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water of reaction is removed at a temperature that does not exceed about 80°C.

BACKGROUND OF THE INVENTION

Sucralose (4,1’,6'-trichloro-4,1’,6’~trideoxygalactosucrose), a high-intensity
10 sweetener that can be used in many food and beverage applications, is a galacto-sucrose

having the following malecular structure:

SUCRALOSE

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

15 position is inverted.

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

20 trichloro-4,1',6'-trideoxygalactosucrose ester (sucralose-6-ester) is converted to sucralose,

which is subseguently purified and isolated.

Sankey, U.S. Patent 5,470,969; Vernon, EP 0 475 619; Clark, U.S. Patent 6,939,962,
and White, EP 0 776 903, the disclosures of which are aii incorporated herein by reference
disclose processes for the synthesis of a sucrose-6-ester. The process disclosed by Clark

25 comprises: (a) reacting sucrose in a polar aprotic solvent, such as N,N-dimethyl formamide,
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of removing water at a temperature, pressure and residence time sufficient to afford a
second reaction mixture which is substantially free from water; followed by (c) adding a

25  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.

This process requires the use of a gas or solvent vapour capable of removing water.
According to the present invention, it has been unexpectedly found that use of a gas or
30 solvent vapour capable of removing water is not necessary, and a simpler process has been

achieved.



According to the present invention, it has been unexpectedly found that use
of a gas or 30sol vent vapour capable of renoving water is not necessary,
and a si mpbepriipusisess has been achi eved. WO 2011/ 04556 @PTGEZBRAONDY0801904

SUMVARY OF THE | NVENTI ON ' The invention is a process for producing a
sucrose-6-ester. In one aspect the invention is a process conprising, in
order, the steps of: (a) providing a first reaction m xture

conpri sing sucrose, a polar aprotic solvent 5and an organoti n-based

acyl ation pronoter; (b) renoving water fromthe first reaction
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sucr osanfer®dh ey a pAddess s pERIngRiMérded @h@ktepoor0l vent is not added during
step (b); and in step (b), the tenperature does not exceed about 80C.
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Because the wa reaction Is
In one aspect of the invention, during step (b), water is removed by distilling the

water with the polar aprotic solvent at reduced pressure. In one aspect of the invention, in

15 steps (a) and (b), the first reaction mixture and/or the second reaction mixture consist
essentially of sucrose, the polar aprotic solvent, the organotin-based acylation promoter,
and/or their reaction products. In one aspect of the invention, the organotin-based
acylation promoter is 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane (distannoxane diacetate
or DSDA). In one aspect of the invention, the polar aprotic solvent is N,N-dimethyl

20 formamide. In one aspect of the invention, the carboxylic acid anhydride is acetic anhydride
and the sucrose-6-ester is sucrose-6-acetate. In one aspect of the invention, step (c) is

carried out at 10°C or less.

In step (b), the water formed by reaction of sucrose with the organotin-based

acylation promoter is quickly and efficiently removed. Because the water of reaction is

25  removed at a lower temperature than in previous processes, the amount of carbohydrate
decomposition is drastically reduced, even when extended reaction times are used.
However, because the reaction proceeds efficiently, even at reduced temperatures, extended
reaction times are not necessary. Typically, the reaction time is at most 60 minutes, or at
most 45 minutes, or at most 30 minutes, or at most 20 minutes. Typically, a reaction time

30 of at least 5 minutes is needed, and it wili be appreciated that the exact time requirement
will depend upon the temperature, the |evel of vacuum applied, and the rate at which new

liquid surface area is exposed during the reaction.
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Figure 1 is a flow diagram showing a low temperature, single solvent process for the

production of sucrose-6-ester.

20 DETAILED DESCRIPTION OF THE INVENTION

Unless the context indicates otherwise, in the specification and claims, the terms
organotin-based acylation promoter, polar aprotic solvent, carboxylic acid anhydride, non-
polar co-solvent, and similar terms also include mixtures of such materials. Unless
otherwise specified, all percentages are percentages by weight and all temperatures are in

25 degrees Centigrade (degrees Celsius). Reduced pressure refers to a pressure less than
atmospheric pressure. Temperature refers to the temperature of the relevant reaction
mixture, that is, the internal temperature of the liquid phase. (For the avoidance of doubt,
it does not refer to the temperature of a heat source, which will, in general, be higher than
the internal temperature of the reaction mixture being heated, or of a cooling source, which

30 will, in general, be lower than the internal temperature of the reaction mixture being

C d). Reduced tomperature refers to a temperature that is less than the boiling point of

oled
the particular polar aprotic solvent present in the reaction mixture at atmospheric pressure.
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30 solution of the sucrose-6-ester in the polar aprotic solvent used in the next step, conversion
of the hydroxyls at the 4, 1', and 6'-positions to chloro groups.

aprotic solvent is determined by the solubility in the solvent of

sucrose, the organotin-based acylatlon promoter, and the resulting stannylated sucrose
product, as well as by safety and toxicity considerations. Preferably the boiling point of the
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acylation promoters is 1-acetoxy-3-hydroxy-1,1,3,3-tetrabutyldistannoxane. The term

30 "hydrocarbyl” refers to an alkyl, cycloalkyl, aryl, or aralkyl group. The organotin-based

acylation promoter is preferably a 1,3-diacyloxy-1,1,3,3-tetra-(hydrocarbyl)distannoxane.

When the organotin-based acylation promoter is a 1,3-di(hydrocarbyloxy)-1,1,3,3-
tetra-(hydrocarbyl)distannoxane, the hydrocarbyloxy group is preferably a C;-Cg alkoxy
group or phenoxy, more preferably methoxy, ethoxy, n-propyloxy, n-butyloxy, n-pentyloxy
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Suitable enolizable a-hydroxyketones are 2-hydroxy-2-phenylacetophenone and 3-hydroxy-
25  2-butanone.

In some embodiments, the organotin-based acylation promoter is a 1,3-diacyloxy-
1,1,3,3-tetra-(hydrocarbyl)distannoxane. The hydrocarbyl group of the 1,3-diacyloxy-
1,1,3,3-tetra-(hydrocarbyl)distannoxane is preferably an alkyl group, more preferably a C;-
Cs alkyl group, and most preferably a butyl group, so that 1,1,3,3-tetrabutyldistannoxanes

30 are particularly preferred. It is convenient if the acyloxy group matches that of the
carboxylic anhydride to be used, so that, for example, when a sucrose-6-acetate is being
prepared, 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane (distannoxane diacetate or DSDA)
is most preferred. The above hydrocarbyl and acyloxy groups are also preferred in the case
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invention, the reaction is carried out without addition of such a non-polar co-solvent. Such
25  solvents are typically ones that do not react with the polar aprotic solvent, the organotin-
based acylation promoter, or the sucrose; that produce a mixture with the polar aprotic
solvent, the organotin-based acylation promoter, and the sucrose; that reflux with an
internal reaction temperature within the range of from about 75°C to about 153°C,
preferably less than 100°C; that co-distill with water; and that do not render the sucrose
30 insoluble. Such solvents are typically those that are immiscible with water and form a
constant-composition minimum-boiling azeotrope with water, such as saturated
hydrocarbons, aromatic hydrocarbons, chlorinated hydrocarbons, ketones, and ethers.
Examples of such solvents include cyclohexane, n-heptane, toluene, and isooctane (2,2,4-
trimethylpentane). In one further aspect of the invention, the first reaction mixture, and



sol vent, the organotin-based acyl ation pronoter, and the sucrose; that
reflux with an internal reaction tenperature within the range of from about
75C to abwotoBB&He6pref erably | ess than 100C, that co-diPsTidB20W/M0OMAL er ;
and that do not render the sucrose 30insoluble. Such solvents are typically
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the removal of the polar aprotic solvent.

The temperature can be controlled by controlling the pressure at which the polar
30 aprotic solvent is removed. Preferably the pressure is between about 65 mmHg (about
8.7 kPa) and about 0.5 mmHg (about 0.1 kPa), between about 50 mmHg (about 6.7 kPa)
and about 15 mmHg (about 2.0 kPa), or between about 40 mmHg (about 5.3 kPa) and
about 20 mmHg (about 2.7 kPa) during removal of the polar aprotic solvent.



8.7 kPa) and about 0.5 nmmHg (about 0.1 kPa), between about 50 mmHg (about
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OXIZC(I)e (d[t)ﬁrr\g))the distillation at reduced pressure and temperature that removes water and at least
a portion of the polar aprotic solvent (i.e. during step (b)). In some embodiments, for
example when the organotin-based acylation promoter is added in solid form, it is possible
for the reaction mixture at the beginning of step (b) to be in the form of a slurry. The
reaction mixture then becomes homogeneous as the reaction proceeds. This applies in
25 particular when the organotin-based acylation promoter is a di(hydrocarbyl)tin oxide, for

example dibutyltin oxide (DBTO).

Following removal of the water of reaction during step (b), in the next step (step
(c)), the solution of the sucrose tin adduct produced in step (b) is cooled to near or below
room temperature and mixed with a suitable esterifying agent, such as a carboxylic acid
30 anhydride, to produce a third reaction mixture. Preferably, the third reaction mixture is
maintained at about 10°C or less for a period of time sufficient to produce the sucrose-6-
ester. The reaction takes place rapidly, even at less than -20°C. If necessary, small
amounts of an aprotic co-solvent, for exampie, a hydrocarbon such as Cyciohiexane,
added during step (c) to keep the materials in solution. Any solvent added after step (b)
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Fol | owi ng renoval of the water of reaction during step (b), in the next
step (step (c)), the solution of the sucrose tin adduct produced in step
(b) is cosbedittsssear or bel ow room tenperature and m x@dTWiB2n102008Wit abl e
esterifying agent, such as a carboxylic acid 30anhydride, to produce a
third reaction mxture. Preferably, the third reaction mxture is

mai nt ai ned at about 10C or less for a period of time sufficient to produce
t he sucrose-6- ester. The reaction takes place rapidly, even at |ess than
-20C. If necessary, snmall anounts of an aprotic co-solvent, for exanple, a
hydr oc aarsidrefga@hdas doyicd eWeXahﬂwouwbe try sadtietcthd gaibogylst sl §ndlydtide lse@b t he

Tal o1l aRrdiPecatb W icBRecRY B QLHRRY AR af ter step (D) WO
2011/ 045566PCT/ GB2010/ 190 and before and/or during step (c) should be

dry so t hgt ﬁhlaQ:a%&b@%ﬂ.d Snrﬁ,@lhde admyféfami@aacﬁednﬁtanwuawm&ntoos td 8. sf o
correspondl n (0] | C acC I DOX re era

C ed TR0 SRS T ol b Susrgs St Eha gyl s rEHE B g Y Y
sucrsosel .85 ardarreguivatests, atil) mone peeferally éroambilyl torie?d oGH enowaltnGSamﬂ)hQst

equi val %EFéablftl'lSl mo¥RF SqUN £ERE 2k uEP@%r%o;ylltc%cﬂﬂ %ﬁy@@é@éro@%’s‘é%é&bé and

nost pr erabg mol ar equi val ents. Too nuch carboxylic acid anhydr| de
pr oduceAMeKtee5oEE carr?ﬁ@ﬁe%ofb? syGToe Ko bORYPLAN il %ﬁteréufé%@és Etc-b. Too

f or mat i tbe @érbdk @R taRIdSanhl/dtidsprotScesinteaktedlaardset t | e car boxylic aci d
anhydri de produces unreacted sucrose. The process can be used to prepare a
vari ety of sihermwees$casbenssd torroepaded viehialty df lsecrogmpastays,i rieddeshitibbihye i ¢

aci g aeﬁ%%drg?e Eaﬁ'bmtla@lgla%hy&:rﬂfe .%@éﬂ%b% ﬁoh%x&ﬁb@ogme%&hgg cH$ B8 Lt o epar e

SucCr os acet at e, Yy use Oor aceti C an , SucCrose- g§ oat e,
the usePBPBEHSOFE: Gaﬁ?ﬁ%‘?fltﬁfetheé'ﬁ%f’()%’ét'saaEYC{”IdSt BUCTpRF- fmsn%?eee P§ﬂ i c
anhydr i gf@sengdi€ btp@iride; SREdra08-HerRlate, bly)thé nge ofsecrgic ambydrad; slcrosashydri de;

Ut 05€ BuEORONA! £ he bR HSEAL o AN G AL PP RSB R DU VT at e

by the use of norc-an er sufficie
t enper amreplen'ﬁ@ahYd)’rdebéP@ﬂﬁQ'éthW\(rﬁteebY t%%@ft@@”@!ﬁpﬁ\“&%‘?% eW he mxture is
gquenched with water. The course of the reaction can be fo d by, for

exal®l e, hi g‘ffteﬁrség'ﬂ?r"%t“[nie(fﬁ|acfeE‘IQF@ﬁ‘é(F(5'§Pﬁﬁrh'§ﬁ ow room (i.€. 738 'SP anot i n- based
acyl at i @emppraaomy eie mixtaeas hadricaed aith veterc| theabtiese of dpareattiancahdre t he

SUCT 0S€g ﬁ foﬁe%nfﬁ?eesﬁ Sﬁesgdpghétﬁﬁnggfnyat?ﬂ}gpﬁ >-use of the

or ganot| n- ‘gased ac ronot e i'sc in Vernon, U S. Patent

5,034,551, the ﬁbﬁfo‘tlﬂsﬂbrsgd QéyléMHnCﬂ}ohétér@Waﬂ@ﬁl@tf@dﬂebﬁleeéﬁbrt!@pér@f@f fJRCe.
When t he organoti n-based Fﬁ%rfatl on pronoter

di acy! okg-SHPSSEEAL  FRTPRFA ICHFD %Vawsﬂngrm'ds?sr%%”% YropRotigy Raser Apy'gron
reczer @drrﬂaietref distiesed(ia Vears, UediFatknt A,G3e391, dmndintlosyfe vhwvkich énd, i f

NECESSal ¥ §Jgﬂ*ére|ﬂr& fer&ice @ VMUY 81, RAQLL &QIaYﬁHtpthBH%ad 1g-a
hydrocar% R as C g? ﬁexane ar e ag%%g ﬁ% feactl on
diacyloxy-1,1,3,3- tetra (hydrocarbyl)dlstannoxane |t ns preferably recovered after step (¢)
and reused. A small amount of water and, if necessary, a small amount of a non-polar
aprotic solvent, typically a hydrocarbon such as cyclohexane, are added to the reaction
25  mixture after step (¢). The reaction mixture partitions between water and the non-polar
aprotic solvent, creating an upper (i.e., less dense) phase comprising 1,3-diacyloxy-1,1,3,3-
tetra-(hydrocarbyl)distannoxane and the non-polar aprotic solvent, and a lower (i.e., more
dense) phase comprising the sucrose-6-ester; the polar aprotic solvent, for example, N,N-
dimethyl formamide; water; and carboxylic acid. The upper phase is removed, and the
30 lower phase extracted with the non-polar aprotic solvent. The non-polar aprotic solvent
extracts are combined and concentrated, preferably under reduced pressure, and treated
with an alkoxide. The recovered 1,3-diacyloxy-1,1,3,3-tetra-(hydrocarbyl)distannoxane can

be further purified by conventional techniques.
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25m xture after step (c). The reaction m xture partitions between water and
t he non-polar aprotic solvent, creating an upper (i.e., |ess dense) phase
conpri si yoORoB/Es®W™EY| oxy-1, 1, 3, 3- tetra-(hydrocarbyl) di sCamgrmevm®iead t he
non- pol ar aprotic solvent, and a lower (i.e., nore dense) phase conprising
the sucrose-6-ester; the polar aprotic solvent, for exanple, N, N dinethyl
formam de; water; and carboxylic acid. The upper phase is renoved, and the
30l ower phase extracted with the non-polar aprotic solvent. The non-pol ar
aprotic solvent extracts are conmbi ned and concentrated, preferably under
reduced pr eskherayerdaxkrtcortatreduniosér6aester, karkoxddc atiHdthat o@s éoretkd by the

1,3-di agx&%yoﬂaﬂooﬁynﬁc defef :Srﬁﬂy(jhé(éjEP&QJc%Qe)ﬂussér@'}ﬂQ%ﬁﬂ%t ¢80 B&erf fFhbEby

purifi conventi onal techniques /04556 / GB2010/ 001904

The | ovﬁé’rdrq WPl LERTSAMY IRy B nesadded dyatend ¥ B3 Pd BUERSEd2 CPRARMAYEL Por ned

by the dtr@Cducaise Qﬁteﬁﬂrab@)l(tyd b&lacairatiasyaht] Geefearably sthercasmxplidscidny t hat
m gi%t haveovet??r Rr leﬂtIQXoP%/u%F&eyef le&er mrﬁ%)fagea%ﬁ{t%@amm ‘S‘rg rvif'otf@rtllié}e added

wat er) , er sucrose esters, and the
pol ar acppmssmg 96thﬁeqwrospr6e¢-°éerabwyen tﬂeeacofhwstseliwab velatilg sush 8y aghSiG @i itom t he

sol uti agynafe r%%b%‘?o:ﬁe&%pﬁ‘é Hyrfré?.ﬂbﬁ\é’l d@é@u‘il@tﬁérﬂurﬁﬁh@ﬂke@ Ire@,!‘,urEOtofr'éHob@r
proceSS| th a$|vel¥ vol at.

g e sucrose%q? este p ’_@ agg? aé’e | a |c
such asValEaiEny¥ r%?'&'”glrlon arbaepr?técrﬁﬂ/"eeﬂ Sl é?ﬂﬂ% FHRPPSHEP

di sti | | sshveohcamibkeaddeddiucied op aétsstned]isttilatiore raspecialatitrhe rasnytimgamvﬂmeng
nonol b a@rmggmecsdfcgd g?dﬂgste,aﬂ% %@&Wrgr&e@gﬂn th@gﬁnyeonpmtagucﬂws% ic

sol vent can uring or af distillation, especi al \H/ fthe

resul t i Wd-dHmethn Ermastf- aTrPﬂ FHErYsReS-8tter Haesigua oler anot‘Féolﬂéntf MRY
pr ocess@dd |dﬂe&thﬁ|n$mx§rﬁb!‘é¢fﬂe ch§dtinaties pidtesy, di\kdthsﬁmd’IWalld‘upr usniPdent The

sucrose; I t rectl
i ﬁ for™ g?ﬁ?’r%? the %ﬁ8'°c‘ﬁrleé)?| ng%'gnncgfpc?g%gg h§| Sc Fef%@é(ce {Eé}kol?’%”yﬁﬁéo%at ent Y
4, 980, H8stet ban o sch\ased by G@ﬂ\whtl@flfﬁ' ipsocedieres pmhaawsté'iléatwnﬁsm arselverice.

Optionad el as Fhkth AR Bn & SE&T inGAE cRBrin&fRVRE&ds by conventional procedures such
as crystallization froma solvent 15such as nethanol and used in the

chl ori nat i oNMHRIsRE®SS-6-ester can beldbeaisetCwias @igh-sekicevitycand de tbihadiigrevieldi t h hi gh

sel eCt'\X[h %Eandutcpojasg 6Egst<Lsrel gg%sé{ cgﬁat%/\ylﬁg'g&@&lvg JfQﬁe?Eqn@rﬁ)ta@étai] over

SUcCr ose- e over
acet y| aatber nebdared prasiaatstran pererhhigh, Wil pAMRdizehPEs2Ed LR @agﬂgaﬁﬁtate as

6- m)noamsﬁ ak esﬁﬁwoméiéh@&ggérag%brwtsaéwyeuh@a&t@azsbcregé helgrdsratiess Unr eact ed
undes] ra

sucrose, ich

C i CHIdSPrable B QLT 48 POty TR BROEt Lphec it ety barsRedn s

<0.1% reduced to <Khi%. process can be run as a sinple batch process.
Alternatively, the process can be carried out as batch process in which the
pol ar apr ot i Gispiogessican He somes AsbRIE Pakddseresh AKRRBHERY, the Prasaesas,Pea

peri od ééﬂru%b&fbstdsecm@beéssarpmtcmhégbmeaﬁrohe S61QEALVE Eorlbiniondy 2&dddinidi onal
pol ar alperm%tvleg F?)I?l V%r\)y ala %el'zfloadln which the polar aprotic solvent is removed but no
25  additional polar aprotic solvent is added.

Alternatively, the process of the invention can be carried out as a continuous
process.

One embodiment of a process according to the present invention is shown in Figure
1. Referring to Figure 1, a solution containing sucrose (typically about 8-10%) in a polar

30 aprotic solvent, such as N,N-dimethyl formamide, is added to a vessel (10). An organotin-
based acylation promoter, such as 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane (DSDA) is

&lso adaed.
A vacuum is maintained by a vacuum pump (12). The vapors of the polar aprotic

solvent are condensed by a condenser (14).
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Alternatively, the process of the invention can be carried out as a

conti nuous process. One enbodi nent of a process according to the present

i nvent i orwO08Ma®#66i N Fi gur e 1. Referring to Fi guPeTIGB2a1080120ti on
cont ai ni ng sucrose (typically about 8-10% in a polar 30aprotic solvent,
such as N, N-dimethyl formam de, is added to a vessel (10). An organotin-
based acyl ati on pronoter, such as

1, 3-di acetoxy-1, 1, 3, 3-tetrabutyl di stannoxane (DSDA) is -i.

..... 1.4....4 C1JU Cl UlcU. A vacuum i s nai nt ai ned by a vacuum punp
(12). The varmerpsessﬁretihe/ep@ll Gr0)apsaedted sothat bite @necinterfbelrdagtien condenser

(14). M\Qﬁ@%&é%&%@ﬁ&ﬂ&%gl&( @Qﬂp%%re, for exarhBR dMoEE &Y Eor BRI SRS Wil 10)

is selected so enperature of the reaction m xture does not exceed
the desiernpPafeainbfhesesklled Brthe gEmPiteARSIAtuERE th resstiomiREraan Pepe
appar enddjliged tvoeenpekitlidee tkss fharh80°a by, redba@nd evgreressune & dssdl HEO ). ardedt icom

re ca ust f 80 i ng the
o ogsurs el 5. B VREG160,8 BRREIRA 18, (RSP G ) Aneae LS 09,
exter n@ddﬁmalleGh@m@ébe(aﬂe9d topyeseel r(é@) Wer peatingaideliet i ortaahpyn "h%f@t F'wy) be
added tg, t\ﬁ%a,gggd(ﬂ@) by a heating jacket (not shown in the Figure) on the

vessel (10). A streamfromthe bottomof vessel (10) is taken
into a reactmgtrmtiffremtﬂwelb&ttﬁ@sOdf&dswndl(BGytabedwtas rpactui Woerk yt idesaed bedl. The

St eam GO iFad bl kRGBS FALLAD, BARLOFed e SO0y RRLRPy BRGNS, for

exanpl e % TREIP I'ternativ ment
notlQ | | apsverderddneansyfoy gpameledly atwuka@parpumpr(éﬁi c solvent can be generated

separately and fed to vessel (10). This 04 ; re cqnece ted
sol ution of B@eraeEative empogignent “ab'r"ﬂftf‘?;tmg "\Vé{%?orfé’ His 7o ’?HE FPE° {Fes§£"§ln (10).
A nore @amegﬁhémtaqs@ekauélmndmtodvde@r(ea)seTrtmwoundqperrdltIaoachercgncemtnaeeﬁsel
(10) éolkﬁlongﬁ 8&?%}&9 tEQ%ol%pge{l%E ggglvér?tscb%%q’g@tc} ?I (10) A morét 1S I nportant

that th reaction be extrene | deS|red an
addi t i oteakenterted sqlenmu@ulﬁrde@reg@ thadavigheiing arese (h%)e"&ih'lﬁr'f‘ﬁ’faa%”ég the

acyigft i Qrradedesie@Rirge. @ snall single stage flash unit can be inserted
bet ween the vessel (10) and the acylation reactor to renove any small

anount of wal &rintpoataninypt Heevfeed eethel atylirton cedtiombe e2Berhey grocEsiesired,
Conver sj Ogdac?{:on%rlﬁ/ %‘??er@o%%%c Lso(ngpgﬁ(ﬁllrﬁsc% & %%E@Frlor to ac latla-rp ﬁ&nvert
sucrose- er to sucr 6-ester Rydr ox and 6'
posi t i opemsfe, afnalsenge stage flagh Wik 67y e t’Eﬂ"t?‘bb%tWIe@'P Q“%Y%ﬁ?is(lgh?ﬁc{ e

st er eochi§Ibtiealrest08H to Geinald iy Shall ABodntRPSiatéranat ®ay Aues be. inttoduced siton  of
t he hydrhoxp¥l s.ln the 4, 1', and 6’

Conversion of Sucrose-6-Ester to Sucralose-6-Ester

To convert sucrose-6-ester to sucralose-6-ester, the hydroxyls at the 4, 1', and 6’
positions of 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'

25  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 Al; the disclosures of which are

all incorporated herein by reference.

This chlorination process comprises the following steps. A reaction mixture is
30 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
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25positions of the ester to chloro groups with inversion of the
stereochem cal configuration at the 4 position is disclosed in Wal kup, U S.
Pat. No. wp280/M68p Jai, U. S. Pat. Pub. 2006/ 0205936 Al PCarGB2Proy001904S. Pat .
Pub. 2007/0100139 Al; the disclosures of which are all incorporated herein
by reference. This chlorination process conprises the follow ng steps. A
reaction mxture is 30prepared conprising the sucrose-6-ester, a tertiary
am de, and at |east seven nolar equivalents of a chlorination agent. For
exanple, in one process, the sucrose-6-ester can be added in a feed stream
that conpy PseBouifolito 200urtl¥%; t.0AkdTDativelD amrebopied kblomfioTmimini@n seist sich The

ratio by (e %et%leﬁe@ﬁ%%ﬁwaﬁ%ﬂ%n’% thB@&@&Arﬁé!EQQQé(&fn%t %arﬂ Be L&y, reaction
m xture 2011/ 045566P e about fo about 12:1.

GB2010/ 001
A ter naﬁcwé?fyetha'eﬁmfa?%@"wm%wafcakowﬁmﬁ"ﬁ%%eaﬁfed HicRomale, by the
( chl or awaedtioyl of padcherre iyl /g Iveamiethyl tdrnamidte Typidaty,dthe nmictargeatid pf thean be used.
( Chlor onl b r. anpl e, by
{ e o e Aoy P B B R RS e e PR e B B E B [P ) o
rati o oft:the 5(chlor orret hyI ene) di met hyl amfmonium salt to the sucrose-6-ester
is about 7:1 to about uently, t he hydr oxyl, [ Qups of
t he sucr ose-%‘-bé%‘i“@f‘t'é'tth? Ill‘éd'?xy'éﬂro'ﬂps o?tﬁe gucrosg-o-egter agthegy J a)ng 1dre
conver ted 6’ @oftiahdkyrefconvartadto OvalyGarpsminTire gress| tThagesuttagt ieactiom xt ure is
heat ed r?ig(ttﬁetiieﬁ@a%@éyg ?en%ergt% glr ?eér‘c‘)br faiunaegqanfj %rdaaPQ-?Jd' 90 ?llﬂirﬂ?s or tines

losuff|C|ent al ni rvative o
sudiCal cuEiBnese é'FOdPﬁe mrqﬂwc& W@t?'@'ﬁalarﬂerﬁ'ga%‘ffd‘?fé}éﬂa'ﬁﬁ‘cﬁjﬁ%err ‘Brydlieh e
0- al Ky ! depiaifing Rydexd igRUps redhgifn a@mamwommww gr&ﬂuﬁ Feakxarhgle, WaR8p, 463,

the dis r i, S orate her ei n f n d_Fry, US.
2007/ 01%%1%% ﬁf’h&%@é‘%?b@ﬁ dléscoqfsu G s'slmncg T ,—%é Ef’?rLg ggﬁreﬁ& °€t er ence,
di scl oSy suSh2p0 HOE6’E3S, t%@s&wseoff\@imnfm&Iowrmraéﬁdcﬂﬂr@ﬁ @B’cﬁﬁfﬁft‘r'ncﬁn um salt or
Vil sei gL deagdeNbrdcsssg®t essential to the chlorination reaction,
chlorination agent refers to any conpound that can be used to forma

chlgy of orm mdaaw@ f&ﬂhén@rof\é dhsgreiofrhinti@agesdlt orolilstrieddr reayent Bmoeetsenhtial

hydr oxyl Cr 08 6-ester to [ I ion
agent s ttoﬁg tglgﬂn%eon rggc 1904 Iﬁfrlna%On ag[eliﬂ'i rae‘fehé o Qragé ?md %‘Rﬁaﬁ tBIeQJrsE(Pﬁ)t

chl or offorrmamhmrqﬁorrsmhlt\lurmsﬁlﬁJQfeVlleY@reréﬁw?pt eor tlpaxc;@gén@verﬁoﬁ@s*wﬁmxubgroups
ZOOXyCMf%réﬁ?osewjgs?@mréﬁ%ré’@wﬁgh'S@Hed:@\IorlhBtl&ﬂéfdlerﬁé’lﬂﬁf t&ebe Bddctedrwith a

chl ori de, oxal | oride, trichlorone hl_or of or mat %%dlp 0S r<]ane)

bi s(t ri €Y a%QW|f5>"E§rCBE%%{PE“'(“'?'FF‘pﬁ? égH @for &aA llreetpﬁg £ne, pnosphorus
sul2‘(0hyd;@bthlon’dkd@hoﬂ';ﬁfo’rquntmhﬂodms thiaty| ctelorideg suulge"dl ¢hiaridedexalflehlogidenpl e,

N, N-di |th'|¥ c*rrﬁ ﬁﬂ%{m qgfo(@(@(l\? %Jé%r@'h q@é(?ﬁh\o%rﬁgthyh"cfamomﬂe nor phol i ne, and

N, N-di e I's used as th ertiary

ami de, Gtrlntwaﬁgenzﬁ and grepeengswhfordch éjer deeiary enudes bk Cands SEAVRTHE can be
used at fol Bxdrfp| a0 WL didetive lfdrthaokid erpmier o iv-fokrayil gisrridthep hatoempif mbdpeolireaend on

medi um,ﬁ{gga@'ygg,??;g. e (ng]thOe%ﬁ P EL . BAIL HEH A | nibOSE a1

whi ch to ena n to 'becone
esszmt i akd e herdozpethe oeartian solhentntﬁmeqwemt$ PRt beowsest g, to pBPUte8taYRiYaclrt ol uene,

oxyl engmode 01f tRs i mgrﬂh%eoﬁtth@?@act@n Arediued . hoxerert doagtiventnsledhdelWhiemeregl ycol
di met hy| et er. act | o m xture res h¥dr oxyl

Qienc res
groups 2ath cpgmisal y3|ne§ a”géﬂgcmpmﬁgglst‘?'&ﬁgtﬁ N BPE" E%eémé%cﬁgglr%ac 2B %st er.
The r easdcomi essetitial g hermngdreogsietnttleedorivghtbheatamditagen fiorofxaaiptruto! @8, -0 about

2.0 ol %)'Ien%q'f'a}%,@ltﬁ cﬁ'oethxpé Cabl ldYet@?%Eha%eh 8P Giehe %Iy’éolrﬂ?ﬂn@fhyﬁgdﬁ'e?"m ents,

of al ka elattve e anount l'orination agent used in the

reagg i on. A"Q@é?h\éﬁ'ﬁlg}%f&@ rlébtt% Rixtda radtkk ithd By dibxy1 yesupXiatiehe 3U5 1B amdsodi um
or pot agosslltyorrrm]s a|¥|d rt’c())r)r(T%s tﬁe 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

3

aqueous solution of an alkali metal hydroxide, such as sodium or potassium hydroxide; an
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WO 2011/ 045566PCT/ GB2010/ 001904 aqueous slurry of an al kaline earth netal
hydr oxi de, such as cal ci um hydr oxi de; or aqueous ammoni um hydroxi de can be
used to owmernohuvwmbsser eacti on. For exanpl e, an aqueous solpaTiGBroBfo0zIv4al kal i
met al hydroxi de, such as aqueous sodi um hydroxi de, that contains about 5
wt%to about 35 % typically about 8 wt% to about 20 wt % and preferably
5 about 10 Wt % to about 12 wt % can be used. As descri bed bel ow,
guenching can be carried out by addition of alkali to the reaction m xture,
by a dual stream process, or by a circul ated process. In each case pH and
t enper adqueeussierre ohem elkblt: eluth mgtahdddrokide, Bich b ealaiukabydroXidenaagagouss

typi caldimRUH Rfbroiihe Bin Be RlSIANERM GRGLIAENS Fspeﬁabmé palp el at a

tenperature of about 10Preferab uld not be
per i t t¥¥tos qflaﬁé‘"‘éﬂjd’()%tab@@u?x‘% sychyat ?%t?otiﬁéo%‘d’ﬂrhé’ér%fdet Hat Ge¥AREI ng
react i cgbout 5 wt% to dbout BE wiuR kySial@ aBOEY DEERo agoEEThweng, arsd praferategd out by

sl oW ¢ ad it k?& ?;/o ohaeoogg![l QS Inl%%ldsew th sinultaneous sl ow addition of the

chl ori nato-on reacl{| on ?erl al into a reaction vessel. The chlorination

reaction m iR rE Ydendi thl:én @J@arﬁéﬁyutt@/‘mrﬁfofaaﬂ%QO 1R SRy

until the desired quantity of chlorination reaagtion m xture has been added.
Furt herma‘(ﬁ‘dféoﬁ\éaQPR'aﬁtfeaf”sperH‘?fédo'U‘h\t P CIreyiRied REQCPE 19193k CRERMBY  Then the
t enper aﬁeufperamté #oElcoriteol Eidntiag maditiah of the aledii raenkidvuelistybaaliy tegriedcowti nder

of the &11 b@{eveembéutpé 99&230&% ?sn@agﬂ&#p 95tu9e05&=taqaug>55c EETIE good.N the

ci rcul at'ed

chl 6t n%miem’pl\mh? @uc,shp@iﬁ rwtiee @ﬁ@mttﬂéﬁv aSQ/é'%@/@IabPHtr &éﬁiuan%%ﬁiﬂ%ﬁ ¥Frth¢ oop.
Chl or i ngldneming eéetib@n M xture and aqueous al kali are added slowy into this
circulation | oop. Sufficient aqueous al kali is added until the desired pH

i's reached. IHQR nSﬁf&g pr]oge[surc?ue%@ {1? %mtrbtyaglcgwgd@itlorﬁ EPth@%@hE&% or

| evel s for t ReTY A rocess can
cont i nuakali \p'rtlméle‘%tanFQHSI W additjor n&tmemglor inRkory @aéwqrbmamr iRt Intea ceastip

Regt r alh\irezs%' B¥e tchl%naﬁ%@nt He@&nc{hfm&ﬁﬂ'@léﬂ@lé%u@&]s%lkam@re @MT@F@O@WJMS .
rochloric aC| e resulti ri.ses sucralo ot her
car]o':_bhyﬂ?"é'f/ &nthtedeeing? avadiry ﬂ&%@?{”@;?&?ﬁfﬁ?@{r&"ﬁ“% 3 qegsad%ﬁ??r ed tEeerd

terti araguenugiakalaischdgad ustili the @nsiegugrb isgesdledefhen ma/\ﬁermilerétth@ dartbaienant

sol vent m'a%té/‘ﬁétaeét th%@é’nﬁ{dlslie%ls Rir 174 PRI AGE P tfedfleBEtidn® BHEpRcER%En A Hhe

resultin conprises both sucral ose and sucral ose-6-ester.
The mxb&iﬁ'@aob@n@ﬂé?% :argeesand sucral ose-6-ester can be converted to

sucral ose, and the resulting sucral ose purified and isol ated by mnethods
known i n thenahé cirddkétec@sodesy, gagnkthigyizicagied out by circulating the chlorination

20 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
25 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

W
o

The resulting mixture tvpically comprises both sucralose and sucralose-6-ester. The
mixture of sucralose and sucralose-6-ester can be converted to sucralose, and the resulting
sucralose purified and isolated by methods known in the art. Methods for hydrolyzing
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WD 2011/ 045566PCT/ GB2010/ 001904 sucr al ose-6-ester, isolating sucral ose,
and/ or purifying sucral ose are disclosed, for exanple, in Catani, U S. Pat.
Nos. 5, 9W0340/04656843, 248, 6, 998, 480, and 7, 049, 435; VePadrGB2u10R0198at . No.
6, 890, 581; ElI 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. 52006/0188629 Al; 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
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The organic extract can be decol orized 15w th carbon, concentrated, and
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sucral o or
oxanpl & ErEhah ot Aol L] sPHtonp Sl s PRENSA birfalac ekl 127
by Ihr dmglrcémmprmlng;@rw a0é (&) ‘tb‘§éefl§@r>aﬁﬂldﬁ|'1 redmowf?éerchyQ(%{PP'ﬁzatl on

purifi ca&arﬁ@trmpﬂrge@fr@r s&PQqh) arsstgskw)e&h @@am&; bRNir&! suara%ﬁat@garca@éwa
foll owe stallijzation

oyl oot e Engrfire e Baeh CorRiufist ok Rreisfts St REReR e R ni ng
from eatbh nuiktuse withiapatrganic sdemtt sichlve didemtonethanatdharoforps-gltanzatei on or

purifi C@Uoﬂ&a%%ﬁ@ étﬁyl%t::ét%téS i b dRkEire thereof. ThHE RSN x¢RlcY carpl%‘éf&'bﬁirl%ld of

sucr al ose- 6- est er sucral ose can be carried in nmethanol containin sod| um
mettroxi WEN C9xb9rrram§%§=taé¢q PNE §E5459 WIS YPSeoErTP'S 9 H&%C'thawcgm%%em
25and tﬂaeultmg bydralesd @ystals dah®edaitder fudifieé g mpdrgstaibtdioh fatetfat exantpse, t he

boC T onbaa By LaE R R8I e bRl b Bl iy SISl 502 CoF
the | nvismtionsiealgsebyipn initial en snesselfization pugficasiop papessire, SutYan 9oent s a
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application

i ncdude™Fo rS Fewatﬁé{*? ?tlggeocte rﬁ;ﬁiprlglf:yccg%ofotﬂe mo§‘Her'1. Qrprén'?aal‘rglkgierom

each crystallization step to the feed of another crystallization or purification step is also

suitable.

Alternatively, conversion of sucralose-6-ester to sucralose can be carried in methanol
containing sodium methoxide. A trans-esterification reaction occurs that forms sucralose
25 and the methyl ester of the acid, for example methyl acetate when the sucralose-6-ester is
sucralose-6-acetate. The methyl ester of the acid can be removed by distillation.

INDUSTRIAL APPLICABILITY

The process of the invention is useful in the preparation of sucralose. Sucralose is a
high-intensity sweetener that can be used in many food and beverage applications, as well
30 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.
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sweet eners, consuner products, sweetener products, tablet cores (Luber,

U S Pat. No. 6,277,409), pharnaceutical conpositions (Luber, U S. Pat. No.
6, 258, 381woORoriE5566. S. Dni No. 5,817,340; and MNal |y, BCBGHAat0/00ND4
5,593,696), rapidly absorbed Iiquid conpositions (Celotte, U S. Pat. No.
6,211, 246), stable foam conpositions (Gowan, Jr., U S. Pat. No. WO

2011/ 045566PCT/ GB2010/ 001904 6, 090, 401), dental floss (Cchs, U S. Pat. No.
6, 080, 481), rapidly disintegrating pharmaceutical dosage forns (Gowan, Jr.,
U S. Pat. No. 5,876, 759), beverage concentrates for nedicinal purposes
(Shah, &0%),4Ph, deMol fl&s@RANS 229, Paighi® UGB i@ meapidly diskitegradmensi ons

( Rat narﬂlarm%eﬁtncﬁ%sadﬁorrﬁs @é&na%lgr @@V‘@Qt Nl)r 5 896359@%%”%@ corvefirdte§05 and
55, 374, 659; and Bl ase Nos fruit
spreadsO(w»gmhevrpowéSh%tU St 503%7%%2) aﬁaeogﬁmrm%:eztm 071), liquid
concentsruabemsmgmasunhra@m S( Pt &IBLS BE8,9W0 SGowart,. Jr NnS. Bat3R4s.31431,0@8)8nd

stakyli bl I S r P ). The
det ?r m%gf‘f%%&’o%n%a%gé USQ 'yabl ﬁ&sae%h@gga%?ésﬁzt&éﬁy fHle sppel?d§(§n§é%&\g§rl ety
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an

e sz ng st 809 e terpiatian o AR FerbRable wertiss sk ke PP PR & once

to the d varietywohgiardeaditasts, tewitiipcdtocdid ksawrainghbatt wiicharte wallnknowntte thesgent i on.
! a5 BRSAE Y Q'f%'igk 18Yehe fP5tBBIR Aferred to in Merkel, U.S. Pat. N

DSD eﬁd%acet oXYy- su?vg EIr@% 3 eé’l stannox%rrrlee (oc“]stezrinenoxanea di gcet ate);

( C4H9) Zﬁsﬂ?@Aﬁ‘}r-@dS?WO%\'e}J( M%%ﬁ%ﬁb} 1 20Thi s exanpl e denonstrates a
processoftelnvn r flask was arged with 25 67 g
of sucrose aﬁ‘& a@%@”et@gﬁouéfpr‘fﬁ\ﬁg‘es ‘HAh'tSH%VeQEB? 8%%33\8%%5\’?}31 %gedre%cte tgé% Af t er
t he sucfobeenpagadplesolviddillus?ate buy donoDBD thevadkied. The water was
co-distilled with the DMF using a rotary evaporator with a bath tenperature
of 80C for about 1 hr. Final conditPt8Plefsi de the flask were about 70C and
2540 mMHg (5.3 kPa). The resulting &\/ﬁdUCt was 124.48 g of light yellow

oi I The product was dil uted V@%¥*R™22.0 g cycl ohexane to hel p keep

tin co nds in | uti the acetylation step and acetyl ated at
2-3C us 'ﬂg 9.22 AW &Jé?cﬁ}yf %\J,fghﬁ, dri de. Sanpl es were taken and anal yzed by

hi gh pregsare 'lGlU3 @m‘%@ﬂ'oQ?ﬁtPg%adémébu tdlsQQmmxane tdigtakRAGhé QRS LT €
cont ai ned sucrose-6-acet a 65% normal i zed), diacctotes (1.15%

6. 69% nnrrnAl i 7er<§)*b)zéoh%c)ré-ﬁaé%>%% 2(0.406% 2.47% normalized), and

sucrose (0.377% 2.19% normalized). These results indicate that the

reacti on was Example 1
20 This example demonstrates a process of the invention.

A 1 liter flask was charged with 25.67 g of sucrose and 550.0 g of DMF, and the
sucrose was dissolved at 80°C. After the sucrose had dissolved, 52.07 g of DSDA was
added. The water was co-distilled with the DMF using a rotary evaporator with a bath
temperature of 80°C for about 1 hr. Final conditions inside the flask were about 70°C and

25 40 mmHg (5.3 kPa). The resulting product was 124.48 g of light yellow oil.

The product was diluted with 22.0 g cyclohexane to help keep tin compounds in
solution during the acetylation step and acetylated at 2-3°C using 9.22 g of acetic
anhydride. Samples were taken and analyzed by high pressure liquid chromatography. At
90 min, the reaction mixture contained sucrose-6-acetate (15.23%; 88.65% normalized),
diacetates {1.15%; 6.69% normalized), other monoacetates (0.406%; 2.47% normalized),

and sucrose (0.377%; 2.19% normalized). These results indicate that the reaction was

J
o
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WO 2011/ 045566PCT/ GB2010/ 001904 conpl eted very rapidly. The final quenched
product was an al nost colorless solution with no visual indication of
deconposiwpani/EHzwAPl e 2 This exanpl e denonstrates a pr ®@CEAEB2010/08908h | ower
tenperature dehydration is 5used. Al liter flask was charged with
25.67 g of sucrose and 400 g of DMF. The sucrose was dissol ved at 80C.
After the sucrose had dissol ved, 48.26 g of DSDA was added. The water was
co-distilled with the DMF on a rotary evaporator at a bath tenperature of
15C for about 1 hr. Final conditions inside the flask were about 10C and <1
mrHg 10propietad kévx)rapidtye Thedidatauarichehprodutteppsansalmpst @lqyless sgotiony wsks oi | .

The progugsuanieictibhbegeddiipdsigdn 0 9 of cycl ohexane to keep tin conmpounds in
solution during the acetylation step and acetylated at | ess than 5C using

9.19 g of acetic anhydride. Sanples ner e Eaken and anal yzed by high
pressure |iquid chromatography. At B2 the reaction mixture contained

Sucr ose 6 Safkalerbkudai BRI ReLIOh AR pud SOl BERkaRSR (BBAN, 5 30/

nor mal i zed) nonoacet a sucrose (1.25%
7,9% notsaéd i zed). At 135 min, the reaction m xture contained sucrose- 6-

t at 13.42% 84.9% t at . 209% I d
oAt (1 P e B Sraat L SR S FSPLREE B T L RE )
nor mal iwadjissolee at Boed. gfienthedcpsetad tissaeeda 48 6ay dEBIDA phabdded. vitteh no
visual Jaodig %e.seueodmﬁwemzloﬂfg ﬁ%@%rﬁo?’aggb§th%ﬁﬁ5@”a‘?ur@%?qgsérat es a

process In erature ration 1Is use liter

fl ask vCa"sal?m’érld"éd e HOT’EH'%"? iBsigH ”@lﬂﬂs QErQARPUS30°©28d 61t MHI The sucrose

vas;odi S&00.1a@a At THBErodddtio? thit BeepSisy D67 Bkl celosesloned, 52.0 g of DSDA was
added. The 25water was co-distilled with the DM on a rotary evaporator at

a bat h t enpanatpusdrcbivad@ilutbdmwithbzud glbf luycloHexaae tackareditin @mwpaounds e t he fl ask
uer e aRR1R TR ¥ SOC 20 B0l OhBR-c T Braslysioue 167 43

g of a Tight ye ow ol | d wmth 22° g{ ﬁe/cl ohexane
to keepanthb’@f'%n%ﬂﬁ’ié%wf*'l’? taken and analyzed by high pressure liquid chrom ograp

60 min, the reaction mixture contained sucrose-6-acetate (13.22%, 83.1% normalized),

15 diacetates (0.84%; 5.3% normalized), other monoacetates (0.59%; 3.7% normalized),
sucrose (1.25%; 7.9% normalized). At 135 min, the reaction mixture contained sucrose-6-
acetate (13.42%; 84.9% normalized), diacetates (1.20%; 7.6% normalized), other
monoacetates (0.63%; 4.0% normalized), and sucrose (0.549%; 3.5% normalized). The

final quenched product was a colorless solution with no visual indication of decomposition.

20 Example 3

This example demonstrates a process in which lower temperature dehydration is

used.

A 1 liter flask was charged with 25.67 g of sucrose and 550.0 g of DMF. The sucrose
was dissolved at 78°C. After the sucrose had dissolved, 52.0 g of DSDA was added. The
25  water was co-distilled with the DMF on a rotary evaporator at a bath temperature of 60°C for
about 1 hr. Final conditions inside the flask were approximately 50°C and 15mmHg
absolute (2.0kPa). The product was 167.43 g of a light yellow oil.

The product was diluted with 22.0 g of cyclohexane to keep tin compounds in
solution during the acetylation step and acetylated at less than 5°C using 9.19 g of acetic
anhydride. Samples were taken and analyzed by high pressure liquid chromatography. At 1

(9%}
(o]

hour, the reaction mixture contained sucrose-6-acetate (14.87%, 87.8% normalized),
diacetates (1.21%, 7.0% normalized), other monoacetates (0.50%, 3.0% normalized), and
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solution during the acetylation step and acetylated at | ess than 5C using
9.19 g of acetic 30anhydride. Sanples were taken and anal yzed by high

pr essur e Woquoild4s3s6onat ogr aphy. At 1 hour, the reacti onPgir:gB2oB/@OMEal ned
sucrose-6-acetate (14.87% 87.8% normalized), diacetates (1.21% 7.0%
normal i zed), other nonoacetates (0.50% 3.0% normalized), and WO

2011/ 045566PCT/ GB2010/ 001904 sucrose (0.36% 2.1%normalized). At 1.5
hours, the reaction m xture contai ned sucrose6-acetate (14.83% 87.4%
normal i zed), diacetates (1.45% 8.6% normalized), other nonoacetates (0.50%
3. 1% neunmbke (@d$%, aride suondized). 0AtLE%holrd bewantidn medyre cbheidadrsakrogerenched

pr duCts YEu%or@1 BT a5k AblRhe B0l Ao 1LISN® oSiAbahid) o of

5deconposi ti on. anpl e hi's exa enonstrates process I n_ whi

| ower t@?ﬁf@F%F?Eﬂséoas@e{? 911a(e Perrﬁ"alge@s @R sucresq (& 1%+ § 3%%@?“&%& Jés fW@{ h

25. 67 quuehcrd@roset aad ad@limdst cglofitsdddrutiohhatis e vies# in@satbnsgol ved at 80C.

Aft r the Sucrose had di ssol ved, 48.30 g of DSDA was 10added. The water was
i sti5FPBE°WTh the DVF on a rotary evaporator at a bath tenperature of

800 for about 1 hr. Final conditions inside the flask were about 70C and 40

mHg absol ute (5.3 kPa). The produdixaigde464.39 g of light yellow oil. The

d I d h 22 f ¢l oh K d
Corut i on' dur IS PREISHETY 421 SPEEAh AN e Dy SE RS T RENER ‘opoBta
to -20C usi 9 F‘?e\g' fl%& \g?jsozmﬁ%eot \{vgh 39% !Jid%tcrég‘%nh%%l\éﬁegeoft@l‘%@n ﬁéqd anal yzed

by high pressure ITq reacti on m xture
cont ai rﬁeldr0§QIMI|a®§§$@V%it@tt%(l°5 (Aftzersae/&ucmselwmﬁ@bzleﬂ,z&ﬁo 9dif RSP (0. 591%

3. 5% nofyaBd.| zﬁé)/vatéms@rcormma&%@t@s oMk 6168/¢ot3ry78@aa@.raeal atzma)m sucrose

(2.64% 15 7% normalized). After_4 hrs he reacti gn m xture ai ned
Suor os SeBPREbICk P B aboul b Figpuhan iR e dhe PaVER Phsut ARG
20nor medd meg, atsbher (BB3ndaelbe psodutk Bds 13t.BYgmbtiat ieded)ojl. and sucrose
(0.53, 2.9% normalized). These results indicate that the reaction was
sl ower t han Thigheduct wap dil e mitha%e® gIohcydelexang to kaettin eraaownisin

conpl etdoﬁﬂlon-ﬁlﬁﬂné kﬁ'@éce@bﬂ@d‘&hﬁ@p Qﬁ@ﬁtét?lamsataéhs&hém& edi@l & 12886 usBhut i on

wit h nq Y ace!tlrg: aln%aérlé)e gamp gg\(/)v ere ta érlw (a)nd ar%??zrgalb% h5|gh pressure liquid
chromatography. After 1 hr, the reaction mixture contained sucrose-6-acetate (12.83%;
78.1% normalized), diacetates (0.591%; 3.5% normalized), other monoacetates (0.46%;
2.7% normalized), sucrose (2.64%; 15.7% normalized). After 4 hrs, the reaction mixture
contained sucrose-6-acetate (15.84, 87.2% normalized), diacetates (1.26, 6.9%

20 normalized), other monoacetates (0.54, 3.0% normalized), and sucrose (0.53, 2.9%
normalized). These results indicate that the reaction was slower than higher temperature
acetylations, but went to similar completion. The final quenched product was an almost
colorless solution with no visual indication of decomposition.

Example 5

25 This example demonstrates a process in which reduced solvent is used and the final

high concentration of sucrose-tin adduct is used in acetylation.

A 1 liter flask was charged with 25.67 g of sucrose and 220.0 g of DMF. The sucrose
was dissolved at 80°C. After the sucrose has dissolved, 48.36 g of DSDA was added. The
water was co-distilled with the DMF on a rotary evaporator at a bath temperature of 80°C

30 for about 0.75 hr. Final conditions inside the flask were about 70°C and 35 mmHg (about
4.7 kPa). The product was 94.20 g of yellow oil.
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25Thi s exanpl e denonstrates a process in which reduced solvent is used and
the final high concentration of sucrose-tin adduct is used in acetyfation.
A 1 |iterwDlask4pmms charged with 25.67 g of sucrose andP22GE20Y/0i90DVF. The
sucrose was di ssolved at 80C. After the sucrose has dissolved, 48.36 g of
DSDA was added. The water was co-distilled wwth the DVF on a rotary
evaporator at a bath tenperature of 80C 30for about 0.75 hr. Final
conditions inside the flask were about 70C and 35 mrHg (about 4.7 kPa). The
product was 94.20 g of yellow oil. WD 2011/ 045566PCT/ GB2010/ 001904

The product Twagroddctivesl divtet with. 5.5 gof ddr PMBleRd 2Bd @ Bf §/clphexareytolkebexane to

keep tid) CORRRINELH écﬁutﬁaﬁ%‘ dUr#nBQhQHEét{l\Qtnérh&eBC%X k?&d‘u@@w dé §crétylg-t138 ab e@QUCt was

acetylated at |ess usSin acetic anh es wer e
t aken dhan anaryred- b%/g Hf @%t'ﬁraegw&dé |5iaqm'<’cf %ﬁ?éﬂ%ﬁn&j}déﬁwze%w B&ghl hr, the
react i qitessuxd lidied cioratratdyesb HyU CAfas &- 1o; tHeaeettainamixBde ¢bMtaindd sQ8mewenal i zed) ,

d 0 0 0%
orSi iyt Tl o, by B RO Jhr LT IRCREA RS (e 2, 1
react i onomiaceiates (Qoiai Hidth rargbzed) anthaucsse (0 B8Y8 26 %gRroFized)- mafter ed),

di acet af % (ReP83kkiol na{eun@emé.hz@g)oroéétmEetamQ@csalo@t@@s%ono@%!.&d) 2. 6%

normal i zed 5% normal i z

pr oductdzﬁatﬁﬁ(%[s%stg %@I”ﬁ]FT%’%d)lé’gEﬁrlﬁ‘??r}? c%?tteﬁ%légg‘i (s-:;‘)ué{Jo W%@gpﬁ'gﬁoﬂ%‘%m

decorrpomctasemo 4EYaMpS% rdrmalized). Tﬁ'dflfnsalaxnanqﬂeé piemohwes ab enest golodesss i n
,L&B svgg,v,%;g,su 5 iRfdedntep gald Hiragetylation. A1 liter flask was

charge th 6 0

sucrose an g of DMF. The sucrose 1l5was
di ssol ved at 80C. After t he sucrose had di ssol ved, 48.25 g of DSDA was
added. The water was co-distilled DMF on a rotary evaporator at a

bat h tenperature of 8 bout 30 a the flask
wer e about %5 ?ﬁ@piﬁ %%Str(a%sf ergéﬁss 'EI'HVQ Icrh ens%u(% t%ﬁ:‘é%% g d&% 9 t&équ‘rl?lg 09 g of
| i ght yasdetybatiooi | . The product was acetylated at |ess than 5C using 9.19 g

of acetic anh¥dri de. .
liter flask was charged with 25.67 g of sucrose and 250.0 g of DMF, The sucrose

15  was dissolved at 80°C. After the sucrose had dissolved, 48.25 g of DSDA was added. The
water was co-distilled with the DMF on a rotary evaporator at a bath temperature of 80°C
for about 30 min. Final conditions inside the flask were about 70°C and 40 mmHg
(5.3 kPa). The resulting product was 119.09 g of light yellow oil.

The product was acetylated at less than 5°C using 9.19 g of acetic anhydride.

20 Samples were taken and analyzed by high pressure liquid chromatography. At 1 hr, the
reaction mixture contained sucrose-6-acetate (20.80%; 87.6% normalized), diacetates
(2.00%; 8.42% normalized), other monoacetates (0.67%; 2.80% normalized), and sucrose
(0.29%; 1.2% normalized). These results indicate that the reaction was completed very
rapidly. The final quenched product was an almost light yellow solution with no visual

25 indication of decomposition.

Example 7

This example demonstrates a process in which solvent-free DSDA is used in

dehydration.

A 1 liter flask was charged with 48.25 g of DSDA (containing about 15% cyclohexane
30 to keep as a liquid). The cyclohexane was removed by heating to 80°C and pulling a vacuum
down to 40 mmHg. Added to this was 25.67 g of sucrose dissolved in 302.98 g of DMF. The
water was co-distilled with the DMF on a rotary evaporator at a bath temperature of 80°C

20



20Sanmpl es were taken and anal yzed by high pressure |iquid chromatography.
At 1 hr, the reaction m xture contai ned sucrose-6-acetate (20.80% 87.6/0
nor mal i zew,20diE@s®bat es (2. 00/ 0; 8.42% nornalized), ot h@eCTaB0OHIBINYES
(0.67% 2.80% normalized), and sucrose (0.29% 1.20/0 nornulized). These
results indicate that the reaction was conpleted very rapidly. The final
quenched product was an al nost |ight yellow solution with no visual
25i ndi cati on of deconposition. Exanple 7 Thi s exanpl e denonstrates
a process in which solvent-free DSDA is used in dehydration. A1 liter
fl ask viesatzhvaBgednwifirtal 4@)1dong iodiddOSBAIask arrtasbrungoa®ond 40 BInby ¢b.Bhexane 30
to kee . ; ed by heating to 80C and
kPaS. #hd +é3l:'i(§ﬂ\2/;\ﬁrgdgﬁa 8:)6%6}{691:%5 ggcg el gﬁ?%éut%ﬁ}%ﬂ.

pul l'ing a” vacuum s was 25.67 g of sucrose
di ssol ved Irrhafb?.ocﬁﬁt @a®bcddlbted Ht@essaha smegﬁ@gdlgsg bfl éc@dcﬂhﬁﬁjn@@e DMF on a

rotary eva orator ure o or_.about 3 n. Fi nal
Conai & S araaain S HiabHERY Ml Mo g s A sty 35 Phf thér
resl t i negctpnodivbitre warstaihed .s69oge-6fackiagh (14/@1% pB7 @P4 normalized), ﬂfheetptasduct was

acetyl qtlgfbo@t 7. b%ﬁo&maeoﬁcow mneaée%tgs gﬁ sAHSE14%, ABMNEILE5 an§@naio§é wer e
t aken and anal zed cﬁ c]pr essure chr omat ogr aphy. At hr, the
5r eact | @9 xE: r/‘é”‘?fmﬂ“é? ed NesRFasukEs @dg@tﬁrgﬁgtr\eﬁag@%wagfomeﬁgq MEllYi zed),
di acet abpigly( IThk&tal dudhedpraaliitzeds) an atrfoer lighoiyekevebeltgsn wih 5é%sudl 4%

nor mal i, %(?Qéuonaé?%e%#ﬁé&?t?on(o 39% 2,3% nornalized). These results indicate

t hat th'e reaction was conpleted very rapidly. The final quenched product

wasgan al ”D%eld'lﬁmsuhéeéfltﬁ’é"’ln%@th%rf |9@IUW:§ t'ﬁe'?&loWu%JébmﬁanliMd 8d5cAbed the
deconposi tion. 10The discl ﬁiure he 1 nvention includes the foll ow ng

cl ai ns. '”F%{\;'ioﬁgwﬁé%’rcfab@cfh? 'Oi"’fﬂﬂe?ﬂq bRl SREVASIFcl ai m the fol | owi ng and
their equivalents. CLAIMS What is clainmed is: 1. A process conprising, in
order, the steps of: (a) providing a first reaction m xture
conpri sing sucrose, a polar aprotic solvent
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5and an organotin-based acyl ati on pronoter; (b) renoving water from
the first reaction mxture to afford a second reaction mxture that is
subst ant iabDI2g1foaess6f r om wat er, and (c) addi ng aPcardmridocsoaci d
anhydride to the second reaction mxture to afford a third reaction

m xture, thereby producing a sucrose-6-ester; 10in which: a non-pol ar
co-solvent is not added during step (b); and in step (b), the tenperature
does not exceed about 80C. 2. The process of claiml1l in which, during step
(b), the renmoving of water includes distillation of water with the pol ar
aprotic solvent at reduced pressureCLAS@SThe process of claim1l1l or claim?2
in which the first reaction mxture and/or the second reaction m xture
consi stygsSieRiirméd ). of sucrose, the polar aprotic solvent, the

organoti n-based acyl ati on pronoter, and/or their reaction products.

4. The process ofa poyesplc8fpHsiRgG, ifiloaddr) the seépsadt; during step (c), the third
reaction mxture is nmaintained at 10C or less for a period of tine

suf ficient t(e)prederding bdirgdOracionseixBiresbmprising sucrose, B.polEhepptioselsgntof any
pr ecedi L den, orl SYORRE&AL ur e in step (b) is between about 80C
andc:r":tboét]n;a %‘lo%.gg?‘dtn\ B‘é},‘eﬁgf;%%}ﬁ%% pr occliaégr's of any preceding claimin which the

t enper at Ur & br&h@lind Mhck frobeineans: rabeieh rﬁi&?r@ﬁ@@@@ﬁt&ts&?% reftforThe pr ocess
of any prece clalmj | e tenperature in step i s between
about %ﬁ?ﬂﬁge‘%gﬁa?bsﬁﬁ&aﬂyme?mm ‘g?te‘i’hag%pr ocess of any preceding claimin
which the t er i I :

9. The procgg}; o% t"g{ﬁ‘g ap%é%%xgﬁ%égélagﬁyn%? @%%\mﬁfkc%lgtg ﬁreégﬁq%rf&%?%? Ptgﬁgf)bﬁ/ent i's
N, N- 30dirdeeasyipn Myxtyatntereby pwodagng pGYSDESOCH€B2010/ 001904 10. The
process of any preceding claimin which the organotin-based acyl ation
profoter is BWND:§i (acyl oxy)-1, 1, 3, 3-tetra- (hydrocar byl ) di st annoxane.

a non-polar co-solvent is not added during step (b); and
in step (b), the temperature does not exceed about 80°C.

2. The process of claim 1 in which, during step (b), the removing of water
includes distillation of water with the polar aprotic solvent at reduced pressure.

15 3. The process of claim 1 or claim 2 in which the first reaction mixture and/or
the second reaction mixture consist essentially of sucrose, the polar aprotic solvent, the
organotin-based acylation promoter, and/or their reaction products.

4, The process of any preceding claim in which, during step (c), the third
reaction mixture is maintained at 10°C or less for a period of time sufficient to produce the

20 sucrose-6-ester.

5. The process of any preceding claim in which the temperature in step (b) is
between about 80°C and about 20°C.

6. The process of any preceding claim in which the temperature in step (b) is
between about 78°C and about 30°C.

25 7. The process of any preceding claim in which the temperature in step (b) is
between about 75°C and about 40°C.

8. The process of any preceding claim in which the temperature in step (b) is
between about 70°C and about 50°C,
9. The process of any preceding claim in which the polar aprotic solvent is N, N-

30 dimethyl formamide.
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11. The process of any preceding claimin which the organotin-based

acyl ation pronoter is 1,3-diacetoxy-1,1, 3, 3-tetrabutyl di stannoxane. 512. The
process oVoanywmsweof clainms 1-9 in which the organoti nPoRAGBRLOHNPIAEI ON
pronoter is a 1-acyl oxy-3-hydroxy-1,1, 3, 3-tetra-(hydrocarbyl)di stannoxane.
13. The process of claim 12 in which the organotin-based acyl ati on pronoter
is 1- acetoxy-3-hydroxy-1,1, 3, 3-tetrabutyl di stannoxane. 14. The
process of any preceding claimin which the carboxylic acid anhydride is
10aceti c anhydride and the sucrose-6-ester is sucrose-6-acetate.

15. The procéss Jheangcesmef ayfy preeedimg daitmoin MWhidhnthetorgdmotinebased boykatlonc aci d
anhydr i I i_Gi Jde 8= IS
sucroségg?%gﬁzogég%emﬁgnxgs1%%?§$%g%gﬁg§g§%8§?hgﬁﬁ%%gégéding claimin which
the process 115 a Thatedtebd OCHFpreceding claimlif-whidHethRIoPER0Sin Hasad YcyPitdnOf
claims 110 15 ;ﬁqphugh trﬁ é?ceﬂf |§.€ cont i nuous 15process. 18.
The pr o¥8TS' S &y Brelat: gf Ta FRUHEFIABR4E ey conprising, after step (c),
the caddi tiongl  StRR 9Lcest 6Py UneULHHE i Wint BB RF&RMESEN alyation

sucral ose.
promoter is a 1-acyloxy-3-hydroxy-1,1,3,3-tetra-(hydrocarbyl)distannoxane.

13. The process of claim 12 in which the organotin-based acylation promoter is 1-

acetoxy-3-hydroxy-1,1,3,3-tetrabutyldistannoxane.

14. The process of any preceding claim in which the carboxylic acid anhydride is

10  acetic anhydride and the sucrose-6-ester is sucrose-6-acetate.

15. The process of any one of claims 1 to 11 in which the carboxylic acid
anhydride is benzoic anhydride and the sucrose-6-ester is sucrose-6-benzoate.

16. The process of any preceding claim in which the process is a batch process.

17. The process of any one of claims 1 to 15 in which the process is a continuous

15 process.

18. The process of any preceding claim additionally comprising, after step (c), the

additional step or steps of converting the sucrose-6-ester to sucralose.
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