0.7:1 (ethyl
acetate to water) to recover the residual sucralose. Again, two distinct
phases are formed in the second K&EXAMELESn 2500: the aqueous phase
containing r vered. .resj dual. sucral ose 30 t hyl acetate phase. The
aqueous str edmkopoiE HebRtioddbidRarkaEg Bt Dell g P e Bebi ne i
t he aquegiesdinhaseribtiom dah atifitd the pketesit i6®dntion td ER2Fulldd exteRtS STHRRIbRSWing
inmpurities may then be purged fromthe systemw th ethyl acetate sol vent
st r eam 98@EPleT#is ilesistive enly adpdanst imtingekihe ooneindsy obéhd %@qlm@oanwzw t he
Schq%bek,%%b 3500, and conbined wth 15 WO 03/076453 PCT/ US03/ 06627

et hy acéltate 000 in aratio of about 3:1 (ethyl acetate:water). The
sucral ose fromthe aqueous stream 6000 will be transferred to the |ess

pol ar ekg%l acetate 7000. The purified sucralose in the ethyl acetate
stream BPl&ibe fed into the crystallizer 4500 fromwhich purified
sucral ose ma e ,%;ﬁfé\@? -\ i it is
bel i eved thatA %ﬁgﬂ%&%}sﬁ%ﬁgi{:ﬂ the ardtrfo%é%%lﬂ%ﬁtgaﬁgégg%gﬁeﬁ%? g@?ﬁeg?fon, can
ut i | i zepteveoushyedisnosed pyasesses fortsynthigzihg lshaslosexfane.g., The. Havdut doi. ng

exanpl e Ll Lustratiye onl and not |jmti of . the renpi.nder of the
G 208 osar28iTb i B abod FeRfoptue BSet Sivenfifhd GO BEEMGEIRLEMES G

cont ai Niedkyladdd MdSstdafPittippddard reRBy Py hRIHYER ¥ mAle ReBiRingdfom ML Vi ousl y
di scl osed processes for_synthesizing sucralose. See, e.g., US. Patent No.

15 5, 498hlpoatiqniepgiionntidés ieaHteddn an heusoreselntion eandaining sucraloge, gesidul
sucral 0%&1&8& lsﬁ(c%l'oé’e? otiR? halogenated sugar derivatives, and organic and inorganic salts.

This aqueous solution was introduced into a vessel suitable for liquid-liquid
20  extraction, specifically, a linch diameter by 12 foot tall Karr reciprocating plate column
(Koch, Inc., Kansas City, MO). The backwash was accomplished in a 2 inch diameter by 12
foot Karr column. There were 2 foot x 6 inch diameter disengaging sections at the top and
bottom of the columns.
The columns consisted of glass tubes with stainless steel plates with 3/8 inch holes
25 supported from a central shaft. For the extraction, starting at the bottom of the column, the
plates were spaced as follows: 1 foot at 6 inch spacing; 2 foot at 4 inch spacing; 1 foot at 3
inch spacing; 8 foot at 2 inch spacing. For the backwash, starting at the bottom of the
column, the plates were spaced as follows: 2 foot at 4 inch spacing; 2 foot at 3 inch spacing; 7
foot at 2 inch spacing; 1 foot at 1 inch spacing,
30 Agitation was provided by lifting and lowering the plate stack using a connecting rod
driven by an eccentric.
Positive displacement pumps were used to feed the extraction column and to empty

the column bottoms. Water was supplied to the backwash column using a control valve and
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deacyl ated and steam stripped to renove any di nethyl fonnam de renai ni ng
fromthe chlorination reaction. This resulted in an aqueous sol ution

cont ai ni yoYwr@EDse, residual acyl ated sucral ose, other phalusggo@meed sugar
derivatives, and organic and inorganic salts. This aqueous sol uti on was
introduced into a vessel suitable for liquid-liquid 20 extraction,
specifically, a linch dianmeter by 12 foot tall_ Karr rem(glrocati ng. pl aie

col urm Towrgaster. | Fee °°1W<&ﬂ§¥§rh€§qsw ergedlowethio qysElanaoHnERe é@dﬁ‘&‘isi na?2
i nch di apetatcRy b;lgary{rfgo&l R% ra&@k&ﬁfégltéqﬂﬁﬁnw ees%nft 1&81@0 tﬁ@ Boih ter

di sengagi ng sections”at the top and bottom o col ums. e col ums
consi st bdttarh dgdeaggﬂgjmaom t Thestppenings facs tvae hotpdoatreBedyibtthwagd ﬂlelchcd]frtmnl es
25 suppgp;ted froma centr shaft. For the extraction, starting at the

bot t om etﬂém%eod ﬁﬁ‘ﬁtra‘?lﬁ pI ates were spaced as follows: 1 foot at 6 inch

spackng; 2 fqat agheohs kolatos Ras bngacted wiIRh vakum? oflelfil a6R@6 iMgrat dfoes.5at 2
i nch spacing. For the backwash, starting at the bottom of the columm, the

pl at es ¥wihe @p@mua@lsrsomt@m Abtheughta partian Pﬁllilh sgcga]@smgas ransggredantoghp nc h
sacm, 1 foo itation
o pr ooLat e pise nRE s PAGsP I s o Besd D SRARL Besc i, {201 P04

driven Mpml@mr}blhbeed Wik ltlid e\ﬂﬁ)yldilcStBieaCIQlIﬁBﬂIe mqaﬁ@z ofeli@sutsstosctrembigdn t he
extraction colum and to enp t he col umm bottons.. Water was supplied to

t he bacKifeasioew soiionsilhg e&wé é?ﬁt%té phasgireeovaied frong thigfirssexivashgn is
PCT/1)S0g/, %@%Zed{v H‘%a‘?&é@'ﬁ sepaP?ce QQtlr %Ve g%gsde?(t%ﬁcﬁi 1@1{0‘%@? shiskeal f 1 ow
e

to |nterrre anks ntr varying the flowrates to
mai nt ai pottiva dfmlhe&mfcm but ﬁoh&ennqbdhﬁes;frotrhtﬁeeﬂiyhmtat@nﬁm timadlhsmgﬂlgi;mg
section The u i nt erface was not controlle but S rom
e o e RESeaE SSRIPRNT (HEREd VS 18 caquBsdor Sbihergiabied G FALOSE w t h a
vol ume ¢f.qelhydiicacetate in a ratio of 1:3.5 (ethyl acetate:aqueous
solution). Although a portion of the sucral ose was transferred into the

et hyl acet at &hpHelievidgiehly It progidex theayeiage amaulprqfry@musanwahys @e@qﬁ@t

e 1o D1 e B Prart PRIDS FlmtR e PR Rttt OB G P SR e oy

acet at e cpPESRA RO \W§ ELTadtioAMAIVinS td feb§ batid*t 0.966 11 @R a BIutdfiBabkashed wi th
water in a separate extraction step. This extraction renoved a substanti al

por t i onbaskvase: weier @l foedratipyt 0-Ade 1one somafrpq basis; cf tepweraiEceamientiset at e
to th h d
:M” tﬁ thgo@%&g@%r&f g@ valugé‘gregﬁpl%gﬁ a§QleleulIa't1 rac%%!fﬁﬁ&uﬂ%rés%'}o‘fﬁé‘b' ne

mass of sucralose present in this phase. The impurities demgnated as unknowns are thought

20 to be undefined chlorinated sucroses other than sucralose.

Table 1
Impurity Ratio to Sucralose

Unknown S 11.7 0.6
Dichlorosucrose acetate 0.7
6,1',6'-trichlorosucrose 3.5
4.,6,6'-trichlorosucrose 1.2
4,1',4',6'-tetrachlorogalactotagatose 35
4,1',6'-trichlorogalactosucrose-6-acetate 0.4
4,6,1',6'-tetrachlorogalactosucrose 10.6
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The follow ng Table 1 provides the average anmount of various inpurities
present in 15 the ethyl acetate phase remaining after this extraction had
been opt iwDaa@764¥he conditions enployed were: a) extractiPom/ussdbasent to
feed ratio = 0.3 to 1 on a solute free basis; b) backwash: water to feed
ratio = 0.9 to 1 on a solute free basis; c) tenperature: anbient in both
extractions. The values are expressed as the ratio of the mass of inpurity
present to the nass of sucral ose present in this phase. The inpurities
desi gnat ed as unknowns are thought 20 to be undefined chlorinated sucroses
ot her than s%eaiadmélydra'ﬂ%acmraoositionmfrthetgdgﬁm isecralosSindutadowas abdnk HGO%S 11. 7

0.6 Dichl orpsucr. ate 0, trichl orosu r,ose 3.

6,6 " SpPeRRe 2 e BEEhGL Soyrsind vt e RGP SR AR e wBacbe 5 s
4,1, 6" “THeteFbMeOthe Gt P61 RSHISRIE afy HARE @l 1r£7)pohty in this solutlon was greater than 1.
4,6, 1 6'-tetrachl or ogal act osucrose 10.6 17 WO 03/076453 PCT/ US03/ 06627

The éar RsHyanate Tablsdotielesmobr ippreritéssi(be-nile teirchlarogerivatives don4vets about
50-60% Sc&?:{}cﬁio?é%allac%t%%h ea.nk?%l @?%e}egﬁ%hfec%?%?wkﬁ@& ghéu%ﬁ ﬁléﬁg' 111’[('3I i

noted in hérefo ¢rarose t
i ndi vi du:aaﬂyl aogate iphysel IAlt;dsuﬁsl ,'ﬁOtrlﬂhl(ﬁ)diBuWG giargidibey intds 1dss polar Beiser rDhﬂg to
Table 1, the .less polar inpurities the tetrachl oro- derivatives

4,1 4", "this 1@1@%%}3%9%6569 &%ﬁv&%@@stélﬁ@l portion of the less polar impurities from

4,6, 1 qheglﬁgg[lgge%gﬂggal actosucrose) partition strongly into the ethyl
acetate phase. Also, 6,1 ,6"-trichlorosucrose partitions into the |ess

pol dp phase Tﬂa:wguequt’.lpsodmt streim Emtrthe eitowtisemastheh extracted with fieabsthaht i al
portion of ur.i,ties from the_.s Ioe Iutlon 10 The

P ueous BraR e sCrRb e Er ol P iR B e HE o PB0 P HE L FRB o
ethyl  ag@icahRed of B1 St AR MAFSE bedsOll fol iHaM:drabiiSitis Ieaﬁ f&?ﬁrb&'ﬁn with the
ratio of ethyl acetate to water in the range of 3:1 t One swtable
vessel feairagtiongeobyan ahis gktrpagion sped ta waisfr élmeamiamglty @ﬁ(t'hﬁ a@ctralom otd hen.  Thi s
extractiy f H sucr al 056, 1 nt 0. et hyl
acetate agggt%gﬂ}}g%haﬂ@n@?eﬁ 068 gfr?lr T UEtjmrt]ie |¥Se‘§velags weI'TOTEEME R Srﬁ%’?ﬁﬁﬁ i% salts

r emaks nedhe Mutbud flasaqussie g ppidaes. thd avdrgpeZaniu@y begicub empvieiegemainigih of
various jnpurities remaining in the aqueous solution after extraction. The
val ues éﬁl"ea%lﬁalﬂ%@élewna?ﬁer Rerackiono The valies are §xpregsed as the ratio of the mass of

impurity present to the mass of sucralose present in this phase and reflect the averages of data

obtained over multiple extractions.

Table 2
Impurity Ratio to Sucralose
4,1'-dichlorogalactosucrose 4.4
3',6'-dichloroanhydrosucrose 5.2
4,6'-dichlorogalactosucrose 32.0
1',6'-dichlorosucrose 9.3
Unknown G 5.7 0.4
Unknown H 6.0 0.5
6,6'-dichlorosucrose 0.9
Unknown L 7.9 0.8
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I mpurity present to the mass of sucral ose present in this phase and refl ect

the averages of data obtained over nmultiple extractions. Table 2 Inpurity

Ratio to Sowmsat@se 4, 1'-dichl orogal actosucrose 4.4 PCT/US03/06627

3',6' -di chl oroanhydrosucrose 5.2 4,6'-dichl orogal act osucrose 32.0

1',6' -dichlorosucrose 9.3 Unknown G 5.7 0.4 Unknown H 6.0 0.5

6,6'-dLchLgLgsucLgse_0f9__Lhkngmn_L_1T9_QT8_48—¥m}Q3L016453—PGILUSO3ﬂ06627
ify Ratio to SUBPHIWse 4,1',6' -t1ichl or osuR#HsE Bctlosgnknown Q 10.5

| mpuri t |
0.8 The results in Table 2 show that sucralose is selectively renoved to

t he et hyll'&eteichloeosuptoase, | eavi ng t he|&fueous phase with a nuch higher
proportion of the nore polar inpurities. For exanple, various dichl oro-
deri vatipikeowRa@ t06ul arTy 4, 6" -di chl of ogal act osucrose, 5 constitute fhe
bul k off the halogenated sucral ose derivatives renalnlng in the aqueouys
phase. —Thus thrs step achi eves a substantial _purification of sucrafl ose
away fromthe nore polar inpurities The ethyl acetate solution of

| th tilled t
Forove T s, ddde i g aon i sicteBrt RS ronE bR a8
crystal llaha&dma&ﬁgftﬁ@ﬁqdebﬁs Sl Wit médhyis bidr |pkc¥;ﬂ>§*t'1&ﬂoﬂ’ﬂﬁé nfoR€ polat mbpRitidy.

concentrati ng thé solution as a result o }Rgoratl ng a pOI’tIOﬂ of the
et hyl adier axamplesvasipus dichlarerflerivatives) partioparl ﬁnﬁllallﬂomgalﬂﬁ@é\wgﬁ or to

CryLal et @n IEARLHIROKEL: LNGLAlE Al REYShabL AR AN b, Pur 1 1Y

of t I|ne sucra a ne

sucr al osrems ﬂhslbtb acldbieianebstiiytiah pludfidation d€ arydlade maydfrora tife frorecmtlyn
precursor and subsequent neutralization was introduced into a Karr colum
Wi th animp@dliefal dianeter of 42 inches and an agitated height of 50 feet.

Viat er - sat ur atggl e%ﬁ ket A 8bRLSn WRSucralose and remaining impurities so obtained was then

distilled to remove residual water present in the solution, and then sucralose was crystallized

10  from the solution. Crystallization was facilitated by concentrating the solution as a result of
evaporating a portion of the ethyl acetate, or by chilling the solution. Removal of water prior
to crystallization greatly improved the rate of crystallization and the purity of the crystalline

sucralose so obtained.

15  Example 2
An aqueous sucralose solution obtained by alkaline deacylation of a 6-O-acetyl

precursor and subsequent neutralization was introduced into a Karr column with an internal
diameter of 42 inches and an agitated height of 50 feet. Water-saturated ethyl acetate was
introduced into the column at a ratio of 0.35:1 (0.35 parts of ethyl acetate to 1 part aqueous

20  sucralose solution). Two phases were obtained from the column. The ethyl acetate phase
was introduced into a Karr column with a 42 inch inside diameter and an agitated height of
58 feet. Water was also introduced into the column so that the ratio of water to the ethyl
acetate phase was 0.7:1.0. The aqueous solution obtained from this backwash was combined
with the original feed and fed to the first extraction. The aqueous phase from the first ethyl

25  acetate extraction was introduced into a Scheibel column (Koch, Inc., Kansas City, MO) with
an inside diameter of 56 inches, and agitated height of 33 feet. The column contained two 24
stage separation sections. Ethyl acetate was also introduced into the column in a ratio of 3:1

(ethyl acetate:water). The ethyl acetate phase was removed, and sucralose was recovered
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introduced into the colum at a ratio of 0.35:1 (0.35 parts of ethyl
acetate to 1 part aqueous 20 sucral ose solution). Two phases were obtai ned
from t he woloanm4sThe et hyl acetate phase was introduced iPafrasa3/é@er col um
with a 42 inch inside dianmeter and an agitated height of 58 feet. Vater
was al so introduced into the colum so that the ratio of water to the ethyl

acetate phase was 0.7:1.0. The aqueous sol ution abtained fromthis backwash
was conBprdhe ety #petqﬁ@plaﬂsp §y serstalligationndabled nrevidessdaty e thedmpurties on. The

aqueous uced
o a NGB eI Bboryip b RhecT W R Bty Rk B o bR
di anmet edatobn He inpuiieiss reandniag i ficeadudiek ghiseaffteBtheferrhctioblia thoSehribet ont ai ned
two 24 stage separation sections. Ethyl acetate was al so introduced into

t he col naratio of 3:1 (ethyl acetate:water). The ethyl acetate
phasg was renoved, and sucral ose wastggegvered 19 WO 03/ 076453

PCT/ US03/ 06627 fromthe ethyl acetate phase by crystallization. Table 3
provi dehnpiatty on the inpurities presenﬂ&aﬂntd) Becrelohgll acet at e phase

r ecovered—fromthefirst Karr—eolum— C 4 IS4 ovdes data—oen—the

i mpur i tpél:,m?"gh‘gl ning in the aqueous phc@ after the extraction in the
Schei bef 17 6Ol J¥Mbrosucicid! € 3_Tmpurity Rafjiig to Sucralose Unknown S 0. 14
6,1 ,6|-trichlorosucrose 1.71 4,6,6'-tirichlorogal actosucrose 0.55

4,1', 4| 46, G’ﬁnchlanighkacmgwdrasﬁ ot agat ose 2009

4 1' 5 aroaal acrt nanicr nan 0N A o 1
026 54,0, I

6 -tet rﬁéhf”o@o@gﬁ‘iﬁ?@%@?@%a@g%z u‘\IJ';E)ICQ % | npurity Ratio to Sucrose

4,1 - d'ght ot 9&?&&3 Qg&gg&gﬁﬁeg aé%tatef' 6 [pdigchl or oanhydr osucr ose Z. 84
4, 6' di chl or ogal act 6sucrose 13, 6'|-di chl orosucrose 4.32 Unknown G

0.00 Unkﬁd\i\ﬁ’-ﬂdt@clﬂarogﬁl,a&osm«)ﬂel or os ucr 0Se840. 40

Table 4

Impurity Ratio to Sucrose
4,1’-dichlorogalactosucrose 1.79
3',6'-dichloroanhydrosucrose 2.84
4,6’dichlorogalactosucrose 13.90
1°,6’-dichlorosucrose 4.32
Unknown G 0.00
Unknown H 0.28
6,6’-dichlorosucrose 0.40
Unknown L 0.47
4,1°,6’-trichlorosucrose 0.12
Unknown Q 0.04
4,6,6’-trichlorogalactosucrose 0.02

Various modifications and variations of the described methods and systems of the
10 invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection with specific
preferred embodiments, it should be understood that the invention as claimed should not be

unduly limited to such specific embodiments. Indeed, various modifications of the described
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Unknown L 0.47 4,1 ,6'-trichlorosucrose 0.12 Unknown Q 0. 04
4,6,6'-trichl orogal actosucrose 0.02 Various nodifications and vari ati ons of
t he descrwbadionashods and systens of the 10 invention w IPCThSo0sp@ar ent to
those skilled in the art without departing fromthe scope and spirit of

t he invention. Although the invention has been described in connection with
specific preferred enbodinents, it should be understood that the invention
as cl ai modesipsghayinsoubthe igyrtipy whick are eppasers i thospedlled o therddianent s.

| ndeed, i NS 1.ans i hed 20 WD 03/ 076453
PCT/Usogygg%gggbggg%%i?%%&ﬁg?¥$$%Shgﬁﬁﬁﬁﬁéhghvention whi ch are apparent to
those skilled in the art are intended to be within the scope of the
following clainms. 21 WD 03/076453 PCT/ US03/ 06627 What is clainmed is: 1. A
met hod for renmoving inpurities froma conposition conprising sucral ose and
inpurities conprising the steps of: (a) performng a first liquid
extraction of said conposition conprising sucralose 5 and inpurities in a
first solvent with a second at |least partially immscible solvent to
effect renmoval of the inpurities into said second solvent; and (b)
perform ng a second liquid extraction of said conposition conprising
sucralose and inpurities in a first solvent with a third at |east partia
imm scible solvent to effect the transfer of the sucralose into said th
solvent and the retention 10 of the inpurities in said first solvent. 2.
The nethod of claim1, wherein said step (a) effects renoval of at |east a
portion of said inpurities into said second solvent. 3. The nethod of
claim1l1, wherein said step (b) effects the transfer of the majority of the
sucralose into said third solvent and the retention of a substanti al

portion of the inpurities in 15 said first solvent. 4. The nethod of claim
1, further conprising the step of recovering said sucralose. 5. The nethod
of claim4, wherein said recovering step conprises crystallizing said
sucr al ose.

y
d
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ir
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6. The nmethod of claim1l, wherein said first solvent conprises water. 20 7.
The nmethod of claim 1, wherein said second solvent conprises ethyl acetate.
8. The mewbwedoodssxl aim 1, wherein said third sol vent conpPCIasozodeyt
acetate. 9. The nethod of claim1l, wherein the ratio of said second sol vent
to said first solvent is about 1:2 to about 1:5. 10. The nethod of claim
9, wherein said ratio is about 1:3 to about 1:4. 25 11. The nethod of claim
1, V\heréyhaté%iﬂé“ﬁéirlﬁorm ng steps conprise a nethod of extraction selected
fromthg gro [ o and
continu gu S C %8 f\nt%g{ra)?tf ?é fgﬁgwgg[ H‘%%%ﬂe?ﬁ&%% Jo%ﬁ%sﬂﬁ)ﬁ %gﬁlﬂg ldg ISE&%IO?& 54 ur t her
conpr i siimgutities cohgpsingfthe stepsvet | Ng sai d second sol vent after extractl on of

said first saglvent, ackvva%ﬂ%1 (?ld second solvent . with a new i on of
30 said first®@sol PEHPMESE Wslivrd merastion ahsaid parpposifoncomprismg Qs8N wi t h
the gonposi tiQA iapMMEdsSh agira%rv%hp@ﬁh a@el:ohmayreb;ﬂp%ﬁlan ? lﬁxﬁlwﬁe s§1%1¥t%t

prior to its extraction with said third solvent 'in s

03/ 076453 PCEfiggusmosaf thel Bapunitise irte spid sﬂzconéﬁvi\‘yﬁlﬁgand'rpurl t| es f rom a

conposi tion ri SI an a oI ut ucral gse and urities
conpri si ng tﬁgjns)t é’ﬁ ﬁ? ?@Li}%? HEe OI?PE?II(%‘??%S N () FPOﬂ of said

conposi ti on Ga&mIdss hﬁ&ln@ijhrﬂﬁslﬁpﬂﬁrst Sélvetitivath Dfhird e leabtQRaeti ARAminiiBeiblet | €S
with an at |east partially inmscible non-aromatic 5 organic solvent to

ef fect renpvaPlvent toieéfeptipeiprsferofithy Biozdoss istolspihthird selgreritsnd fag fetontipng a

secqpd |iqui deets F@%hhg& Ja1dsﬁ‘1's{j 0(19&]90& tion conprising an aqueous

sol ution of sucra (17 es with an organi c solvent to effect the

t ransf er2. of tmﬁrﬁelbdscabfxﬂam ntv(&l@andaﬁ@tepqw effaets el vileifanlcastia pirtiérher

|rrpur|t|es in the  aquepus phase. 10 14. The nethod of claim 13, wherein

sai d st &p (“élf’u’é?l?se‘é%ossa% #760% sQyenkt | east a portion of said i rrpurl ties

i nto saixd sol d

step (b)3' effg\hctggItl qttﬁéed ?Fr(gﬂlsf I’i)whe%é_in Sga%tejggﬁ)?%cgthgbﬁh gféslfjoc?rtg se | '([) (f;&llgal d

sol vent smrabwmtq bAid gl dolreent andetht rgtentoih of asubsttusia paittiop @f thedmpofitiedim

|rrp ritie f% E queous phase. 15 16. The nethod of claim 13, further
Pisi ﬂa e Vtegg recovering said sucralose. 17. The method of claim

16, wheyei n %le%éﬂ@&i)cvﬁléiﬁﬁl,%ﬁﬁ’er%@ﬂ%ﬁ%i%@%&ﬁéﬁ&ﬁ‘e&dv%hﬁg sSidisferapugr al ose.

-

5. The method of claim 4, wherein said recovering step comprises crystallizing said
sucralose.
6. The method of claim 1, wherein said first solvent comprises water.
20 7. The method of claim 1, wherein said second solvent comprises ethyl acetate.
8. The method of claim 1, wherein said third solvent comprises ethyl acetate.
9. The method of claim 1, wherein the ratio of said second solvent to said first solvent is

about 1:2 to about 1:5.
10. The method of claim 9, wherein said ratio is about 1:3 to about 1:4.

25 11.  The method of claim 1, wherein said performing steps comprise a method of
extraction selected from the group consisting of batch extraction, continuous extraction, and
continuous countercurrent extraction.

12. The method of claim 1, further comprising the steps of recovering said second solvent
after extraction of said first solvent, backwashing said second solvent with a new portion of

30 said first solvent, and combining at least part of said new portion with the composition
comprising sucralose and impurities in a first solvent prior to its extraction with said third

solvent in step (b).
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18. The method of claim 13, wherein said solvent utilized in step (a) is
ethyl acetate. 19. The nethod of claim 13, wherein said solvent utilized
in step (Wpmwe7@shyl acetate. 20 20. The nethod of clai m P8I/ush&o@kn t he
rati os of said solvents to the aqueous phase are about 1:2 to about 1:5.
21. The nethod of claim 20, wherein said ratios are about 1:3 to about 1:4.
22. The nmethod of claim 13, wherein said perform ng steps conprise a nethod
of extr3eti dhmedloddprreniqving lﬁrrréln@%ﬁglncﬁﬁmmsﬂwg COPPHSMERNAIRPSt | on,
Cont'”“%Uﬁlu%ﬁto?gl?ctrél%kan"i’iqg{puﬁﬁ#&ﬂﬁrérﬁ P{&ercurrent extraction. 23. A
t hod renovi urirties I'on conpri sing an aqueous

sol ution of gucr alpesibrrﬁmg a figetiliduid exstramapbf sdidh gorhpesitidreganmising @) aqueous
performng a fjrst quid extractiagn of_ said conp shtlonc rising an

aqueous  sol soluin of Sl BYITRELPTBUR Ab ALSaPERAK LB S PORAFANYI y

i mm gci bl e Or&%}ﬁl&s&% & Y88k rdiRoval B%El Eﬁnﬁésqﬂt%fsﬁfd Rivehfenimpurities into
sai d sol vent; p) performng a second extraction of said conposition
conpri si ng arb) aquedosniglaseconl lmquléwdrwtlosefmcwmmmmn cmmmsmgan organic

solvent to effect th]g%l 23 V\D% /0%3453 PCT/ USO03/ 06627 {1 2{? o) the
sucral ose i nt3gUEHsFOLEPE Of suckHAsS i IMBPHHES WK g7 OY&RRIc Sﬁt}’&P ct et he
aqueous phasegpankfe) otk saehioBdirtd Sai@EEIRRt Gnd ﬂie%%&htlb@ﬂﬁh@hrﬂﬁuﬁﬁé%ﬁh%@p (a)

wi th an aqueous solution to effect the transfer of the sucral ose present
in the or ganlaaumsﬁé%mto the 5 aqueous solution; and (d) conbining the

S 3] TR BN bR o o ARy B R B of o

23, vvhersgidrh@ahdegsmapsaﬁ@&ol%ﬂt@@ﬁtap(@m)val of at | east a portlon of said
inpurities into said solvent of step 2 The net hod of ¢l aim 23,

wher ei n Pai d Keapethed ob¢lpige {3, whesein lsaﬁ§ eér(bb?ffﬁtcféﬁethﬁﬁ?’é?f?ft%f th¢ majqsidy of

I tanti al
por t1 on 153 Mo SR i Bf i3 B sk lnc Bk of S BRI B PR T2l
23, V\herlmpnnﬂaldthdsaple(ms)plmkéects the transfer of a substantial portl on of

t he sucr res th ni ¢ phase | nto t he aqueous. . ,solution. 15
27. ¥he ed’fletﬁ?‘ili)#ﬁq% ?? d{“gﬁ“érco@gﬁﬁ% fh%j e%‘?"%*&“%fsalflél%‘bf\? Png said
sucr al 051(7 Zﬁre ﬂé’cﬁocﬂ@f &%h P@ \ﬂ{e@élﬂ‘sﬁameMQﬁﬁg ﬂeﬁ@érﬂpﬁs%g ‘éﬁ%fa'll%ng%a‘%@

conprises crystallizing said
sucralose.

18.  The method of claim 13, wherein said solvent utilized in step (a) is ethyl acetate.
19.  The method of claim 13, wherein said solvent utilized in step (b) is ethyl acetate.
20 20.  The method of claim 13, wherein the ratios of said solvents to the aqueous phase are
about 1:2 to about 1:5.
21. The method of claim 20, wherein said ratios are about 1:3 to about 1:4.
22.  The method of claim 13, wherein said performing steps comprise a method of
extraction selected from the group consisting of batch extraction, continuous extraction, and
25  continuous countercurrent extraction.
23. A method for removing impurities from a composition comprising an aqueous
solution of sucralose and impurities comprising the steps of:
(a) performing a first liquid extraction of said composition comprising an aqueous
solution of sucralose and impurities with an at least partially immiscible organic
30 solvent to effect the transfer of the impurities into said solvent;
(b) performing a second liquid extraction of said composition comprising an

aqueous solution of sucralose and impurities with an organic solvent to effect the
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sucral ose. 29. The nethod of claim 23, wherein said solvent utilized in
step (a) is ethyl acetate. 30. The nethod of claim23, wherein said

sol vent uwplBpedss n step (b) is ethyl acetate. 20 31. Thecmatsayabeof cl aim
23, wherein said perform ng steps conprise a nethod of extraction sel ected
fromthe group consisting of batch extraction, continuous extraction, and
conti nuous countercurrent extraction. 32. The nethod of claim 23, V\/nerel n
sai d ext r act iwansfar affhe suaseloseiatasairbscivent and theyetentiqn ofithe anpurtticg i thsm t he
group consi sta%lgﬁ% % Qs%tch extraction, continuous extraction, and 25

conti nuous co ercurréent extraction. 33. A nethod for rermvi ng

t et rachl or osy@r osexgastinguhelsrghnio Bokvestchiainie Hdmstupr(a) oitk anagaeonk| or i nat ed
sucrose derivatives in a first_solvent conpri si n%?%t racti&i?qst he sol ution

sucr al oséolaﬁan@ﬁ%@tmtmnﬁ%%@%u@ﬁlgﬁ%g@% {OrSAEC SR IR thE | east

partF]aI ly i ?éb‘u?%&uu&?”anﬂr omati c second solvent to effect the partition
of t tetrachl orosucrose conpounds into 30 said second solvent and the
retention of (hhe sombélingtheiaquemisdolitios so sbikinedn stgp (c) With theaferpust cl ai m

33, wherein sajid nethod effects.the partition of majority of the
tetrachl or osﬁgl:uagléreccBWSEH%te? fﬁ)é’ngﬁf)oreg%a@ﬁ‘ﬁﬁte?c@ﬁent and the retention of

a maj or bty OfrhkhGeth&UET @hiSE3, whebdth daill 'sfegt(a)%i’fe‘é%fﬂemo% &) R34tQAdch of
PCT/ US03/ 06627 35. The method of claim 33, wherein said tetrachl or osucrose

conpoundsidampusgi¢saotoetid salvant pheteyfup consi sting of

4,1 ac |.ac , aga se.
36 1%9’2?@»[ hﬁlfjh Qﬂ&?é\?ﬁ%&l ﬁﬁh@%g?lﬁgglg?%gééﬁ}g%c Sltﬁfjtrs sfaf%) coirlrprl glarret hod
of 5 eX&E@@fek%eSﬁﬂo%Idesﬂ)hfdhom $t6ye() a0d theaoratict dMgsubbtahdilgloritod asfahél on,
continuous extraction, and continuous countercurrent extraction. 37. A

met hod ﬁ@pm@?ﬁdw%aquﬁ’%ﬁli’}taﬁ@s froma conposition conprising a solution of
suctal 05 andylihid b@a%mm iichdih sAIsHBRE) SRR helRkA N BRIl (2)

performng a ext’raction o d conposition conprising a
sol ut i omportidh oi‘fthesmﬁbm;&emdm thi urgahicgdhaseninto the laqmeoss)bwlemnvm th a second

sol vent that sse i | debr.and par anet er than s

sol viént 2Jnderﬁ’@d’iﬁ‘ﬁ ‘P‘f%‘galﬁhg%\eé%ﬁ SEOMPEFps t erg?%?érpc?vmgls?ll égcralé)gg pol ar
than suegal 08§,cifiiRoE8f Haipfe? %e%ah\éﬁatreéok»@ﬁ@gmepé&ﬁpﬁseagryseausziﬁg ali@se
solution in said first solvent that has an increased ratio of sucral ose to

i npur i tisesralosss pol ar than sucral ose; and
29.  The method of claim 23, wherein said solvent utilized in step (a) is ethyl acetate.
30.  The method of claim 23, wherein said solvent utilized in step (b) is ethyl acetate.

20 31. The method of claim 23, wherein said performing steps comprise a method of
extraction selected from the group consisting of batch extraction, continuous extraction, and
continuous countercurrent extraction.

32. The method of claim 23, wherein said extracting step comprises a method of
extraction selected from the group consisting of batch extraction, continuous extraction, and

25  continuous countercurrent extraction.

33. A method for removing tetrachlorosucrose compounds from a solution of sucralose
and chlorinated sucrose derivatives in a first solvent comprising extracting the solution of
sucralose and other chlorinated sucralose derivatives with an at least partially immiscible
non-aromatic second solvent to effect the partition of the tetrachlorosucrose compounds into

30  said second solvent and the retention of the sucralose in said first solvent.

34, The method of claim 33, wherein said method effects the partition of a majority of the
tetrachlorosucrose compounds into said second solvent and the retention of a majority of the

sucralose in said first solvent.
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15 (b) performng a second liquid extraction of said conposition conprising
a solution of sucralose and inpurities in a first solvent with a third

sol vent tweatos/opassesses a hi gher Hil debrand paraneter thamC3aiSd3/bdorst

sol vent under conditions that selectively transfer inpurities nore polar
than sucralose into said third solvent thereby providing a sucral ose
solution in said first solvent wwth an increased ratio of 20 sucral ose to

i mpur i t Bés ndihe mssheg oftalzim T ovhereys said tgrachinrosperpsrorprarouBinaismsstectetyr t her
conpri si h ep of .. T A ' .41 dhezamet hod of claim
38, Merﬁglglnﬁiggl@}pr%ggvtélﬁg §lfgw’§fdéggtggrfgr%}??@g%[é@b%g?(gﬁ %%%%126& d sucral ose.
40. Thetéeighlactosdcrédeai m 37, wherein the ratio of said second solvent to

said first solvent 25 is about 1:2 t,g about 1:5. 41.. The %ﬁ)ho of claim
40, wheP8i n dapansthad of qlamphh ythereinsaid exfipnting gtep copprisesAmAReAGY of ¢l ai m

39 in s : _ _ _ d am
smeregﬂr&u%ﬁ'sgea%afﬁ%mél@%gagog@ﬁﬁg@mﬁc%ﬁ%&mg Bhtimf¥t EARIcBR, ARl ect e

from the group consistin raction, continuous extraction, and
cont i nucustimountermtercueett egtrsetmat i on. 30 43. A nmethod for renoving
impurities from%ﬁ(s)fnpositlon conprising a sol J%.ti on of. . sucral.ose _.and
mpur tPds i A BefofdpT B IMERRGF PR CmPostigpEomPTispEr SIPBAR ng a
first | sailsenid ihidis f a ik SoloaiROBbELAR dRamsion ng a sol ution. of
sucral ose and inpurities in a first solvent with a second sol vent that
possesses a (&5 Wpedfarmoing4ssHEmidsosictes o saidhiernrresitiqn CPEHIBHE phitufie er

h id fi I under. dj- £ | '
sucHai ose | neS e OIS RO B )8R Vi ARUARL AL et pOREER o

in said secosgleSelddmind fredmétasthan sdif Gkt asleentruatleccontitions ek edectively
inmpurities |l ess polar _ than sucral ose; and 5 (ag% perform ng a second. liquid
extraction ofrassfierimappeities dase pelar than srcrplgseigfesaeesABd sABe eIV IERE i n

the previous asshglgléé% tsg'luﬁo% Iﬁis %a?(%/ g%![t gﬁﬂ%‘g t}l%ha@ﬁ?ﬁl@l%ﬁ@eﬁ Aid Bnglngaloééi thdebr and

paramet er than said secon conditions that selectively
transfer i nmpumptaites lbwrmlpahar suctdesesack al ose into said third sol vent

t hereby providing a sucralose solution i.n said, second.solvent.that has an
i ncrléased rat(]i’ca) ofPGEfBEP]é‘Ig@sséc?wslicbu FHTACHPR 8 S%?(En}b??%éﬂn TR al ose.

44. The net hQgiebn oF 8hdRibs addubdpiflie SRR ikSioMEnt WahaitBRd 9blve/eraer i ng said
sucral ose. 45. The nmethod of cl'aim 44, wherein said recovering ste
conpri ses cr yotsgkies aimghes Hildebrand parameter than said first solvent under conditions that
selectively transfer impurities more polar than sucralose into said third solvent
thereby providing a sucralose solution in said first solvent with an increased ratio of
20 sucralose to impurities more polar than sucralose.
38.  The method of claim 37, further comprising the step of recovering said sucralose.
39.  The method of claim 38, wherein said recovering step comprises crystallizing said
sucralose.
40. The method of claim 37, wherein the ratio of said second solvent to said first solvent
25  is about 1:2 to about 1:5.
41. The method of claim 40, wherein said ratio is about 1:3 to about 1:4.
42.  The method of claim 37, wherein said performing steps comprise a method of
extraction selected from the group consisting of batch extraction, continuous extraction, and
continuous countercurrent extraction.
30 43. A method for removing impurities from a composition comprising a solution of
sucralose and impurities in a first solvent comprising the steps of:
(a) performing a first liquid extraction of said composition comprising a solution

of sucralose and impurities in a first solvent with a second solvent that possesses a

25



sucr al ose.

46. The method of claim43, wherein the ratio of said second

solvent to said first solvent 15 is about 2:1 to about 5:1. 47. The nethod
of clai mwe,03mh@asein said ratio is about 3:1 to about 4:1prca81S0¥s2net hod
of claim 43, wherein said performng steps conprise a nethod of extraction
selected fromthe group consisting of batch extraction, continuous

extraction,

and continuous countercurrent extraction. 20 49. A sucral ose

prepar ati on bighat Hddetygnd mameﬁeh@dn sid dirgtispivent ungler condiinns shas selegtiveiar at i on

obt ai ned by

thod aof clai.m1 s n.qbt ai ned
by the. et holf Goaari 4 By Pecoti ol e BT bR PR BEATOR bR e
met hod of cl 8aifsé&dnd sbRent¥hsiltE ah @FPeAREERALAN kRitalobd @i ifpUrillys lehepdmmt hod of
claim37. 25 54. A sucral ose preparation obtained by the method of claim

43.
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than sucralose; and

(b)  performing a second liquid extraction of said sucralose solution in said second
solvent obtained in the previous step with a third solvent that possesses a higher
Hildebrand parameter than said second solvent under conditions that selectively
transfer impurities more polar than sucralose into said third solvent thereby providing
a sucralose solution in said second solvent that has an increased ratio of sucralose to
impurities more polar than sucralose.

44. The method of claim 43, further comprising the step of recovering said sucralose.

45.  The method of claim 44, wherein said recovering step comprises crystallizing said

sucralose.

46. The method of claim 43, wherein the ratio of said second solvent to said first solvent

is about 2:1 to about 5:1.

47. The method of claim 46, wherein said ratio is about 3:1 to about 4:1.

48. The method of claim 43, wherein said performing steps comprise a method of

extraction selected from the group consisting of batch extraction, continuous extraction, and

continuous countercurrent extraction.

49.
50.
51.
52.
53.
54.

A sucralose preparation obtained by the method of claim 1.

A sucralose preparation obtained by the method of claim 13.
A sucralose preparation obtained by the method of claim 23.
A sucralose preparation obtained by the method of claim 33.
A sucralose preparation obtained by the method of claim 37.

A sucralose preparation obtained by the method of claim 43.
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