WO 2009/124116PCITUS2009/039105 -1- IMPROVED SUCRALOSE PURIFICATION PROCESS
CROSS REFERENCE TO RELATED APPLICATIONS This application claims priority benefit of
U.S. Provisigaalgh$ping fijo. 61/042,068, filed April 3, 2008, the entirety of wlighisdnpeip@kated herein
by reference. FIELD OF THE INVENTION The present invention relates to an improvement in the
sucralose purification process, especially to one stage thereof, and provides sucralose when so
purified. BACKGROUND TO TIE INVENTION Sueralose,
4,1'.6Ltrichloro-4,1',61-trideoxygalactosucrose, a sweetener with a sweetness intensity several
hundred times that of suctYSBRQYER SUERALOSESURIFGAIIONIROCESS 4 roups in the 4, I,
and 6' positions with chlorine. Synthesis of sucralose is technically challenging because of the need to
selectively replace specific QrdISRYR GRERENGD THR FleATM A NHIECHESONVENg other hydroxyl
groups including a highly reactive primary hydroxyl group. Numerous approaches to this synthesis
have been developed Seere g1 5, PRISI NGB, 43P2A0 328,9521 480,463 and 5,141,860,
which are expressly |nc01pﬁjora ednby reference herein. owever, such approaches typically provide a
product that 6bitsinReSafilmigAeviéls, 8008 chatitiristetivelghicmepoardedhaddibonatrsucealose.
Increasingly, efforts have been directed toward the isolation of sucralose in highly pure form from this
complex mixture of related chlorinated maiefatse Earty eparegwiqrk 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. 5,128,24%}%?6%%1%&?}?%%IV%ﬁ@S@&%ﬂQEW?QS’?@H&gﬁé%ﬁ?Gﬁﬁ&%ﬁ‘%@@é&’ﬁre, due to its

use of silica grjcaayhlagyitedie ige vetusTc.adprocidiakpeedussionel fighi fixde sucralose. In
addition, relatively little attention has been focused on other approaches for removing chlorinated

sugar impurities from sucralose. Effici i ifies, is. important because, even at
quite low concentrations, they can 8?&6% 0{81 Eheﬁ&\l{ ness, taste, and
flavor-modifying properties of sucralose. -2-  The synthesis of sucralose typically results in the
concomitant synthe§iscaﬂa8caﬁg}éﬁbﬁdhldoirmﬂe&éb@‘id@@xml@ﬂ@wmh ASSESY @é@a&ated and
removed frorg, (16 fgehOlRFUERRAIERE) g IPe AR BdLIHAGRICRERP.YREAY. after
preparation, the sucralose containing feed stream is subjected to a number of purification steps, of
which solventeglacangidreibydnexpligifivation frodet’s @éié@l@séiﬂmﬁh %iQﬁéqreﬁY@ﬂmSéﬁ &becies less
and more hydiophohishan augioiong sl peyakovs memedsiariha izl iesglose and

related compounds have been suggeste . Patent No, 4,405,654, which is expressly incorporated
by referencelhysiroinylfgraspample chitates stvmprobisprercrvingyritivs Sivdoe vyl clemens coshpbumd,

LLAb0- richi9fign 4&?&@%@9@%@0 ggg}g deaceivialian Al_IREIARFEIGIRIRIREHISOT. the

reaction mixture urifie phy on silica gel. The product is eluted from the
silica gel witfpeghylexekiaed. See, 9,5, PaleRetad. Mogah, HEB3GMhiti8 36 8Rpiés80 ifcbrpttated by
reference hectejn, r 0 i ' ' t of a methanol
solution of suggirglo’gﬁei}é%zﬁoag%e. hééS et%bgr?g?lrilg{ ?g%&g&@gﬁy&?&%igﬁ%ﬁﬁgﬁsidue is
dissolved in weperadtive birsdyrsotidon psedvgabricenteatirsesvatle «dp afabordlguasted volumes
of ethy! acetaie, [ somBinad oraanis exlactsae srocantalpdandthenhack gruacked with water
to recover sucralose present in the ethyl acetate. The combined aqueous portions are concentrated
and treated Vithizacidedksiistiog afsurtateigitiohihipnvenframbi peithitscerpalanizatbricstithe sucralose.
The recoverag Gyslalf AR AIERONES Ry LSREP4 RUITiGelep i RISl mRalipved primarly

through crystallization, rather than by solvent extraction processes. It is noteworthy that this approach

only involvessetrglaseataestbxirantioie sty sigivelay iauasess b i ddtasueretos & i ieger
re-extracted I&Bg&mg ROELOUS SAlWUOR IR AMAIORRIRRN23Gn ErRI achieVIng 8 furthgropprification.

U.S. Patent No. 5,034,551, which is expressly incorporated by reference herein, relates to a similar

process in whlehmaiesensusseeis Bydroly e Edficn! 6B Sdcsarduetas Bepssdicinsemariehl. The
methanol is remaygd by GYAROraHoR AR MR SHEEAIORE GROKHBING 8Sida D EisEolyRd 1B water. This

solution is extracted three times with separate one-quarter volumes of ethyl acetate. The remaining

aqueous layerigedueibimG Asaniercin AesHcHAY eokebhimissumalone Jocrddidenddrb%my to

crystallize. -Byle attention has been focused on other approaches for removing chlorinated 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.



U.S. Patent No. 5,498,709, which is expressly incorporated by reference herein, relates to solvents
that may be used to extract sucralose from the aqueous brine produced by alkaline hydrolysis of a
6-acyl estegxpsessygesgempound. Possible solvents include methyl acetateceibyb@oatatesmethyl ethyl
ketone, methyl isobutyl ketone, methyl isoainyl ketone, 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 toxicolc')%'lcal safety. U.S. Patent No. 5,498,709 also

relates to a procesgiie Whitkshe palegdsesgbiian andininglalienresialthydalysisiobsucralose
precursors is concentrated and then sucralgse is jsolated by three sequential extractions with ethyl
WG o8 RoABAIERL: o

acetate or ofABESRIEHIIILAIGESPORRS BIAEHES FUGIRSRCHR RORTBRANE MY SRS ahy ovRdhe

ed with

water to remane @y dimetRularmayiergnainiagutiiiodeseinJTthsicibralése by concentration
and crystallization. This patent also relates to %%cesses iIn which sucralose Eont?ined in the aqueous

brine obtain@tCRHEH SN AR SIGELQEE FREABIT 6 EXrETAT 15t RISERRA IR ACFRARSEiBIWHACRYME, such as
dichloromethang, shigkafiosatvenbuianerien ¢y elehexahenngirethys agstalty Theloygarie gxiracts may

then be back extracted with water to transfer the sueralose back inta the.aqueous phase. This
aqueous soltABAVAISY TREF A4S ABIhIEE HtioRaR R AR CHHASH S ggulting purified sucralose is
recovered by crystallization. This approach yields a relatively impure material. An additional
approach discusse¥ withinrhkGoPafentdcybikas s09ucrabive sitiedated rereptractiomeé teeralkaline
solution remaining, afte terificatio [fically, the solution.is extracted twice with. toluene to
remove non-sﬁ)lgéerg F%%uﬂﬁ%?%é%%hggtﬁ?ggd@ﬁ% TherPex r%'clt%%?r %reiaé?e I rv?/%ﬁ\g? Sutanone. The
2-butanone axteagtfoars aapibineddieand thecehsdt ibeyapbeatedite it domupishdyrp,Containing
sucralose. . U.S. Patept No. 5,530,106, which is expressly. incosporated eference herein, relates
0 2 extactTE T Hde o b e S R oa o R e S B Bl ESTS e
sucralosc-6-aretate mndsabsegtifnd beutrhlizatidnofhe ggpkpos siemivse Batutiodust éxtracted with
water satura(t;ladt %t@(/)l a c’gat1 o SOET%V it R itileasc ez};g&:{;electively partitioned to the organic phase by this
extraction. SuBseequent Y, the eatlg’y aceta eyphase IS baekwashed with water in order to recover a

portion of the sucralose that had also partitioned into the organic phase. The agueous solution and the
aqueous backwashthfe PaersoNebih880 A6de sritchésieaner sy tlefreuatedd iheisietegdsedadrecovered

by crystalization. e (16 AQUECHABAZSEraloscs BrdafieR K B4R AR BT iR RRsPSSlY

incorporated by reference herein, relates to methods for removing impurities from a composition
comprising sﬂspéuamsefaﬂuqfnimq:ﬁibgn‘mpatﬁrs?mem@@mwm@ﬁég@w@ﬁﬁéﬁmﬂﬁiﬁg«a liquid -
extraction of fhe;compesiioRINARECeRd InmiRe bieselyantia clies itrmaualal e dnpuwties into
the second solvent and performing a second extraction of the composition with a third immiscible
solvent to effawstaverteavsiarss wecBudratsticintd e thiia wbeprisfr et slsrmsatedmpurities in
the first solvenl GUMMARY Qe HIFINMENT (b ver ThE-RESSSRLIBYERIAR RIRNIAGS AL imfrovement

in the solvent extraction of sucralose or a sucralose-6-acylate from an aqueous solution containing it.
In carrying otRmHENed WeoBRPAEtoRs sve sarerstsietvad trratef ovartfisRlPRHREAECHE the sucralosc

or sucralose 65a6ylale DERRRAHDE AGHERUS AR ANdihe SUAMRNBRIERS eERIatHelys

unfavorable and have now surprisingly discovered that this is due to the presence of

dimethylamrhariunicenrseitiBum NS @ Yt dardiisdexglie achiensfaempylingroaghg the ratio
of NaC1 to DIMAGIG Tation, TS, B.C89ER1NRS: heamaH D AiNACaRd RMARIG iapdiibeir ratios, itis

possible to afféct the distribution coefficient of sucralose (and other chlorinated species) into the
organic phag®prathemiorsatvsasbabrcrssPihacting ekia VagiRsbrINE NS EBIRM edbfficient (K) is
a function of the a2 NaGh: theaiie RMARICHh R el JeIatNE AR seaHs fagk car-Bsyused to
control the value of k by varying the amounts of these salts dissolved in the aqueous phase.
Specifically, #Pipciaifythes PHESSHESHIUM chloride to DMAHC1, extraction of sucralose or
sueralose-6-acylate into the organic phase can be enhanced. Thus, one embodiment of the
invention relates to@. proeess fos.th@pxFactinhich suetpleseyonasycraledestrefeydate fragimn aqueous
solution containing at least said sucralose or said sucralose-6-a t%tée, other chlor'nate(l saccharides,
cimethylar R CchFIa: BFAPST RGN CAIOVEE SoVBEInd FOOINE SIS LRSSt S bal metal
chlorides, arpsigoyieichetidacind adaliteardrih atakdigritesoibtiornodghniusaleest -5- for said
sucralose or said ,sucralos$-6-.a%ylati bﬁtcontactimi; said ]ortganic sotlve twﬁp said solu%ign to extract
said sucraloSQHPEARS LR ERIEIS oLy PN Bhe [SVS AR TBIVE SRS T ER A PO " S aid further
chloride to dynettytacnerqguiier eblorids of stigl agetereusbeludinaiisHpexgasad fagiarito or during said
contact o ag g herease the pariion coeflicient of saidsucralose. of salf SucAlose gagpyate into said
organic solverit’ M Afiother EfBodifment of the presenfiinven i0h Telates 1o a proce%s of the
purification of sucralose from a feed stream from the synthesis of sucralose, in which the feed stream
is subjected to a series of purification steps, at least one of the steps comprising: extracting sucralose
from an aqueous solution containing at least sucralose, other chlorinated saccharides,

dimethylammonium chloride, and a thither chloride selected from the group consisting of alkali metal
chloridee ammoninim chloride and alikaline earth metal chloridee into an oraaniec ecnlvvent far ciriecralnce



In a further embodiment of the present invention, there is provided a process for the production of
sucralose from a feed stream from the synthesis of sueralose-6-acylate, in which the feed stream is
subjected tgyg sgréespfipurification steps and the purified sucralose-6-acylpia isshrgeagylated to
give sucralose, at least one of the purification steps comprising: extracting sucralose-6-acylate from an
agueous solution containing at least sucralosc-6-acyjate, other chlorinated saccharides,
dirnethylammonium chloride, and a further chloride selected from die group consisting of alkali metal
chlorides, ammoniumsciPgiesieNand aikglioe, edrithietapekibyidesrintmed bygaficsoientiior

sucralose-6-acylate by contagting said organjc solvent with said solution to extract sucralose-6-acylate
into the orgafﬁ%g%f\?e%ﬂl,vﬁ{%@?@ﬁgﬁ% gae‘ti%ggfpéoa% tﬁ?ﬁﬁwseurcfzq ofide 1o lgﬁ?naeqc ?/?anB?ﬁlgﬁiglf%%c cFc((?iride in
said aqueousysgikiinm byiholgsised phaicd edtelusiegussid @onpachdo Bsstiblecralasetshachaltition
coefficient of sueralose-6-acylate into said,organic solvent. | t.another embodi , the invention
provides a p%% L3 %%&%?%ﬁt%f’%’g‘éﬁy&é@éi oﬁre %%?a%és}gy -gé}?féggg r%%r:?%lnmg:}q%&:afous solution
containing -atsieastShidon6 Retilasechlosalel shinalfise:Gdintiridtethothenchietlightedi sacdehgtides,
dimethylammonium chloride, and a further chloride selected from the gro onsisting of alkali metal
chlorides, arﬁﬁ%n%ﬁf’ékﬁ%ﬁ% s ‘?ﬁfgtﬁﬁé‘se%Ffﬁ??ijg?aﬁogﬁéi{é{eﬁ? o %H%%g%aﬁ:l%osnolvent for said
sucralose orssRictisisansa Sracydiiey, winiclo doodpgiselkstifersteps: removing dimethylammonium
chloride from the aqueous solution to increase the ratio of said further chloride to dimethylammonium

chloride and thus ingeasgdip\peiitien seetisieRiAbourIARsR Y sAIhRUGIIaRE:BR AR IRt said

organic solvent; and contacting said organic solvent wi e re_suftlng solution to extract said
sucralose orrsaigl sng aftsedenbyting ystoahsiorgastpssivesats is cayestretsiéetiddbcteatures and

advantages of the present invent il f [ ' ription. The
detailed des%‘#%ﬁ?)org %1n§ %Ié?g(gggiﬁré%(gﬁ%%gg} %ﬁﬁﬁéﬁd}% |C§i§g§%§8%%l @%rﬁﬁ@é%ﬁ?%f the
invention, areopraviddthdyxwastofmitly shcationconmpinkdeendingtignhdypresked wmibntaser &so includes

those various.gNRRYES anddmomklisations, viRIBAE BRKH ANdR0ApR LHDSINMERNGR (hat Mmay hecome

apparent to those art from this detal ption. BRTEF DESCRIPTION OF THE
DRAWING SconcéFityation astlowgsthidizsfeet of hiepeatiol ofsNactites DNINEGIcEHN sthish saezsainsters being

kept tant . iGt istributi [of . : I OF THE
RTINS B A e o bl el
methodologiesyprbtowoisspbleanidhrbrgertsshets. dwbbonpedhareeivhlers thiesenaevang, It is also to he

understood i e {eimpalaiysaLAReiN e diser [bdbeRuRYRANWIesRIbg A A

embodiments’only, and is not intended to limit the scope of the present invention. It must be noted that
as used hereintantbitrahifeshe retedl esaibask tindosing edaretorpbase” Bnsagneouneolisitadesslural

reference unjesodba SoNELAIERIYAICtAIRRAMENRE LIS B BIRMBIE ALEIRIBNES I golvent s

a reference to one or more solvents, and may include appropriate mixtures of solvents, and includes
equivalents thgredlikaidom tthikeserekilterisiseralatielysotompmayerial. Unless defined otherwise, all
technical and scientific terms used herein have the same meanings as commonly understood by one

of ordinary skill in thenaidawiicRpisvenrtieabelenes B eferesMethuls deyigrsianrdipaterials

are described, although any methods and materials simjlar or equivalent to those described herein can

be used in tHelpraefEdrartieamt dherikal e sntinn sneming e Asrss RriiPRerdificilisalitorporated
by reference;hessin i thekenielyvRelIRiR A uene to remove non-polar impurities. The aqueous

solution is then extracted repeatedly with 2-butanone. The 2-butanone extracts are

combined, and the solvent is evaporated to yield a reddish syrup containing sucralose.

U.S. Patent No. 5,530,106, which is expressly incorporated by reference herein,
relates to an extractive process for a crude sucralose solution obtained after alkaline
hydrolysis of sucralose-6-acetate and subsequent neutralization. The aqueous sucralose
solution is extracted with water saturated ethyl acetate. Some impurities are selectively
partitioned to the organic phase by this extraction. Subsequently, the ethyl acetate phase
is backwashed with water in order to recover a portion of the sucralose that had also

partitioned into the organic phase. The aqueous solution and the aqueous backwash are



"Aromatic": as used herein includes compounds containing cyclic structures with resonant conjugated
double bonds such as, for example, benzene, toluene, or xylem.  "Backwash": as used herein
includes anyeytsagdiyesstep in which a second solvent phase remaining afteigisusseotgosodsact 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 or other speci(_eg_that have partially partitioned into the second
solvent which may be employed to semiselectively remove impurities. The backwash solution may be
combined withithedéktsoventasd thdtdbe ladoakt nndftheesvahlabddspradueteglich as sucralosc or other
species may be rf\ximize in the first solvent. The backwash solution optionally may be concentrated
prior to its atf&?ﬁé% PO BIGaRpec TS '%?‘%’tallization": as used herein includes processes in which
crystals are obtained from a solution. The initiation of crystal formation may be spontaneous, or it may
require the additionldSs@ettetysialk4s4ise s histein exprpsshillinatororaigb Weséeisescthersibuation in

which a solid. gr liguid iakis di IN.A o.vi i To red
saturated orfgﬂ%g%ﬁg{g%ﬁi% %ﬁdggﬁ%&g{%ﬁ#&@@%&s{?& soa,)lér%?gggg in maﬁ%}y%% é%%%% are the
ancillary protegseiiof filtterdimst evlventrifunimiyitietoryétaks eswianing thiapidstalmoiesinigehe crystals
with one or ”88&?81%'%{ B‘R_%itﬂr c'j&%&ﬁ& x%}ﬂ%@%lé‘fé‘&%@’t S%ﬁ?&ﬁm% Bﬁﬂg%?]%rﬂ%é‘ﬁ%‘_’the Feed
mixture": as used herein includes any mixture of compounds that results from ahy synthetic process
for sucraloscekreiddebvmmienrbseofosminglesecand extyaghdnaifivhe oeimpesition withmtpirdty": as used
herein includgs (RIS AEACLHIAN RUEIAIORF APREUdRR IR AT AMOMIDRSY gloprocesses
for synthesizing sucralose that are not sucralose. “Impurity” includes any monochloro-, dichloro-,
tetrachloro-, @hehpienteitihiormpleiietivetlof Budresdeeand any other disaccharide or trisaccharide derived
from sucrose, sucralose, or their constituent monosaccharides, as well as any trichloro-derivative other
than sucralosc itself, whether presengimfieg iovnoer ag esters:efaaroxylic acids. "Impurity” includes
any of the halogenated sugar derivatives, such as dichlorosucrose acetate, 6,1',61-trichlorosucrose,
4,6,6'-trichlorosucrose, 4,1 ,4',6'-tetrachlorogalactotagatose, 4,l',6'-tricf}jl‘;)rogalactosucr sc-6-acetate,
4,6,1,6 ctetrachlorog ARRIEREILIGYENUOL P OTIARS AL RERSHFRS ! Begd Eﬁfﬁmﬁﬂgmrose, 4,6
cdichlorogalagtaslésensea dlctitddichlagueen Mmbgdihibamaucrossntdiding itidhlosasuegose, 4,6,6'-
trichlorogalactosucrose, 4,1',5'-trichlorogalactosucrose-6-acetate, and 4,6,6'- trichlgrogalactosucrose.
"Impurity" in&HH@éSaS&l/VSP&ﬁﬁfEaB??ﬂo%%ﬁ?(Yes8&?%W&Wﬁ?&?@a&%%%&%@%ﬁ%éﬁ%‘?ate, other than
sucralose-6-agyalisse or sifeeAUesRls-asyined hierein theligres s auiddhahdandissadvieOssubsiant

disperse another substance. Prqocess EP 0409549 discloses a process . for.the chlorination of a
sucrose-6-ad) ERE Y RN G & LBV AL S Bl S G 5 ST LSRR S uch as

sucralose-6-aestate. of duigeisinassafiactitrihign\igert]saahths fhosfenenss bsed in this
process. Following the chlarination reaction, the exces lorination agent is quenched using a
suitable basé{r?ﬁ%%é%tﬁ‘ﬁmmﬁrﬁ@%fgﬁa%tlgaci?%ﬁﬁtﬁi)igf% is stage, where the reaction solvent is,
as seems usual, dimethylfwmamidc, some of the solvent also may react with the base to produce
dirnethylammoniumIdhisyrigecontie lesgittin gprodice Sie@hntldUd Mavhisilsesl thsirarlosdibsacylate, the
tertiary armide 1eAgl9n YRUFIRURIGT AN salkin il sycralaRsOracylaics hen deaculgied fo aive
sucralose. APSome stage, Before or arer this eacylation, fhe reaction rmixture s puri |8dc with the aim
of reducing thectrtergwfi s altissand DMARCE, Wherbatrefdead ylatithe isxearnedoof the it may he, in
dimethylformamide.,.this d latj e als sult.i r j %_%—J l..-9-.  Where,
asis commo(rﬁ,S q@%g)snecﬁgg? }S@E&ﬁ%%ﬁlﬁéﬁﬁ eg,fiﬁlee ﬁé%f?r%ﬁfg %aévgd) u(ﬁn]@c orl(%er%dl—i%%rever, other
bases may belased afopextamplesdiiet caikedi usmstad lopdtmtithesy dikafink eantirymegdhbpdraxites or
ammonium h [ﬁﬁo?i - is metakehlor ine.ear. | ghloride or
ammonium C(?]/ of1 §§a1§so_ii Qegg é%%%e%?}é !?gggeg%}ﬁ%%%%\?hﬁ kl?sﬁ%%ig’%%%g y%ﬁ%ﬁ%ﬁ%ﬁ geO%rocess of the
present inventidimtngsloodtsind) MAddditionttactinorafsserelose oraiveralesadyte atamoa gignpurities
derived from gj il edium. other chloride and dimethylammonium chloride, Depending
upon the pro(cﬁje%%{g?té%ﬁ%ﬁ t%%%é%{glution has already been subjected, greater or lesser

adjustments may be needed to the NaCl: DMAHCL1 ratio. Since it is necessary to increase this ratio,
this may be achievetP¥itnErORAGHHREM Sl e sHaIA dFotheERfSHIE bIEEHERISIIRG T

dimethylammgpitishiosidecriltitpaialy iwildae HESRRSAIY VB ANMIYNG 1REided;@and so the
preferred option is to remove dimethylammonium chlgoride. This may be achieved by a variety of

methods welPkiT8lRRcE e Limodsi ey ate, other shiorisi sesBanidist it BIreRBTing the
DMAHCL1 is firgbiiadinatthe-plh dhnesessaskde ferm diegdipeiidamige fancthaettg evaporate off

this dimethylamine under vacuum. It has generally been found mast convenient to raise the pH to a
value of at le3¥CT St RER S i@my%a%ftﬂ AR FoHH S PINA GRS R DI RFREAC AV um is
then applied to the reaction medium to strip off the DMA - removal of the DMA may be enhanced by
raising the temperature to volatilize the DMA. Another method of removing DMAIICI employs a
resin. For example, this may be carried out as follows:



Prepare a strong cation resin, such as DOW HCRS or Purolite Cl 20E, by washing with either 10%
NaCl or 5% NaOH. Pack a resin bed in low ionic content water. Prepare a crude aqueous product
solution of spgrajgse asexample by the method disclosed in US 5,498,708 pindxmonpgeoblaCl by
evaporation. Greater reductions in salt increase resin capacity for DMA. At least half the salt should be
removed. The partially desalted filtrate may be diIuter? to lower viscosity and enhance flowability. To a
column of resin flushed of regenerate, apply sufficient filtrate to apply 1-3 equivalents of -10- DMA.
Follow the appligatianamitbsiovt iandfiushatosdispiagriheydesitabiecatidapdnidacMeetresin saidy be
regenerated with either dilute caustic qr 8-12%.NacCl. oweﬁr the %MérH%]fciSJﬁ/%}l?vﬁd’ sufficient
is preferablySRIREE - Fagt AU Cr s i ORI TE S St 1 TS

fon to a valde not greater than

20,000 ppm {arckamplielopoke preigispbhneiigrealan tiarianGOmhjvpchivddy ieseit aqyemmatever
means the NaCl: DMAHCL1 ratio is altered, it.is preéerablg\tl?increa ed to a vajue gf 1f{iom 10:1 to 100:1,
more preferaBighisifcieasspiior o BHdrHoaRAIE SHRRELR AR LB TDRE HA he aqueous

solution shoyld: Fa-Rye ROk duaaRiesvisaitsaatgdsicmsiacréaserntives sty csatinis sovarit, e.g. to a level
of from 15% to 65%, more preferably from 30% to 55%.  The choice of solvent is determined by the

relative solubilities of sygralose and the principal impurities i i g@&/ apd in the aqueous
feed stream, as wel‘f‘ggﬁﬁ{: r%%ﬁa%ﬁ; &8¢ orstllé%ﬁgsrﬁ%é ‘ﬁ%ﬁ%@%@%ﬁg‘g& Ing wélatﬁlrw the process,
environmentahrfieagonso feicitinsaficos fethetoryadiondshesinshesise fremalaselin serinatbe with
water before use in the extraction,step. Mixtures of.organi v Q% %% qQlvents
contemplateé#%istﬁ}seggsl ﬁ‘é%‘é%%?o%%?%ﬁ Pnﬁ &gﬁfﬁﬁs%%tﬁg%' ’a%r{;f?raﬁr%{?gcibréﬁlwith ater and in which
halogenated gusppiRingeeivaditas; surhlas: Susratoseemeissatiitosaiohienilgetitrsisidedraiessolvents
that are partially soluble in a first, solvent such as water, an S, SQlut giersolvent in which
halogenated%lﬁ% (%’i%‘éﬁ? tﬁ?(—:qéh ggﬁ%aﬁ?@%&ﬁ%ﬁ?&?ﬁ v%ﬂ%i%ggigﬁsiggﬁﬁhgmgeﬁt s'§|ll forms a
separate phastewbefronixkd withitherfiistisglvealkaliprepd chitiodeanaumadeiuprspericrididions. Typical
organic solvents.include, but are not limited to, methyl acet t Q;\gttg;g ylKetone,
methyl iso-b&%ﬁk@?o%aé%hmné t@l%%%rﬁ% 6 oanﬂe(,)r H Cyigcﬁ’éé’j}l(t:{erﬁ(())%k%}g,r %:fﬁ%?é?brm, ie{%ﬁ é_ther, methyl
t-butyl ether,gagaaitank;anstveitana drsdleptarie, axtostoneridonciiochs drganticbdbroetiangiiphkdodecane,
white spirit, tyrpentine_.cyclghexane., propyl agetate I &1 Ivﬁlgg}g &%&%ﬁﬁ}&chloride,
xylene, toIue%egrééﬁz%ﬂ%ﬁr%éﬁ%ﬁo@ﬁ%%%ﬁ? é@l%%}get aor?oﬁ&iéta@%btyl CELLOSOLVE(r) acetate),
ethylene dichiaiidesasedanalr memphaoting ssiddenivt resathierasi dise fhepoariaeicseflisitnpedferably
comprises methyl.acetate, ethyl acetate, isq-propyl acetate, n-propyl acetate, n-butyl acetate, amyl
acetate, metqu;l/fl)(;atlt%))slFI%%{(c))rslaél,(51 rﬁﬁaﬁrﬁélsg%%%l ketone, methyl isoamyl ketone, methylene chloride,
chloroform, or n-butanol, either as a single solvent, or -11- as a mixed solvent with these solvents, or
with other solvents flomittersmbadirpentiefithe RisserhBrecprisrr ke éomprided airprsseiate,

iso-propyl acgfate. Arranyh AEIAIE O sy hacsidiRemethyhias Byivhkataruersbilinng)iither as a

single solvent, or as a mixed solvent with these solvents, or with other solvents from the first or second
list. Ethyl acdtarehishibaienst pretanissoiraed. tprerypatiarumiiasisen whdie REifdne,
n-hexane, n-Reptans. B-AGANE;IRActRAy hiddldrishlaraathene aDrdadesaae Uit sRiiodurpentine,

cyclohexane, carbon tetrachloride, xylene, toluene, benzene, trichloroethylene, 2-butoxyethanol

acetate (butysteIBICOSONINE @ et amigRersandais i ARRHHEPHR SRHY SR RIRERRE Ahot
preferred as gingle, solysnis,. husimayBeusag-nJmtxessolvants amdastiabnium thikiextraction

step, the volume ratio of the organic solvent to the aqueous feed solution is commonly from 2:1 to 5.1,
more commaHig fréwtiaer delariteipelicied fospthrigeouncentisinnnl thalbwriRlibiondsfbe carried out

by any meang known in the,atkfardigiighiguiskexiaalionioridcE R asavaglage methods of

agitation in a standard vessel, followed by settling and decanting, continuous column extractors,

and/or contintisuRlpaRPrgeairicde aniaginmeei! ermteRlvcah Y EBH SR ISLIRERIATeNt equipment

can be used ﬁé%&@é%}/i@%‘i@Hx?di%ﬁ?@ﬁ%ﬁe&h!ﬁ@%ﬁ@mﬁtrm%%abﬂﬁm&ﬂ@Imﬂd'ﬂild'i@@btO, any
Karr reciprocating plate column (Koch Inc., Kansas City, Mo.), any Scheibel Column (Koch Inc.,
Kansas City, %9@%’%@&%%9? A B PEObeLCBI EARCTSARP D AR O ARG UGS, any
bank of mixes ARdiGENETHIALIERAMQS: MG aboraeiRHifugal elHILE LuIen BXIagtDesEIg.
extractors manufactured by Robatel Inc., Pittsfield Mass.). Indeed, a variety of extractive
approaches rﬁ?iy%)é- 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 step$ndgsciitethchensiio dfinshextiadtioentvackwesteod thedisstfextractidmngdied s€cond
extraction) m?gcp‘id%%%orsﬂ?ce%'&eq ey %Srﬁ'%noég'ee&%ss%%%'%Hh‘?ﬁ%i 6l ﬁ‘é}?{%&){q all of these
steps may be BfGrmed Ih tie’8ame Vesser or, in ¢ Hain aspects, in any order or simultaneously. -12-
Where the material to which the present invention is applied is a. sucralose-6- acylate, the acylate
group may be any such group suitable for protecting the 6-position of sucrose during a chlorination
reaction; however, the acetate and benzoate are preferred.



If the process of the present invention is applied to a sucralose-6-acylate, the compound must be
deacylated to afford sucralose. Methods for performing the deacylation are well known in the art. For
example, the method disclosed in US 6,890,581, incorporated herein in its entirety by reference, can
be used, The sucralose purified according to the method of the present invention can, if desired, by
further purified. Suitable techniques include liquid/ligefe extraction and crystallization. Suitable
techniques are disclosed in US 7,049,435 and US 6,998,480, both of which are incorporated herein in

their entirety by (RGN SRABIQNOASURED SE16- BFiGinate SRIQHIRI By AaRED I@htheddrydroxyl of
sucrose can he carried out by reaction of sucrose with a carboxylic acid an?zéjri e, Slé h as acetic
E&f an

anhydride or &M dRdyuitdcchlpHAR eI S e RS euR SRR HA%S

organotin-basggi @¢ydatinnmeanaienlstademngkatineand fasal paripmied, tinse suligient to produce the
sucrose-6- ester. The 6-ester group shields the hydroxyl on the 6 position from the chlorination

reaction. AccoiRhlfoasgie S YRSE P HIAIS WEatsces T Rl IS COMRESERIBGNATRSh reaction and
which can be removed under conditions that do not affect the resulting sucralose can be used. When
sucrose-6-aceiateisngr¢pactt ] dnBrdimioatiatyetide Jrdnt diradhtyddistahnaxeatoa nfoeaxaheptejcan be

used as the organotin- secl& cylatjon, promater and. acetic anhydride as.the car%gx lic.acid
onyarde. PO O e DR R A S R RIS,

4,783,526; NasbaffidiSntRdiuNml dsO b0 sabs Sialpsen; ddyftéatioNeidlo8898 28] Weidioh, U.S. Pat. No,
5,023,329; Walkup, U.S. Pat. No. 5,089,608; Vernon, U.S. Pat No. 5,034,551; Sankey, U.S. Pat. No.
5,470,969; Kapn, 115, Rat N0, 5:440.026: Gtk W SiRat NGB R% 620 LSt Pub.
2007/0227897 6A]Ttat¥1é gi%closu%esl%?wﬁi%‘h are all incorprf%tasted herein by reference, WO
2009/124116Pat/Aus2089/0381G8e- 180 MreprgationdfSticralose-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

sucrosc-6-ester are qoyeHBR i RIata{reVRSI ARk iissterearnaisa inonfigaationbatshe 4 position

is inverted. Conversion of the hﬁ/droxyls in the 4, I', and 6' positions of the ester to chloro groups with

|
inversion of thaPeasrabaranthalidinmmingdaeied drecrnsivaidhsgiatrssdersirtiandst es. Pat, No.
4,980,463, Jaisﬂécﬁif@@arﬁ# s, 200/Q0RARG Y z APELHTY cho dBAnBWTRODR/ERRML 3R Al; the
in

disclosures of which are al colﬁrgiorated herein eAgcreference. The chlorination process comprises
the following SREPEded By ¥RSHONHSFOP RN Ercearimelin i ssafdaxeationalsaiisidey amide,

and at least sqysg: MRt eakMalansOhs GhGHRAINBEEMRE fFexamplhdone PGS (e
sucrose-6-ester can be added in a feed stream that comprises about 20 wt% to about 40 wt% of the

sucrose6-estefapherams ByRAsEhicdhastisiladrrthertbiredhid AT EL dasgit®8etion mixture may
be about 5:1 to about 12:1. Alternatively, a preformed chloroformiminium salt, such as
(chloromethylene)dimethylammoBRIFEMNESAR (RTON'©Fe@biEnD ReaW é(ifsed.
(Chloromethylene)dimethylammonium chloride can be prepared, for example, by the reaction of
phosgene with N,N-dm%h y] for ' ' : '

(chloromethylene)dime %y afn%?lndg)\rﬁtrﬁ\{?s%gﬁ%{ﬁﬁéﬂéa@%s%gﬁe%)sﬂg ou?%gﬁlltgtg%ro%atrﬁril:e frs
Subsequently b¢iegleirosgigrotips ohehueslicieskditridsiéoracandicic8t @red B).4', and 6' positions are
converted to O-alkylfonniminium groups. The resulting reaction mixture is heated at a temperature or
temperatures and for a period pitimgarimes suficieoNORPreduced/pQguoicontaining a derivative of
sucralose-6-ester in which the remaining hydroxyl groups remain as 0-alkylfolutiminium groups. For
example, Walkup, U.S. Pat. No. 4, %4%% the disclosure of which is incorporated herein by
reference, and Fry, U'SS 3809300148 @W@&BQY@B?W@W%’TH&%% FITEIER by reference,
disclose such preedstsiics, pRacasisepHrmati e @fnts clor dfauniedivreisads dicddsmeiesseagent is
not essential to the chlorination reactjon, chlorination agent refers to any compound that can be used
to form a ehlorSAM IR AL CEHSPERETr FELRE PR ColN i ShalE DAYyl oroups of
a sucrose-6-esteyciibaligrairolapsnbodimehtoinatianddgantsiizatlcandmisad kopelef fax example,
phosgene, phosphorus oxychloride, phosphor entach|oride, thignyl chloride, sulfuryl chloride, oxalyl
chloride, trichI(Wgﬁ%‘iﬁ@Y%‘ﬁu{B%f&ﬁ?ﬁ?@%%ﬁﬁﬁé@&%&ﬁsﬁé SH}&Fbaﬁ%&%n?%%%%#aﬁga%‘lFré Bsgcne”),
and methane stfpriyteblotic, Tenidrndrhicesitbhtdean el useetineludesfahexamate cNaNdimethy!
folinamide (DME), N-formyl piperidine, N-formyl morpholine, and N,Ndiethyl forrnamide. When
NN-imety! FORTE b0 LAl M B SRS G KA L e ST REO S et
Co-solvents candve uudechat apdtenap autl 8e\«piftoprimoreaiithe ditpatl phiasamdftbrideaction medium.
Useful co-solventsvgfgnttg?ﬁee Wiﬂ(ch are tb%h ch m{c&llx { ert tanddwhifch grovide sufficient solvent
power to enabfe the Teaction 10 bélc?é”rﬁleoesggﬁﬁaﬂye 6m08€ﬁea6‘u353t?ﬁt ‘monochlorination stage, for
example toluene, o-xylene, 1,1,2-trichloroethane, 1,2-diethoxyethane, diethylene glycol dimethyl ether.
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 hydroxide,
crich ace enditim or notaceiiim hvdrovide: an adiriaeniice chiirrny of an alikaline earth metal hvdrovide c<irich




As described below, quenching can be carried out by addition of alkali to the reaction mixture, by the
dual stream process, or by the circulated process. In each case pH and temperature are controlled
during additian nhshealali. Quenching is typically carried out at a pH betweem@EhosB%Gde about 10.5
and at a temperature of about OC to about 60C. Preferably, the pH should not be permitted to rise
above about 10.5 during the course of the quenching reaction. In the dual stream process,
guenching is carried out by slow addition of the aqu&6us alkali with simultaneous slow addition of the

chlorination reactiogymatesiat P A astionyessslicihnmehiasnatienraraiieg RbeiRarsthaqueous
alkali are -15- simultaneously added slowly until the desired guantit;if,of chlorination ge ction mixture

has been adtheer MaAHEESaH VNS AN PRIGHRY BMATA S RISTRANI I T B ATt toriBiF e
temperature;and, pkharg Maintpined:al therdesiradvris) sdantherrmairdrieftee, raetion. This

process can be a batch or Continuous process. _In the circulated process, quencl?%i)n% is carried out

by circulatingitiencHionn AuS maserHe SN RS HRoHY 2SR 43 S eNFoiRS AT S BETE RO IR L Bination
reaction mix%HéﬁaM@&b‘P@%‘éx@%@'@@S@%@%%&WME”I@FM&HM@E@M@@%i@aﬂéicient agueous
alkali is added until the desired pH is reached. Then the temperature and pH are maintained at the
desired levelggormprateshhairriercapeierandiidheir B¥ifFdcess can be a batch or continuous process.
Following quenching, the reaction mixture can be neutralized by the addition of aqueous acid, for
example aqugemsifiygdochloric acid. The resulting mixture comprises sucralose 6-ester, other
carbohydrate including chlorinated carbohydrate impurities, um-eacted tertiary amide, and salts in an
aqueous solvent in which the,predomjnant.solvent is wat IR of Stk -0 to
Sucralose The st‘?éPéPc'S‘E&-6-%%‘%8?%%%&%%%& Léqe&ecvélT #ggé) i%@‘%%%éﬁ%@ﬁﬁ%ﬁ%ﬁ%&h
sucralose andswearalosgieastedoMdtindsi§ontlydsofpriepspiealysedadudvas adisoltsved, for example
in Catani, U.S. Pat. Nos. 5,977,349, 6,943,248, 6,998,480, and 7,049,435; Vernon, U.S. Pat. No.
6,890,581, EI Kabbap 1,5, 2al, Ngs. 6,805 108,300,0. 646,121 Nayim bhaRakias <5238 611 and
5,498,709, and U.S. Pat. tb. 2004 0030124; Liesen, U.S. Pat. Pub. 2006/0188629 Al; Fry, U.S. Pat,
Pub 2006/02716689eAiaEingdhberrils Uss feakires. Pebwbons Gre-Aktipekdxitaa small pogiopyp,
20071016073 A, 00 BARAIN 145, B2 28 A0NT/RZ 10583 Alytom disrlonuien alpbich are al

incorporated(hereln y reference. or example, (a) sucralose-6-ester can he hydrolyzed to

sucralose byswisitigaios pieokticeice skridrvieiraitielly apstionsd Bt themprrdsrdvaRbTiE time
sufficient to &ff BE%H%‘{@{;Q& {B‘%é?ﬁ%@l%ﬁﬂgeg%%ﬁo@g% LR e RN, ARIR ISsERIeYaHYbfor

example, stcan stripping.“Either step (a) or step (b) can be carried first. Alternatively, conversion of
sucralose-6-estebimed et de fuahsoby eatriedhat ietraaBrooRtalmgluAde Befitsh SHdtRdxide. A

rans-esterficgion EAA AN LRI ScipIassand fhe Wpibil esiprtiimacihifabexample
e wnen

methyl acetat e sucralose-6-ester is sueralose-6-acetate. The methyl ester of the acid can be

removed by oititiagibn meydbtheorssuttirigdkpipalssisaskitivng Broditgiissived in water.
INDUSTRIAL APPLICABILITY The process of the invention is -useful in the preparation of

sucralose. The inventigpspIavidRsaninseasedivialdled o ysiabinessucslohefyenivateed of an impure
agueous sucralose solution such as one obhtained by alkaline deacylatiorbof a 6-0-acyl precursor and

neutralizatior?Pt2ined, S 8 944 Mg n-hdHEsy Er AORRKITH B RS 88 SRIMERS A hd

beverage apphigptifsramwelidason sthesgaplieations.uSetheapipljCationsilinatiode, fiao exsuripis,
beverages, combination sweeteners, consumer, products, g&?ﬁtene,r pro%g%%tablqécores (Luber,

U.S. Pat. No [eesiraieg) iR st ar domigdRrisrel ¢t VS ITEATO S88'841: Roche, U.S,

Pat, No. 5,814 R#dnanaiMah albn MrdeRatsdNaakb83s086ataptdy sbaotbedtiduidysaispasitpns
(Gelotte, U.S, Pat. No. 6,211,246), stable foam compositigns (Cowan Jr.gg.s..Pat. No. 6,090,401),

dental floss (@&Héée@.@.tb%f?mi‘%ﬁé@}h@f)?l}’éﬁﬁa| Gl ﬁ%ﬁﬁ%cfﬁﬁ’g?rﬁ 6

'ﬂgglcaosage foiins
(Cowan, Jr., centrifuging the crystals, dewatering the crystals, washing the crystals with one or more

solvents, drying the crystals, and harvesting the final product so obtained.

“Feed mixture”: as used herein includes any mixture of compounds that results
from any synthetic process for sucralose. Includes mixtures of sucralose and any and all

impurities.



U.S. Pat. No. 5,876,759), beverage concentrates for medicinal purposes (Shah, U.S. Pat. No,
5,674,522), aqueous pharmaceutical suspensions (Ratnaraj, U.S. Pat. No. 5,658,919; Cowan, Jr. U.S.
Pat. Nos. 543 34d95an3 5,.374,659; and Blase, U.S. Pat. Nos. 5,409,907 aqd/&>689039)e4Tuit spreads
(Antonucci, U.S. Pat. No. 5,397,588; and Sharp, 5,270,071), liquid concentrate compositions
(Antenucei, U.S. Pat. No. 5,384,311), and stabilized sorbic acid solutions (Merciadez, U.S. Pat. No.
5,354,902). The determination of an acceptable swebtness can be accomplished by a variety of

standard "taste testjRrotogelsKRRUudRE Rk R BERWEK kiewihia thortskiled incthésart, such
as, for example, the protocols referred to in Merkel, U.S, Pat. No. 6,99?},144, and Shaﬁglil, U.S. Pat. No.

6,265,012, ProdusiAlanYGHTRPRIHSF IFGEIFALod TP RIARE SHEFHASFSMBL TP SSIRI®E but it should

be recognizeg] thatpaf NSRS RE BRsslaRARB RAUEREHISRS, by @ paraoil akilladiiathe art. -17-
EXAMPLE 1 Removal of dimethylammonium chloride A sucr_aloif solution contaié\]jir)\% various
iZ1

impurities c&f BECTEEARE Ay AhSE HiBRecBrpde AL B ARaIoeSETHYE SYEr8gniHES ANy Yucralose,

as set out aPQUe SeB S8 ntsRahMNCS 4970 b praEmRogineheldhemiasent invention, a
6-0-acyl sueralose derivative was deacylated and steam stri%ped tor mo¥,ﬁe d%eth%nnamide

remaining fréMteieserteharor he R TR LR LA SH AR RO ANh apPfdiiately the
following compReilion: pIT ttalsasbrhvdaisraionhichah Yeuerediititesesaesbatises, 5% were

tetrachlorosaccharides, 5% were other triehlorosaccharides, and 65% were sucralo%e <1000 ppm

DMF 13% Nat'020ichiRiaHeoshs e NiHHTE BIRERFIRSE: Ao BOVEHATAIOTOL G B RSSh was
concentrated to @heihB43s nachahviiaiesdademnoyal of ahewhi@ U sseigbiday, @viiporation under

vacuum. Filtration of the salt produced a resultant stream that was (qssayed 0 contain 1i‘y DMA by
d

weight and ZBGeaR#ReHENE P hil B ERMAIRS Gt e a1 MR AAKIETHE Oiftal n%r'easonable

viscosity. Thig $liGamMes W8 9echiorssaeiusBof BAMESRBesH) #bieh had been washed with
either 10% NaC1 or 5% NaOH. When charged with 3 equivalents of DMr%@%réi r of resin, about 78%
; [

of charged DNFRIREHEERTEABTFtHel rasti CRBEURERSFGRIDNVASHAIS when charged with
only 1 equivgleni BPHAREsJileref PackpegsimB2%s ehohataadt BMAoysasitiainestvdhgtraarged with

2 equivalents DMA per liter of packed resin. Some dilution was experienced as residual sucralose was
displaced pridragyiatsh rageRstE eS8 G898 A PP EY A1 $52009/039105 EXAMPLE 2

Experimental demonstration of the effect of NaCl and DMAHC1 on partition coefficient A series of
aqueous solutions cgatanirig 49 Mt Bt eiNatudpsl sligradabet warelistaties op snbatatgialy shown in

Table 1. The solutions were alé %Iear and colorless at room temperature.
disperse another substance.

Process

EP 0409549 discloses a process for the chlorination of a sucrose-6-acylate in a
tertiary amide reaction vehicle to produce a sucralose-6-acylate, such as sucralose-6-
acetate. A large excess of a chlorination agent, such as phosgene, is used in this process.
Following the chlorination reaction, the excess chlorination agent is quenched using a
suitable base, thereby forming the chloride salt of the base. At this stage, where the
reaction solvent is, as seems usual, dimethylformamide, some of the solvent also may
react with the base to produce dimethylammonium chloride. The resulting product
stream thus comprises a sucralose-6-acylate, the tertiary amide reaction vehicle, water,
and salts, The sucralose-6-acylate is then deacylated to give sucralose. At some stage,
before or after this deacylation, the reaction mixture is purified, with the aim of reducing
the content of salts and DMAHCI. Where the deacylation is carried out, as it may be, in
dimethylformamide, this deacylation step may also result in the formation of DMAHCI.



Tablel Gins Wt Exp DMAHCL NaC1 Sucralose Water DS/g total wt #3

WO 2009/124116 PCT/US2009/039105

9.
Where, as is common, the base used is sodium hydroxide, the salt formed is
sodium chloride. However, other bases may be used, for example other alkali metal
hydroxides, alkaline earth metal hydroxides or ammonium hydroxide, so that the salt is

an alkali metal chloride, an alkaline earth metal chloride or ammonium chloride.

The aqueous feed solution which is the starting material for the process of the
present invention thus contains, in addition to sucralose or sucralose-6-acylate, various
impurities derived from side reactions, sodium or another chloride and
dimethylammonium chloride. Depending upon the procedures to which the feed solution
has already been subjected, greater or lesser adjustments may be needed to the NaCl:
DMAHCI ratio. Since it is necessary to increase this ratio, this may be achieved either
by adding more of the sodium or other chloride or by removing diméthylammonium
chloride. Ultimately, it will be necessary to remove anything added, and so the preferred
option is to remove dimethylammonium chloride. This may be achieved by a variety of

methods well known to those skilled in the art.

For example, one useful method of removing the DMAHCT is first to adjust the
pH, if necessary, to form free dimethylamine, and then to evaporate off this
dimethylamine under vacuum. It has generally been found most convenient to raise the
pH to a value of at least 10, aﬁd more suitably about 11, to form free DMA from the
DMAHC!. A vacuum is then applied to the reaction medium to strip off the DMA —
removal of the DMA may be enhanced by raising the tempefature to volatilize the DMA.

Another method of removing DMAHCI employs a resin. For example, this may

be carried out as follows:

Prepare a strong cation resin, such as DOW HCRS or Purolite C120E, by
washing with either 10% NaCl or 5% NaOH. Pack a resin bed in low ionic content
water. Prepare a crude aqueous product solution of sucralose, for example by the
method disclosed in US 5,498,709, and remove NaCl by evaporation. Greater reductions
in salt increase resin capacity for DMA. At least half the salt should be removed. The
partially desalted filtrate may be diluted to lower viscosity and enhance flowability. To a

column of resin flushed of regenerate, apply sufficient filtrate to apply 1-3 equivalents of



0.030 0.82 2.3QO 8.34 3.1511.49 44 0.034 0.18 2.257 8.34 2.47 10.81 45 0.390 0.75 2.100

WO 2009/124116 PCT/US2009/039105
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DMA. Follow the application with low ion flush to displace the desirable carbohydrate.

The resin may be regenerated with either dilute caustic or 8-12% NaCl.

However the DMAHC! is removed, sufficient is preferably removed to reduce its
concentration in the feed solution to a value not greater than 20,000 ppm (on sample),
more preferably not greater than 1,000 ppm. In any event, by whatever means the NaCl:
DMAHCI ratio is altered, it is preferably increased to a value of from 10:1 to 100:1,
more preferably from 10:1 to 25:1.

Prior to the extraction step, it is desirable that the aqueous solution should be
evaporated, or otherwise treated, to increase the dry solids content, e.g. to a level of from
15% to 65%, more preferably from 30% to 55%.

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, environmental
concerns, toxicity, and cost. 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 organic solvent include those that are immiscible
with water and in which halogenated sucrose derivatives, such as sucralose, are readily
soluble. Also included are 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 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 organic
solvents include, but are not limited to, methyl acetate, ethyl acetate, methyl ethyl
ketone, methyl iso-butyl ketone, methyl iso-amyl ketone, methylene chloride,
chloroform, diethyl ether, methyl -butyl ether, n-pentane, n-hexane, n-heptane, n-octane,
isooctane, 1,1,1-trichloroethane, n-dodecane, white spirit, turpentine, cyclohexane,
propyl acetate, butyl acetate, amyl acetate, carbon tetrachloride, xylene, toluene,
benzene, trichloroethylene, 2-butoxyethanol acetate (butyl CELLOSOLVE® acetate),
ethylene dichloride, butanol, morpholine, and mixtures thereof. The first organic solvent
preferably comprises methyl acetate, ethyl acetate, iso-propyl acetate, n-propyl acetate,
n-butyl acetate, amyl acetate, methyl ethyl ketone, methyl iso-butyl ketone, methyl iso-

amy] ketone, methylene chloride, chloroform, or n-butanol, either as a single solvent, or



7.69 3.2410.93 48 0.416 0.17 2.250 8.33 2.84 11.17 49 0.213 0.43 1.167 8.35 1.81 10.16

WO 2009/124116 PCT/US2009/039105
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as a mixed solvent with these solvents, or with other solvents from the first list. The first
solvent more preferably comprises ethyl acetate, iso-propyl acetate, n-propyl acetate, n-
butyl acetate, methyl iso-butyl ketone, or n-butanol, either as a single solvent, or as a
mixed solvent with these solvents, or with other solvents from the first or second list.
Ethyl acetate is the most preferred solvent. Diethyl ether, methyl z-butyl ether, #-
pentane, n-hexane, n-heptane, n-octane, isooctane, 1,1,1-trichloroethane, n-dodecane,
white spirit, turpentine, cyclohexane, carbon tetrachloride, xylene, toluene, benzene,
trichloroethylene, 2-butoxyethanol acetate (butyl CELLOSOLVE® acetate), ethylene
dichloride, and morpholine are generally not preferred as single solvents, but may be

used in mixed solvents as described.

In the extraction step, the volume ratio of the organic solvent to the aqueous feed
solution is commonly from 2:1 to 5:1, more commonly from 3:1 to 4:1, in order to
optimize the extraction. The extraction may be carried out by any means known in the

art for liquid-liquid extraction.

For example, 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 countercurrent equipment can be used in
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 manufactured by Robatel Inc., Pittsfield
Mass.).

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 extraction, backwash of the first extraction, and second exiraction) may be
performed in different vessels or pieces of equipment. Alternatively, all of these steps
may be performed in the same vessel or, in certain aspects, in any order or

simultaneously.



Each _sarr_lple was sha_ken with about 37 g of ethyl acetate (EA). The mixture was allowed to settle,
resulting in the formation of a heavy phase (aqueous) and a light phase (EA based). The weights of

these respgglivi Rhases;were recorded and each phase was analysed forgisippoialosg egntent. The
dry solids content of each phase was also measured by evaporation to dryness (moisture balance).
The results are given below in Table 2. WO 2009/124116PCT/US2009/039105 -19-

Tableand anal sis of the lower ("heavy") base HeawZphase Total Wt/g DS Dry solids Wt % sucralose
FIPLC Wt sucralos%%é%t f#e material to which the present invention is applied is a sucralose-6-

acylate, the acylate group may be any such group suitable for protecting the 6-position of

sucrose during a chlorination reaction; however, the acetate and benzoate are preferred.

If the process of the present invention is applied to a sucralose-6-acylate, the
compound must be deacylated to afford sucralose. Methods for performing the
deacylation are well known in the art. For example, the method disclosed in US

6,890,581, incorporated herein in its entirety by reference, can be used.

The sucralose purified according to the method of the present invention can, if
desired, by further purified. Suitable techniques include liquid/liquid extraction and
crystallization. Suitable techniques are disclosed in US 7,049,435 and US 6,998,480,

both of which are incorporated herein in their entirety by reference.

Preparation of Sucrose-6-Ester

Selective protection of the 6-hydroxyl of sucrose can be carried out by 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 temperature and for a period of time sufficient to produce the sucrose-6-
ester. The 6-ester group shields the hydroxyl on the 6 position from the chlorination
reaction. Accordingly, any ester group that is stable to the conditions of the chlorination
reaction and which can be removed under conditions that do not affect the resulting
sucralose can be used. When sucrose-6-acetate is prepared, 1,3-diacetoxy-1,1,3,3-
tetrabutyldistannoxane, for example, can be used as the organotin-based acylation
promoter and acetic anhydride as the carboxylic acid anhydride. Preparation of sucrose-
6-esters is disclosed in, for example, O’Brien, U.S. Pat. No. 4,783,526; Navia, U.S. Pat.
No. 4,950,746; Simpson, U.S. Pat. No. 4,889,928; Neiditch, U.S. Pat. No. 5,023,329;
Walkup, U.S. 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,
U.S. Pat. Pub. 2007/0227897 Al; the disclosures of which are all incorporated herein by

reference.
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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 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 A1; and Fry, U.S. Pat. Pub. 2007/0100139 A1, the disclosures

of which are all incorporated herein by reference.

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 the reaction
mixture may be about 5:1 to about 12:1. Alternatively, a preformed chloroformiminium
salt, such as (chloromethylene)dimethylammonium chloride (Arnold’s reagent), can be
used. (Chloromethylene)dimethylammonium chloride can be prepared, for example, by
the reaction of phosgene with N,N-dimethy! formamide. Typically, the molar ratio of
the (chloromethylene)dimethylammonium salt to the sucrose-6-ester is about 7:1 to
about 11:1.

Subsequently, the hydroxyl groups of the sucrose-6-ester at the 2, 3, 4, 17, 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 containing a derivative of sucralose-6-ester in which the
remaining hydroxyl groups remain as O-alkylformiminium groups. For example,
Walkup, U.S. Pat. No. 4,980,463, the disclosure of which is incorporated herein by
reference, and Fry, U.S. 2007/0100139, the disclosure of which is incorporated herein by

reference, disclose such processes.

Because formation of a chloroformiminium salt or Vilsmeier reagent is not
essential to the chlorination reaction, chlorination agent refers to any compound that can

be used to form a chloroformiminium salt or Vilsmeier reagent, or that can convert the
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hydroxyl groups of a sucrose-6-ester to chloro groups. Some chlorination agents that can
be used include, for example, phosgene, phosphorus oxychloride, phosphorus
pentachloride, thionyl chloride, sulfuryl chloride, oxalyl chloride, trichloromethyl
chloroformate (“diphosgene”), bis(trichloromethyl) carbonate (“triphosgene”), and
methane sulfonylchloride. Tertiary amides that can be used include, for example, N,N-
dimethyl formamide (DMF), N-formyl 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 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.

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 hydroxide, such as sodium or potassium
hydroxide; an aqueous slurry of an alkaline earth metal hydroxide, such as calcium
hydroxide; or aqueous ammonium hydroxide can be used to quench the reaction. For
example, an aqueous solution of an alkali metal hydroxide, such as aqueous sodium
hydroxide, that contains about 5 wt% to about 35 wt%, typically about 8 wt% to about
20 wt%, and preferably about 10 wt% to about 12 wt% can be used.

As described below, quenching can be carried out by addition of alkali to the
reaction mixture, by the dual stream process, or by the circulated process. In each case
pH and temperature are controlled during addition of the alkali. Quenching is typically
carried out at a pH between about 8.5 to about 10.5 and at a temperature of about 0°C to
about 60°C. Preferably, the pH should not be permitted to rise above about 10.5 during

the course of the quenching reaction.

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 mixture and aqueous alkali are
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simultaneously added slowly until the desired quantity of chlorination reaction 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 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 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.

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-6-ester are
disclosed, for example in Catani, U.S. Pat. Nos. 5,977,349, 6,943,248, 6,998,480, and
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 and 5,498,709, and U.S. Pat. Pub.
2004/0030124; Liesen, U.S. Pat. Pub. 2006/0188629 A1l; Fry, U.S. Pat. Pub.
2006/0276639 Al; El Kabbani, U.S. Pat. Pub. 2007/0015916 Al; Deshpande, U.S. Pat.
Pub. 2007/0160732 Al; and Ratnam, U.S. Pat. Pub. 2007/0270583 Al; the disclosures of

which are all incorporated herein by reference.

For example, (a) sucralose-6-ester can be hydrolyzed to sucralose by raising the
pH of the reaction mixture to about 1141 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, steam stripping. Either step (a) or step (b) can be carried first. Alternatively,

conversion of sucralose-6-ester to sucralose can be carried in methanol containing
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sodium methoxide: A trans-esterification reaction occurs that forms sucralose and the
methy! 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 dissolved in water.

INDUSTRIAL APPLICABILITY

The process of the invention is useful in the preparation of sucralose. The
invention provides an increased yield of crystalline sucralose from a feed of an impure
aqueous sucralose solution such as one obtained by alkaline deacylation of a 6-O-acyl

precursor and neutralization.

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, beverages, 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, 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 (Shah, U.S. Pat.
No. 5,674,522), aqueous pharmaceutical suspensions (Ratnaraj, U.S. Pat. No. 5,658,919;
Gowan, Jr. U.S. Pat. Nos. 5,621,005 and 5,374,659; and Blase, U.S, Pat. Nos. 5,409,907
and 5,272,137), fruit spreads (Antenucci, U.S. Pat. No. 5,397,588; and Sharp,
5,270,071), liquid concentrate compositions (Antenucci, U.S. Pat. No. 5,384,311), and
stabilized sorbic acid solutions (Merciadez, U.S. Pat. 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
example, the protocols referred to in Merkel, U.S. Pat. No. 6,998,144, and Shamil, U.S.
Pat. No. 6,265,012,

The invention is further illustrated by reference to the following examples, but it
should be recognized that many variations are possible and could be used by a person
skilled in the art.
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EXAMPLE 1

Removal of dimethvlammonium chloride

A sucralose solution containing various impurities can be obtained by a number
of previously disclosed processes for synthesizing sucralose, as set out above. See, e.g.,
U.S. Pat. No. 5,498,709. In one embodiment of the present invention, a 6-O-acyl
sucralose derivative was deacylated and steam stripped to remove dimethylformamide
remaining from the chlorination reaction. This resulted in an aqueous solution with

approximately the following composition:

5% total carbohydrate, of which 25% were dichlorosaccharides, 5% were

tetrachlorosaccharides, 5% were other trichlorosaccharides, and 65% were sucralose
<1000 ppm DMF

13% NaCl

2% Organic salts including DMAHCI, and

80% water.

This solution was concentrated to about 34% carbohydrates via removal of about
70% of weight by evaporation under vacuum. Filtration of the salt produced a resultant
stream that was assayed to contain 15% DMA by weight and 2.3% sodium by weight.
This was subsequently diluted 1:4 with water to obtain reasonable viscosity. This stream
was charged to a column of DOW HCRS resin which had been washed with either 10%
NaCl or 5% NaOH. When charged with 3 equivalents of DMA per liter of resin, about
78% of charged DMA was retained on the resin. 100% of charged DMA was retained
when charged with only 1 equivalent DMA per liter of packed resin. 92% of charged
DMA was retained when charged with 2 equivalents DMA per liter of packed resin.
Some dilution was experienced as residual sucralose was displaced prior to resin

regeneration.
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EXAMPLE 2

Experimental demonstration of the effect of NaCl and DMAHCI on partition

coefficient

A series of aqueous solutions containing DMAHCI, NaCl and sucralose were

made up in water as shown in Table 1. The solutions were all clear and colorless at room

temperature.
Table 1
Gms Wt
Exp DMAHCL NaCl  Sucralose = Water DS/g total wt
#3 0.030 0.82 2.300 8.34 3.15 11.49
#4 0.034 0.18 2.257 8.34 2.47 10.81
#5 0.390 0.75 2.100 7.69 3.24 10.93
#8 0.416 0.17 2.250 8.33 2.84 11.17
#9 0.213 0.43 1.167 8.35 1.81 10.16

Each sample was shaken with about 37 g of ethyl acetate (EA). The mixture was
allowed to settle, resulting in the formation of a heavy phase (aqueous) and a light phase
(EA based). The weights of these respective phases were recorded and each phase was
analysed for its sucralose content. The dry solids content of each phase was also
measured by evaporation to dryness (moisture balance). The results are given below in

Table 2.
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Table 2: Mass and analysis of the lower (“heavy”) phase

Heavy phase
Total Wt % sucralose | Wt Wt %
Wt/g DS | Drysolids | HPLC sucralose/g heavy
#3 9.56 13.31 1.27 29.88 0.380 3.98%
#4 9.1 7.94 0.72 67.59 0.488 5.37%
#5 9.41 17.26 1.62 25.49 0.414 4.40%
#8 9.7 12.04 1.17 47.68 0.557 5.74%
#9 9.7513 10.45 1.02 33.73 0.344 3.52%

Table 3: Mass and analvsis of the upper (“light”) phase

Light phase

Wt % sucralose Wt Wt %
Exp Wt/g light | DS | Dry Solids/g HPLC sucraloselg Light
#3 40.780 | 5.59 2.28 08.2 2.238 5.49%
#4 37970 | 5.30 2.01 94.23 1.896 4.99%
#5 38.370 | 5.03 1.93 95.59 1.843 4.80%
#8 39.010 4771 - 1.86 99.47 1.853 4.75%
#9 34677 | 312 1.08 85.33 0.923 2.66%
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From the data presented, it is possible to calculate the distribution coefficient K

for each experiment, where K is defined as :

K = (Wt% Sucralose in light phase)/(Wt% sucralose in heavy phase)

Table 4
Exp Calculated K
#3 1.38
#4 0.93
#5 1.09
#8 0.83
#9 0.76

Statistical analysis

The above experimental data may be summarized as shown in Table 5, where the
weights of DMAHC], NaCl and sucralose have been expressed as wt% on water in the

initial feed to the experiment:

Table 5
Exp DMAHCL | NaCl | Sucralose | Actual K
#3 0.36% | 9.87% | 27.58% 1.38
#4 041% | 2.10% | 27.06% 0.93
#5 507% | 9.75% | 27.31% 1.09
#8 4.99% | 2.04% | 27.01% 0.83
#9 255% | 515% | 13.98% 0.76




-21- Statistical analysis of this data using multiple regression techniques shows that the
concentrations of all these components influence the observed K value: Table 6: Regression
coefficientsiignoyitiplg regression analysis Coefficients Intercept 0.337406RMAIASI s -4,07637
NaCl% 4.516977 Sucralose% 2.063842 Table 6 shows that the weight % concentrations of
sodium chloride and sucralosc have a positive effect on K (i.e.: the more there is of these components
in the feed the higher the K value) whereas surpris'n%ly, the weight % of DMAHCI has the opposite
effect - the higher the,\aightg06RYARICathe vttt lethessdewassiprearflicianis are used to

predict the K values, a close correlation is seen, as shown in Table 7:
the concentrations of all these components influence the observed K value:

Table 6: Regression coefficients from multiple regression analysis

Coefficients
Intercept 0.337406
DMAHCL% -4.07637
NaCl% 4.516977
Sucralose% 2.063842

Table 6 shows that the weight % concentrations of sodium chloride and sucralose
have a positive effect on K (i.e.: the more there is of these components in the feed the
higher the K value) whereas surprisingly, the weight % of DMAHCI has the opposite
effect — the higher the weight % of DMAHCI, the lower K is. If these regression
coefficients are used to predict the K values, a close correlation is seen, as shown in

Table 7;
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Table 7: Actual K vs, predicted K (Pred K)

Exp Actaal K | Pred K
#3 1.38 1.34
#4 0.93 0.97
#5 1.09 1.13
#8 0.83 0.78
#9 0.76 0.75

Discussion

It is apparent from this data that sodium chloride exhibits the classic “salting out”
effect. This effect is usually explained by saying that the dissolution of the NaCl in the
aqueous phase results in a highly polar medium (due to the ion pairs). In this medium,
the solvation energy for electrically neutral carbohydrate based species (such as
sucralose) will be relatively low and thus the sucralose will partition preferentially into

the ethyl acetate phase (hence a relatively high K).

DMAHCTI is also a salt and may have been expected to show a similar effect to
NaCl. However, surprisingly it shows the opposite effect. The reason for this is not

clear.

Conclusion: Consequences for the process

The accompanying drawing shows the effect of the ratio of NaCl to DMAHCI
(all other parameters being kept constant) on the predicted distribution coefficient (Pred
K).



0.78 #9 0.76 0.75 Discussion It is apparent from this data that sodium chloride exhibits the classic
"salting out" effect. This effect is usually explained by saying that the dissolution of the NaC1 in the
aqueous phase results in a highly polar medium (due to the ion pairs). In this medjust;the solvation
energy for electrically neutral carbohydrate based species (such as sucralose) will be relatively low
and thus the sucralose will partition preferentially inte2the ethyl acetate phase (hence a relatively high
K). DMAHCL is alsg.a salt and may have been expected to show a similar effect to NaCl. However,
surprisingly it shows thé opposite effect. The reason for this is not clear. Conclusion: Consequences
for the process The accompanying drawing shows the effect of the ratio of NaC1 to DMAHCI (all

other parametérs"bBiAgeRe Firdba Sty s predpoer distiibilast CoeTiie O RHaRYEVs C -23-
CLAIMS: 1. Apfassssdefath SXIrRalion of SKERJASE A0 R SHAAIRse Siaaylale diom BB RaUeOUS

solution containing at least said sucralose or said sucralose-6-acylate, other chlorinated saccharides,

dimethylammdaRsRFGRSridEhnlarmenine sl atdes et telpmlsmnotersie spl cor byt alkali metal
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sucralose or said sucralose-6-acylate by contactln?bsaid organic solvent with said solution to extract

said sucraloseBlosidies sioB SELeme v Hh s R brgeitie soNrd misplese thavsaé dsaid further
chioride to dimgifylammAnWILSHOYNC i SRIG 2aHeBHR BRI INGIeaREMA BLOL#QRY during said

contact so as to increase the partition coefficient of said sucralose or said sucralose6-acylate into said

organic solverficrlgsgfraedatfintedherganissorsnbimadudrthe sptin 8€ seid dyrtherrlatids Eyueous

SQ'“'“O” COntamm&%lﬁﬁﬁ{(ﬁﬁw@@§%a?@%&&!@@@ﬁ@f?@ﬁ@?@a@m%ﬁﬁﬂIR{ @?&%ﬁx?gaccha”de&
dimethylammonium chloride, and a further chloride selected from the group consisting of alkali metal

chlorides, amriflicoRtar Ade Rrigcaness e dsrifipietar Eitimd of sfo ar dryanicsablvertaigrsaid

sucralose or sgid SuaraRResPcHaHR: WNehicomprises the steps: removing dimethylammonium
chloride from the aqueous solution to increase the ratio of said further chloride to dimethylammonium

chloride and thus increase heﬁ)artition.coef jcient of sucralose orgaid Isucrfalose-G-acg/Iate into said
organic solvertt: ﬁ]arocess or the extraction of sucralose or sucralose-6-acylate from an aqueous

solution containing at least said sucralose or said sucralose-6-acylate, other chlorinated
saccharides, dimethylammonium chloride, and a further chloride selected from the
group consisting of alkali metal chlorides, ammonium chloride and alkaline earth metal
chlorides, into an organic solvent for said sucralose or said sucralose-6-acylate, which

comprises the steps:

removing dimethylammonium chloride from the aqueous solution to increase the ratio
of said further chloride to dimethylammonium chloride and thus increase the partition

coefficient of sucralose or said sucralose-6-acylate into said organic solvent; and

contacting said organic solvent with the resulting solution to extract said sucralose or

said sucralose-6-acylate into the organic solvent.

3. A process for the purification of sucralose from a feed stream from the synthesis of
sucralose, in which the feed stream is subjected to a series of purification steps, at least
one of the steps comprising: extracting sucralose from an aqueous solution containing at
least sucralose, other chlorinated saccharides, dimethylammonium chloride, and a
further chloride selected from the group consisting of alkali metal chlorides, ammonium
chloride and alkaline earth metal chlorides, into an organic solvent for sucralose by
contacting said organic solvent with said solution to extract sucralose into the organic
solvent, in which the ratio of said further chloride to dimethylammonium chloride in

said
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purification steps and the purified sucralose-6-acylate is then deacylated to give sucralose, at least

one of the pufifidhaandfssseolprrsrgc Brteisthensiraertieddoasyafsraiosartbl§adans 8élution
containing a&ﬂ%m&@éﬂ%%éﬁg%m%ﬁg?%&&B&%@%ﬁﬁ%&%@@% dmethylampenium chioride,

and a further chloride selected from the group consisting of alkali metal chlorides, ammonium chloride
and alkaline avfiomeeatainiogableasiterartlorgahre eloie Athen dilerilaise-sediadevy contacting said

organic solvert,withsaid seiion I-RIIAH suGralosenfAY alR e MR aIRaRiGSERGHRWhich the

ratio of said further"chloride to dimethylammonium chloride in said aqueous solution is increased prior

to or during Sdiallcdhmaetadshieridem eramanipm phlation adariating spdhengiakehbrisdsyidnosib said
organic SO'V%@gmécI@&&{%ﬁa&mé@i@lm_@b%( x&kﬁ%&kﬂgy&etwémemem whiptidg is removed

from the aquedus solution prior to said extraction to increase the ratio of said further chloride to
dimethylarnraQiiion Ehrxtiget sBcrispfoeedsteinttmihe 2T8rsC whNEsTn i irhdbsyritambiidn chioride
is removed by, prtadistimen) &ffh{eﬂﬂg free dimathrrminemadievarerationebing dimatyamine by
application of heat and/or vacuum. 7. The process of Claim 2 or’5, wherein sufficient
dimethylamnioigiLio ehibriae piberatasd 1o seuBSTEsCohedattHiRnGpefis arfuisusTaleeién to no more
than 20,000 p, teqn%igrg%ﬁcch%@ 7, wherein sufficient dimethylammonium chloride is

removed to reduce its concentration in the aqueous solution to no more than 1,000 ppm. 9. The

process of Claim 1, 2, 3 or 4, wherein the ratiq of said further chloride to |rr}I thylammorgjium chloride

in said aquedus! S51BERFFIS H&reaBelt o8 YalRe ST BIT {618 0BT RRSZEL T RSV
2009/1241 1 RN 1hAS2008M8 388 n B0 to said extraction to increase the ratio of said further

chloride to dimethylammonium chloride.

6. The process of Claim 2 or 5, wherein the dimethylammonium chloride is removed by
pH adjustment to form free dimethylamine, and evaporation of the dimethylamine by

application of heat and/or vacuum.

7. The process of Claim 2 or 5, wherein sufficient dimethylammonium chloride is

removed to reduce its concentration in the aqueous solution to no more than 20,000 ppm.

8. The process of Claim 7, wherein sufficient dimethylammonium chloride is removed

to reduce its concentration in the aqueous solution to no more than 1,000 ppm.

9. The process of Claim 1, 2, 3 or 4, wherein the ratio of said further chloride to
dimethylammonium chloride in said aqueous solution is increased to a value of from

10:1 to 100:1.



10. The process of Claim 9, wherein the ratio of said further chloride to dimethylammonium chloride in

4, in which,ygoske {hg gxtraction, the aqueous solution is evaporated to ingrgase; s ey solids
content to a level of from 15% to 65%. 12. The process of Claim 11, wherein the dry solids content is

increased to a level of from 30% to 55%. 13. The pracess of Claim 1, 2, 3 or 4, wherein said further
chloride is sodium chloride. 14. The process of Claim 1, 2, 3 or 4, wherein said organic solvent
comprises a EbIVEnt peleetediffanty gysupctesiating fofarddinhachiatedethyl acetate, iso-propyl
acetate, npropyl ACSIale: iU ACEIRS, amylagelale. Ma iy ielpne, MaDlisaRun! ketone.
methyl iso-amyl ketone, me’t‘ﬁy &ne chiofi €, choro orm, n-butanol, &nd mixiures thereo ; preferably
comprises a BalvemfSdlected from the group consisting of ethyl acetate, iso-propyl acetate, n-propyl
acetate, n-butyl acetate, methyl iso-butyl ketone, n-butanol, and mixtures thereof, and more preferably

comprises etpy| %%tzefsceééoﬁ@eim,qt;@?% of & 1aim AdnWherein tesavaniisfi peglate. 16. The

process of Claim 1, 2, 3 or 4, wherein'the volume ratio of said organic solvent to said agueous solution
is from 2:1 toguation Is TYregiaiedss isrehsmiheainpelidirantens faraderalie b eaid Brgtnte Yolvent to

said aqueous solution is from 3:1 to 4:1.
12. The process of Claim 11, wherein the dry solids content is increased to a level of

from 30% to 55%.
13. The process of Claim 1, 2, 3 or 4, wherein said further chloride is sodium chloride.

14. The process of Claim 1, 2, 3 or 4, wherein said organic solvent comprises a solvent
selected from the group consisting of methyl acetate, ethyl acetate, iso-propyl acetate, n-
propyl acetate, n-butyl acetate, amyl acetate, methyl ethyl ketone, methyl iso-butyl
ketone, methyl iso-amyl ketone, methylene chloride, 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 iso-butyl

ketone, n-butanol, and mixtures thereof, and more preferably comprises ethyl acetate.
15. The process of Claim 14, wherein the solvent is ethyl acetate.

16, The process of Claim 1, 2, 3 or 4, wherein the volume ratio of said organic solvent to

said aqueous solution is from 2:1 to 5:1.

17. The process of Claim 16, wherein the volume ratio of said organic solvent to said

aqueous solution is from 3:1 to 4:1.



