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sucral ose. In addition, relatively . _
approaches typically provide a product that contains varying levels of other chlorinated

sugar compounds in addition to sucralose. Increasingly, efforts have been directed
toward the isolation of sucralose in highly pure form from this complex mixture of
related chlorinated materials. Early reported work typically involved crystallizing
sucralose directly from the synthesis mixture, a process that yields a material with high
impurity levels. Sucralose is sometimes purified from a synthesis mixture by silica gel
chromatography. See, e.g., U.S. Patent No. 5,128,248, which is expressly incorporated
by reference herein. That procedure, due to its use of silica gel, may be ill-suited to
large-volume commercial production of highly pure sucralose. In addition, relatively
little 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.
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approach only involves ethyl acetate extraction of the original aqueous solution, and
sucralose is never re-extracted from the aqueous solution into an organic phase, thereby

achieving a further purification.

U.S. Patent No. 5,034,551, which is expressly incorporated by reference herein,
relates to a similar process in which a base is used to hydrolyze a solution of sucralose-6-
benzoate in methanol. The methanol is removed by evaporation, and the sucralose-
containing residue is dissolved in water. This solution is extracted three times with
separate one-quarter volumes of ethyl acetate. The remaining aqueous layer is

decolorized with charcoal and concentrated, and the sucralose is allowed to crystallize.
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the solution is extracted twice with toluene 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
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into the organic phase. Furthermore, it has been found that the exact value of the

distribution coefficient (K) is a function of the wt% NaCl, the wt% DMAHCI and their

relative amounts. This fact can be used to control the value of k by varying the amounts
of these salts dissolved in the aqueous phase. Specifically, by increasing the ratio of
sodium chloride to DMAHCI, extraction of sucralose or sucralose-6-acylate into the

organic phase can be enhanced.

Thus, one embodiment of the invention relates to a process for the extraction of
sucralose or a 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
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least 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
sucralose-6-acylate by contacting said organic solvent with said solution to extract
sucralose-6-acylate into the organic solvent, in which the ratio of said further chloride to
dimethylammonium chloride in said aqueous solution is increased prior to or during said
contact so as to increase the partition coefficient of sucralose-6-acylate into said organic

solvent.

In yet another embodiment, the invention provides a process for the extraction of

sucralose or sucralose-6-acylate from an aqueous solution containing at least said
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It is understood that the present invention is not limited to the particular
methodologies, protocols, pH, and reagents, etc., described herein, as these may vary. It
is also to be understood that the terminology used herein is used for the purpose of
describing particular embodiments only, and is not intended to limit the scope of the
present invention. It must be noted that as used herein and in the appended claims, the
singular forms "a," "an," and "the" include plural reference unless the context clearly
dictates otherwise. Thus, for example, a reference to "a solvent"” is a reference to one or
more solvents, and may include appropriate mixtures of solvents, and includes

equivalents thereof known to those skilled in the art and so forth.
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used “hﬁfs@dlﬁzd’t!i@&ﬁ dsh®ed herein includes processes in which crystals are

obtained from a solution. The initiation of crystal formation may be spontaneous, or it
may require the addition of seed crystals. As used herein, “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. Also,
included in the term “crystallization” are the ancillary processes of filtering or
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.
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f i nalEPPU409849 disclosdstaproeds fdrl-_thedhlnﬁv(atiﬂnei'fa sasross-6aicylate in a

herein includes any mxture of c n;pog ﬁ that resul ts
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.
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The resul ting product
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
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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),
cthylene 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-

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



be carried out as follows: Prepare a strong cation

resin, such as DOWHCRS or Purolite C120E, by washi ng
wawraob/1zitther 10% NaCl or 5% NaOH. Pack a resi nP@BUS1009/039105

| ow ionic content water. Prepare a crude aqueous

product solution of sucral ose, for exanple by the

nmet hod di scl osed in US 5,498,”709, and renove NaCl by

asy %diasit}i\%gtr w%%&ol@&gg o '“Hﬁlsotftlfﬁ sSRlehts it BRIRst'1881 Phe first

capacit | east hal f e salt should be
sdlesmvsde piefiealigrcomplikes ailed abttetdt, fsoipromt ecetaty, ibpropyl acetate, n-

e T et g et Do i ..
rr'ﬁ_)g%c{ éo‘f'\}e‘ﬁﬂ&/itﬁ ihdsk 8819eit® &R\H{W?tﬁeres_o%ﬁis\fﬂirﬁ MHesriref doMBeond list.

ow the application wwth lowion flush to displace

EtHyé ackeate isstht enostptetemed satvent. Thiethykether, rethybéebutyl ether, n-
regenerated wi,th either dilute caystic.qgr 8-7129

PR BRI CRRPIER 60 o penc GG ighforPdhfnd, Bfdaecane,

wiRite ki Rlidpeh @D ¥Pelohéx ah& U itétFachlOnide Myl éiel ludne, Bdgene,
feed solution to a val ue not greater than 20,000 ppm

trichihoreethplend, 2-brspxyetraapbacgtsity (bt (GdLYPLYE&racetagoethylene

.dn any eyent, by wh r :
R o BFEe grp el NG orFRO0E ot el 36 ven SNy be
u¥ed iM8niRbd §d106ntd & destibeli00: 1, nore preferably from 10: 1
to 25:1. Prior to the extraction step, it is desirable

that the aqueous sol ution shoul e evaporated, .or
ot hedmhsexirpianaien thy Yokempe sl s R SPIVER th gt agpypovs fecd

o) b 159 0 r.ef
ol b Al 8 B e R P A
optimideathé etteictive The elirdciion emydfe camEdaiubby amnuheatseknown in the

principal inpurities in the organic solvent and in the
ag doebardiguld PR as wel | as such other factors as

flammability, ease of recycling within the process,

envi RPERMAL, tRERGEERFe me@VEEbE dpitafdslirCOsthndaldi@essel, followed by
organi c solvent can be intentionally saturated wth

sotelirgy andefeoanding seontinuewrecolynR XIS AN captiugpeBipng and

or gani c.splvent.s can he . :
L e e T e e
thdWHeSit Riventiér. NEiptes Gliblisiequiphtienhinbhidodean ateatbt siuttedse, any

derivatives, such as sucral ose, are readily s%l ub{i .
Karsscipredatingalate eolemn (B aehsInch KangasCipaMe-diany St gliGolomn
(kre)cl‘rfl Ir];cl.,rKc'atnsg‘soéiYﬁ rl\tloﬁ,%ﬁ? 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 extraction) 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.
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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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Subsequently, the hydroxyl groups of the sucrose-6-ester at the 2, 3,4, 1°, 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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rﬁ(ﬁ‘é bARE LY ptﬁag@&atg@ P& 1819{1168% ?efulcc%nsol?\?en'tksa‘?g tlﬁ’)%e which are
e organotin atlon pr onot er and acet
bathhyﬂfrmdlﬁyaﬁert irel which q)lqmdemueﬁﬁmdntanhgedt pabeer to enable the reaction
eparation of sucrose- 6- esters is.discl ose ?
t%{z%cﬁﬁ}eecsse@tl Y bemoggnsoussthe Rgnochlorintiah siagnelof ampldgoluene,
'\)éilenel\lpl Mﬁgrgéﬁanesl m&ﬂox ihane %%th&%@e gl%c@&ﬁmgt%?l ether.
tch, U'S. Pat , 023, 329; p, U S. Pat:
No. 5,089, 608; Ver non, U S. Pat. No. 5, 034, 551;
ank@uenchi&g ofthe reagtion BIXACE 1961OTES mamhyerx)g grqups at the 2, 3, 3', and
804835 S o Pl Sy 5 R g

tl’i%d@lhlo%r(ﬁ" aBbhit 0.5 EOFHARE QUQﬂolEﬁécFithléiﬁ’s typically about 1.0 to about 1.5
reference. Pr eprgr ation of Sucral ose-6-Ester Containing
nrdaceasivieleatps offgkelbrRlativie te theraaaung ob shleringtion agent used in the

réa%ﬁ&? ongqg?o%g tsglrutloﬁ B? almflgﬁl? i‘r{elteﬁ hgaro&ni% Sichhs aocﬁ'grq & potassium

(O] rose- re cohverte

hgﬂlxloafde & adiRdus ﬂnﬂ‘y bhen slkelieoednhmetal h;@locrﬁldcg wuat dsaalciim
the 4 position is inverted. Conversion of th
hb@r@m@wrsaqurwwmomfm hbéiﬁ?j’“go € CHRS Y56 Fféq‘éﬁm][* fe reagtiop. For

eka)m@%' A QuSb QR FutVnt dF 2h RUENiShQ! IderJ &e, %{1&{ §%h&nsfsehlum
confrguration at the 4 position i's di sélose
hydlﬂokuh thiak GintdPag ab(NOS M%Q(B@tbéﬁtiﬁ dt%, typlc8ly 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



Pat. Pub. 2006/0205936 Al; and Fry, U S. Pat. Pub.
2007/ 0100139 Al; the disclosures of which are all

w0 pwonpar@t ed herein by reference. The chl ori ne€T/082009/039105
process conprises the follow ng steps. A reaction
m xture is prepared conprising the sucrose-6-ester, a
tertiary am de, and at Ieast'lg'even nol ar equi val ent s

.0f ,.a chl.ori ' ' .
bl 0 L3OO b SO AR o S LBE g
haésQféBﬁ h@@ETﬁQQMEr ﬁﬁle%\ms%l]ta)i ialadddd widil icddesired pid isteaclmde Then

-ester. e ratio by weight of terti ide t
theseaperEra Iy AteanpHtalied o Shsdlesit I it T b sggnayier of the
re%%?&ht. 'I,fﬁns’L foQe@RAN be 1 datkh o@lcﬁrﬁﬁﬁ‘@hé ¥Rlc¥ss. @ preforned

chioro or%1n1n|un1salt, such as

(chl or onet hyl ene) di net hyl ammoni um chl ori de SArnoI ds
r eaghnth} circalated @rassssy quenching is carried out by circulating the chlorination

Chl or onet hyl ene) di pet hyl anmonj um chl ori,de. ca: : :
PG k] DUy A AR g OOy dfhgtion mixture
attd {qheDuMNIRiINEE Atlied Q6WBhiehisTiRuREb Yoopt Saffid@E@aqueous alkali
‘ratito of the (chloromethylene)dinethyl anmoniumsalt to
istadded until dhed@ired Bl is reachisb Ehep: the tengrsvre and pi are maintained at
SRR SRERL g B b 2R, FhisHcscon e gt o
cRfRFublPpecase converted to O al kyl form m ni um groups.

The resulting reaction mxture is heated at a

tenperature or tenperatures and for eriod of ti iy

o | FROEVEGIEIURS R EE e g B Bt ArEh R gagtion of
hfarBShIBic h8d MTheE Pesht o HeiRRIrObSIE

o Had B 6 BlarE B REn BB ic P THE Resh i LA Ltpriss

st@losx6Gagtbe pthahbirbphydoatS indRating ddoridated cara@sydrath gmpurities,

di scl gsure of which is .incorporated herein,b .
PSP R IR SRS 33 GBI S01S I Ethg Bregaminent
s&fve%mé GHteks i ncorporated herein by reference, disclose

such processes. Because formation of a

chloroformmniumsalt or Vilsneier reagent is not
Censenionaif Suoraldse-6elBstento Saeiakaser eact i on, chl ori nati on

ageﬂt refers to any conpound that can be used to form

a chl.or of orm m.nj 1. i g

can A3 RERSHE Sy agtbo SOTEL Pl ARGy QbR borh
sﬁ&l'blgﬁ@arﬁ{ sﬂgﬂﬂosfegﬁmiem hMethbdwefor bpdrabeitgssuttakisedasstdyare

used include, for exanpl h
deseipsed o' @IRMHBGHERLG-S. Pat 059805 s RSN A456 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 Al; Fry, U.S. Pat. Pub.
2006/0276639 A1; El Kabbani, U.S. Pat. Pub. 2007/0015916 A1; 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 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, 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



pent achl oride, thionyl chloride, sulfuryl chloride,

oxalyl chloride, trichloronethyl chloroformate
\qummphn$@ene"), bi s(trichl oronet hyl) carbonatBCT/US2009/039105

("triphosgene"), and nethane sul fonyl chl ori de.

Tertiary am des that can be used i ncl ude, for exanple,

N, Ndi met hyl fornmam de (DVMF),” ﬁFforrryI pi peri di ne,

cﬁ %‘8 éﬁ@fﬂl({;ﬁ@{ plg%lahg gst &tllbln 3EBHX£w§§{hHPM§ suéﬁh@& and the

ne or mam |s used as the tertiary am de,

miethyt aﬂelaifsh)e hed Lfseelxasplé hethyé acdtate when theesucralose-6-ester is

@m??éﬁ&&%%ﬂ%&& EStenes hBatil B on b DAL elon, and the
ré‘se%ﬁlgﬁﬁ{& Se @&ﬁ%fklhgjﬁ?dﬁ& eigso%@d RQidlechem cal Iy inert

pr ovi I cient solvent power to enable
t he reactlon to becone essentially honbgeneous at the
INDDGARIALI ARRLIGABH A§¥, for exanpl e tol uene, o-xyl ene
1,1, 2- trichloroethane 1, 2-di et hoxyet hane, diethyl ene

gl yc di met h ther

m xt Sjlh‘é p?°§§§s %é]%e twlgj 8xe§c)[]l}f gg%eu%%})% t rﬁ@ﬁ% %gose The
iRAtidnlprosides Qlﬁ‘ﬁnc%éldecf gémﬁof[chﬁtﬁlﬂﬁ Aicttesedrons b deed o'lfl?uﬁ impure

reaction m xture can be quenched by the addition

aqw@ys syraogesoliontsuch as oRsl (g)(talg%bx,ékélmesdeagx,lﬁm%q)ﬁ ay6 -O-acyl

1.5 nol ar equivalents, of alkali
pfeg}lrsf)r %/ndor%eh%taﬁ%aq{a&hount of chlorination agent used in

the reaction. An aqueous solution of an al kali mnetal
hydr @xtridkse ssuchi ghantemit’ymwwtenptahmh eusgdiimoxamefood and

5 | kal th i d
g@%ggoega}p ga?c{grn)é,rﬁ% Q??ép Qth elr ggp g%{}%lgu Lgeutﬁﬁ.l%m/c& 01)1(5I mgl‘ude for
eyﬁgﬁlgxﬁe‘é@ra%@@ cBRbiRgen E\Qeéiéif‘e% Rohddgher Eﬁﬁfub@ Nswde@dner products,

exa aqueous sol ution of an alkali netal
t&bycimowsdbubw;ﬁdl’s Rst. Aypu 312,499 pharmay@lmal eanpositiens (Luber, U.S.

PR ossantutods Hse R R B ety MERHE R S PG

6@‘3@96}%a}ﬂﬁl%’a%&%b@&héf&@@on@&sﬂ@ﬁsﬁ@dﬁﬁﬁé ed. et No. 6,211,246),

guenchi’'ng can be carried out addi tion of alkali

to
stahls fosacpmpasitiors (Gawamyr.+HS. H@FaNOs@ PRAAY br 6%@@086(00118 U.S.

LR RS R R A RSE ppy ooman

1Ak kpdti No. QUeTE; T8 ) (b dveragy poiathirites fur mezkikcimal tpugioses (kSIHah U.S. Pat.
bet ween about 8.5 to about 10.5 and at a t

t
Net. 541761922 p eareqys ahamacedine] SWP@TS&H&&R?M&&@WSH 101 1658919
db%an??r. e Pat Gk, tS,%Z'i,'O@? afiP9%94 85SUind Hlase, BUS. 138 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.



the course of the quenching reaction. In the dual
stream process, quenching is carried out by slow
wa@eadwotz4ame of the aqueous al kali wi th sinmultaneRt®US100%039105
addition of the chlorination reaction nmaterial into a
reacti on vessel. The chlori njgl on reaction m xture and
aqueous al kali aresinul taneously added slowy until
the desired quantity of ghlQMPIaEHoN reaction mxture
has been added. Further &queous al kali is added until
the desi red pH IS reached _Then the tenperature and pH
h etleylan ddornidel | evel s for the reminder
of the reactl on. ThIS process can be a bat ch or
ao gtn géju%gagf?s%rsgglr%?)ﬁ ézallltgln%tltgva%éﬂlg Eﬂl} %51? ﬁg Sbtained by a number

oﬁbﬂe@fdu@l@tdlmsé@pﬁicbﬁﬁs fﬂr)SWheSIflﬁQ B‘ﬁt(&al\b% aehettont ahogh. See, e.g.,
circul ati on Chl ori nati on react ion_ m xture and

UnBr e oo, 49§|,109ar1e OB @@aomm of the presemtiaveatipr, -2yl
I
s%&gle @‘f‘[\fﬁh?és %rgge géa%gg%dfﬁga s h‘lstﬁ e@gc? g%ﬁ%g(gn f orrnamlde
retmamhglfﬂmdttmchtdimades reaetlorl. eViek sesﬁhncd inhem aqemsrsdhmonfwnh
the reacti on Thi s cprocess can be a batch or
apRIRKImAief dhesfolewdng Cosasiigntng quenchi ng, the reaction
m xture can be neutralized by the addition of aqueous
591 @11 ch®bh FARITP EwRGH QQ%SWtwttm&b@Jcbﬁa@es o, WRee
resulting mxture conprises sucral ose 6-ester, other
tgmchiomsdecingdésn 6 Yadénsgthsh Itmhlwasmhamieb,cﬁmﬁ&ﬁ%t were sucralose
inpurities, unreacted tertiary amde, and salts in an
(?J(eour%d%ﬁbvent in which the predom nant solvent is
efP ersion of Sucral ose-6-Ester to Sucral ose
The sucral ose-6-ester contai ning aqueous feed stream
18ygpNg@l | y conprises both sucral ose and
sucr al ose- 6- est er. Methods for hydrol yzing

su ral pse- 6-ester sed, for exanple in
é&%mc%“em gﬁg@ﬂﬁ ,349, 6,943, 248,

6, 998, 480, and 7, 049, 435; Ver non, U. S. Pat. No.

80989Xep81;, El Kabbani, U.S. Pat. Nos. 6,809,198, and

6, 646, 121; Navia, U S. Pat. Nos. 5,298,61 1 and

5,498,709, and U. S. Pat. Pub, 2004/0030124; Liesen,

U S. Thag solubigh wasgoscatesgio apput %Wycarbplydrq:bgq via pgypoval 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.



2006/ 0276639 Al ; El Kabbani, U S. Pat. Pub.
2007/ 0015916 Al ; Deshpande, U. S. Pat. Pub.
WQe®INDU60732 Al; and Ratnam U.S. Pat. Pub. PCT/US2009/039105
2007/ 0270583 Al ; the disclosures of which are al
i ncorporated herein by reference. For exanple, (a)
sucr al ose-6-ester can be hydﬂ%1yzed to sucral ose by
raising the pH of the reaction m xture to about 1l1 at
a tenperature and for a EXeMALE2cient to effect
removal of the protecting group, and (b) the tertiary

E%E‘éﬁ& glnél rgesmgmvg§etgg§iX% gi file Egﬁjjé%m IQ%CF&I?@W%H’CQ Wn rtition

coirtielenet i vel y, conversion of sucral ose-6-ester to
“sSucralose can be carried in nethanol containingsodi um

met hoxi de. A trans- esterlflcatl [ ocC urs t hat
f or mé\ @@éﬁ af Feous 9 ytipas ﬁ%@tﬁwn&gﬁ%eﬁéfv lf\t%ﬁé f"t‘?fal?%?rwere
mea)&g %QQ’ gho%ﬁ'ﬁaita%hé"p efihd QRuRHS WAk @ 8Ie clRarefid®oldrfess at room
Ssucr Iose acetate e nmethyl ester of the acid can
tdmgpergumved by distillation, and the resulting
sucral ose contai ni ng product di ssol ved in water.
| NDUSTRI AL APPLI CABI LI TY The process of the invention

is useful in the preparatiomplé 1sucral ose. The
i nvention provides an incréeased yield of crystalline

steratpse—froma feed—of—am gqueous sucr al 0se
solutipn such as one obtai ned by al kaline deacyl ati on

Of5x@ 6f O pRYAHPLecUr sSNaCand Swetldsel | Z@tatedn. IE/pal oseotal wt
is ah Clh i nt ensnv sweet ener_that can be used ih AV

foedl ahd beQ/@}Qage appIOi&Qatl on&30&s wel834as i -4t her 1149

annliech

eptt+on reh—a T for ”pl e,
P%r apes, (Zg%l nat i gﬁ) 15%4\Eet ;%2?7 ”blcg‘r?gjurrer p?éguct 10.81

gte“ef Rge6icts, tapfet copego (Lubergo U. S. 3 Pat . N010.93
6 109) . pharmaceutical conpositions (lLuber US

Pa#s Np. 6(2586381 RE:Ke, U 325®at. No33 5, 81%7.8440: 1117

_andMeNat-y rat ;
ab%dr bed |f%af% conpoé%syons {éﬁ?gf?éég%fglub¥§l ) 10.16

T 2XI,246), Stable foam conpositions (Gbman Jr
U.S. Pat. No. 6, 090, 401), dental floss (Cc
Pat . INsh sﬁnp@@ya}s&hykenr\mﬂm glpoyat a7 siatcyt aedtatg (EA) The mixture was

har g‘g‘;l I %alé’\}g}%ig ncen %%@%%%Baseéy% E! {;aatnd oight phase

(E‘Ar lpé%é&)S T&éh}@éightyoﬁhe&fespectwe 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.



No. 5,674,522), aqueous pharmaceutical suspensions
(Ratnaraj, U S. Pat. No. 5,658,919; Gowan, Jr. U. S

w@a109/1MNase 5, 621, 005 and 5, 374, 659; and Bl ase, PQX/BS2009/039105

Pat. Nos. 5,409, 907 and 5, 272 137), fruit spreads
(Antenucci, U S. Pat. ? 7,588; and Sharp,
5,270,071), liquid concentra conp03|t|ons
(Antenucci, U S.Pat. No. 5 384 .31 1), and stabilized
sorbi ¢ aclabled: Masyaad anslysisofdhe lower (“heavy”)\phase

5,354,902). The deternmination of an acceptable

sweet ness can be acconpli shgd ﬁy %" xariety of standard
"taste test” protocols known i PR art which are well

knoym—to—those—skitted—n—the—art—such—as;—for

exanpl otdlhe |prot ocol s ref er M&d%d sucraloder ¥, U. S. Wt %
Pat .| No, 6,998,144, and Sha . S. Pat.| No.
6, 265, OYYE THe 15h e Ry spli SSTH}’rIt er il ugtPealepelgy | heavy

reference tolthe following exanples but it shouldibe

oHo-ort

racogniges thats ypany vawi ations agggpossiibl egagd coul glggey,
be used by a |person skilled|in the art. EXAMPLE 1

Renpval—of —difmet hylamroni unf chiori de A sucrat ose
ddl Ut i oB.lcont|aV 8#ng v&2ous|i mpubVHPes can He4¥bt ail nedd37%
by a nunber qof preyiously disclosed processes for

5o Pt N A 70877 ol ane €fRdi e ortthe” | 440%

hra ent |n\la finn 2 6. O3yl cueral nea rar|\1
IIIII —OTTy A I 7 uu' T OO T AT T OUOUW A2 I | VA

At g
dgadyl aped ardizsgepm St pped t o47ggove 0.557 5.74%
di met hyl f ormgm de yemai ning{fromthe chlarination

\/ QO AV.V.a1
v o

reaction. Thijs resulted in an agueous soljution W th .
d9pr oxP-mdt%l y| k05 f ol 1R ng| conpddi’8i on: 5% Q-3¢ 3.52%
car bohydrate,l of which 25% were dichl orodacchari des

5% were tetrachl orosacchari des, 5% were ot her

trichl orosacchari des, and 65% were sucral ose <1000 ppm
DMF 13% NaCl 2% Organic salts including DVAHC , and
80% wat er .Table 3: Mass and analysis of the upper (‘“light”) phase

Light phase

Wt % sucralose Wt Wt %

Exp Wt/g light | DS | Dry Solids/g HPLC sucralose/g 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%
#38 39.010 | 4.77 1.86 99.47 1.853 4.75%
#9 34677 | 312 1.08 85.33 0.923 2.66%




This solution was concentrated to about 34%

carbohydrates via renoval of about 70% of wei ght by
we@rapae4té on under vacuum Filtration of the sBCT/US2009/039105

produced a resultant streamthat was assayed to

contain 15% DVA by wei ght and 2. 3% sodi um by wei ght.

Thi s was subsequently dil ut ed01: 4 with water to obtain

reas | inted it I BRA@SSLtioR Befficient K
Lo BRI ot T Y R RSB Fpin
fozichdteexpfifiehia Gthenr K 5¢ddfam@tlas When charged with 3

equi val ents of DVA per liter of resin, about 78% of

char ged ret ai ned t he resi 100% of ,char ged
DA oes 1 Beal Ea Seoe Rt PR ik sremtats n SRS A
DVA per liter of packed resin. 92% of charged DVA was
retai ned when charged w t hpeo4i val ents DVA per liter
of packed resin. Sone dilufton was experienced as

resi dual sucral ose Was di Sprpced prior |[to resin
regener ati on. EXAVMPLE 2 EXiper | Geindlatbd Henronst r ati on of
the effect of NaCl and DMAHGL on partition coefficient
A series of aqueous |sol #gl ons contai ni ng DVAHCI , Nad
and sucral ose were rade " Up i h wat€r as|shown in Tabl e
1. The sol utions werte—aH—elfar—and—eehorl ess at room
tenperature. Table 31 Gg4gW Exp PMAHCL [NaCl Sucral ose
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. 84 2. 47 10,181 #5 0. 390
0.75 2.100 7.69 3.24 10#93 #8 0.498 0.17 2.250 8.33
2.84 11.17 #9 0.213|0.43 1.167 8.35 1.81 10.16 Each
sanpl e was shaken wijth ﬂgout 37 gsgf etthyl acetate
(EA). The m xture wgs '

#9 0.76

Statistical analysis

The above experimental data may be summarized as shown in Table 5, where the
weights of DMAHCI, 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 0.41% | 210% | 27.06% 0.93
#5 507% | 9.75% | 27.31% 1.09
#38 499% | 2.04% | 27.01% 0.83
#9 255% | 5.15% | 13.98% 0.76




allowed to settle, resulting in the formation of a

heavy phase (aqueous) and a |ight phase (EA based).
wab@omasilght s of these respective phases were reCDU8d9/039105

and each phase was anal ysed for its sucral ose content.

The dry solids content of eﬁéh phase was al so neasured

by evaporation to dryness ( isture bal ance). The

resu
aral bgaﬁg@dg &L%?{oﬂﬁ Qié}lte{~I ﬁhﬁghagg&gggggec%ﬁﬁﬁes%ﬁgws that
tmmdnaamaiaymssofcadll théwe copypenerfs inflybce)thpbeeeraddavelbe: dat a

presented, it is possible to calculate the
di strifuti p oef f.i C|£e . each e>ier| rrent V\a’fl]esrise

phase)/(VV@bsucranse in heavy phase) Table 4
Statistical analysis The above experinental data nay
be summari zed as shown in Table 5, where the weights
of DMAHCI , NaCl and—sSucral 0S€ have _been expressed as
W% on water in the initial feefogfcinis experiment:

Tabl e 5Statistical _analysis of this data using

mul tiple regressi onlh{ltgll%ﬁg gues sh@ dogat the
concentrations of a e conponents i nfluence the
observed K val ue: Table 6: Regression coefficients
frommultiple regre®MANGRNaAl ysi s-43083f7i ci ent s
Intercept 0.337406 DMAHCL% - 4. 07637 NaCl % 4. 516977
Sucr al ose% 2. 063842 Tah] e 6 shows t he wei ght %
concentrations of sB@%ﬁ@nchlorlde gﬂghgucralose have a
positive effect on K (i.e.: the nore there is of these

conponents in the fegeraldieshi ghero bbss4d val ue) whereas
surprisingly, the weight % of DVAHCI has the opposite

effect - the higher—the werght— % of DVAFC , the | ower

Kis. If these regression

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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SucC
sucralose) will be relatively low and thus the sucralose will partition preferentially into

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

DMAHCI 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).
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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, dimethylammonivm 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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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.
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17. The process of Claim 16, wherein the volume ratio
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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.



