WO 2009/137193PCT/US2009/039102 EFFECT OF CARBOHYDRATE CONCENTRATION ON
SUCRALOSE EXTRACTION EFFICIENCY CROSS REFERENCE TO RELATED APPLICATIONS
This applicaliéh280aitdg18iority benefit of U.S. Provisional Appin. No. 561/0FXTA5208@RHA 3, 2008,
the entirety of which is incorporated herein by reference. FIELD OF THE INVENTION This
invention relates to sucralose and to methods for its'preparation. In particular, this invention relates to
the extractio aini ueous 10feed streams with an organic solvent.

BACKGRO Urh%%@ﬁ}%\f %%@&'F&M f‘%“—tﬂ&l E)%z-ﬁﬁ", s—ﬁr&&%ﬁﬂ&&%ucrose) ,
a high-intensity sweetener that can be used in RF&ACIENE¥Nd beverage applications, is a
galactosucrose having the foIIowrn molecular structure OHHO 158UCRALOSE Sucralose is
made from sucrose by convertitto PareH <yt - : WS to chloro groups. In this

process, the Stereoﬁhﬁfgmtc%?taﬁt%téﬂ%'b%m? éet%%ﬁtl'S’Pd%'”r‘! grs%t@r%p r9ggss for making

sucralose from sucrose, Sucrose is first converted 20to a SUCTose-b-ester, such as sucrose-6-acetate
or sucrc?:-'see 66m 31%&%3 fH%dsﬁertkée B208 e MiGRiYREY BS?'?ééé'ﬁ%ﬁfRﬁ‘tﬂt%dch%ﬁ'ﬁat?\bn agent and a

tertiary amidegfenetiade resulting reaction mixture heated and then quenched with aqueous alkali. The
resulting 411',6'-trichloro-4,1',6'-trideoxygalactosucrose ester (sucralose- 6-ester) is (_:onverted to
sucralose, which is subsequently purifie ' ! cess typically provides a product that
contains varying anf‘ﬂtér\tﬁlgﬁtion relates to sucralose and to methods for its preparation. In

particular, this invention relates to the extraction of sucralose containing aqueous

10 feed streams with an organic solvent.

BACKGROUND OF THE INVENTION

Sucralose (4,1’,6'-trichloro-4,1',6’-trideoxygalactosucrose), a high-intensity
sweetener that can be used in many food and beverage applications, is a galacto-
sucrose having the following molecular structure:

15 SUCRALOSE

Sucralose is made from sucrose by converting the hydroxyls in the 4, 1', and
6' positions to chloro groups. In this process, the stereochemical configuration at
the 4 position is inverted.

In one process for making sucralose from sucrose, sucrose is first converted
20  to a sucrose-6-ester, such as sucrose-6-acetate or sucrose-6-benzoate. The
sucrose-6-ester is chlorinated by reaction with a chlorination agent and a tertiary
amide, and the resulting reaction mixture heated and then quenched with aqueous
alkali. The resulting 4,1’,6'-trichloro-4,1’,6'-trideoxygalactosucrose ester (sucralose-
6-ester) is converted to sucralose, which is subsequently purified and isolated.

25 This process typically provides a product that contains varying amounts of
other chlorinated sugar compounds in addition to sucralose. During removal of
these impurities the loss of sucralose should be minimized, and the purification and

isolation process should be economical to operate on a large scale. Although



other chlorinated sugar compounds in addition to sucralose. During removal of these impurities the
loss of sucralose should be minimized, and the purification and isolation process should be
economical WOOEPAE B3 a large scale. Although -2- advances have been PeddeSia@38Utfication of
sucralose, there is a continuing need for processes that remove impurities from sucralose, produce
sucralose in high purity, minimize the yield loss in the-purification process, and are economical to
operate on a large scale. 5SUMMARY OF THE INVENTION In one aspect, the invention is a
process for B BXERECHOE eSIcFaRg8d mHI dUa BErT A SE Bleatessrdhe et is a1 6eBtHNING Radalose
6-ester contéonipg agyes tsatertrriveampu thien @mbochiang!, phredptecassslosaprsagihe steps of:

a) extracting aRganRAHTIEAN SYRAMAAMPIRILAHELRIORHWEDE sl Lhowangrsalegtand
producing a first grganic extract and a first agueous extract, in which the organic solvent is immiscible
with water, SR8 B5cHIch'BIAREG Rralose passes into the first organic extract; b) optionally
extractigg the first organic extract with %WW%%WEI\WME a second organic extract and a
second aqueous extract, in which the I5sucralose preterentially passes into the second aqueous

extract, and in whidh ie speot BHIRVERRATRCH iriveysIRa thsterattion of@uepnesatrating the first
aqueous eX%ﬁS%éP 5%&&@89@%@9&?@%%aﬁa%%o‘%%e%%ﬂ;ne e 6-¢ )e%g.?t%tfr’?‘%éhe concentrated

I .
aqueous feed stream with a second 20organic solvent and producing a third organic extract and a third

aqueous exFIHEIMSWRTFESTRRASE o HY VI STOWMEALiShmRIRISBICAMRNFS e AkeRs ®dich the

sucralose preferentally pagges o eHItd aroanicexract dn snaier embodiment, the process
comprises the steps’of: a) providing an aqueous feed stream o prising a car ohyarate selected

25front the RGP IESIEISRHGTA BIRFHARE BESerEIaMa PitkATHR tharbet RRHeAYS SIdREL in )
concentratingtivh alogiesh fesdietreamitonitstibiz edticenitateshaqueottiofeeflthteantaridd C)

extracting th&gg&cmgqﬁ%dfmgﬁitegggggam with an organic solvent and producing an organic

extract and an aqueous extract, in which the
b) optionally extracting the first organic extract with an agqueous solvent

to produce a second organic extract and a second aqueous extract, in which the
15 sucralose preferentially passes into the second aqueous extract, and in which the
second aqueous extract is recycled to step a);

C) concentrating the first aqueous extract to form a concentrated
aqueous feed stream; and

d) extracting the concentrated aqueous feed stream with a second
20  organic solvent and producing a third organic extract and a third aqueous extract, in
which the second organic solvent is immiscible with water, and in which the

sucralose preferentially passes into the third organic extract.
In another embodiment, the process comprises the steps of:

a) providing an aqueous feed stream comprising a carbohydrate selected
25 from the group consisting of sucralose 6-esters, and mixtures thereof with sucralose;

b) concentrating the aqueous feed stream to form a concentrated
aqueous feed stream; and

c) extracting the concentrated aqueous feed stream with an organic
solvent and producing an organic extract and an aqueous extract, in which the
30 organic solvent is immiscible with water, and in which the carbohydrate

preferentially passes into the organic extract.

In one aspect of the invention, the organic solvent is ethyl acetate. In one
aspect of the invention, the aqueous feed stream comprises about 4 wt% to about 8

wt% total carbohydrates. In one aspect of the invention, the concentrated aqueous



30organic solvent is immiscible with water, and in which the carbohydrate preferentially passes into
the organic extract. In one aspect of the invention, the organic solvent is ethyl acetate. In one
aspect of th¥e&HYiiT19Be aqueous feed stream comprises about 4 wt% tP&BOI2803/(58 tokal
carbohydrates. In one aspect of the invention, the concentrated aqueous -3- feed stream comprises at
least 10 wt% total carbohydrates. In one aspect of tkge invention, the concentrated aqueous feed
stream comprises about 13 wt% to about 25 wt% total carbohydrates. In one aspect of the invention,
the aqueous$E8 FLERANAUBRIFTS Brsaldswtih it cadipiudratane inasiesRasicopsigtion
5coefficient foventivaldde betwesndiee acganicseetidctaathtdenapieasLsextract waat teasioapout 1.0, at

least 1.1, or peesRAROM-boh A RBOUN LR BEIER BERERIRA! flll\,l fE %—gﬁﬁgé\é\ql\l(}s

Figure 1 is flow diagram showing one process for the preparation of an agueous sucralose containing
feed stream ?Yﬁ?’fﬁ%?énf réﬁ%%/\ﬁé‘gﬁ%‘%sf?ec{rb?m@rr%ﬂbef)tlso%mﬂd@@OEHP(' A8 aqueous
sucralose coiveffititgféedsseezins ebuepattbermsganicesteosenddiceoantiyriktyrottiesucralose in
the first aquesuss exéiact. bignea31% flove dirgrasnshoning. 8 Aracsss,efite invention. Figure 4
is flow diagram showing a process of the invention in which there 15are multiple extraction steps.
Figure 5 is a plot showing the eff EE48 )NcehFatoPRAVINGSartition coefficient, K, of
sucralose between an organic solvent and water.
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_ r _ , Figure 6 is a plot showing the effect of the ratio
of organic solvent tf ¥U&ASEIVYAIHAY RRAVRLART Preseradasineererarptifd BERNof sucralose.
20DETAILEBIDESERIPEIGN ORtaiHBIN4aNTH@M Unless the context indicates otherwise, in the
specification and claims, the terms organic solvent, first organic solvent, second organic solvent,

tetrachiBro sacchafi@T&iribry'sdberRifRee ofiftnsrbie At arannis, sehrersuCrabysatb) dater, carbohydrate,
and similar teqoevaissuitelode inthindsgofeedcitremate (iaedThettesns2nisacahasideyivrlugethe

monosacchajigley Jarcbadidfsseand RO lRacliRude S aalent means a liquid that dissolves another

material. An aqueous solvent is one in which water is the primary (greater than 50 vol% of the solvents
present) or only soRignte Baidifion ciedfizieshding a prokoty df ate bevargeshan organic solvent and
water is the concentration of the carbohydrate in the organic phase divided by the 30concentration of
the carbohydrate irf ¢ auEdIRHAgEANHEIP WHITP VIRARESWfthe invention in which there

15  are multiple extraction steps.

Figure 5 is a plot showing the effect of sucralose concentration on the

partition coefficient, K, of sucralose between an organic solvent and water.

Figure 6 is a plot showing the effect of the ratio of organic solvent to
sucralose containing feed stream in extraction EXT2 on the yield of sucralose.

20 DETAILED DESCRIPTION OF THE INVENTION

Unless the context indicates otherwise, in the specification and claims, the
terms organic solvent, first organic solvent, second organic solvent, tetrachloro
saccharide, trichloro saccharide, dichloro saccharide, salt, sucralose-6-ester,
carbohydrate, and similar terms also include mixtures of such materials. The term

25  saccharide includes monosaccharide, disaccharides, and polysaccharides. Solvent
means a liquid that dissolves another material. An aqueous solvent is one in which
water is the primary (greater than 50 vol% of the solvents present) or only solvent.
Partition coefficient, K, of a carbohydrate between an organic solvent and water is
the concentration of the carbohydrate in the organic phase divided by the

30 concentration of the carbohydrate in the aqueous phase when equal volumes of
organic solvent and water are used. Two solvents are immiscible if, in any
proportion, they do not form a homogeneous phase. Crystallization includes
processes in which a solution is rendered saturated or supersaturated with respect to

a dissolved component, and the formation of crystals of this component is achieved.



organic solvent and water are used. Two solvents are immiscible if, in any proportion, they do not form
a homogeneous phase. Crystallization includes processes in which a solution is rendered saturated or
supersaturafed Wi EIPect to a dissolved component, and the formation oPER/EERLYOFIEomponent
is achieved. -4- The initiation of crystal formation can be spontaneous, or it can require the addition of
seed crystals. Crystallization also describes the situation in which a solid or liquid material is dissolved

in a solvent to yield a solution which is then rendered saturated or supersaturated so as to obtain
crystals. AlsdNEEmofheyeiah forResinnarnbssromianaasifiasy Sreveseesitf thasiddiine crystals

with one or mitseesoivestids digingtiezstysiaisoanddaesiagithetbrirvadicbsom@ingdidnless
Qherwise spRgtndl RlIGRAIRAPS SR ARIEYIades YUBIINNRH IEMREAMES B <R Adies

Centigrade %ie rees Celsius), and all solvent ratios are volume to volume. A process for the
preparation Bf SURPATEEE HSH SURT ISP hIvIN ¥ st ofidsRng 9 BLEsi thpdietmechyairdisatiethe 6
positionSof sattdbe Enbibwiyeproddssen esraashiogphsurhsta aitiatenerdsenacatelvEnes) theihydroxyls in

the 4, 1', anga' @9siin) s Ak tharBsHHI ha U ans-SaeeiloBraRaEeRILoChiREAEQUPS, With
inversion of the sft%aeocmem|ca|tconf|$urat|on at the %&osmon. C?nversmn of the hydroxyls in the 4,

11, and 6' poEIdONS 6f thR R STEF I8 IO PGFSU N TR SISt Bt HHE BREALLES AR 989G guration

at the 4 positeptigrarislsiesases\Weliup), 1318l #hsoNentraB0s483; \iirueSo Patuab. 2006/0205936 Al;
and Fry, U.S. Pat. Pub. 2007/0100139 Al; the di?closures of which are all incorporated herein by

reference. Then thé ES8SF &S0 T REBBRLMBRT SHTRIPES HiRRY BIREPsRH LY eNES EhedPLaNE0ad, and
sucrald8e, tisEerssuftiveg, phedtidrpomfiedhene pesitienoMsicoescissblookethyiththe éstividualrsteps
20thereof, caﬂth%ei&hetab@@hbérnﬁ@féﬂﬁ?uwéwmwwae&(ﬁf@mr@lﬂ@,mqfM@E&%@Hﬁ'@é‘BH%Q Feed
Streams Referrin Figure 1. following conversion of sucralose-6-ester to sucralose, an aqueous
feed streamr f@ﬁﬁ&%é%g??sigséﬁrc?ar oggnigseﬁg%%g%éﬁgﬁ%%%ufg 7&3'81§f}é%\rr'sr{oibétbm8ally comprises a
total of abolttBF WA teREeRs. R axkahiprR4 2osbent Caystgiorpai/iths Avdiexts imibedtis wid%,

about 18 wt%, ter2benpsitimbolitibesidb to chorst HRuEdmuhcarobivdratas e rteagirvhich
el SOREErRIGRNY S BhbIT s SRERRTR ST s PALIR A e e et o e et

sucralose. The other carbohydrates primari into one of three cat(&%one's ase e'number of

chlorine atomeohthe roidRBR Oelr2dnddy S0shERhdfide fatpfilie 2 RR4/A4ARTE %A e RBRiIdes), dichloro
saccharide idigalpgigsy dithlviah seechbindes)oaedihentindgaectirarde. iMmiperities ¢utich i p
saccharidesh, Tife daseigpreaict e tRRLRINIIRAYOR stRIgYsaTRtSs daeRRIRbrAE B RsUlting

saccharide. rInsgﬁperalIl 0tge Eetracplo(;o S ccr]arides |B1é3urltles are less ﬁolar than sucralose, and the
dichloro sacchandelimparie A RSoPEDEAFRAN S0cRIBEEr S 386 Me AN RS BUR StRsUrities are
more S8ublE@iEAfsGeraksseiirambrécpeinFetiinaews armtessespolar impurities are more soluble than

sucralose in less polar ) -
Preparation of Sucralose Containing Feed Streams

Referring to Figure 1, following conversion of sucralose-6-ester to sucralose,
an aqueous feed stream (10) that comprises sucralose is produced. Aqueous feed
stream 10 typically comprises a total of about of 6 wt% to 50 wt%, for example,

25 about 6 wt% to 12 wt%, about 12 wt% to 18 wt%, about 18 wt% to 25 wt%, or
about 25 wt% to about 50 wt% of carbohydrates in a stream in which water is the
primary or only solvent. Of the carbohydrates present, between 50% and 80% are
typically sucralose. The other carbohydrates primarily fall into one of three
categories based on the number of chlorine atoms on the molecule: tetrachloro

30  saccharide impurities (tetrachloro saccharides), dichloro saccharide impurities
(dichloro saccharides), and trichloro saccharide impurities (trichloro saccharides).
The location and extent of chlorination strongly affects the polarity of the resulting
saccharide. In general, the tetrachloro saccharides impurities are less polar than
sucralose, and the dichloro saccharide impurities are more polar than sucralose.

35  Generally, more polar impurities are more soluble than sucralose in more polar

solvents, and less polar impurities are more soluble than sucralose in less polar



-5- solvents. Other materials that can be present in aqueous feed stream 10 include inorganic
salts, such as alkali metal chlorides such as sodium chloride, alkaline earth chlorides, and ammonium
chloride; anWerg¥8it33tles, primarily alkali metal Sacetates, such as sodiunP&deia289HM MRyl amine
hydrochloride; and alkali metal formates, such as sodium formate. A small amount, typically less than
5,000 ppm, of the polar aprotic solvent used in the ehtorination step, typically N,N-dimethyl formamide,
can also be present in the feed stream. Aqueous feed stream 10 and, optionally, second aqueous
extract 12, 1HVE e sed below, are combined to produce a combined aqueous stream, which is

extracted with a strgam %gtg;%grtg%glgaﬁoé\é%g}ieg e% ia Qroduce flrsttgrgan!lcoextraﬁt (16) and a first

aqueous extract (18). This extraction step is referred to ad Sehuse TRes s polar
compounds %?ﬁ@'@?@ﬁﬁaﬁb‘%&ﬂ%@%@f'|m6tﬂ|‘§t*k'ﬁ§5ﬁ?cséﬁﬂ§ét51’6’"fﬁ“scéiﬁféiﬁmi'@r%\?éméss polar
compounds chibiities)cindeathendbidetreichidde ;savat loagiales, silve) priereonybaned aget@ous stream, as well

as a posion a3y S(RA% LA G EATBIaHBAHRAS A RYM BN AROTIAN FldfiGaugfalose” Is

meant an an%)ount which %%S[S) lblg'll fgon the embodiment, may be less than 50% or may be more
r

than 50%. THABSFRCRYAN AR AR AR y\R/ﬁRfde?éﬁfé\aﬂwarp%%D@reater than
55%, greatepfilibg BU9S aprefic srivenhn BB tielub26ivatical ceraryrdGity o ihaltetestnyiloro

saccharide iropHEfRadN e Ageeusdesst SireTTle fxdmnated into first organic extract 16. In an
alternative embodiment, the extraction can be carried out as disclosed in W003/076453, namely

wherein a majority figyegtsaiiesdisbre$00L6) asfdhentioradhylosesermiaspieonspodrats ii2the aqueous feed
stream 80 arRseNbREAVIIBUO Hhe Eritraanis .%a@e& Ja6ccﬂﬂ9| @ea%aa&rawr@ame@rﬁéﬂhen 50%) of the

sucralose is retal e(% pe first aque ug extract oice of solvent is determined by the

relative solubiifies of SUardSSE AN e BRh &g &ﬁﬂ?’ﬁ@g Pﬁ%&od’rrgoﬁ% DIVEHCLRNIS the aqueous
feed streame¥8 el @@@d‘ﬂhﬁr%@%ﬁ‘ﬂéﬁﬁ@aﬂﬂﬂ|chl§a@§F@fCtE§xfy@tmglwmfmm toresess,

30environmetdplEonCeBialmsdcing, iabel ssisk dbeipsiinds tie prerisnsrliveakeartbe inte @#9@ ally
saturated wifh g ?Q?ﬁ%%rteﬂés?h'ﬂ r%{fgﬁtrlgﬁmg\'}%% lé\/lé)(t%rlef Cgrﬁ raanic solyents can ? hased.

Solvents contemplat or use as the first organic solvent fic et At At S MR8 vith water
and in WwhicHFHERGHERARRFIRTEES dEdfiseSrabineh e WRIdfoTEa L ASaMAY 3R @@’tm@ﬂnduded
are 35solveltte thatraleseardiallyheatobibiired dystsodvame amchBys watatiancqtegusra@lsdion, or other

solvent in whigh fialaagnaifd RNRERSELIeiYAlY SaeHe_RMYodiment, may be less than 50% or

may be more than 50%. The extraction can be carried out under conditions in which
greater than 50%, greater than 55%, greater than 60%, or greater than 65%, of the

20 sucralose and 95% of the tetrachloro saccharide impurities in the aqueous feed
stream are extracted into first organic extract 16. In an alternative embodiment, the
extraction can be carried out as disclosed in WO03/076453, namely wherein a
majority (i.e. greater than 50%) of the tetrachlorosucrose compounds in the
aqueous feed stream 10 are extracted into the first organic extract 16, and a

25  majority (i.e. greater than 50%) of the sucralose is retained in the first aqueous

extract 18.

The choice of solvent is determined by the relative solubilities of sucralose
and the principal impurities in the organic solvent and in the aqueous feed stream,
as well as such other factors as flammability, ease of recycling within the process,

30 environmental concerns, toxicity, and cost. If desired, the organic solvent can be
intentionally saturated with water before use in the extraction step. Mixtures of
organic solvents can be used. Solvents contemplated for use as the first organic
solvent include those that are immiscible with water and in which halogenated
sucrose derivatives, such as sucralose, are readily soluble. Also included are

35  solvents that are partially soluble in a first solvent such as water, an aqueous

solution, or other solvent in which halogenated sucrose derivatives are readily



-6- 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. Typical first organic solvents include, but are not
limited to, "NEMPPEEIARES ethyl acetate, methyl ethyl ketone, methyl iso-buBFKEISHEIMEHWI iso-amyl
ketone, methylene 5chloride, chloroform, diethyl ether, methyl t-butyl ether, n-pentane, n-hexane, n-
heptane, n-octane, isooctane, 1,1,1-trichloroethane;g-dodecane, white spirit, turpentine, cyclohexane,
propyl acetate, butyl acetate, amyl acetate, carbon tetrachloride, xylene, toluene, benzene,
trichloroethyfeHht!e- BiitdRyeiteh she seeaid BRINANE Elill fyons ¥ Em@ase@aRIse R dRthloride,
butanol, monpitblihe fastsbraittingsdhereafickhmdirshasg prip sotveaityeéerablyeomatises methyl

acetate, ety geglale, SO iARH A el REPA RSP i SmBrRyRdaESlaTE, AT YL agetate, ety ethy/

ketone, methyl /so-butyl ketone, methyl /so-amyl ketone, met Ylene chlaride, chlorofofm, or n-butanol,
either as a SAGIRYL S KPS AMBREY BN KRl Bse S2etinl ésa By Wit ohdeP BV from the
first list.5Theditstidelvariorofoman] Sletigt @bhecongihgbs mihyl etbetate; feotpnepyt beedate,m-propy!

acetate, n-buigagelaicsHRIEY ISy KSIaNE:asrbuiRRR, AilRles R Single Spiuent, or as a mixed

solvent with these solventﬁ or with other ?olvetnts flLom he first or seiond list. Ethyl acetate is the most
preferred solVeRE BismS LoNSF AR ATFENSe ,%Yééﬁ%ﬂ'ée,'r?-'ﬁé BRRYEChEPEMR, n-octane,
isooctane, 1tetaehidnidetrigne,; il oo esrsaewinicd!spsthilepenaney toyviethexahacetatioon
tetrachloridegbgdgresiohsmey Heprzens el idlyient wienerideh biarRinanabheairictuty! _
CELLOROLYI@ Acsialrl.£encdisniariie. and momhoelne ars, generally pof prefgired as single
solvents, but may be used in mixed solveénts as descr &d. Extraction is canied odt i a first liquid
extractor (2035*\)0%?&?@5?7 b RPRYbRSEIEl fuRIaryhigcelatactyPRiY PRt incaany  fafeirEimple, a
conventionahratkg!-sttiylekano mehankofl Gormtenyioketomx ettt 658, anyd kigbbe-Righjaeneultiple-mixer

column, a sigye, Ay, RlUFBRyIPILBLARRIC GRINIYY, aipsediparked solum & YIeiyed (SMVP)

packing column, an asymmetric rotating disk extractor (ARD), a KARR@ column, a Kuhni éxtractor, a

: . a KA .
Treybel extrAd BN SRS oRIMEN IR FRIVSB R LB A e F BB CT ReiliFins v enE strfugal
extractoy suchederabPoctsiainisds ethyliaghbetiscopy baRabte hepripifligedtexéracibutyin extractor

with five or raesgstBepatinalissanay of@sHactipR-sriahe sk Alratprganiiseiverst 14, Jor example
ethyl acetate .vvh(ifh ilf desire% %Bn be slaturated Wi,télgéﬁ{er, is fed to_the bottom of extractor 20 in
o]

proportion 0 RS LAV Y&t & PRy SRS FRRADs HEd @ ifeeeBhe polarity as

. otal'amount of feed 0 ie top
sucralose. Firsst deftivbasesxiedetthe assarefsring fobeatreRiation stutomsitpyirifibatidretheps,

described beld#ntane, n-hexane, n-heptane, n-octane, isooctane, 1,1,1-trichloroethane, n-

20 dodecane, white spirit, turpentine, cyclohexane, carbon tetrachloride, xylene,
toluene, benzene, trichloroethylene, 2-butoxyethano! acetate (butyl CELLOSOLVE®
acetate), ethylene dichloride, and morpholine are generally not preferred as single
solvents, but may be used in mixed solvents as described.

Extraction is carried out in a first liquid extractor (20), which can be any type

25  of liquid-liquid extractor known in the art, for example, a conventional mixer-settler
or a bank of conventional mixer-settlers, an Oldshue-Rushton multiple-mixer
column, a sieve tray column, a random packed column, a pulsed packed column, a
structured (SMVP) packing column, an asymmetric rotating disk extractor (ARD), a
KARR® column, a Kuhni extractor, a Treybel extractor, a Scheibel column, a rotating

30 disc contactor (RDC) column, or a centrifugal extractor such as a Podbielniak
centrifugal extractor or a Robatel centrifugal extractor. An extractor with five or
more theoretical stages of extraction can be used. A first organic solvent 14, for
example ethyl acetate, which if desired can be saturated with water, is fed to the
bottom of extractor 20 in proportion to the total amount of feed to the top of

35  extractor 20.

First aqueous extract 18 comprises sucralose as well as some impurities,
primarily salts and saccharide impurities that are more polar than sucralose or which



First organic extract 16 can be sent to a second liquid extractor (22) to recover sucralose from first
organic extract 16 while leaving the bulk of the less 5polar impurities in an organic extract. This
extraction sNP RIS to as step EXT1B. If the process comprises additt§ridPpUNERAYR steps, if
desired, one or more other recycle streams from these additional purification steps can be recycled to
second liquid extractor 22. Second liquid extractor 22-can be any type of liquid-liquid extractor known
in the art, examples of which are listed above. An extractor 10with five or more theoretical stages of
extraction cdiPyRabd tha seorgRNeEtRE UG HrRed iNtstaausotsrexdfaiiuig sxusest@sheA stream

(24) of watefewhisthelf i arsirad fiabrize satificaieshviiEpd)/isarnBeargayw solvent used in first liquid
extractor 20, for example water saturated with ethyl acetate, is fed into the top of extractor 22. The

mass ratio of waterfiosfigenia st wxetrd 6t ced iBetypeitiatly abetnnd. Squidisatitats®. 92 Antinterface

between therbyevehasesissefibhaiNet dnghndekiesetof saeaRAdHIG R AR A31ehets the aqueous
léseous;t extract 12 cdapobe rE:: cled to first

phase, :gecongl| a ueouurﬁigétlra%tnlz isncoll()e(g;[e(t. Sﬁﬁond gaqi Ous extract.1
liquid extractor 20. Greater than §§9/€ écOSA) @ﬁ/o or%g%%g { e SUrdiose B}%senP e first organic
phase is extECteB- iffo-RFPERERFTFRRIRESES Fithtansy) Rushitaxivn StersT Helesianicastpacnosecond

_organ_ig extrmbé’:ﬁ;@x’rt&tklﬁe‘mpsafremrm aadii:“ngﬁsnﬁmmmisres«téagtcaﬁ sentaingdass polar
impurities, such,a3 e APLRFIIRLR sacchaidasLis %y{g%gotramﬁgé%ﬁ%“&ﬁt@PJQa“'C solvent

recovered for reuse. In one aspect of the invention, the mass ratio o ic solvent 14 to 25the

combined adiﬂétﬂ,lgxfgéﬁt%'frﬁ%?ﬁ’ﬂwi%@ﬂ%ﬁteﬁm&?%ﬁ?ﬁk?iﬁ St YRRV tARBSLRREO Preferably,
the mald$ rawgtbffirstoonganictbebretitdstegrgLof cuxs rietid s raa e LG &d StejpsE XrGang axonc0.6 to about

0.9. Figure 2 ghowsthRAhe Wit UpIRIORE dRi kst raania exliant dsullgk Nard axisapd the purity of
the sucralose in flgst aqg)eouifex%%c‘tg ;é gtégeht hand axis) as a function of the ratio of first organic

30solvent 14 T3 comBined 33ued ST AP RS PRV AL HSAGIR S E XA EXCARREd at
constant suct8idse gparmpirnwateyshtupied votheimroreatateeicfitsehmbihecton pfcedsscharwhich a

sucralose cantaimingraaseritileed AL ATIS LSRRG LA BficaMVaBE R @ dikgt spdiaction
step, the fesb’.'&.”%ﬂr#.%@%?agé‘%%%%ﬁ’%ﬁ'é Fv%(g%ﬁtaesd é’Va'thm‘%?‘nt?ﬁ nedin %ryoﬁétﬁqa‘é?%@c%%ed” and the
resulting second aqueous 35extract is recycled to the first extraction stép. As can be seen from Figure

2, when mad€bitisoraigamié ¥hoEntra  couTBRAsShed eriiericrisesiiashl /i the first extraction
step is about@ldcbedqyreatarndlagueb09exiraco 2 ahih e s varatasitis faxstragied sxteditst @ganic extract

16 When the s igki0 i 0,55/ opley, grepir dhaaianl B0 Aldlis sieralaee: (g gefiacted into

first organic extract 16. When the mass ratio is 0.6 or greater, 5greater than about 65% of the

sucralose is APACREMATHLIYY D SeRpLpqyeous Phase by step EXTIB.

20 The organic extract, second organic extract 26, exits the top of extractor 22.
Second organic extract 26 contains less polar impurities, such as the tetrachloro
saccharides. It is purged from the process, and the organic solvent recovered for
reuse.

In one aspect of the invention, the mass ratio of first organic solvent 14 to

25 the combined aqueous feed stream in the first extraction step (EXT1) is about 0.4 to
about 0.9. Preferably, the mass ratio of first organic solvent 14 to aqueous feed
stream 10 in step EXT1 is about 0.6 to about 0.9. Figure 2 shows the amount of
sucralose in first organic extract 16 (left hand axis) and the purity of the sucralose in
first aqueous extract 18 (right hand axis) as a function of the ratio of first organic

30 solvent 14 to combined aqueous feed stream in the first extraction step (EXT1),
calculated at constant sucralose yield. These values are for the process described
above, a process in which a sucralose containing aqueous feed stream is extracted
with an organic solvent in a first extraction step, the resulting organic extract is back
extracted with water in a second extraction step, and the resulting second aqueous

35  extract is recycled to the first extraction step.

As can be seen from Figure 2, when mass ratio of organic solvent 14 to



Surprisingly, the level of impurities in first aqueous extract 18 is reduced significantly, with little or no
decrease in overall sucralose yield, when higher organic solvent to the combined aqueous feed stream
ratios are ude@ MUHE3Tit? extraction step. 10Purification of Sucralose ContdIfiFY$28&HSt8Ams
Referring to Figure 3, feed stream 30 is fed into a concentrator (32). Concentrator 32 can be designed
for either batch or continuous operation. Concentrat8r 32 can be any type of evaporator known in the
art, for example, a falling film evaporator, a thin-film evaporator, a wiped film evaporator, a forced

150|rcuIatloﬁwgﬂzﬁ%ﬁquﬁ%ﬁlﬂ%%‘&ﬁ%f”é'ﬁcftfél‘t%?ﬁ&'ﬂﬂérteﬁ [Hetbritt SvhpbIRAes Caddie-type
evaporator, ebaurt G8kapewaperaftdhe Huersimaio sxcanteding digsteonds fecaxsteeans30asenbe, for

example, sUgfgIRRREAIBINI PO sRIIESS SERAP Lo By ineltolysiaal guoralose-6-ester to

sucralose. Alternat \ﬁﬁ&% e feed stream can have undergone processing to remove some of the

impurities. Zﬁxﬁrgf’é I B XAt d8m AR HIR D BER PR &l 8" R3S Eve less polar
impuriti®@s, sawptes tinghaahwat i txwhthd sygalpbe issedrasiedditetirstreayartio thaérpcbdéss. Figure 4

shows a progggsrisingljchndesecsrlpssusRRAIN ResBaHBoM S TeRE R ag s isdiinteaueous extract 18.
Other sucralose ontalnl‘gg 1(;1 ous fee$ stream.can be rsed in therypr cess of theélnventlon If a
0 o

can 5 fgpurl ecrease_in pverall.sucralose %e""é‘&& gher %rﬁf?amﬁng

multi-step pro%ess IS USe cation and’iso a idN 0T SUcra
aqueous fectP¥RBRA ﬁtﬁﬁmn%@ewmes feeA Stheare satinsmstseshe fedhe Etshextastinns2.
Concentratostdg. increases the concentrations of carbohydrates, including the concentration of
sucralose, and, if present, the salt present in sucralose containing aqueous feed stream 30.
ConceHtrator 32 typically incrégééeaifesn ﬁ@@ﬁﬁﬁﬁ@ﬁ@?@@dmﬁféémﬁsucralose containing

aqueous feed streaan 30. baﬁ ctor 0 t 1 1lto %hOUt 4, or about 1.15 to about 2.5, or about 1.2 to
about 2.0. Sucraloss SOt nlng que USeF &AL 3D EAEHRS CSREERIFAIBT 62kan have less than

about 10 wt$PneSBtRiaT 32695 be Resiahet fareitheokatchrbopyaliatasSopesatinple, about 3 wt% to

about 9 wt%centerbaisr B0 wakbakpyt) puts & aiRtcr k8oniYanaRe b vedetarmprRuL7 wt%; or
about 6 wt% o t I b rate, S cralose €9 taining aqueous f ed tream 30 can
contain up tgéﬂ§ 89% ('){?) .’%fé%%.c sF‘alﬂ}x se}lm%?ﬁ?/ afl»’<a||WrTP¢=,§[a?E(f1 \% sqs%l}%haafse §odium chloride,
and/orlémmﬁ'ﬁ?H?ﬁtlﬂﬂ(ﬁY&QOEﬁjfﬂro@BH% HRAROTHiaR Iﬁ%&ﬁh%ﬁf%@é@té@@ﬁ&%@%@t&?m acetate.
Concentrateal Ganidelyp e entgiorat aquraouSdeadesiiparatdh IFavingaeaneerdsatamazgcan have at least

about 10 Wit AEIRAPAHEAR e RISAKE RS, ANAU LR MISEISIahSARAN RIS AL example, about

10 wt%, about 12 wtok, about 15 wt%, or about 18 wi% to about 25 wit%: about 10 wt%, about 12 wt%,
about 15 wtSh S AH0R"PE %ﬁ% Ry 358[&"265\/&%/3“8@6‘&916 SR HhaNraloseo S TRBEUE S wios to
about 18 wtthedbedisiizamsan bt ndergoseayooessing % tenadheusdibenaf/shermboritigés wt% to

about 36 Wit iairkFrIROBYERN®s feed streams that have been processed to remove less polar
impurities, such as first aqueous extract 18, can be used as the feed stream to the
process. Figure 4 shows a process in which the sucralose containing aqueous feed
stream is first aqueous extract 18. Other sucralose containing aqueous feed stream
can be used in the process of the invention. If a multi-step process is used for the
25 purification and isolation of sucralose, sucralose containing aqueous feed stream

from other steps later in the process can also be fed to concentrator 32.

Concentrator 32 increases the concentrations of carbohydrates, including the
concentration of sucralose, and, if present, the salt present in sucralose containing
aqueous feed stream 30. Concentrator 32 typically increases the concentration of

30 carbohydrates in sucralose containing aqueous feed stream 30 by a factor of about
1.1 to about 4, or about 1.15 to about 2.5, or about 1.2 to about 2.0. Sucralose
containing aqueous feed stream 30 entering concentrator 32 can have less than
about 10 wt%, less than 9 wt%, or less than 8 wt% total carbohydrates, for
example, about 3 wt% to about 9 wt% or to about 10 wt%; about 4 wt% to about

35 8 wt%,; about 5 wt% to about 7 wt%; or about 6 wt% to about 7 wt% of total

carbohydrate. Sucralose containing aqueous feed stream 30 can contain up to



10Typically, sucralose comprises about 60% to 80% of the carbohydrates present in concentrated
sucralose containing aqueous feed stream 36. Concentrated aqueous stream 34 is fed to third
liquid extractd? 3@9118id Bxtraction step is referred to as step EXT2. In this SEHEGHWS BB Bucralose is
extracted into a stream of a second organic solvent (42) to form the third organic 15extract (38). Most
of the more polar impurities and most of the salts prgsent remain in the third aqueous extract (40).
Third aqueous extract 40 exits the bottom of third liquid extractor 36 and is purged from the process.
Alternativelyl #hitaglibviigasie spita,oneupandy sakil exetatcblavidearsueh asicediverthntide as ethyl
acetate, befarel heingnpirgieehfupiarible, pregesgadibe srey plensiraaral kenmriéis) bretaesdragidan 200f third

aqueous extact A FRAE oMU MERIS ARSI (BREIR RULAEIOL TGS AT o1, I he

process comprises additional extractions steps prior to the con ration step, the recycle stream can

be fed, for e\CA¥IPR CP0 SUEANidaiPORRYA S 22255 ARANEiAG IV IR, Rk BT tiABAUE Je M@t 36r sucralose
betweeh an ¥rigasicabbsod|Vantdndorateanvbieyd etaalfvokyaedlef obganitcotmnbandtwater are used is

dependent ofp thev0BEERT BN, G BGEIIIBIGRABSLIIID I8 HOKES,BolAD SayaLuglmes of ethyl
acetate and water are,us q increases from 0.4, when the initial concentration of sucralose in the
15Nt ab qa?w %"E’g

aqueous phase’is abdut 0285 AP bR i ARRH O R b L 20T ke agueous
phase is abddt WEAvt96 abrHBARLKIC TP abheh tBevinitiab bowictAtrdfio hcod sudrdlb sd Ih; theoaiueous

phase is abqut WGttt fsushewnrds; desrR & YEhRmine %&QEQF\EWQ&Q&VQFF%W&JS 1,fthe
extractign effici [ f about 4 0 % 19 abo 0 % when the K value increases from
about %84 toﬂ%ﬁﬁ%f% gcr?g Fﬁ?sg éé)tﬁ:“] ction g |&te%é;{°?r%r§g%°egff/?g?ncg%ou y%g FtoPEYeT 0% when the K
value increa ¥ HUHIREoHRIORS SPBIRINING BguPRiefeRs Besare B sucralose is extracted into an

\ L e ted
organic solvent, it i3 advagrtgt%%qéjs thoalljtSSLtcralosg glgr}t?ﬁr%m%%gcji%%tﬂ a;r?(%% %ﬁg& 1T %e ggtnﬁ(re]gter? e

before extraction with the. organlcqsuglven Bretera e?
conditions atX¥tFAEHRStEaArRITeE R fisi@stepditidlode Busexbmererostrmisuskaiase éhd the aqueous
extract is at éxasicatubiritd. 8 streden prefesabiyidiblgasiadnvéds 1an ablaas aboutikidrghripartition
coeficiant ISPICRYA "R AIEHRY ABRL LIS ARl Snd A8 br IR 2BRYLFRLAPRINAZ to about
1.6, or Saboililmtt%ez%hi?d ég'ueous extract (40). Third aqueous extract 40 exits the bottom of third

liquid extractor 36 and is purged from the process. Alternatively, third aqueous

extract 40 can be back extracted with an organic solvent, such as ethyl acetate,

before being purged from the process. The recycle stream from this back extraction

20  of third aqueous extract 40 can be combined with the solvent feed to extractor 36

(stream 42) or, if the process comprises additional extractions steps prior to the

concentration step, the recycle stream can be fed, for example, to second liquid

extractor 22.

Surprisingly, K, the partition coefficient for sucralose between an organic

25  solvent and water when equal volumes of organic solvent and water are used is
dependent on the concentration of carbohydrates. As shown in Figure 5, when equal
volumes of ethyl acetate and water are used, K increases from 0.4, when the initial
concentration of sucralose in the aqueous phase is about 5 wt% to about 1.1 when
the initial concentration of sucralose in the aqueous phase is about 15 wt% and

30 about 1.2 when the initial concentration of sucralose in the aqueous phase is about
16 wt%. As shown in Figure 6, when the ratio of organic solvent to water is 1, the
extraction efficiency increases from about 40% to about 90% when the K value
increases from about 0.4 to about 1.1 and the extraction efficiency increases from
about 40% to over 90% when the K value increases from about 0.4 to about 1.2.

35 Therefore, before the sucralose is extracted into an organic solvent, it is
advantageous that sucralose containing aqueous feed stream 18 be concentrated

before extraction with the organic solvent. Preferably, the extraction can be carried



Alternatively, the feed stream to concentrator 32 can comprise a sucralose-6- ester, such as
sucralose-6-acetate or sucralose-6-benzoate, in addition to, or in place of sucralose, at concentrations
the same aMAG88Hb3 4B ralose, given above. Concentrator 32 typically incP€ddeR2Me B3 ntration of
carbohydrates in sucralose 10containing aqueous feed stream 30 by a factor of about 1.1 to about 4,
or about 1.15 to about 2.5, or about 1.2 to about 2.01@oncentration of a feed stream comprising a
sucralose-6-ester in the manner described above also increases the extraction efficiency of the ester
into the orgatHE $ofREFONdida kv chiiR iRart e ettisiesb for suenrlesk helweeritiose-6-acetate,
between an orgaiicsahsent ikbeuchpealbyhacaiale aansyvaibs wheo, easidl yalraRasyohorganic

e o ety par P R ideL9BL N P ERE IR AUSOL R ARG MERSHE Lncer e

same conditions. The extraction step e either batch or continuous. Third liquid

extractor 36'G@HE AR W e bItighRKidcfd %t}af'ﬁ)do]r KnBRAY I tRe 2RPUE‘aMREPBFDBRNRA are given
above. Concdmwatb@ atuddus stream 34 is fed to the top of third liquid extractor 36 and a stream of
second organic solvent 42, is fed to the bottom of extractor 36. The ratio (volume to volume) of second

organic solvent 42 f'SHREY1d88 BréTHRMIH AN aHEE bR CORSiIShB 78!’ Example,
about 1.5 toedhentsdy as abouatdds toaabait 2,55 wiralbeet62 e ta@routrddd didfiowevesrifithe 25number

of theoretica)glagessatribactioncintiie dasid sxirasiar 36 dRdocrepsaerdidse/ e Asreond organic
solvent 42, aé1d conses%l# gtlgythe H;tl_o of second organic solvent 42 to aqueous feed stream 34, could
t

be reduced. “°"“HNA LG JBRIERTS T N Q0 SRR FRLP B/ AP ON R e NS UelE s the
second ®rgarfiotabnrm aaYeAHs aechstrepss A0 divtai Saskeraaftiayosteb 1SwcrbimgedisBGtbansferred from an

aqueous extiact © ABAIOANC Gxdmsit 302 fosussalosd isdeRemmnstiaised fuam dheprganic solvent, it is
convenient to use a.second organi so#vent tthat can be Hsed_g)ls h%cr stallization solvent for
~g-esier.in SCF|? agv%% \E
an e sec

iSifg @ sucr RIS AT OIGEIRRESIVRRL to be the

sucralose. Iﬁ%n?a?srcf C nver_ne?lt or the first Qrganlcaggﬁ/en?
same organfE@7een. sfisiensitofi Seceriardriarite Namie igobtRyt adbRrarigvnequbisissy of the
invention cafobe socrdlisedastittdhespeacassuat ibse reracyaief bervpeasMmatpidssivehaqueous

suralqse cogiNIaL SR AR dRaher AHAYS AUALS BrefssRRsong aqepppxract 10T

fed to concentrator 32. The combined process is shown in Figure eed streams that comprise
sucralose aftifol &tI% 135886 1BalciRech e ansnAins M EPE SHASRIRRE prReeeRebYagsF4tien of
Sucrose-6-Estere5®elbtins.protection of the 6-hydroxyl of sucrose can be carried out by

The extraction step (EXT2) can be either batch or continuous. Third liquid

extractor 36 can be any type of liquid-liquid extractor known in the art, examples of

20  which are given above. Concentrated aqueous stream 34 is fed to the top of third
liquid extractor 36 and a stream of second organic solvent 42, is fed to the bottom of
extractor 36. The ratio (volume to volume) of second organic solvent 42 to aqueous
feed stream 34 is in the range of about 1.5 to about 4.0, for example, about 1.5 to
about 2.0, or about 2.0 to about 2.5, or about 2.5 to about 4.0. However, if the

25 number of theoretical stages of extraction in third liquid extractor 36 is increased,
the volume of second organic solvent 42, and consequently the ratio of second

organic solvent 42 to aqueous feed stream 34, could be reduced.

Any of the organic solvents used as the first organic solvent can be used as
the second organic solvent. However, as a result of this extraction step, sucralose is
30 transferred from an aqueous extract to an organic extract, so, if sucralose is to be
crystallized from the organic solvent, it is convenient to use a second organic solvent
that can be used as the crystallization solvent for sucralose. It is also convenient for
the first organic solvent and the second organic solvent to be the same organic
solvent. A preferred second organic solvent is ethyl acetate.

35 The process of the invention can be combined with the process for the

removal of non-polar materials from aqueous sucralose containing process streams



reaction of sucrose with a carboxylic acid anhydride, such as acetic anhydride or benzoic anhydride, in
an anhydrous polar aprotic solvent in the presence of an organotin-based acylation promoter, at a
temperaturéh a9 1dd&tiod of time sufficient to produce the sucrose-6-estBETIHR®XEIRZroup
shields the hydroxyl on 10the 6 position from the chlorination reaction. Accordingly, any ester group
that is stable to the conditions of the chlorination reagtion and that can be removed under conditions
that do not affect the resulting sucralose can be used. When sucrose-6- acetate is prepared,
1,3-diacetox§esctized-arueutndiviaarmseshesderkanysieus axtmesBdsdedHe orgspatiatbased
acylation pr@poten@bshasiata préidsde apneid FTgubodylicacidaahydritat Bsaparasion of
sucrose-6-e is.di [ I ‘Bri t : 3.526: Navia, U.S. Pat, No.
2050,7a6, Suaed B R SR Tl el B A B a R o LS et
No. 5,089,608; Vernon, U.S. Pat. No. p/884+558d; oaBkexmsE-6-A2at- No. 5,470,969; Kahn, U.S. Pat.
No. 5,440,026; Clark, U.S. Pat. No. 6,939,962, and Li, 20U.S. Pat. Pub. 2007/0227897 Al; the
disclostires of whichegetiyk ipttastinitad therbimroxtd efrtiecrege garabe naofisuiontibye-6-Ester

Containing regéliSH onBIRrbeCARMES I SHBIRFRCETIaR Y SHEEAIas@r Grestrbidhakydiiax\ds at the 4, 11,
and 6 positi%ns of the ﬁugr%se-ﬁ-ester are converted to hlorq [Qups, and the ZSStFreochemical
e Il &/ Nt or a

configuration atthe 3”;% Sitior is inverte E?gﬁ\%)rlg'bﬁ%? ﬁes?wy roxylsﬂ}ﬁ ﬂggsinie’ And'6" positions of

the ester to ERGRPHRoBPiedRSIRFORBIP BlsE StercSERRefitaIe8AAJaraiBaradteé insition is
disclosed in difitapt tb. rdaicd\inedAG0s468;akaibrl) TheRmi ety 2UPEAROGOGE AyaogdyFen U.S. Pat.

Pub. 2007/04Q04 33 Nicth - SiScios e AL WGICh A8 H1! IRCREPRRY) weééwggﬁofgﬁecﬂ%-iéQThe

chlorination process comprises the fojcllgwm steps. A reaction mn&ﬂre is prepared comprising the
d ?lﬁf&

sucrose-6-eStaP& R HigryPRHRN S fiaavian rRamiceqnddferhsdt BecrBIRvaddndgent. For
example, in crrel frote Sttive swt@ectthesteswtindsuadideskinaa ftee dsstle ahdras wowgeises about 20

W% to aboul 4R-ed%s BrdpsralCioseaRiasisly-IhE sadiQdnanRinhies frBian2Ridednipial eatbohydrate
in 35the rearﬁtlon IXtuEE may be abg)ut 5:1to 'ab,out 12:1. Altern(gtl\{%a/, a %re aormed
chloroforminfnitinCsaf a8 RRL R RR R A R R BT RO AR CHIOM AR Mnold's
reagerity, capabeoiybicl apthinvarAdtey|dtiepairatenasuamsentrepliersde disslpeepriopived, for example,
by the reactigxaafiosgeie Witls NeAtdipethys lpsranNgeia] ypeatys, the. maalso [adie; of the
(chloromethyene)dimethy ni the.sucrose:6-gstef,is Lt ut 11:1.
5Subsequen '{/n tggelnlﬁ SdscblﬁP gro?ip%’l% theztgﬂcgrglsgél%-%ﬁ’eﬁs?fgﬁr' gs%he %%%1‘732]9 ’%QEUP’%&

Pat. No. 5,089,608; Vernon, U.S. Pat. No. 5,034,551; Sankey, U.S. Pat. No.

5,470,969; Kahn, U.S. Pat. No. 5,440,026; Clark, U.S. Pat. No. 6,939,962, and Li,

20  U.S. Pat. Pub. 2007/0227897 Al; the disclosures of which are all incorporated herein

by reference.
Preparation of Sucralose-6-Ester Containing Feed Streams

To convert sucrose-6-ester to sucralose-6-ester, the hydroxyls at the 4, 1/,
and 6' positions of the sucrose-6-ester are converted to chloro groups, and the
25  stereochemical configuration at the 4 position is inverted. Conversion of the
hydroxyls in the 4, 1', and 6’ positions of the ester to chloro groups with inversion of
the stereochemical configuration at the 4 position is disclosed in Walkup, U.S. Pat.
No. 4,980,463; Jai, U.S. Pat. Pub. 2006/0205936 Al; and Fry, U.S. Pat. Pub.
2007/0100139 Al; the disclosures of which are all incorporated herein by reference.

30 The chlorination process comprises the following steps. A reaction mixture is
prepared comprising the sucrose-6-ester, a tertiary amide, and at least seven molar
equivalents of a chlorination agent. For example, in one process, the sucrose-6-
ester can be added in a feed stream that comprises about 20 wt% to about 40 wt%
of the sucrose-6-ester. The ratio by weight of tertiary amide to total carbohydrate in

35  the reaction mixture may be about 5:1 to about 12:1. Alternatively, a preformed
chloroformiminium salt, such as (chloromethylene)dimethylammonium chloride



3', 4', and 6' positions are converted to O-alkylformiminium groups. The resulting reaction mixture is
heated at a temperature or temperatures and for a period of time or times sufficient to produce a
product con¥¥th8%4 #dP¥ative of sucralose-6-ester in which the remaining RG#B3AGBIpE2remain as
O-alkylformiminium groups. For 10example, Walkup, U.S. Pat. No. 4,980,463, the disclosure of which
is incorporated herein by reference, and Fry, U.S. 2087/0100139, the disclosure of which is
incorporated heref refer nce, Cj’ sclose such processes. Because formation of a

chloroformiminium 8?9&7“: & Ferttdht (EH RS RYEN ) SRSt AR YRR ERGR I TBRANation
agent refersh® afﬁpétﬁﬁpfﬂlirﬂnhm|§5bmﬁ|‘t§?era®@@mdbnlﬁpag®lmle)mrtkbrmmﬂmmetlsﬂlt or Vilsmeier

reagent, or tr&hfaﬁra@nwértmww@r%ler%as Bf BhalCHISRPrAPIAE R INRE ARSI e
chlorination gﬂe%stghaé&an be r%esrgted Wh? éertrgry gmrde to form a chloroformiminium salt include,
oride

for example, phosgene, p %Ssep orus%;?y?: Rosp?norus pentachloride, thionyl chloride, sulfuryl

chlorides oxalyl chI@meaoérm@ivomma}lavéﬁhlgFeI&{mtﬁqé QMPQ@%D&%P&(EHEVQOBO@GH’Y')
carbonate ("tf; agﬁj%rkeé)mglrtrlo[r]nethane sul an h# e Tertrar amides that can be used include, for
drrhe

example, N, rRamide (DMVEY. N ?ormy pip fanny YT IHBRp TR ES YN N-diethy!
formamide. VGREHPR Nl&%ﬁeﬂﬁmarﬁ%@ﬁraéqm PeEIHS idearaargtarasiend: foam pexiodeotitistkas the

reaction solvertin{e-saffieints caploe dzuseHoaudpdenedaligss &@%aom&@ﬁét@é@@mase of the
reaction meﬂwnr.Hﬁﬂw'rﬁﬂnémwh@é&f&W%%@M & B&’?B Rically, .‘Pq.eJFnaé‘d Vfgrt‘s'c'}é’ro"'de
t usatth

sufficient solvent power to enable the reaction ecome essen I homo ene

monochlorinZRIRRIEaglalgtRa i pla o Rt 98 Xghshdhe, i'%'ﬂﬁ&ﬁﬁ)%&ﬁbﬁﬁ’e‘sl@%ﬂfﬂﬁ%thane
diethylene ghereinlimetfglather aB8Quer¢ising (a7t 00aclpnhaidistieswsi@restita Rydroxyl groups at

the 2, 3, 3', ancbbeRMIPRSRIATP IR s SUGIAIREE-EieR B Jdagdeaction mixture can be quenched by

the addition of about 0.5 to about 2.0 molar’ equivalents, typically about 1.0 to about 1.5 molar
equivalents, of alkéliewlas Eotortitoambarnhafrofdefrinationragant arsetsindiae reasdians ABtaqueous

soluton of ag-aalmetelshuthRes el LML PIBRTHRIVE MR R aERs sty of

an alk% e eart metal h d oxide, ch as calcium hydroxide: or agueous am ide -13-

can be Osed B QreAss Péghﬁ CFFSFOéQHmlﬁ'I'é'”%\ﬁaéhﬁ e YRR3R N AlkBA FBRal hydroxide,
such as aqu@lﬂ)@ﬁd‘dl@rrhvﬁv@mb(ﬁteumanf@)ﬁtamseibomtémefcﬁt(boa@gmmt%nwrcalIy about 8wt% to

about 20wt%nrhaieieEaRI S BRs Gt abaul R Witdr6aR) heriseto %ﬁwdﬁscr'bed below,

guenching can be.carried out by addition of alkali to he reactron mixtur the dual stream process,
a A Kure, D

or by the circ grat process. In"each case pH g)r(lacfngm’p@rgf;&eng’réj 48 FHHREPHa8ition of the

alkali. QuenEHﬁﬁ?@Tyﬁr%ﬂ?éawr&?om'at‘&' shl Wikt abahBde akseirt mlciﬂdﬁd at a temperature
of abo200C tacabmrut iRy Rredesedry,atiec ntibaboged 419} bie (eeemitoshtenisrchPskiane about 10.5

during the C?‘{%Bgégﬁeqy,emgil@}%{migﬂllfonylchloride. Tertiary amides that can be used
include, for example, N,N-dimethyl formamide (DMF), N-formy! piperidine, N-formyl
morpholine, and N,N-diethyl formamide. When N,N-dimethyl formamide is used as
the tertiary amide, it can also be used as the reaction solvent. Co-solvents can be

25  used at up to about 80 vol% or more of the liquid phase of the reaction medium.

Useful co-solvents are those which are both chemically inert and which provide
sufficient solvent power to enable the reaction to become essentially homogeneous
at the monochlorination stage, for example toluene, o-xylene, 1,1,2-trichloroethane,
1,2-diethoxyethane, diethylene glycol dimethyl! ether.

30 Quenching of the reaction mixture restores the hydroxyl groups at the 2, 3,
3', and 4' positions and forms the sucralose-6-ester. The reaction mixture can be
quenched by the addition of about 0.5 to about 2.0 molar equivalents, typically
about 1.0 to about 1.5 molar equivalents, of alkali relative to the amount of
chlorination agent used in the reaction. An aqueous solution of an alkali metal

35  hydroxide, such as sodium or potassium hydroxide; an aqueous slurry of an alkaline

earth metal hydroxide, such as calcium hydroxide; or agueous ammonium hydroxide



In the dual stream process, quenching is carried out by slow addition of the aqueous alkali with
simultaneous slow addition of the chlorination reaction material into a reaction vessel. The chlorination
reaction miXNPSeUId¥Hdleous alkali are simultaneously added slowly until tREHESAMA/RAMRity of
chlorination reaction 15mixture has been added. Further aqueous alkali is added until the desired pH
is reached. Then the temperature and pH are maintagied at the desired levels for the remainder of the
reaction. This process can be a batch or continuous process. In the circulated process, quenching is
carried out Bi7RiRSUNEGH AR BRRBYMELEST FEaRidIP HiEXAme frorh aduenis satetigh ef eincaligalon loop.

Chlorinationrdersiaefihroxmixfechnd aquesussatali-angadeie, stpwd ydntaiHys soictaon teop.
sufficient aqyaei3liah saddar uakledesisdiid s oRsneth T BRI TIRTIRIg G g pH are

maintained at the deswedolevels for the remainder of the reaction. This process can atch or
continuous PPRRBXL ERNERiRARRHER g, the reaction mixture can be neutralized by the addition 250f

aqueous acid, for e le. Ic acid. The resulting mixture comprise cralose
6-ester,§other carbﬁ%ﬁ%ﬁgﬁ%ﬁﬁgfﬁﬂ%C?ﬁr%%hce&get%s%r%&p riﬁé(é%{hoﬁrggca?léaﬁ'tg?ﬁtﬁ@ amide,

and salts in SRR O LR She/fRhSEReAR UBFRRSART SYIVBRGEWSISH TraSesEcriIcRsB-ester
containing feesespi¢ anddamperated asacpnocdied iluBbiyhidbitioa stichelasieais pouibiechmigthe

sucralose-6+G3ies Rfagerida 8UE ASPerf KEINEIR R, 10 SCIAIQBesCRTISE SQBiRIURRfRed stream is
concentrated Fa%)d exgggg}da\%/lth an organic solvent as described above. After extraction, if desired, the
a -eSt

resulting su&/atoSee ARG orgSRTEREr J0EH BRI RRT BRIRFEE el QUdFS I0se 6-ester is
deacyltfed tabsverahesd, 14hb dusingdhel o rseystdhie syepsBagaasctivim sucralose 6-ester is less polar
than sucralose, th:ﬁartition coefficients for the sucralose 6-ester between an organic solvent and

water are much higife?"S FH3FIFPRTR BIRRSH BEIFRIBALS farTisd QYLRYclemafddion &1 Biganic solvent
and water. Gabseys@hh)i withstioralteweGle siewisedilitentltbetchtisdatitn treaciigamaboiaént rather

than remainjagil HegeHaRIsEolTHRRMYHTRM ebadehsHealpsa Rrerles s imRing agueous feed
stream can be u:?ted ina rocess, ﬁies rlbed] lgelo(yv, 5in,whic ,Ehe §ug[al,os _6-ester js converted to
slgmu ane usﬁ/ added’slowly until the desired quantity of chlorination reaction
sucralose betoré puritication.
15  mixture has been added. Further aqueous alkali is added until the desired pH is
reached. Then the temperature and pH are maintained at the desired levels for the

remainder of the reaction. This process can be a batch or continuous process.

In the circulated process, quenching is carried out by circulating the
chlorination reaction mixture from a vessel through a circulation loop. Chlorination
20  reaction mixture and aqueous alkali are added slowly into this circulation loop.
Sufficient aqueous alkali is added until the desired pH is reached. Then the
temperature and pH are maintained at the desired levels for the remainder of the

reaction. This process can be a batch or continuous process.

Following quenching, the reaction mixture can be neutralized by the addition
25 of aqueous acid, for example aqueous hydrochloric acid. The resulting mixture
comprises sucralose 6-ester, other carbohydrate including chlorinated carbohydrate
impurities, unreacted tertiary amide, and salts in an aqueous solvent in which the
predominant solvent is water.

This sucralose-6-ester containing feed stream can be used as a process in
30  which the sucralose is purified at the sucralose-6-ester stage. In one aspect of the
invention, the sucralose-6-ester containing feed stream is concentrated and
extracted with an organic solvent as described above. After extraction, if desired,
the resulting sucralose-6-ester containing organic extract can be further purified.
The sucralose 6-ester is deacylated to sucralose, and the sucralose crystallized.
35 Because the sucralose 6-ester is less polar than sucralose, the partition coefficients

for the sucralose 6-ester between an organic solvent and water are much higher



Conversion of Sucralose-6-Ester to Sucralose The sucralose 6-ester containing aqueous feed
stream typically comprises both sucralose and sucralose-6-ester. Methods for hydrolyzing
sucralose-6Y¥etABHi%tlosed, for example in Catani, U.S. Pat. Nos. 5,97 PGHYSBNE3IUG
6,998,480, 10and 7,049,435; Vernon, U.S. Pat. No. 6,890,581; El Kabbani, U.S. Pat. Nos. 6,809,198,
and 6,646,121; Navia, U.S. Pat. Nos. 5,298,611 and4,498,709, and U.S. Pat. Pub. 2004/0030124;
Liesen, U.S. Pat. Pub. 2006/0188629 Al; Fry, U.S. Pat. Pub. 2006/0276639 Al; El Kabbani, U.S. Pat.
Pub. 2007/08/85d16 RPrERANSIRFE NS fsaheotiisraie6 fRkEEE2A AR IR ARG Bnd. Pat. Pub,
2007/0270583tAt;, 1Gtheedisehdb, rée clioralokeadecatieinisosfimiatety leatedntby referndace-gapicexample,

(@) sucralosgfeias g B YARMARL 1A THE'RASE RYSEHAIDN 1AHaF glVR TeAC R gligure o about

111 at a temperature and for a time sufficient to effect removal of the protecting group, and (b) the
tertiary amids 78 eV WP ATUEREMINET SFEAM SBTpT Y eEiinet Biepees) SF%QBQ&;EQW be 20carried
first. Alternativelyichohecrdinnlesfesbrarsliosis-6cngritad tusrahasesedrefosecauriédariomethanol containing
sodium methoxide. A trans-esterification reaction occurs that forms sucralose and the methyl ester of

the acid, for example methyl acEP RIS RUSIRIPSS S B 1E5 (4 7Y S3P5fose-6-acetate. The methyl
ter of th id hy.distillation:; i ntaini oduct
ester of the acid cap,pe femRLEd t&é@?‘%ﬂ?&%ﬁﬂ}%ﬁ@bﬁ%ﬁ}é&%gtﬁmtgﬁtﬁcegl& tRIpgsRLodY

25dissolved in water. INDUSTRIAL APPLICA rocess o vention i1s useful in the
preparation BPELEYSIBIAse NG SHIERIRSS FigRShteM ey s ftdwdrahyaing RUsEr RS sieing food and
beverage apitidatietsfoewatiple in CdtaniappicRtbbnSoSs UG h7ah pHeatodssixdade, 508 @gample,
S P N 1. Roche, U.s.
.S. Pat. Ng aceutical compositions (Luber, U.S. Pat. No. 6,258,381: Roche, U.S.
Pat. No. 5,8?’/9,9%(?;9 hgrltﬂ?:%aéﬁ%/’ % Vt’?NBZ%,'S’@%,%’éE),Sl’ég%I?/I&b%%?b%éqﬁfa%gc@Hﬁ)Hsﬁions
(Gelotte, U.8aP&UINGOOH DD 304 siipseTotng cBalipbishi i (El88629rA L) BYPHISNBat6,090,401),
dental floss fQRsh2086/0 556830 AD. 6,@801:31) Uapidky dishteatstng ﬁm?rm;?@té@ﬂbdﬁé@gf fr?rrr?s
(Gowan, Jr., \LS, Rat, No 7, er oncentrates fo dicj -15- (Shah,
U's. pat. NS B AE AN %%ﬁi@&ﬁ?ﬂ%?%&éﬁiﬁ?@uagaéﬁé%n%'%?faa?aeﬁjzf@ﬁiﬁ%%,658,919;
Gowart>Jr. 118 disslosysss sTalidoarand BerRestehRareimey, sfeepes: Nos. 5,409,907 and

S22 It eppr T e M AR AR e
(Merciadez,tU‘?S?EP%ft.the reaction mixture to about 11+1 at a temperature _and for a time
sufficient to effect removal of the protecting group, and (b) the tertiary amide is
removed by, for example, stream stripping. Either step (a) or step (b) can be
20  carried first. Alternatively, conversion of sucralose-6-ester to sucralose can be
carried in methanol containing sodium methoxide. A trans-esterification reaction
occurs that forms sucralose and the methyl ester of the acid, for example methyl
acetate when the sucralose-6-ester is sucralose-6-acetate. The methyl ester of the
acid can be removed by distillation, and the resulting sucralose containing product
25 dissolved in water.

INDUSTRIAL APPLICABILITY

The process of the invention is useful in the preparation of sucralose.

Sucralose is a high-intensity sweetener that can be used in many food and beverage

applications, as well as in other applications. Such applications include, for example,
30 Dbeverages, combination sweeteners, consumer products, sweetener products, tablet

cores (Luber, U.S. Pat. No. 6,277,409), pharmaceutical compositions (Luber, U.S.

Pat. No. 6,258,381; Roche, U.S. Pat. No. 5,817,340; and McNally, U.S. Pat. No.

5,593,696), rapidly absorbed liquid compositions (Gelotte, U.S. Pat. No. 6,211,246),

stable foam compositions (Gowan, Jr., U.S. Pat. No. 6,090,401), dental floss (Ochs,
35 U.S. Pat. No. 6,080,481), rapidly disintegrating pharmaceutical dosage forms

(Gowan, Jr., U.S. Pat. No. 5,876,759), beverage concentrates for medicinal purposes



No. 5,354,902). The determination of an acceptable sweetness can be accomplished by a variety of
standard "taste test" protocols known in the art which are well known to those skilled in the art, such
as, for exampe24h¥137d% cols referred to in Merkel, U.S. Pat. No. 6,998,142 @AESEHAMIPI0LS. Pat. No.
6,265,012. 10The advantageous properties of this invention can be observed by reference to the
following examples which illustrate but do not limit tag4nvention. Examples Example 1 This example
was generated u%ﬁ a mathematical model that included both 15a first extraction process (EXT1), a

back extractiGhEXTEBF o e R UheAih 8RS RERaRFeubgalcs B RABSINORAERATbUS extract
(12) to the fitsSe@atclon H6EEe8$9 T Bewal;Uiatings Bsedos iscanpdelbveeie sierveshrpemtheoretical

equations fitigakto aciuapilpbRlankgatae Fighies b $HAs 2 flaw gﬁmamm&?&,@y%@w@%%-

20Figure 2 shows the results from multiple model runs in'which the mass ratio of first organic solvent

el runs it
14 to the comBired 4quebud TR 0¥ Peant 17 e fir UG BTN A FOMRPSTHANH (ANER Wke paration
stages in the/fadRaéxitachiotBhdd bdjastestabilizathtmirbmreeiduivhltnne(Meaitiestaadtich Pald. The
amounr;[ Olf Smrﬁ.a%§§£9§t[r§ﬁteﬂw@t€ét?ﬁﬁiﬁ%&@w?ﬂ%@@é{?&fa%@eﬁ%ﬁ@%f'tra?ﬁ Sétﬁt‘EH%ﬁéﬁﬁdslsﬂ?Wn
on 25the left hand_axis, urity.of the sucralose produce e process js shown on the rig
hand axis. b} \éacggar?yb%%eéé)rr'\ Frpc/Jdm Fg?ﬁftee % \Bﬁ)gﬁ%t??g %ﬁ'ﬁ%’snr}; i%%faftrg‘]’\élr{lc@sadﬁlgr#l%‘%v&mbined
aqueous fed® $heshsiH addnitdectratiich astefoicupoRl . themypsegels eferredivsinMatie of the

sucralose is \@gr&eiednte, bios, orgarieestact ] 6. 8Viran BGthe raassiratio is 0.6 or greater, greater
than about 65% of the sucralose is extracted into first organic extract 16. Surprisingly, the level of
impuri#®s in first aglordveRirgaols rreeaiesiosigiitrienyionitaitle erssovastbi tiefeianseerall

sucralose yiedokhatemhigizesengpnis aakianiiethecombinadantraus fagehsisram ratios are used in
the first extraction step. As can also be seen from Figure 2, 35product purity begins to level out near

75%, when nearly 90% of the sucralose is -16-%ﬁgg§into first organic extract 16.

Example 1

This example was generated using a mathematical model that included both
15  afirst extraction process (EXT1), a back extraction (EXT1B) of the first organic
extract (16), and recycle of the second aqueous extract (12) to the first extraction
process. The calculations used in the model were derived from theoretical equations
fitted to actual pilot plant data. Figure 1 shows a flow diagram of the modeled
process.

20 Figure 2 shows the results from multiple model runs in which the mass ratio
of first organic solvent 14 to the combined aqueous feed stream in the first
extraction was varied. The number of separation stages in the back extraction was
adjusted to maintain an equivalent overall extraction yield. The amount of sucralose
extracted into the first organic extract 16 during the first extraction step is shown on

25 the left hand axis. The purity of the sucralose produced by the process is shown on
the right hand axis.

As can be seen from Figure 2, when the mass ratio of organic solvent 14 to
combined aqueous feed stream in the first extraction step is about 0.4 or greater,
about 50% or more of the sucralose is extracted into first organic extract 16. When

30 the mass ratio is 0.6 or greater, greater than about 65% of the sucralose is
extracted into first organic extract 16. Surprisingly, the level of impurities in first
agueous extract 18 is reduced significantly, with little or no reduction in overall
sucralose yield, when higher organic solvent to the combined aqueous feed stream
ratios are used in the first extraction step. As can also be seen from Figure 2,

35  product purity begins to level out near 75%, when nearly 90% of the sucralose is



Example 2 This example shows the effect of sucralose concentration on the partition coefficient of
sucralose between an organic phase and aqueous phase. Aqueous solutions of sucralose were
prepared at various carbohydrate concentrations. An equal volume of ethyl acetate was then added to
each solution and the two phases mixed thoroughly. After the two phases separated, the carbohydrate
concentration in each phase was determined. The K valgile was calculated by dividing the
concentration of sucralose in the ethyl acetate phase by the concentration of sucralose in the aqueous

phase. Figure 5 %ngggtégqn%f@pétogrggﬁpcogy%@gqé:oncentratlon on the partition coefficient, K. The

larger the K value, the more readily Sucralose Is extracted into the ethyl acetate phase. Example 3
This example measures the effect of concentratiaaropisacralose yield. Two different organic solvent to
sucralose containing aqueous feed stream ratios were used: about 3.7:1 and about 3.0:1 (volume to

volume). The Orgﬁrﬂgce&amgrétWaﬁﬁihé’@@@iﬁsm&&%@i&éﬁ&miﬂw?@ﬁl@tior“&d@ﬁﬁﬂ%&
Solvent:Feed i5fg B%éar%")é‘#;ar %.‘c’;ofls : S)a‘%f tQ %%ﬁa%g"’%%é% tE‘%o?&CS%'Oéfes oRfaiing

aqueous fee stream tes' e Wt/o 0 car ydrates In the sucralose containing

aqueous fYEEFJRreRFHFe Shrtaﬁ@%ﬁéﬁm%b‘?@é‘ﬁﬁﬂ”ﬁ?@%EB?&R)sébeﬂ‘ﬂaerﬂ'g BEESHY FEER R Feam.
"Yield" is thespbrread dsidsigceathse gocuvendd Hromdinb anggamis gohthocoobtie edfterctierwBecause

multi- stag@rfaaegaﬁma@@yieﬁ@ w%swa%ié%ﬂa@t%&tmgﬁ%ya{mg@wﬂkQ@t@ﬂwd@@rmm directly
from this g CARRALE 9%0 ned in FxAmp g'e: PO”P S
Solvent: Fee(? ucrsa Sse th/o SaYt%/ /%7 g{ﬁ} Low fglérggge SEQ ?Elﬁ ESSV %ﬁé f})\? 78
97.31 ngp:. s@centratmn of sucralose in the aqueous phase. Figure 5 shows the effect of

carbohydrate concentration on the partition coefficient, K. The larger the K value, the more

readily sucralose is extracted into the ethyl acetate phase.

Example 3

This example measures the effect of concentration on sucralose yield. Two different
organic solvent to sucralose containing aqueous feed stream ratios were used: about 3.7:1
and about 3.0:1 (volume to volume). The organic solvent was ethyl acetate. The results
are shown in Table 1. In Table 1, “"Solvent:Feed” is the ratio (volume to volume) of the
organic solvent to the sucralose containing aqueous feed stream. “Carbohydrates” is the
wt% of carbohydrates in the sucralose containing aqueous feed stream. "“Salt” is the wt% of
salt in the sucralose containing aqueous feed stream. “Yield” is the percent of sucralose
recovered from the organic phase of the extraction. Because multi-stage contacting devices
were used for this testing, K values could not be determined directly from this data and

compared to the values determined in Example 2.

Table 1
Concentration Solvent:Feed Sucralose (wt%) Salt (wt%) Yield (%)

Low 3.68 6.97 8.37 97.54
Low 2.95 6.17 7.78 97.31
High 3.69 13.77 15.00 99.99
High 3.91 14.46 15.13 99.94
High 3.76 14.69 14.98 99.98
High 3.18 13.82 14.95 100

These experiments show a dramatic increase in extraction efficiency when the
sucralose containing aqueous feed stream is more concentrated. These extraction

efficiencies were inserted into a mathematical model of a purification process for



13.77 15.00 99.99 High 3.91 14.46 15.13 99.94 High 3.76 14.69 14.98 99.98 High 3.18 13.82 14.95
100 These experiments show a dramatic increase in extraction efficiency when the sucralose
containing aNQE80Y¥&BA3stream is more concentrated. These extraction effRGdHeReON I~ Mserted into

a mathematical model of a purification process for -17-
-17-
sucralose. Increasing the EXT2 extraction efficiency from 97.5% to 99.5% improves
the overall yield of sucralose by >5.5%, when using the same solvent to feed ratio

and number of extraction stages.

The disclosure of the invention includes the following claims. Having

5 described the invention, we now claim the following and their equivalents.



sucralose. Increasing the EXT2 extraction efficiency from 97.5% to 99.5% improvmgﬂgverall yield of
sucralose by >5.5%, when using the same solvent to feed ratio and number of extraction stages.
The disclosUMIGPHE Filksntion includes the following claims. Having 5descrifedYAg¥BAtBn, we now
claim the following and their equivalents. MCS LIP WO 2009/137193PCT/US2009/039102 -18-

CLAIMS What is claimed is: 1.A process comprising §e steps of: a) extracting an aqueous feed
stream comprising sucralose with a first 5organic solvent and producing a first organic extract and a
first aqueous extract, in which the organic solveréidfRiscible with water, and a portion of the
sucralose passes into the first organic extract; b) optionally extracting the first organic extract with
an aqueous wolgerst dapneduse a second organic extract and a second aqueous extract, in which the
10sucralose preferentially passes into the second aqueous extract, and in which the second aqueous

extract is recycled to step ) rocesscFAPEERY aHBG HEesfEst agueous extract to form a concentrated
aqueous feed stream; and d) extracting the concentrated aqueous feed stream with a second

150rganic solvent and progiichetjras thivd @repusidesdisiceamdathirg aqusood eetnaitty infisdiich the

secondprgaHeas i@ dsdmnaisstlacvthavatenRaditnawhich the saralase Brgtesrntallypasses into

the third organic eg%tract. 2, Argtrocess ac ?rdln&to laim 1 whergtm st(?p% b) is carried out, 3. The
ich.the {cve 2 Wi , antd & portion of the sucralose

e organic se s immisci ar
process of c‘ivalm 1N WFﬁCH fhe Irst organic so vent an(\ﬁhe

passes into the first organic extract;

D) opticnally extracting the first organic extract with an agueous solvent
to produce a second organic extract and a second aqueous extract, in which the
10 sucralose preferentially passes into the second aquecus extract, and in which the

second aqueous extract is recycled to step a};

c) concentrating the first agueous extract to form a concentrated
agueous feed stream; and

d) extracting the concentrated aqueous feed stream with a second
15  organic solvent and producing a third organic extract and a third aqueous extract, in
which the second organic solvent is immiscible with water, and in which the
sucralose preferentially passes into the third organic extract.

2. A process according to claim 1, wherein step b) is carried out.

3. The process of claim 1 in which the first arganic solvent and the

20  second organic seivent are the same organic sclvent.

4, The process of any one of claims 1 to 3 in which the first organic
solvent comprises a solvent selected from the group consisting of methy! acetate,
ethyl acetate, /so-propyt acetate, n-propyl acetate, n-butyl acetate, amyl acetate,
methyl ethy! ketone, methyl /iso-butyl ketone, methyl /so-amyl ketone, methylene

25  chleride, chloreform, n-butanol, and mixtures thereof; preferably comprises a
sofvent selected from the group consisting of ethyl acetate, /so-propy! acetate, n-
propyl acetate, n-butyl acetate, methyl jso~butyl ketone, n-butanol, and mixtures

thereof, and more preferably comprises ethyl acetate.

5. The process of any one of claims 1 to 4 in which the second organic

30  soivent comprises a sclvent selected from the group consisting of methyl acetate,

ethyl acetate, iso-propy! acetate, n-propyl acetate, n-butyi acetate, amyl acetate,

mathyi ethyl ketone, methy! /so-butyl ketone, methyl iso-amyl ketone, methylene
chloride, chioroform, n-butanoi, and mixtures thereof; preferably comprises a



20second organic solvent are the same organic solvent. 4. The process of any one of claims 1 to
3 in which the first organic solvent comprises a solvent selected from the group consisting of methyl
acetate, ethyl acetate, /so-propyl acetate, n-propyl acetate, n-butyl acetate, amyl acettés bidthyl ethyl
ketone, methyl /so-butyl ketone, methyl /so-amyl ketone,dnethylene 25chloride, chloroform, n-butanol,
and mixtures thereof; preferably comprises a solvent selected from the group consisting of ethyl
acetate, /so-propyl acetate, npropyl acetate, n-butyl acetate, methyl iso-butyl ketone, n-butanol, and
mixtures therbef;tasadeniodd preferalyyocpmprisesrativyl ebetatectate, Sodheyonesstef amyrane of
claims 1 to 4 ip.yhighythe; seeend otaanin 30-selenlcomprisesdngivats selacied from thegroup

consisting of methyl acetate, ethyi acetate, iso-gropyl acetate, n-propyl acetate, n-butyl acetate, amyl

acetate, mBtALT SRV RS TREERA fBYdfARE one, methyl iso-amyl ketone, methylene chloride,
chloroform, n-butgnol. anfdiyduces Jeeral: PIRTRrAbY fFPDE A a%%eb%;t’éyga%nssﬁﬁteed from the

group consisting of ethyl acetate, /so-propyl acetate, n-propyl acetate, n- acetate, methyl iso-butyl
ketone, n-I5aTAABY HAL MIXBrEEIHEESH ARBAMore PTETEFaRIy CarfRfisEsketn}tacktateferablvs. The
process oftstairfedtem wihichs v e ehthecenweritration of théacarbohydrate the.aqueous feed stream
is increased by a factor of 1.1 to 4, preferably by a factor of 1.15 to 2.5, and more preferably by a
factor of 1.2t0 2.6:  TPETHESRSCRISIOf &y VriePBTEIdifstLifo @R wildiemBtelh &l parilipartition
coefficientdosreueral osesheralean theargattie extiadt andrthe aneousexmnact ésxpbleastlBapreferably

at least 1.3, SRR RIS(RANYL 1 Id fore préfeligPlopegs pRany one of claims 110 7 i which

the aqueous feed stream comprises less than 10 wt% total carbohydrates, or less than 9 wt% total
carbohydrates, ogless tha $aidéstotal sadaehydeaiass 1 to 7InTadPrecess otanyrene ffalaims 1 to
8 in which the aqueoqus feed stre omprises %.to 10 wt% total car rates, preferably 3 wt%
to 9 wt% tg?égl %%E%%%Sérg}g%,sl réga‘r}({a@ ﬁ%gferacél%ﬁ \%\%%%98 %t&stgo!é Ba%% }3)01 rg?js, still more preferably
5 wt% to TGt tRansenSeR afds and thotahieTaiabii & teds to 7 wit% total carbohydrates. 10.
The process of any one f claims 1 tP 9in v%/Qicht]ge con ergrateq‘agll;%?us feed stream comprises at
least 10 wt% total carbohydrates: prefarably at least 12 Wids total Carbohy e SifEhidredeterably
at least 130 itsalPouitiolydrarese total cpibame! iisce ssieerijyomevtitectaime t%da@lin which the

concentratgehagy@oussfeadrstipararepmRrises 10 wikedordmybdotakearbohydralgss preferably 12
wt% to 25 wi% total carbohydrates, more preferably. 15 wt% to 25 wt% total car drates, and most
preferabl)}3 \ﬁ%év{/?gj)ytgc ﬁ\g \//?/t‘E’ét/)dtfo\fVa?l€§ ?;a{gé)%[ﬁ%/(f%%?é f.g‘é/tes’ aﬁ? The rrgcf:/eersa(s%@f%r\f"ﬁ%nhyg c%f V(\ffa/f’ms lto 1l
in which tHE¥cicepvatedeagueous feed stream comprises 10 wit% to 20 wt% total carbohydrates,

preferably 12 wt"{% _to Z%Nt% total ca}rboh drat«%zs8 more preferat:\),I\Xh%C)'zI r\%{% to 20 wt% total

carbohydrates, and mostepPéPecr@aSSlﬁ 18 Wi G0 20 W% %o%%lgcg’rbo peoncentrageg o process of

any one @iaclabws feae dPsrviRchPiheeeGhdedrialte dvatiukias fedg utrbatascogiesasyl @ wa@stto 18

wi% total cavhohyeratessiefarably, L wiote Agwidpip@ caohydiatesand messpiatacably 15
wt% to 18 wt% total carbohydrates.
11. The process of any one of claims 1 to 10 in which the concentrated

acueous feed stream comprises 10 wt% to 25 wt% total carbohydrates, preferably 12
wt% to 25 wt% total carbohydrates, more preferably 15 wt% to 25 wt% total
carbohydrates, and most preferably 18 wt% to 25 wt% total carbohydrates.

12, The process of any one of claims 1 to 11 in which the concentrated
aqueous feed stream comprises 10 wt% to 20 wt% total carbohydrates, preferably 12
wt% to 20 wt% totai carbohydrates, more preferably 15 wit% to 20 wt% total

carbohydrates, and most preferably 18 wit% to 20 wt% total carbohydrates.

i3. The process of any one of claims 1 to 12 in which the concentrated
agueous feed stream comprises 10 wt% to 18 wt% total carbohydrates, preferably 12
wt% to 18 wt% total carbohvydrates and more preferably 15 wt% to 18 wtf% total

carbehydrates.



MCSLLP -20- 14. The process of any one of claims 1 to 13 in which the concentrated aqueous
feed stream comprises 18 wt% to 25 wt% total carbohydrates. 15. The process of any one of
claims 1 to 14 in which the concentrated aqueous feed stream comprises 13 wiobteSERRvtos total
carbohydrates, preferably 14 wt% to 16 wt% total carbolydrates, and more preferably 15 wt% to 16
wt% total carbohydrates. 16. The process of any one of claims 1 to 15 in which, in step a), the
mass ratio of the first organic solvent to the aqueous feed stream is 0.4 to 0.9, preferably 0.5 to 0.9,
and more preferalsly 0.6t @:®cess of lgnyTereprodess of daylane oféhitie teockdtimighich the

chlorinated dmpyiities Lompiines ietraahlam wagcharidesoin ehep @rgppgtatthan 50% of the sucralose
and at least 95% of the tetrachloro saccharides in the aqueous feed stream pass into the first organic

extract, and in stép.b) greaterdtras 80%6 pfotie Suteaiose o the ifirstiochahie exdract passes into the

second agueRUS EXEACt:ARM thentstrashlpia,sasehandasare prefsrestialystetaipaddn the second
organic extract. he(s‘%gpczss of any@age of C|alme 1 to 17 in which, in ste}) a), greater than
0

) :cla'8' T c ! 0 )’

55%, prefSiaBIiPotRATEFRAR 6 U oo Rire PrarIRis P Hreard Yhhn ‘%%%t(?fjtﬁe%uﬁgfgge in the
aqueous serdarhygsssdnto the first organic extract. 19. The process of any one of claims 1 to 18
additionally comprising_the step or steps of purifying and isolating the sucralose. 20. A process
comprising the stéps of "e PrERFRiding M £ i e dd SaRMTEEMARisHTE AcdhSdRYdrate selected
from the gesupotdhsiftFigpafsticradbsmbiester sicamdunifdates: thamreof (ithtsictalpsgerably b)

concentraiing the 3qugausdeed-sisanmte oun @ goncentrated aqueous feed stream; and c)
extracting the concentrated aqueous feed stream with an organic solvent and producing an organic

extract and an agueoustexirantesn whicly theearganioisalvent ésiinwnisoibhe st rivater; and in which the
Carbohydrﬁ\t;?uwt?ggrc%%';?rll}feeaé%?ascW&QOtEQ&%ngs?ﬁr%p a) greater than 50% of the

sucralose and at least 5% of the tetrachloro saccharides in the aqueous feed stream
pass into the first organic extract, and in step b) greater than 30% of the sucralose in
the first organic extract passes into the second aqueous extract, and the tetrachloro

saccharides are preferentially retained in the second organic extract.

18. The process of any one of claims 1 to 17 in which, in step a), greater
than 55%, preferably greater than 60%, and more preferably greater than 65% of the

sucralose in the agueous stream pass into the first organic extract.

19, The process of any one of claims 1 to 18 additionally comprising the step

or steps of purifying and isolating the sucralose,
20. A process comprising the steps oft

a) providing an aqueous feed stream comprising a carbohydrate selected

from the group consisting of sucralose 6-esters, and mixtures thereof with sucralose;

b} concentrating the aqueous feed stream to form a concentrated agqueous

feed stream; and

c) extracting the concentrated aqueocus feed stream with an organic solvent
and producing an organic extract and an aqueous extract, in which the organic solvent
is immiscible with water, and in which the carbohydrate preferentially passes into the

organic exiract.



MCSLIP -21- 21. The process of claim 20 in which, in step b) the concentration of the
carbohydrate the aqueous feed stream is increased by a factor of 1.1 to 4, preferably by a factor of
1.15 to 2.5, and more preferably by a factor of 1.2 to 2.0. 22. The process Of;ﬁl i or2lin
which the carbohydrate is sucralose 6- acetate. 23.1The process of any of claims 20 to 22 in
which the aqueous feed stream comprises less than 10 wt% total carbohydrates, or less than 9 wt%
total carbohydrates, or less than 8 wt% total carbohydrates. 24. The process of any of claims 20
to 23 in which theZdqueolixferrsireeingleomphisesvdighdinced wids otahcarioiyeratespreferably 3
wt% to 9 Wigersighearbahydeles,dnese Brefsraimy dnadede § 4 Yadetabearhohygrates. st more

preferably 5 wt% to 7 wt% total carbohydrates, and most preferabl % tq 7 wt% total
carbohydrgtst’ag.facmr cyéyg éop%o%:’e%g%?.’gﬁf/ 8?65%5#1}58/ Zfbe t8 %f Eﬂé\:\cf iV\I[‘rStWe%fghcentrated agueous

feed stream comphses atleast IQnidefotal sarhohydrates.Rigterably Al deast L2wirs tatal

carbohydrates, and more preferably at least 13 wt% total carbohydrates. 26. The process of any
of claims 20859 in which the concentrated agueous feed stream comprises 10 wt% to 25 wt% total

carbohydrates, pgferably, 1.2 Wi 1q,25.135 &Pgﬁhg@f@%%@ﬁ%M%%%g&tgaekyréédwg%é%ﬁ: wi%

total carbohydrates, and most preferably 18 wt% to 25 wt% total carbo ates.

process of ARPOFeTdRRS D6at S8viviNa tREPCONEERIRaIET LR7T0aR fold*&tteih comprises 10 wtd% to
20 wt% totalcanydhsyteates|gsefeaabbyvii2ontdtntc20 widb tatad.carbohydrates, more preferably 15 wt%
to 20 wt% total carbohydrates, and most preferably 18 wt% to 20 wt% total carbohydrates. 28.

The process of af§ of cIIMBr2ERRS 27 I NWHIEPIAY cohtR At dfel el dotig I8 st iEsFh LB ATrises 10
wit% to 18cuftpristal Tarbahydratesypretarabhp d2yitdtde b8efdliniotaleerbahypdrates,camd more

preferably 451198 WUAIGHRH SAONYGFAIES, 1o FkaT DS IRGASA Of by o glaims 20 0 281

which the concentrated aqueous feed stream comprises 13 wt% to 17 wt% fotal carbohydrates,
preferablyP TSRSt 16 988 totdi"edBhiRmMRE¥ I ¢MBRE Srers iR iaPivtdo w6 e 6ty tétal ca
rbohydratesal-22dSickies.  30. The process of any of claims 20 to 29 in which the organic solvent
comprises a solvent selected from the group consisting of methyl acetate, ethyl acetate, /so-propyl
acetate, n-propyfacetalé'snPERA§FacE &ty Arfvi Rt At AetRyry BiFy HRe @HEeHiswioH /38USaYA ketone,
methyl iseeamytkatanarpeiindenesehtorcesehliareiotaborydiansl, prefdnixiyres theeeof, yareferably

Comp”59%@&%94%%&28¥%€é§dafﬁ%%%}%%ﬁ%@&&?%?ﬁ@a@s%?twﬁ%gtt?‘"’ﬁt%ax/%ﬁgré’:p Lgcetate, n-propyl

acetate, n-butyl acetate, methyl /so-bu etone, n-butanol, and mixtures thereof, and more preferably
comprises ethyl agetatehe process of any of claims 20 to 25 in which the concentrated agueous

feed stream comprises 10 wt% to 25 wt% total carbohydrates, preferably 12 wt% to
25 wt% total carbohydrates, more preferably 15 wt% o 25 wt% total carbohydrates,
and most preferably 18 wt% to 25 wt% total carbohydrates.

27. The process of any of claims 20 to 26 in which the concentrated agueous
feed stream comprises 10 wt% to 20 wt% total carbohydrates, preferably 12 wt% to
20 wt% total carbohydrates, more preferably 15 wt% to 20 wt% total carbohydrates,
and most preferably 18 wit% to 20 wt% total carbohydrates.

28. The process of any of claims 20 to 27 in which the concentrated agueous
feed stream comprises 10 wt% to 18 wt% total carbohydrates, preferably 12 wt% to 18

wt% total carbohydrates, and more preferably 15 wt% to 18 wt% total carbohydrates,

29, The process of any of claims 20 to 28 in which the concentrated agueous
feed stream comprises 13 wt% to 17 wt% total carbohydrates, preferably 14 wt% to
i6 wt% total carbohydrates, and more preferably 15 wt% to 16 wt% total

carbohydrates.



31. A process according to any of claims 20 to 30, additionally comprising the steps of deacylation of
the sucralose-6-ester to sucralose, and purifying and isolating the sucralose.

. MCSLLP

30. The process of any of claims 20 to 29 in which the organic solvent
comprises a solvent selected from the group consisting of methyl acetate, ethyl acetate,
iso-propyl acetate, n-propyl acetate, n-buty! acetate, amyl acetate, methyl ethyi
ketone, methyl fso-butyl ketone, methy! /iso-amyl ketone, methylene chioride,
chloroform, n-butanol, and mixtures thereof; preferably comprises a solvent selected
from the group consisting of ethyl acetate, iso-propyl acetate, n-propyl acetate, n-butyl
acetate, methyl jso-butyl ketone, n-butancl, and mixtures thereof, and more preferably
comprises ethyl acetate.

31. A process according to any of claims 20 to 30, additionally comprising the

steps of deacylation of the sucralose-6-ester to sucralose, and purifying and isolating

the sucralose,
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