Met hod for the Synthesis of Sucrose-6-esters This

invention relates to an inproved nethod for the
waymsleaps of sucrose-6-esters. Sucrose- 6- est ePGI/&B2008/000013

important intermediates in the synthesis of the

artificial sweetener sucralose (4, 1',6"'-trichloro-4,

1',6'-trideoxyg / ctosucrose). A nunber of

tin-nedi ated routes for the preparation of

sucrose- 6-esters have been di scl osed, for exanple in

US- 4, 950, 746, US-5, 023, 329, and US-5, 089, 608. Each of

t hese docunents discloses a different organotin-based

acylation pronoter: US-4,950,746 enpl oys a

, 3-di (hydrocar byl gxy)

(hydr ocar byl ) oMsthea dentaeavalacs Q-8 329

enpl oys a dl(hydrocarbyl)tln OXIde and US-5 089, 608

enpl oys the reaction product of a di(hydrocarbyl)tin

oxi de and a dihydric al cohol, an al kanol ani ne, or an
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sucrose- 6-ester, which conprises reacting sucrose with

a carboxylic anhydrlde in a reaction mxture
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e reaction mixture Wt arboxylic acid
and Y835 088,60 Pemplops theeeatibn produbl of artb@lyd@cm:byk)ﬁus cxids entl a
in EP-O 776 903-A.. That inprovenent conprises passing
o8pl, an ApRIRRINE Y A5| CBOlFaD nf 8’1‘?53’ keensr by
codistillation (codistillation solvent) through a
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Motevrarticubiilyt BB€), 476 9aA discloses a process for producing a sucrose-6-ester,
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comprising a polar aprotic solvent and a 1,3-diacyloxy-1,1,3,3-tetra-
(hydrocarbyl)distannoxane for a period of time sufficient to produce a sucrose-6-ester.
In EP-0 475 619-A there is also disclosed a process for producing a sucrose-6-ester
comprising slurrying sucrose and a 1,3-diacyloxy-1,1,3,3-tetra-
(hydrocarbyl)distannoxane in a reaction mixture comprising a mixed solvent system
containing a polar aprotic solvent and a hydrocarbon-like co-solvent capable of
removing any water present in the reaction mixture by codistillation, and then, after

removal of the water, treating the reaction mixture with a carboxylic acid anhydride.

An improvement in this method is disclosed in EP-0 776 903-A. That improvement
comprises passing vapours of a solvent capable of removing water by codistillation

(codistillation solvent) through a reaction mixture containing a polar aprotic solvent,



quantity and sufficient tinme to renove substantially

all the of the water in said reaction mxture by
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776 903-A is disclosed in WO 02/10180. WD 02/10180

di scl oses a process for the synthesis of a

sucrose-6-ester conprising: fa) reacting a m xture
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&ﬁﬂ@%ﬁhxﬁbihhe end of the reactlon gi ves the product
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t9$8kg%3product For exanple, in the Test Run of EP-O

A, 1.65% sucrose remains, while in WO 02/10180
from2.6%to 8.4% sucrose remains. As is disclosed in

Iglilai?prior art, the dehydration reaction to produce the sucrose-tin adduct is relatively
slow. For example, in the Test Run of EP-0 776 903-A, the reaction is stated to be
complete in 60 minutes (at atmospheric pressure). In WO 02/10180, the fastest reaction
time disclosed is 18 minutes 57 seconds (at 33kPa). Longer reaction times are
associated with the production of decomposed carbohydrates, which reduces the yield of
sucrose-6-ester, hampers the extraction of the tin reagent at the end of the reaction,

gives the product an undesired dark product.

Furthermore, in the prior art, significant amounts of unreacted sucrose remain in the
product. For example, in the Test Run of EP-0 776 903-A, 1.65% sucrose remains,
while in WO 02/10180 from 2.6% to 8.4% sucrose remains. As is disclosed in EP-0
776 903-A, residual sucrose is particularly undesirable, because it directly affects the
yield of the sucrose-6-ester, and, after chlorination, forms undesirable chlorinated
compounds (in particular tetrachlorosucroses) which are difficult to separate from the

sucralose-6-ester and sucralose during subsequent processing.
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(c) adding a carboxylic anhydride to said second reaction mixture to afford a third
reaction mixture, and maintaining said third reaction mixture at a temperature and for a

period of time sufficient to produce a sucrose-6-ester.

The present invention thus provides a process for forming the adduct between sucrose

and the organotin-based acylation promoter by a reactive distillation.

The polar aprotic solvent is preferably N,N-dimethylformamide (DMF). Other suitable
solvents are N-methyl-2-pyrrolidone, dimethyl sulfoxide, N,N-dimethylacetamide, and
hexamethylphosphoramide. The choice is determined by the solubility of the sucrose
and the 1,3-diacyloxy-1,1,3,3-tetra-(hydrocarbyl)distannoxane or other organotin-based

acylation promoter (and the stannylated sucrose product) in the solvent, as well as by
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solvent is cyclohexane.

A wide variety of means can be used to achieve the continuous counter-current
contacting in step (b), and these will be apparent to those skilled in the art. In principle,
any counter-current mass-contacting device that promotes gas/liquid thermodynamic
equilibrium can be employed. Conveniently, a column can be employed. The column
can be a packed column, a tray column, or a packed tray column (that is, a column
equipped with both trays and with packing). The number of trays to be employed in a
tray column will be apparent to the person skilled in the art, having regard to the scale
of the reaction, and the reaction conditions employed. Similarly, the packing
pbssibilities for a packed column will likewise be apparent. Preferably, the column is a

distillation column equipped with sieve trays with downcomers.
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The temperature of the dehydration reaction is generally to be maintained in the region
of from 60 to 140°C, preferably from 85 to 125°C, more preferably from 90 to 110°C.
One way to achieve this is to pre-heat both the first reaction mixture and the gas or
solvent vapour. The first reaction mixture can be preheated to from 50°C above to 50°C
below the highest temperature in the column or other device, preferably to from 20°C
above to 30°C below the highest temperature in the column or other device. The gas or
solvent vapour can be preheated to from 1 to 50°C above the highest temperature in the
column or other device, preferably to from 10 to 30°C above the highest temperature in

the column or other device.

The dehydration reaction is most conveniently carried out at atmospheric pressure.

However, it is possible to vary the pressure, although this may vary the optimum
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the column or other device, or they can be fed into the column or other device at

separate points so that they come into contact inside the column or other device.

The organotin-based acylation promoter can be any of those known in the art per se, for
example any of those disclosed in US-4,950,746, US-5,023,329, US-5,089,608, or
EP-0 475 619-A. In particular, the organotin-based acylation promoter can be selected
from the group consisting of: a 1,3-dithydrocarbyloxy)-1,1,3,3-tetra-
(hydrocarbyl)distannoxane; a di(hydrocarbyl)tin oxide; the reaction product of a
di(hydrocarbyl)tin oxide and a dihydric alcohol, an alkanolamine, or an enolizable o.-
hydroxyketone; and a 1,3-diacyloxy-1,1,3,3-tetra-(hydrocarbyl)distannoxane. The
organotin-based acylation promoter is preferably a 1,3-diacyloxy-1,1,3,3-tetra-

(hydrocarbyl)distannoxane.

By "hydrocarbyl" as used herein, is meant an alkyl, cycloalkyl, aryl, or aralkyl group.
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ways. A single stream conprising sucrose, the polar
aprotic solvent, and the organotin-based acyl ati on
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is preferred that the two hydroxyl groups are not more than four carbon atoms distant
from each other on the carbon chain to which they are bonded, and it is more preferred
that they be on adjacent carbon atoms or that there be only one carbon atom separating
the carbon atoms to which the hydroxyl groups are bonded. The alkanolamine is
preferably a C,-Cg alkanolamine, and preferably the hydroxyl group and the amino
group are not more than four carbon atoms distant from each other on the carbon chain
to which they are bonded, and more preferably the hydroxyl group and the amino group
are on adjacent carbon atoms or there is only one carbon atom separating the carbon
atoms to which the hydroxyl group and the amino group are bonded. Suitable
alkanolamines are ethanolamine, 2-amino-1-propanol, and 1-amino-2-propanol.

 Suitable enolisable o-hydroxyketones are benzoin (2-hydroxy-2-phenylacetophenone)

and acetoin (3-hydroxy-2-butanone).
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preferre at they be on adjacent carbon atons or
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are not nore than ur carbon atons di stant from each
28 heotar equivhlents fpdsarele phsusrase), mrq:prefqﬁ@yy o §éhipely2 molar
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Foon at o or ere i
o0 goth@Ralehtem separating the carbon atoms to mhlch
t he hydroxyl group and the am no group are bonded.
SU|tabIe al kanol am nes are et hanol am ne,

%n %éane{lg—% ﬁlacgllgﬁgni% roRISkeR s %mBB&BﬁM spectts t8Rhiing one

|Sa e a-h es are nenzoin
e(t&n loy dr @wmaleplhie (74 a&h(lgfr.’li‘maxblybjm arille j dieis prefierably present in
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rocar byl ) dlstannoxane he hydr ocar byl group
of the 1, 3-di acyl oxy-1, 1,3, 3-
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(hydrocarbyl)distannoxane, it is preferably recovered after the end of step (c) and
reused. This can be achieved by partitioning the product mixture between water and

| cyclohexane, creating an upper 1,3-diacyloxy-1,1,3,3-tetra-
(hydrocarbyl)distannoxane/cyclohexane phase, and a lower sucrose
ester/DMF/water/acetic acid phase, and then further extracting the lower phase with
cyclohexane. The combined cyclohexane extracts are then combined and concentrated,
preferably under reduced pressure. The 1,3-diacyloxy-1,1,3,3-tetra-
(hydrocarbyl)distannoxane can be further purified by conventional techniques. This is
disclosed, for example, in US 5,034,551.

The removal of water in step (b) can be conveniently monitored by the weight ratio of

tin to water in the reaction mixture. The tin content can measured using an X-Ray



al kyl group, and nost preferably a butyl group, so
that 1,1, 3, 3-tetrabutyl di stannoxanes are particularly
\N@nmmm&neu It is convenient if the acyl oxy grecpGB2008/000013
mat ches that of the carboxylic anhydride to be used,
- so that, for exanple, when a sucrose-6-acetate is

being synthesised 9
, k di acet oxy-1, 3-tetrabutyl di stannoxane
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SO RS aPELRr PP ROs tafoSte e Srutiblep b Biflular te
inBthbd e Be Bsell@o gréaMh%s@%béfﬂE ecgﬁtﬁe GRess éﬁ@ﬂl@arﬁfydnde and
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BigiAseStlengeate, hydherase of hersoie ablm}ndc 2Asmkntioned before, it is

anotln d_ac
c%?lg‘]-r:%ﬁ?ﬂtemt%ot X%c%gsaghacy oxy q.n acX reta%%(t}tilavmg the same
ﬁhkdg@maqbﬁhhdeﬁﬁﬁamepﬁ@@wdjt IS preferably recover ed
after the end of step (c) and reused. This can be

achi eved by partitioning the product m xture between

mtc%'f c@(?ﬂf Eﬁﬂyd@@ﬁ%xa@) fﬂfd‘e@% A 'aiBBE 5f from 0.8 to 1.5 molar

e(qlumtemse(pbxyﬂn))kél cfftsannmeﬁgmetenhbmm padfesdly froEl 1205 to 1.35
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ﬁ}yﬁl'éﬂ‘}e X35 &0l FGuRA1ERED %o %ﬁg% GAgd s@fsem the

hen conbi ned and concentrate y un
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droca di stannoxane can be further purified by
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exanple, in US 5,034, 551.
The esterification reaction can be conducted at from —10 to 60°C, preferably at from 0 to

10°C.

The sucrose-6-ester of the present invention is useful as an intermediate in the
preparation of sucralose. The further steps to afford sucralose are: chlorination of the

4, 1', 6'-positions, deacylation, and isolation of the sucralose.

Thus, according to the present invention, there is also provided a process for the
synthesis of sucralose comprising preparing a sucrose-6-ester by a process according to
any of claims 1 to 19, chlorinating the 4, 1', 6' positions to produce a sucralose-6-ester,

deacylation of the sucralose-6-ester, and isolation of the sucralose.

The chlorination can be achieved by methods known to those skilled in the art, for
example by the methods of US 4,980,463.



The renoval of water in step (b) can be conveniently
nmonitored by the weight ratio of tin to water in the
WO z@a8hs4a97 m xture. The tin content can measur eRCLEBZIYS/000013
an X- RayFl uoresence Anal yzer, and the water content
can be neasured by the Karl-Fischer nethod. It has
. been found that the weight rHtio of tin to water at

the end of step (b) should be from20 to 35, nore
preferably from24 to 32, and nost preferably from 26
TR de&byldtidh caPbé H&}ﬁé\béld% ‘iﬁ&ethc;ﬁé ®nbwh E@ﬂlo&f sliilﬁt&l ipfiesat) for

i nvention can be used prepare a var.i

esaroplo by 1t methpds of Up Ac%pdéa, Itl$1 an39:A8o, &&56884 4Peand US 6,890,

ﬁgzrboxyllc anhydride is available. In particular, the
thod can be used to prepare sucrose-6-acetate, by

the use of acetic anhydride, and sucrose-6-benzoate,

by the use of benzoic anhydride. As nentioned before,
BriefiDeseription of thetDrapingsnot " necessary, to then use an

Paﬂ}e{'l %((g\’vy %%gﬁﬂé Vf%@syétgi rﬁ%@s ac‘c%ggiu%?él AR tddRiht 8Bthe

repare e car ic anhydride is
;ﬂ&ﬁﬂﬁﬁﬁbﬁynadded in an amount of from0.8 to 1.5 nol ar

qui val ents (per nmo|e of sucrose startin
Emré 2shevet y&ﬁgﬁﬂﬂ? 8}?1W10ffc?9 Cﬂéﬁfi %CWBPS%%%%F%W{% current
BPI% phéseiitvehibg, 1. 25 mol ar
ng%%@n%s%ﬁ%%&mst pf|f)rsefer'\;;1b 1y 1. 15 nol ar
equi val ents. Too nuch carboxylic anhydride results in
the formati on of excessive anounts of dicarboxyl ate
ducts, while too little results in |large anounts
ﬂ{?e%g&{xﬂéﬁal%ﬂ _R0is'sB6 Y SEtRehaAtallyha Fende of the reaction,
The esterifi cation reaction can be conducted at from
-10 to 60Q0C, preferably at fromO to 100C. The
ucrose- 6: es r of the S efl 2 @fd at
Arbes Rl L avPiost M BHEIEPIE S 58k Sftabie siEgiet; pdRd ator

Ifer thBedp @ﬁ@&olﬁ@n%ﬁ%ﬂ 15 Wittt peaivgdewitle tHeonérosd, opadded as a
the 4, 1' posi tions, deacylation, and |soI%{|on of ¢
sepasatg selutipobssolvrd HSD ebothei $6ciehts Ahogdde at or near the top o

nventlon | so provided a process for the
9ﬂFﬂ@£ﬁSO%Fﬁﬁﬁcra o$e conprising preparing a

sucrose-6-ester by a process according to

To the bottom of the column is added a suitable stripping solvent or inert gas (Stream
2). The column is maintained at a temperature and pressure such that the vapour
pressure of the water allows the water of reaction to be transferred to the vapour phase.
The vapour stream is maintained at sufficient temperature, pressure and flow as to
efficiently remove the water as vapour from the vicinity of the sucrose/tin mixture. The
water vapour and inert gas/vapour are removed from the top of the stripping column

(Stream 4).

The carbohydrate stream containing the sucrose-6-tin adduct is removed from the

bottom of the stripping column as a solution (Stream 3).

The solution of the sucrose-6-tin adduct is mixed with a suitable esterification agent
such as acetic anhydride (Stream 5). After sufficient time at a temperature near or

below ambient temperature, the mixture is quenched with water (Stream 7) and the



any of clainms 1 to 19, chlorinating the 4, 1', 6

positions to produce a sucral ose-6-ester, deacyl ation
wo@booBhetisucr al ose- 6-ester, and isol ation of theBCT/GB2008/000013

sucral ose. The chlorination can be achi eved by nethods

known to those skilled in the art, for exanple by the

met hods of US 4, 980, 463. The tleacyl ati on can be

achi eved by net hods known to tho (Jled in the art

TR LIRS ARRISE OLpter e hiARgtIasedn dSJs%ﬁ? égbf\zt%f?i j&m species dlso
530 - . 1e48 d US 6,890, 581. Brief

O%Feaglg% léﬁghﬁgoﬁétaﬁ%ﬁ&eawpﬁégaﬁ gure 1 shows a schenatic

view of a process according to an enbodi ment of the

present invention Figure 2 shows a schematic view of

an O dershaw col unmm used as the counter-current colum

Pricedireenbodi ment of the present invention. Exanple The
~experinental set-up is shown schematically in Figure
. AAshbe flask miageherged vaticpO88 s 6F weerriand AR Q5y grams of

ot her i t-abl e. sol vent .| t o f:

b o PR VB it AR o000 01 e R A
Sucr qg8lin®r 8@00ledams of BSDHN F6&RI%Y| it eyeiohedirgy obaseddded with
DSDA or other tin species is also added at or near the

top ofrmE® stripping colum (Stream 1). To the bottom

of the colum is added a suitable stripping solvent or
inert gas (Stream 2). The colum is maintained at a

1. enpeTiat mbeuerig sepasway fedsuatintdualy torthe tapalia 20 phgs (Mdershaw
of the water allows the water. of reactiaon

t . .
Cr ansiure dshoym HEowaiiol BrEges Sha 4 A0 ERFBEKemin)
mai nt @Hﬁ?tgn& l?ué}fcioﬁ}a%ﬂfe vtﬁgmis%&‘ {Ethe BHESH WF ehedddthimn at a rate

fl ow as effrci'ently renbve the water as vapour from
t he vofcPmighyinof Vdpers eontemig icyclohexane.e watheangat¥F from the

\éfa p:) %eg{]egﬁ% g? % g@%ﬁﬁﬁ%&{cpgge séff gn"A’ %gllgcrfe%n\xﬁtﬁ&tt zﬁfg)wing the
condensate to return to the column. After operation of the column for 17
minutes, the process was at steady state and collection of a sample of the liquid
from the bottom of the column was started. The sample from the bottom of the
column was collected for a 20 minute period. This product was a clear, light
amber color. Column residence time (reaction time) was calculated to be 4.8

minutes.

3. The sample from the bottom of the column was calculated to contain an
equivalent of 12.1 grams of sugar. (6.24g/min X 20 min X 9.69% sugar = 12.1
grams of sugar). This sample was acetylated with 4.31 grams of acetic
anhydride at <10°C. After 2 hours at <10°C, the sample was quenched with 5.1
grams of water. The weight of the sample at this point was 107 grams. The

material was extracted with 50ml of cyclohexane to remove the tin catalyst.

4. The product from step 3 was analyzed by HPLC as follows:
a. Sucrose-6-Acetate = 6.15% (84.9% normalized)
b. Diacetates = 1.06% (14.6% normalized)



The carbohydrate stream contai ning the sucrose-6-tin
adduct is renoved fromthe bottom of the stripping
w@odosnoseias a solution (Stream 3). The sol uti onpOf/GBR®@®S/000013
sucrose-6-tin adduct is mxed with a suitable
esterification agent such as acetic anhydride (Stream
5). After sufficient time atl?a tenperature near or
bel ow anbi rat ure, the mx ench
with watef P?aecg%e‘f) and t her esul{)HE{g" @3é9”%°efm€ﬁ%e&er
is obtai ngdslg@g,gee.am 6) . The DSDA 00.029:1028%4 forfRBLddyS
al so obtained in Stream6 is available for recycle.
Procedure: 1. Al litre flask was charged with 30.08
grans of sugar and 200.05 grans of DMF. The mi xture
was stirred and heated to 90C to dissolve the sugar.
After cooling, 80.20 grans of DSDA (66.99% in
cycl ohexane) was added with stirring. 2. The m xture
in step 1 was fed continuously to the top of a 20
pl ate A dershaw col uim (shown schematically in Figure
2) at arate of 6m/mn (6.24g/ mn). Sinultaneously,
cycl ohexane vapor was fed to the bottom of the colum
at a rate of 9.2g/m n. Vapors containing cycl ohexane,
wat er and DMF from the overheads of the colum were
condensed and col |l ected wi thout allow ng the
condensate to return to the colum. After operation of
the columm for 17 mnutes, the process was at steady
state and collection of a sanple of the liquid from
the bottom of the colum was started. The sanple from
the bottom of the columm was collected for a 20 m nute
period. This product was a clear, |ight anmber col or.
Col um residence tine (reaction tine) was cal cul ated
to be 4.8 mnutes. 3. The sanple fromthe bottom of
the col umm was cal cul ated to contain an equival ent of
12.1 granms of sugar. (6.24g/mn X 20 mn X 9.69% sugar
= 12.1



grans of sugar). This sanple was acetylated with 4.31
grans of acetic anhydride at <10C. After 2 hours at
WO208084197% sanpl e was quenched with 5.1 grans RET/GE2088/000013

The wei ght of the sanple at this point was 107 grans.

The material was extracted with 50m of cycl ohexane to

renmove the tin catalyst. 4. The product fromstep 3

&E@I alyzed by HPLC as follows: a. Sucrose-6-Acetate
% (84.9% normal i zed) b. Diacetates = 1.06%

(14. 6% nor rral i zed) c. l\/bnoacet ates : 0.01% (0. 14%

normal i zed) d. Sucrose = 0.02% %O. 28% .
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renoval of water fromsaid first reaction mxture
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en’pera pressure an eS| ence time
tembératiire Ij])teshﬁe alfld asidlencestime nufficienictb iaffiordna. secomdreattianmixture

is substantially free fro te foll owed by (c)
vligh ﬁgsuhs@ﬁ}a%i&?f?|ﬁ29HhWﬁS‘7H:PP]E€W?C{>bysal d second reaction
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hi-rd reaction m xture at a
resotipamaikture and dlafrmammgpeudltbmd whctiommixdwe faf & teapneratgre and for a

produce a sycrose- 6- ster ocess according to
81?? ’@?eﬁ‘tg’al?ra IaagluC?ﬁ? gt |{@ 'sol vent is

di met hyl f opnam de. 3. A process according to Caiml

or Claim2 wherein said solvent capable of repoving

nat erA ipsocessacedrdingrie Claim Jawhersinesat m&@@pmtw{\’@nfeﬁ ai m

or. aim.2 wherein said gas capabl e of renoving
é&eg}ygpgnarw Fogen.

3. A process according to Claim 1 or Claim 2 wherein said solvent capable of

removing water is cyclohexane.

4. A process according to Claim 1 or Claim 2 wherein said gas capable of

removing water is nitrogen.

5. A process according to any of Claims 1 to 4 wherein a counter-current mass-
contacting device that promotes gas/liquid thermodynamic equilibrium is employed to

achieve the continuous counter-current contacting in step (b).
6. A process according to Claim 5 wherein the device is a column.

7. A process according to Claim 6 wherein the column is a packed column, a tray

column, or a packed tray column.

8. A process according to Claim 7 wherein the column is a distillation column

equipped with sieve trays and downcomers.



5. A process according to any of Clains 1 to 4 wherein

a counter-current masscontacting device that pronotes
w@amshsqei d t hernodynam ¢ equilibriumis enpl opedGB2008/000013

achi eve the continuous counter-current contacting in

step (b). 6. A process according to Caimb5 wherein

the device is a colum. 7. Albrocess according to

Claim6 wherein the colum is a packed colum, a tray

colum, or a packed tray columm. 8. A process

gaccord Fﬂ)ge%%c@réin@tc? a6 Glhitnst 1 §; Wherdin kaid erganotin-based
distilTation colum equip Eed with sieve trays and
a
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. ocess according to wherei n sai d
(rydou b ismyiane 13 | S-diatyeny- Ut BP0 8 Hox ane

is |,3-diacyloxy-1,1,3,3-tetrabutyl di stannoxane. 11. A
process accordi ng to Caim9 or daim10, wherein the

11, 3- A pexbwaredrding,t8 Chim 9 or Claim 10, wherein the 1,3-diacyloxy-1,1,3,3-
tetra- ?hydrocarbyl)dlstannox ne .is recovered and
tetga-(hydepcambyDdistappeians & tEEEFH g 't 61seafﬁy of Jainms 1 to
11, mhereln sai d sucrose-6-ester is a

sucrose- 6-acetate, and said carboxylic anhydride is

1acet i & perhyscicEatding 18 anyofilees b tof bﬁ/ whigeein §eid presgsg-ogster is a
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chlorinating the 4, 1', 6' positions to produce a

sucr al ose- 6-est er, deacylatlon of the 6
Bucr ah pweﬁ‘rfesﬂersynthmﬁ ¢fswralase AOBPTIYIAG PXRATiNg Hgrose-b-ester

by a process according to any of claims 1 to 12, chlorinating the 4, 1', 6' p‘ositions to

produce a sucralose-6-ester, deacylation of the sucralose-6-ester, and isolation of the

sucralose.



