‘WD 2011/ 045565PCT/ GB2010/ 001903 Process for the production of
sucrose-6-ester FIELD OF THE I NVENTION 5This invention relates to
sucrose-6-esters and to nmethods for their preparati on. BACKGROUND OF THE

I NVENTI ON S |
(4,1, 6 - tYPEID%, 1uc%a ?f?deoxygal actosucrose), a HGEFHLREYy

10sweet ener that can be used in many %ood and beverage applications, is a
gal act o- sucrose having the foll ow ng nol ecul ar structure: OHHO

SUCRALCSE 15Sucr el ose i s nade from L by converti t he hydroxyls in
the 4, 1 and 6' positi ong_r?‘ffséﬁ?’btrhgspgﬁ%'gcg'js%.n_‘%‘ﬁufrﬁf“%’sfﬁsg‘“’gess, t he
stereochem cal configuration at the 4 position is inverted. In one process

for making sucral ose from sucroggy SYEFA QN‘iléN‘i'liorNSt converted to 20 a
sucrose-6-ester, such as sucroseﬁé—awt‘a'ge—m—sm- - ose- 6- benzoate. The
sucrose-6- ester is chlorinated by reaction with a chlorination agent and a
tertiary am de, %ihqlﬁnsﬁ%ﬁtfé %k UcRAE AR réThrd td i tHHRE b thel WegdisBnauenched
wi t h aqueous al kal 1. e resulting

4,1',6"'-trichloro-4,1",6"-tri deoxygal actosucrose ester (sucral ose-6-ester)
is converted to sucral ose, WACKGREOUNIDSE NNVENPON fi ed and isolated. 25
Sankey, U.S. Patent 5,470,969, Vernon, EP 0 475 61I9; Clark, U.S. Patent

6, 939, 962; and White, EP O 776 903, the disclosures of which are all

i ncor por at ed -her eguerdiyser ef4elr 8rtdehiomi4st Bosideqygaadssmsrobe)l mhehighyintdneisi s of a
sucrose-6-ester. Th rocess di.scl I ' . (Q) ing
sucrose® n a>VSIene" A5k 5P %%s%ﬁ%\c/iéﬁtrﬁg gfg E}éé ﬁ%gbekfrﬁg%?%%%%hs‘f %rarré%lg‘gé, with
an or ganot i nsusasedavioy thetfollowing oolscwar stuptiitee WO
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SUCRALOSE

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

position is inverted.

In one process for making sucralose from sucrose, sucrose is first converted to
20 a sucrose-8-ester, such as sucrose-6-acetate or sucrose-8-benzoate. The sucrose-8-
ester is chiorinated 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-trichioro-4,1' 6-trideoxygalactosucrose ester (sucralose-6-ester) is
converted to sucralose, which is subsequently purified and isolated.
25
Sankey, U.S. Patent 5,470,960; Vernon, EP 0 475 619; Clark, U.S. Patent
6,930,962; and White, EP 0 776 903, the disclosures of which are ali incorporated
herein by reference, disclose processes for the synthesis of a sucrose-6-ester. The
process disclosed by Clark comprises: (a) reacting sucrose in a polar aprotic solvent,
30 such as N N-dimethyl formamide, with an organotin-based acylation promoter, while



2 continuously adding a non-polar co-solvent capable of renoving water by
co-distillation, and renoving water by co-distillation, to afford a
reaction m xture which is substantially free fromwater, followed by (b)
‘addi ng a | i ¢_anhydride to the reaction m xture ng the
resulting%?éggﬁﬁg#&ntxture at a tenpekature and for SaQ%gtlohﬂﬁﬁhﬂg
sufficient to produce a sucrose-6-ester. The non-polar co-solvent is
typically a hydrocarbon such as cycl ohexane, n- heptane t ol uene, or

i sooct ane. C res S olLar
co-sol vent, 'Z:LHJU ?&)CL@ %I’I eh%g}%oﬁSdé hl t| a% rt ""‘Qe‘&’%ggr dc‘gnd
re-dried fordistiatos, asi epngving water b es-distillation, 1o aff@tdtaaneact@nermxtegq which i whi ch
decomposi 1 A0l HARYHIA \PRerRlIoREE Uy (o) BUER, W ai?b&@llmaﬁn lide §'9Het
reaction tinmes m nut es. Becausé the ar " co- vent can cause
preci pi t at i oradiongrigkesand maitainingitheresultio @@@hoe@w@énta% at¢operatieganéder be

used insthe PHOGRSS tinfe biwdidriedo fa»bdw@apgueﬁ)eéle%s@t trhe nBRBoIRCERE ot &OI vent .
I n addi tion, unreacted sucrose, remi he sucrose-6-ester product can

produce undel¥picaliyiadyarosarhre, siich £5 E’Cﬂ’ctr;’et‘%‘er 8@89‘@”? d9ienecpnispociaRp e d speci es
in the subsequent chlorination step. Therefore, a need exists for a process
for formng a sucrose-6-ester f Qes no aveth
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sucrose, a po ¢ sol vent of mani de, and an
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reacti on m XiEL pRYipRARHE shdidbe, tHe rﬁammqlsw@sesco@.eémtaganwéaﬁ% JIBARET ,
w th gas or sol vent vapour capabl e of renpyving water at a tenperature,

pressure andhe gypepshde linitgd byzﬁ‘esﬁ‘feP?’(‘ﬁeeﬂ theonorr kT dcessdveeb ndn rasgieh.on

m xture whi %ré&t@ﬁ&?@@hbﬁbin}hgfmd& $uopsBevBEstsr, prodict emneptoﬂl)be(tﬁt)deﬁtwleng a
car boxylic anhydri sec xture to athir

, t
reacti di m )&Wrg&l"&ﬁ@ FO‘?Q?OS}IF P A 0@51 5F %&?"@a’ dsqbgﬁq%pﬁfrﬂor@ag?n gttep
t enperat ure "etmlefb:er aaepdeiistd fafa processdof fbindnga sutrosgaB-estarcieora sucrose that

sucrose- 6-es F?Q hi r leguires the use of a gas or solvent vapour
capabl e of rée Bﬁéﬁegtea%%gg%rtcﬁ%ng to the present invention, it has been

unexpect edl y found that use of a gas or solvent vapour capable of renoving

water is not necq\ﬁgﬂgw , PEPPafenPh @%n@ﬁ)lxé&i@ﬁ‘mcw&é@gmsm\é@ discloses a
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i nvent i28n i sPracysedercts’ syihesly BudcHHS O Saier agfﬁpf@"@staérformns divst spit the
i nvention i Ssmatupé B6RETsirgOsRFds8] & golat aprend@cnvent &acaﬁb@nsv-etnetr@(@}rnérﬁvedl ng a

first reaction m xtur sucr re |on ehi c

or ganot i n- ba%%@%@??gﬁr%wwg? prom ge)r ‘PH %é’ V@?E&O'\a P%tﬂ?'fsﬁ@af’ ‘C}nst
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freefromwa\ter' %mda . . .

apolr Capable of removing water at a temperature, pressure and residence time

25 sufficient to afford a second reaction mixture which is substantially free from water;
followed by (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.

30 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 solvent vapour capable of removing water is not necessary, and a simpler

;e e

process has been achieved.



-(c) adding a carboxylic acid anhydride to the second reaction mxture to
afford a 10third reaction m xture, thereby producing a sucrose-6-ester; in
whi ch: during step (b), the renoving of water includes distillation
of water with the reaction vehicle using an apparatus i eat fl ux
of from SOBOEYAE00 BTU hrft2 (1577.t0 78865 Wi ) se?ﬁ@@%blﬁgg)ﬁpg wi ped
fil mevaporator, an agitated thin 15fi|l mevaporator, a falling film

evaporator, a rising filmevaporator and the |ike. In a preferred
enbodi ment, the reaction vehi lJ I\h @ Il\ﬁ)%'i\mé solvent. Preferably,
the polar aprotic solvent is & . 20In a preferred
enbodi nent, a non-pol ar co-solvent is not added during step (b). I n

a preferred e”boqhg@fe%mzowa})mem uro%uapgegaﬁhgase?ﬁgﬁs@ !ﬁgﬁéjéﬁpé&qg?i n step

(b), nore prefera oes not exceed about nore pretrerably does

not exceed deatori®a@rodess goppreing: incerdernthggiopent | the tenperature in step

(b) is gromég abgk&]ﬁ%%ﬁ@t éQgHﬂh riiRtufe comprising sudrésela PERTIGH Vebficc Th@dh ment ,

the first reaction m Xture and/or the second reaction m Xxture consi st

essenti al | y asgansticbaspd acyaliafy PRRFCHKY ¢ sol vent, the organoti n- based

acyl ation prgnot esmoiitwaEr Fdif tHe firstaehdtion mdtad uC4fford 8@econd reactibil @

preferred enbodi nent, thsfnhgwperafture urigg step (c) is maintained at 10C

or |ess for mXyeEthalds gfostaniRlYIRE T ¥AP 8% pr oduce t he sucrose- 6-ester .

In a preferrngd embeidy arathoxyibacirapapdiderto thasedordoyaaibn onxtyre cnafeed ai s a 1, 3-
I

35di (agyl ox 1.3 .3-tetra- vl ) di St ar ane or a
1-( acyﬁ%xy) X%; d&@ﬂ?‘(ﬁ’?ﬁ'i@%‘ &e@%?@g[n?ﬁy%@%%%?%g%di st annoxane. Preferably,
t he or ganot iimwbiesed acyl ati on pronmoter is WD 2011/ 045565PCT/ GB2010/ 001903

. - tep (b), the removing of water includes distillation of water with the
1, 3-di acet oxy-1, f}j%ﬁ'gsgtegt(rzabut yl di st%nnoxaneO 1- acet oxy- 3- % r ox%s- 1,1,3, 3-
QutPi 5,688 d

t et r abut y| direactinposehisie. using BnpAriTeEatie SuRRIHY Pnkedt  fluk e feom
anhydri de | saggkt 6507 By PEde8av/nB) s86kiédRorh HiskTR <0SidR4tol, Sn agitated thin

sucrose-6-acetate. In another preferred enbodi nent, the carboxylic acid
by ar 8o | ST SHAFBIR T A T R S G 25 G0B T Pt edlier ose. 6.
benzoat e.

In a preferred embodiment, the reaction vehicle is a polar aprotic solvent.
Preferably, the polar aprotic solvent is N,N-dimethyl formamide.

20 In a preferred embodiment, a non-polar co-solvent is not added during step (b).

In a preferred embodiment, the temperature does not exceed about 100 °C in
step (b), more preferably does not exceed about 80 °C, and more preferably does not
exceed about 70 °C. In a preferred embodiment, the temperature in step (b) is from

25 about 50 °C to about 75 °C.

In a preferred embodiment, the first reaction mixture and/or the second reaction
mixture consist essentially of sucrose, polar aprotic solvent, the organotin-based
acylation promoter, and/or their reaction products.

30
In a preferred embodiment, the temperature during step (c) is maintained at

10°C or less for a period of time sufficient to produce the sucrose-8-ester.

In a preferred embodiment, the organotin-based acylation promoter is a 1,3-
35 di(acyloxy)-1,1,3,3-tetra-(hydrocarbyl)distannoxane or a 1-(acyloxy)-3-hydroxy-1,1,3,3-
tetra-(hydrocarbyl)distannoxane. Preferably, the organotin-based acylation promoter is



-In a preferred enbodi nent, the apparatus supplies a heat flux of from 1000
to 10 20000 BTU hrft2 (3155 to 63092 WnR). In another preferred
enbodi ment, the apparatus supplies a heat flux of from 1000 to 15000

‘BTU hrft2 (3155 to 47319 WnR). In another preferred e i e
appar at us 9}3&5‘1{@ % heat flux of frog 5000 to 12000 B%%%M@%?&??S to
37855 Wn2). 15In a preferred enbodi nent, the apparatus is a filmtype
evaporator. In a preferred enmbodi ment, the apparatus is an agitated thin

filmevaporator. or a w v, Ina referr 0 t he
mean tenper Z%ﬁf“éced?%yf%? gﬁqgir?%'&%tgﬁ%xghgt he °"20 Itqe%ﬁg’?‘ ?'&ﬂygr%g’f%ﬁ%]heatl ng
surface of titeabapfaiistarinosarend t he tenperature of the reaction mxture in

step (b) is less than 50 C, preferably less than 30 C, and nost preferably

is fromabout 20 C to about 30 C In a preferred enbodi nent, the
distillation is toaduefered emdedimestjoe garkapdie asidrashydride is acetia gohpdisigr e

bel ow ag oS %grttw& sBrbsi=blbSter Prﬁfc%sﬁw-yoetété‘e Irpér?éi%t' rp‘?eféﬁea{]érﬂ?z?@rgeﬁtothéo

(2.7 to 5.3 preferred enbodi nent owrate in the
di still at i orpar@xv!ucmdlewaﬂ%ﬁ heHF?if-‘ enavdride 396 t'ﬁs%'cwﬁﬁrﬁm)'s syghoserist her
preferred erjapgispent, the flowrate in the 30distillation is from50 to 110
| b/hr/ft2 (244 to 537 kg/hr/n2). In a preferred enbodi nent, the

puuCddi tionally conprises, after step (c), the additional step or steps of
converting the sugh er@eceﬁlhbmdimentsﬁreraazlpamas suplies 2 heat flux of from 1000 to

2011/ 045565P I d f

cheni cdP T gﬁﬁéﬁ%ﬂé e QR i 5002 MALE niol i BERANE orhaleit el (8"
thin film e\@palaatscauppimstaﬁeatfﬂm @fxftonbﬂO@Lﬁ@ﬂéﬂ%ﬁTlﬁhﬁﬁlﬁ:‘rﬁﬁm%ﬁﬁ Wénfound in
VO 2005/ 09034 %netﬂgr %&Q&%Q%%%Qﬁ?eﬁ ﬂ@%ﬁsaraﬂapauegngéaa{eﬁt AL of GRIY S6d Bnal |y

used for carry reac as now surprisingly

been found tﬂi’@@o Blﬁ@/hdb?dﬁﬁﬁ)a?%ﬁwhﬁdrppl ying a heat flux of from500 to
25,000 BTU hrft2 (1577 to 78865 WnR) can be used to renove water froma
first reactl on m xture conprisin 13mtggose reaction vehicle and an

or ganof!Pn- based 3t REfSRIpPBRS ea??‘éﬁr%“%\ % BcHMdYRe S¥RROEH™i X1 @r e t hat

i s 10 subst apéfertd ¥mbs@@eit PEapph@tus i4 Bn abitstad s evdpoeatartur wavipabimat us
can be used to carry out a chem cal reaction between sucrose and an

or ganoti n- baeé@ao%l@ U1 ati on pronpter to forma sucrose-tin adduct. The high
heat flux supplied by the apparatus used in step (b) enabl es water

in a preferred embodiment, the mean temperature difference (AT) between the

20 temperature of the heating surface of the apparatus and the temperature of the

reaction mixture in step (b) is less than 50 °C, preferably less than 30 °C, and most
preferably is from about 20 °C to about 30 °C.

in a preferred embodiment, the distillation is conducted under reduced
25 pressure, i.e. at a pressure below atmospheric pressure. Preferably, the pressure is
from 20 to 40 mmHg (2.7 to 5.3 kPa).

In a preferred embodiment, the flow rate in the distillation is from 10 te 150
Ib/mr/t? (49 to 732 kg/him?). In another preferred embodiment, the flow rate in the
30 distillation is from 50 te 110 Ib/hrfft® (244 to 537 kg/hr/m?).

e oo mpadepaad oot i s b mesea o 14 s T o omda
ina preferred e ibodiment, the process additionally comprises, after siep (€3,

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

35 Wiped film evaporators, agitated thin film evaporators, falling film evaporators
and rising film evaporators are known, and are conventionally used to remove solvent,



-15 fornmed by the reaction of sucrose with the organotin-based acyl ati on
pronoter to be renoved quickly and efficiently. This quick and efficient
renoval of water forces the equilibriumbetween the first and second
reaction mixtures in the direction of the second reacti and
t her eby pr‘?ﬁ?@ég Sfort reaction ti mesg Thus, the react |P§ﬂ/({gzﬁ’3%¥"§93form ng
the second reaction m xture according to the present invention may be 20

| ess than 30 m nutes or |ess than 20 m nutes, for exanple |ess than 10

m nut es, | ess tha 5 mn ding.to. enbodi nts

reaction t| r’?‘?f PR oy r&@s”f’#‘éfﬁ 'Sf'?ﬁoﬁ ﬂ%’: a%hﬁ%écgf ngcﬁloé‘aré 5 85 ]ﬁ%es E‘Ecor di ng
to the presaxbmplevarduchusarne asagitatedtthio 5 aveparafionim meldontezua‘] dugrdinse
substanti al | . i ' I S t t he
appar at us. USRI beTBh R W8 J088bOS k) RoSBRdp e TiE e RN | T e
appar at us. lane ottreenvantionily used fos caratingyun shemits) reastienssary to cycle the
reactiog m xture through the apparatus nultiple times. Thus, according to a
preferred enmbodi nent of the present invention, the reaction mxture passes
through t he apparthassnashsufprisingy beencfounthihabthe above aPpasaiis eprlse? hedls | s

not recycl edRag Krohpséd“ﬁ‘) 24060 atruawm?om 570t NSEBEEN/HY) Ehh BB u%B@@d ?énhtﬁ/e but

rogresses direct tg ste rresent invention, h heat
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that a hi gh digstiotifi-bsedandylistioni pronidtewta afferdanesacendl reactidht miztudd ghatl isat i on.

Thus, the apparatu sed in IV I i ppl yi ng
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and the lik p@é?rgf%%@r&h décang a flowrate of from10 to 150

| b/ hr/ft2 (49 to 732 kg/hr/n2). The "flowrate" is the anmount' of materi al

suppl i ed per unl trharrﬁg% ﬁéattﬂh@ sb@@kung tﬁélrabﬁ&ﬁtugfusé@ﬁ’h QB RO) SHaBles Rdteruni t
tinme. rtue of ein corrblnatlin W th
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can be kept répbyed Quicklyl &&d affipiantit UShlslaeldk land efieiepr @genil of mamtszees the

f bl . e qf  del t . g. . f
o hr /o2 ( AaerimPepin, Fag o ol PrafrcsBish i i bt 9% 110 537
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car bohydr at g,4es (imesd. tARBMIrgSo Bk BbedimehiUbe réé&ﬁorftﬁﬁé fapeeieks fRanaf the
reaction mixture within the apparatus used in step (b) may be 15 | ess than

30 minutes dPiNMess than 20 nminutes, for exanple |ess than 10 minutes, or
| ess than 5 minutes. Accordi ng to some enmbodi ments, the residence tinme may

be less than 1 m ute, This. |owresid ncrease roduct ,yjel ds and
reduces the |evel 'E)Cfe P}Prp{?PF‘H“ {i’m?% ¥FH Sﬁlﬁg téJEE pg?steghmveé@gh%(e S&‘@Q’em
i nventizen al sactahlvilhvaistdlig beetubstaohially caviplats ate the reastiony edktiae mSlmmd

t enper at ur eetkrc? enh tl*Pe é)g%%yéuqé.l@ egrlﬁg’%}s@f only&}wée leSQﬁerr%Ss%eg@ L e @[Héunt of

car bohydr at 1on bern reduce R*Srhen xtended
reaction ti rmwamt@ useather I*‘I(S\mlﬁ/érls nebmgaé!ymﬁ@e%@ade icyte fhegeadigy mixture

efficiently, R\ER 17 a #&%G@H‘uﬁf@w@t UFIRS, a&&m{qi@ch prRffFret @bobifiept & € not

necessary. 25 resen Jnventl on al so | ows the water of reaction
to be rermvetbeafesﬁﬁfdﬂn‘@@ﬁ)’bf"@s@ﬁ? lon mixre pagsesithrouglhtng @RPRIAtUE S8 PRSGhEN
conductzgng the dlitpit |frbhafrﬂecbﬂ)plamn&?temoé bc)cyen@ab;laels ty e fppatdney, of eslaadthens in

tenperature a.n / or ence wi th consequential further
ni ni ni sati on®'Y arcagp%rg rogﬁeésn%w%{%ﬁ‘f ‘JTE X

In the present invention, the high heat fiux is preferably advantageously

combined with a high flow rate, so that a high heat-flux and a high flow rate are used in

35 the distillation. Thus, the apparatus used in the present invention is an apparatus
supplying a heat flux of from 500 to 25,000 BTU/hrft? (1577 to 78865 W/m®) selected



30reaction tines. As will he readily appreciated by the skilled
person, the tenperature, pressure and flow rate (and thus residence tine,
which is determned by the flowrate) in step (b) are all interrelated

‘paraneters, and should therefore be considered together. F | e,
reduci ng t‘ﬁ@zﬁlrl@%?ﬁ?e at which the digtillation is con&’&g{(g%wﬁ]mﬁgpt he
tenperature of the distillation. Simlarly, higher tenperatures could be

used in WD 2011/ 045565PCT/ GB2010/ 001903 7 conjunction with higher flow
rates (i.e. Jlower .re

sidence times). .1t isS key advant age of the esent
| Pvent | on' i HE i i Aamer et Eudtater o Aot pePelh R Ale fimyspallify  m se
t he process,a hsid filehevapoadtdryandritie dkeremd piefdrably h#rdling adioty rptecd deges0 tho not
provi de such Ahi S, of s, fdeexi i ) ' of
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distilled wiurit aréeeofitizaisgation suréare s e avaperajor pérunittime. t er m "reacti on
vehi cl e nmeans the diluent or solvent in which the process is carried out.

The termis neant to indicate that the vehicle may not fully dissolve all
of the conponent BYofityehel eraplexinga highdiay eade i combination with sk heet fie ther ocess.
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t oxi ci ty comnsactienamixams .to Fhefdistilation corslitions |dangbep dispit verf lowe so dbalt #mn
vehicle is & L i f il essure.
More prefer g‘{ﬁ%éﬁ‘ﬁﬁ%@?‘g@?‘ﬁﬁ’gegg%':’% g%rpgli'ﬂéemrg%g%\%sgﬁ?@‘eehtﬁgﬁgé?@@%%ﬁﬁ%st 50C
great er t harconHidomsoi(ini partipdan cadohygiater datompogdiahér minipisedsurldus.2tovever ,

[f the reactigReiahinid 6 e!reBetn! UROWINIRhGRRNIOPEN ihhPlesmaytigen Lhi s
boi | i n%ﬁpm nt preference is not a Parti cul ar sui t abl e

- | i cabl e, :
Feacti A verlpes ban AR MRS T ESSHEATALBERTES] Ry BIIPesT bapdd Binuigsy 1 e
sol \éent S. Suhb:ablﬁﬁqrm. Mccﬁﬂfr@gbGoﬁte|emgime&i’sﬁthrfr@id@x@ﬂfgéQlaytb@ﬂésisalﬁar? iam des
such 25 as N-net =2-pyrrolidon N, N-di met acet am de, N, ie
For mant de. N, R4 hy = b SdhE" Tme hBrExEriatst ARERRR frcnch FprRLAY ce.
O her sui t abilrpuitdsar thepraductsteamvent s i ncl ude di nmet hyl sul f oxi de and
hexanet hyl phosphor am de. The reaction vehicle may conprise, or

consi st essentially of, or consist of, polar 30aprotic solvent(s). The
reacti @ vehi cl e Theyprabesd nvestiardalsa@lows ther welsr sbrepstinn {oske rayedved)at ut it

preferably dggs, rature than it bidVRus 3¥R3ERTeFhi0faldoNRsRICRHERE dnfBRNbE ON
i ncl ude the fact thpgt the formati on of the second reaction m xture proceeds

with excel | efarbalwritsls feqompopition beiRg grasyeally irediicedsayen vhea cxtantag) reaction
selectivity fihés HeQRBE] POWBHST Bsaube BRiresction pricests(éilicient! evan fatirdddesd
temperatures, extended reaction times are not necessary.
25
The present invention also allows the water of reaction to be removed at
reduced pressure. The use of a reduced pressure when conducting the distiliation in
step (b) enables yet further reductions in temperature and/for residence time to be
made with consequential further minimisation of carbohydrate decomposition and
30 reaction times.
As will be readily appreciated by the skilled person, the temperature, pressure
and flow rate (and thus residence time, which is determined by the flow rate} in step (b)
are all interrelated parameters, and should therefore be considered together. For
35 example, reducing the pressure at whi'ch the disfillation is conducted lowers the
temperature of the distillation. Similarly, higher temperatures could be used in



advantage is that the process can be operated to produce very |low | evels of
unreacted WD 2011/ 045565PCT/ GB2010/ 001903 8 sucrose. As is disclosed in
EP-0 776 903-A, residual sucrose is particularly undesirable, because it
directly fe yield of the sucrose-6-ester, and, i nation,
forms unde Przﬁ}?oég%gl orinated compounds (in parti cuI ar q@#@@ﬁ?@%&ucr oses)
which are difficult to separate fromthe sucral ose-6-ester and 5 sucral ose

during subsequent processing. Yet another advantage of the present
invention |i esnjunctibhweitth aighert flosd ratdsd(i. @rioderatsiddnce imes)s 1Bs %'k@?%dva‘h@a@é

ot her pt ovos SR BRERSR o HRTRGE Mool il 3] Tt ﬁfetdﬁc’t"ﬁ@‘q'ﬁ? esent

i nvention, tHe preeessf bothGhaminaly pod aomowraialyy ettior iagt prodesSeC 86 981 provige I enove
water, and SQuEhh'ﬁ'?rﬁgﬁhé bfod?oégsstﬂg)ﬁb:ﬂgn_' pol ar co-solvent to renbve water can,

in sone enbodi nen e conpletely elinmnated. Accordingly, in a preferred
enmbodi méht, a non-pol ar co- soI vent is not added during step (b). In another

preferred enbodi n‘ﬁmehotda%f Fé‘?h%ﬁért %|é¥@£'lb§|a§ec‘?s°(ﬁ§ aB&FeHJt Pa%IL%grg ﬁ%ﬁ%&g& ar

co-sol vent, i ncl udes 0.3 parts
15parts by V\@P‘dﬁf’ withcthe r???&ﬂ" de'TS'eﬁ'érsfeé’ By Wé? i, "rféﬂCﬂCPrewlql&’laneaDISﬁh@ar ts

by wei ght of divent orgelvart nﬁ:ﬂh&ﬁlthwbcess is carried\st, ﬁ@t&eﬂﬂ:sﬂ@éﬁr@éﬂ iRlicA@3p! vent
in step (b) and/ WL ve hi cl e t hat s not_ 1 nclude non-pol ar

usin
co-sol vent o evﬁﬁ'f"elrﬂ%yl ﬁ%ig'w §S§ Vﬁ%‘ 6h%°°m‘?§’§§”i§ﬁg egeaction giures gt glhan

0. 15, o0 | esstagdsanf Delppeedss Dhe weadioh wehicleoshopll be stubleS ohaeenhe $rdrebd f i es

t he process, e > ecover, apd d | ar ge
anount s of n%&nh-%ﬁ'%%rﬂ&%régg '@géﬁhg O&apgﬁ@@%a@{@ Jiﬁ':'rst f?é?"%{m}%ﬁpﬁg?e'%flépff’ﬁgt

| ower pr essu$®@ntmd Ppeoypelar agesiveat, bohis prifaiably @ single\sebdtarice. not added, or is
present in only small anmpbunts, with resulting |ower distillation

tenperatures and thus reduced deconposition, particularly of 25
car bohydr at es. FuFenehioirsrd repivnebicienis dstespiase poperithydhaisolbijiyan the

concentysat i oRgctRRdeHRRSofAUEHSE &R or@hbﬁ}d%steg%cy@toﬁfprélﬁ&w &hd t"ﬁé ﬁﬁrgg\rf i ous

processes, | ess E}edrcgg is used to heat the reaction m xture, oduces

a saving in SHEV §rosg Pradusl pHnwelh@s| Buesalahe ARdr toxigite consideralionst i on
has hi gher s:aieméuawtrfeyomg I‘poﬁitlwsﬁe mmdﬁ%ﬁi@iéslls Tgté%iibr tHéH #B domg gBmes: t he
overal |l vyiel Q % r al ose rati | Op 3 i’ P ?ess is. 30 also
nore econoni aPrta @b \d33 Br&s,%l P&hR e St 89"‘%&@“&1‘0 MR FEEtan be
used, the possichisiat lpasifSOQ@gr&m t!pﬂretbia[bbzlnag paimt of watengt éthﬁs;ﬂfeﬁé@ﬁe%surs

reduce an e u'p an,be used
o car £ oui iRl RS RANEAIR ok o BHRE B3 tfool PAETERL iMoo
non- pol ar c&@@ﬂ@éﬁtpfﬁf?ﬁ%bﬁeﬂﬂﬁﬂlmﬁér exarrpl e to aid the renoval of

water. In these enbodi nents, it is necessary to accept the consequenti al

solubility limtations, particularly with respect to WO
2011/ 045565PCT/ GEAitdledy i@@@'@feéaf&"d@élclearﬁ‘a{ usgdn thesuiesenbinverdionwes golait t he

non- pol ar caamic\sembnﬂsusﬁmébléﬁuaﬁaﬁonml%ﬁislar@%ﬁél%m'ple”leh?ar} Qrﬂfde@smn pol ar

co-sol i the disti]|l ressure and, therefo
tenperéSur e. rrp thylrb ~pyrrolidone, AH\? él {F\yp acetamtde NNdlethyi formamlde N.N-

diethyl acetamide and, preferably, NN-dimethyl formamide. Other suitable polar
aprotic solvents include dimethyl sulfoxide and hexamethylphosphoramide.

The reaction vehicle may comprise, or consist essentially of, or consist of, polar
30 aprotic solvent(s). The reaction vehicle may also include non-polar co-solvent (see
_belcw), but it preferably does not.

Further advantages of the present invention include the fact that the formation

of the second reaction mixture proceeds with excellent selectivity for the 6-position,

35 with resulting high selectivity for producing sucrose-6-ester in step (c). Yet a further
advantage is that the process can be operated to produce very low levels of unreacted



S5Furthernore, use of a gas or solvent vapour capable of renobving water is
not necessary, resulting in a sinpler process. Thus, according to the
present invention, the mxture in step (b) is preferably not contacted with
‘a gas or §9§¥§gh'%?§our capabl e of renoving water. In Hﬁﬁﬁhﬁﬂbﬁ%nm§he

m xture in ? is preferably notgcontacted in a continuous
counter-current manner with a gas or solvent vapour capable of renoving
10wat er. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a flow

di agram showi ng _a pr, t he t

i nvention. ?’%F?_ED %Egcaéﬁg%%ﬁj’blﬁ'rg méﬁ% gﬁﬁﬁﬁ’ eés?};?mtjsg i}g Bé)r{i eff@
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sol vent, car oxy c acl an y non-pol ar co-sol vent nd ar terns
al so i ncl uddetrachiomsaicrosgs) sufdeh wea Sficaltto ﬂgﬁﬁ"é@sfr@ﬂh?éﬁvﬁ%@@p@cﬁsqueaﬂ‘d al |

per cent ages E%lo@@r&ﬁiﬂ?%%&%n%k&%s:ﬁg\d \eétlanfo@@p%rdaédfég‘ésoﬂﬁr% bRsERUr ees
Centi grade (degrees d pressure refer pressure | ess

t han at mospHeentionlesds d?eefad'lfﬁﬁﬁ@? Ricgre sltr@?r&‘%a 9583’259’%’ﬁ@gm'éﬂﬁ'@?“’aﬁraﬁj‘{é’t’of t he
rel evant reaghipafediwithithe Garkériasteliat prddoeed iyt aerarocesyiger at ure of the liquid
phase. (For the avoi dance of doubt, it does not refer to the tenperature of
a heat source, which will, in general, be hi gher than the internal

t enperat ure of t Wehenesied (bq)rs perfetrogdein laecardarne itk the wesent ingertion) thingsesdur ce,
which wll, i enat e
oacti b m »a TPESRE Grsontft IHE nekalln) Bl ARy RRELR ddifipfbr b2

t enper at ur e ronetolar sco-sedvent hamemene Welar ¢ag, Posame gimhagdimnegnis, tbecGWHIPEEfreh’actl on

vehi cl e, forgexany, eAE%r@;hg@pan&'pﬁe@@éd’%mbodlﬁz'éﬁts%”ﬁod Bold8o-EhRAE <O Xt Ur &
at atnDspherlc pressu ocess fOF prep aration of

sucr al ose f rasigpd Qéﬁ"‘cgs*‘éeﬁ’ %woIwgoth&ﬁ@rqf%‘rqdcﬁmtr?e*"ﬁ%tt%epgeactmnr\@bmiemés PRlacti ve
hydroxyl in jkdigdeba RESbdIROGR- sﬁ‘zvesuu@rr ORRides1dbd naked mﬁsrbyama@ﬁtaesrs 9a00R, such

e 5 O DR o BBt § SarandTsantplPoub Biver t o

to chloro grpttpeo-seivedt. | nver si on of t he stereochem cal configuration at the
4-position. Then the ester group in the 6-position of the resulting

sucral ose-6-ester is renoved, and sucral ose, the resulting product,

purified and i solNdtedding nF’m-Qp‘af ea-saivendin stercfod sed/er weinges reaction vehiglsl thatt i ve
protection Oéoets'?‘%t @cuneréﬁﬁ&wénam Mh@?ﬁg&%td&%s fRE ma@.cb %sstawanr@%qégson of

sucrose with a hyd , such as aceti ¢ anhydride or
benzoi @010 tﬁﬂh)pﬁﬂﬁ ks, 5e$snthé’nr%éd:ﬁ”5rpy\/@ﬁ'9&tl & Non-polwr pr-efvant sngifieh, the

or ganot i n- basecksachdALLON 1§)h@tniﬁé|¢rnecé$@§i9rto&é@vé%d?ﬂar@@@ﬂ?&?t@@ ndg-scri ?ﬁd
I Cl en (0) roaguce e

h t at t

Hor 0se- 6. e CoTiAeRL s aiFeg Ao IENEFORRESE oAy REBIESHCR 0 B OS¢ on
fromthe chlwidnanbapolaeassolomt ifagbadtiedgoryis presgnedt @ty gnallipmblrds, w:Hn st abl e
{0 de® Cond % Rber G Sl Apa LR, A3 BR. B0 AL 68 bR UBATR O 15

under condi tTd e resu sucra can e used.
When s@ér osethrizngtates. | Buribewpie degcause the process operates at higher concentrations

1, 3-di acet oxy; dg%siaggw%ré Heaﬁugyér%aéﬁeaemm Jré\ﬂm%ﬁﬁ&%s?e 8 eh@rgyfsed as

t he or ganot i n- ation pronoter and acetic a
car boxyl i c avsed tahestdng @@Ctian'"é‘ﬁt&feaﬁh@ﬁ RiFdugRR-3 mn@%fév §°§ts ‘rdﬁ'c?&%sed in,

for exanpl e, ;@ RiritehperkluRs thateacih had, highdr Seléstivilyavitheaimbkt Do dBasmpdifion,

4, 74 n P
950, 746; S\:Vfl;rlrc)f? a?mreasessthe oecterall yield of the sucralose preparation process. The process is

30 also more economical to operate because higher concentrations of sucrose can be
used, the possibility of sucrose precipitation during the process is reduced, and smaller
and conssauantly less expensive equinment can be used to carry out the process.

Notwithstanding the above, in some embodiments a non-polar co-solvent may

35 be used, for example to aid the removal of water. In these embodiments, it is

necessary to accept the consequential solubility limitations, particularly with respect to



20 No. 4,889,928; Neiditch, U S. Pat. No. 5,023,329; Wal kup, 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; Cark, U S. Pat. No. 6,939, 962,
and Li, b. 2007/0227897 Al; the di scl osure e all

i ncor por at‘g‘a ﬁzbgsﬁsuby reference. 25A9typ| cal preparat ?gﬁfcb ofofhsfS
sucrose-6-ester enploys a two-step process. First, sucrose is contacted in
a reaction vehicle with an organoti n- based acyl ation pronoter and water of

reaction is renoved :

ni xt ur e conﬁa?'ﬁf%j‘“?m ??%Ssogéédggee& ?fén?pg%ggér’lf gg‘{@g{ S%I\I‘IEIP ﬁ‘s%g%%%g}c%ﬁyl ic
aci d anhydr iadethe Timits Shatr @ en Pt @*S@(ﬁﬂt frepdsew loat thel distitation eessaubnd, ng
reaction m ively, 30 the organotin acylation pronoter
and/or its iﬂ]ieéeﬁ%ftgfeo%n%ﬁ%‘;%ﬁ%ts can be renoved fromthe reaction m xture, and
the resulting solution of the sucrose-6-ester in the reaction vehicle used
in the §1ext st epFu RS 188 oPh % r YIS XM bsur dhpdorremdving #2€br is not

6' -positions to chloro groups. 2011/ 045565PCT/ GB2010/ 00 903, 11 fully
di ssol ve al I"eWSSPWefeéB'H%Wéﬁ'@P'Sf PRORESS d bt @ErPrang b rresgnt ivertianglfas of

the process.mpltiR hebp GPR ptel’@rablyawcs I&emhdedoenttsh@lab er bkt vapgeRr paspmes:s

conditions. The .reacti on vehi Xt ur for, e a
pol ar apr ot irEMeYing, WAt iy P '@ 'ﬁ\x{ m Q?ngﬂr)] 1S prﬁ%rabtysnoptrc Ffar ﬁrﬁlga

si ngl e substeantirtioud counter-cuiret masmemevltbfa gaeaartsuohmntwhowloapaiﬂe detegravinged
prlnar y by ghe solubility in the reaction vehicle of sucrose, the
organot n- ba&t %'acylatlon pronoter, and the resulting stannyl ated sucrose
product, as well as by safety and toxicity considerations. Preferably the
boi I'i ng point of the reactdsgier WRICRILSTION G $AE BRAVARGSt he boi ling point of
10 water at atnospheric pressure. Morre preferably, the boiling point of
the reaction vehicle is at |east 50C greater than the boiling point of

wat er at at nospheiguge B8 Fvediagravasneiingidf probess reeattihgfo wekmbbéimentofs a

| ow-boi ling azeotrope with water, then this boiling point preference is not
appllcéﬁle thepeseMAYPAYI"y suitabl e reaction vehicles for use in the
present invention are polar aprotic solvents. SU|tabIe pol ar aprotic
solvents are, for exanplg ety } hyl - 2- pyrrol i done,
N, N- di net hyl acetanide,-%;%gg£%%§%$g$giﬂﬂ§0§ | acetam de and,
preferably, N, N-di met hyl formam de. O her SU|tabIe polar aprotic solvents

i ncl ude di net hyl Lﬁ-h’ésg%e 42nRRd; nﬁ%%t%@@oﬁmpfﬁgr%lﬂ&tlog%nd claims, thae

reaction vehicle nmay conprise, or consist essentially of, or consist: of,
pol ar &Br ot i termesplotasnetinshasedhacylaiar tRTETRCIPR HERFHON nRicle, ROAT RArelFe SR pol ar

co-solvent (&RS PR &Y@anh‘?&lﬁdé horﬂb@ﬁ:&[oaéal\«témdﬁﬁﬁsm%r ter%ﬂ% 1ﬂtﬂﬁd¢ﬂﬁzxﬂfest he
reaction vehicle to be use m ned ch

oce. oont | B ST ¢ Pssn AP ae iBRacd, Al etenapey, B dercait e ase of
the pref err egeigitndi dieteinpe@iurés arepinajegrees iGentigrhde (deghees Ceatuiusho Regodear

I t dded te d t i st
cosent | ol y PSS HeR s Bty SR pRRE el LRRE et de R RS L0,
of pol @5 aprthértm;mndatwemf theerplevartdednion abdwedhaigs.ttoe intesna tamperatuiepi et i on
can typical lﬁﬁugﬁn gésqshpﬁﬁ'é &/ Bfaitel P Godt it édé%tnﬁmféribt%'té?ﬁbe?atmrbf RAk&

co-solvent is IS is because the sol ubil ¥ he reaction
conponent s i $pufdee whish wélhtin ggrarainpe highegthae H‘%‘WBFI'?é W%@W@é’fcﬁ'ﬂe FRaRR- pol ar
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provi des adva?,tc?egefé; | gxatm%;e bofdh SHAQLNSH SANLRE 95 RS et Hiifure at

A process for the preparation of sucralose from sucrose involves the following
35 steps. First, the reactive hydroxyl in the 6-position of sucrose is blocked with an ester
group, such as acetate or benzoate. The hydroxyls in the 4, 1' and 8'-positions of the



‘WD 2011/ 045565PCT/ GB2010/ 001903 12 reaction m xture, as well as economc
and environnental advantages. When the polar aprotic solvent is

N, N-di met hyl formam de, typically about 4 g to about 22 g of polar aprotic
"solvent p ucrose, preferably about 7 g to abg ol ar
aprotic Sg{rgléw?/o%sfggssl g of sucrose, cgn be used in the #ltr'}(%B?ﬂ@'gg%ﬁDon

m xt ure. The organoti n-based acyl ati on pronoter can be any of

t hose knovvn in the art, for exanple, any of those disclosed in Navia, U S.

Pat. No. 4,950,746; Nei ditc U. S : 9 Pat .

No. 5,089, 6dgsU!t51quf%ciros\9€pheg%r =2 Borﬁl%e%‘%_%?m{)@o%%sgf;ﬂé\ghpégbréyo Whech are
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acyl ation Pr B- d, duct,
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di (hydrocar twuruﬁmdaﬂdos@!@ted the reaction product of a di(hydrocarbyl)tin

oxi de apd a dihydric al cohol, an aI kanol am ne, or an enolizable

ahydr oxyket one; a 1, 3-di acyl oxz aéet ra- %drocar byl ) di st annoxane;

and a 1- acyl oxy- 3-hydroxy-1, 1/ @pé’af’@f? YRSB4 by ) di st annoxane. An
exanple of the 15 latternost group of acylation pronoters is

1- acet oxy- 3- hydr t a t noxane.. The. t car byl "
refers to an alk eyecé‘ﬁﬁc?r&?f:mg“g\? ygg%@;fg IF P &G carnfﬂgugt}y rél%glt |%n based
acyl ation prcﬂmnicmsel\mthpa ea‘aeb“oaidlcyaad anhydrlde such as acetic anhydnde or benzoic

1, 3-di yI o] te ) fi
organotq %niﬂ&& cyl & E)e%‘%t %@.gg%% ‘%éﬁng@%@% g@%?(ecg E@yla on

1,1, 3, 3-tet rmef(\b#y!ﬂmd@{rﬂbwr?@ﬁﬂglﬂ sandonseserbed WW%@&PBWE@(?*U@( anfhior @
preferably eﬁé Gﬁtrﬁég Mergrt&w%dgée @B%%ye 61301 m@é egtabarwum.aeme

et hoxy, n- pro | oXy, np ent%/{_}aﬁ n- exg/ and nost

pref erabl y dWﬂ"é’tXWcﬁf‘yth@lscﬂﬁ’B "‘I'H@T‘HWF'EJE ?/Xre@f"’éﬂ!?p A% ’Flﬁﬂ Y SSIEOEYRbl y an
al Eyl lgroup th&X08 %talare&BQﬁ@bd:rwatanQbfmcauldﬁyihtaogrremon aﬁdwmatca%erraﬁa_reabl y an
n- buty

t t
G ChydriBens HyiopE sanciieneibat s/t A Beteby i Eite brabe MR e
group, nore ﬁ)é&‘tﬁéaabb;epareﬁﬂ GHiadekopy-1gt, aamvabmdldmmmnef or akﬁryple,man— but yl

30
Peacti o pr ofudtebAs Ity TY AR phfake Aot A HeAlGhRolt? de'fe
al kanol am negarteoxylnaciharitiydrads! @rwdm@mr@ﬁeeﬁ esters '&ﬁ’lﬁmﬁmfﬁf BydRIe.n oxi de
|'s preferably Ol?é%atbg@ al?swgzs mﬁ.adure/w qwh%bqheomf;@@] g gkane

&n
di ol , preferati)aﬁ ‘havi ng@ rom 2 carbon at e exarrpl es are

ethyl ed@ gl yho|4 3&9@3@ isifaid dy- §I Pa@ NO. B39t Wielkug, dSp Fek oy S H89508

)1'4 but aned:@émoﬁt Lﬁsnfé?g%l?ctlsglss't JSaH'ﬂ(/Ey?ﬂlzarR’a‘ﬂbNH 5,420868; Kahhex 8neat mbh |
ternative t he ol can

be a cycl oal ﬁ‘ﬁ%‘}%ﬁ Siark, 'Séf 531‘5‘1/%?% 9% do(’h @ggg?aélp%dﬁ’r %gﬁ@gﬁ@ ‘g‘gw tabl e

exanpl es ar ethé didckyeres bpadasteate all irencpolat@d ereih bpesieranesdi ol . | n each case,

the two hydroxyl groups are preferably not nore than four carbon atons

di stant from each other on the carbon chain to which they are bonded, and
preferasly they akdypinal pEepadition afitsuerapdbresier employs at twersten prooess. cBirsbon at om

separating the, &,@r.? é %amrpﬂal'ﬁd&ewm’gﬁ 9?@%hotWt9&éQ§ aéﬁﬂﬁmh%’?&"ﬁtﬁer The

al kanol am ne 1's g‘tbt - al kanol am ne, and preferab
hydr oxyl gr o@ns é[ﬁt?f Pﬁé%&frﬁﬂw@ rgm\j%d ig PR t"l‘rﬁﬁ‘%oﬁ%ﬁ‘i‘iju%uﬂ'h%rﬂﬁﬁﬁ?a&tﬂ%

distant fro mnﬁ(ﬁrr@ cOithiRihg @R ttrhﬁxcﬁ:%é taeaudt Ehadoﬂtatﬁd\M’th&ftatHbﬁMlc@rcﬂ dnaydiad, and

f t he hyd dj t
Car bon at ome 68 stased PR RS P he B8 e T P M PRt o
t o whi cdo t hethaydgamiin agyiaiop pmmbterfmdmnitamqu:bm'uprodmcas tonickekmoed fra fthe
al kanol an neg. A& & hﬁ;,glraﬂnt vestnAl! Plivg Wfﬁﬁé‘%ﬁk@séﬁ-‘&é aMyho; 2o psopanol .

Sui t abl e enol®® et ones-ar e [ acetophenone and
3- hydr oxy- 2- betcknoses! in the next step, canversion of the hvdroxvl:; at the 4, 1' and 6'-positions

to chioro groups.

35 As used herein, the term "reaction vehicle" means the diluent or solvent in
which the process is carried out. The term is meant to indicate that the vehicle may not



~15I n some enbodi nents, the organotin-based acylation pronoter is a 1, 3-

di acyl oxy-1,1, 3, 3-tetra- (hydrocarbyl)di stannoxane. The hydrocarbyl group of
the 1, 3- diacyloxy-1,1,3,3-tetra-{(hydrocarbyl)di stannoxane is preferably an
al kyl gro ef erably a Cl-C8 al kyl group, and f ly a

but yl groﬁozgﬁﬁ]?ﬁg{ 1,1, 3, 3- tetrabujyl di stannoxanes alp?:g} pap |§L arly
preferred. It is conveni ent if the acyloxy group 20 nmatches that of the
carboxylic anhydride to be used, so that, for exanple, when a

sucr ose- 6-a ej .

1, 3-di acet o&ﬁ" J‘?o fRPLﬁggE'&ﬁ grﬁ%‘?ésj?fa{ﬁer\?fgtﬁog éturesaali]ﬁt&tg #E Oélthacpe?%'}tsse or
DSDA) is msThepmattwnrmjcleThboldd)@eestWelrtmdefrilbylpr@cwas Zoydiipng. gFfsuresctione al so

preferred i polar

D aey! oxy- 3 VeyRE 8 frohag miures, or cxample of o polg aprotic salvent and & noneplar, o
or ganot i n- bmiv@oybaﬁtlfﬁ Bwf%ﬁbihﬂfs@lg*e sugstance. . \When t he organoti n-based
acylatign pronoter is a dinuclear species cont al n| ng two atons of tin per
nol ecul e (e.g. a_dist annoxa qp?y pr ef erablé 5 mol ar equi val ent s,
nore preferably ghesheige of 5& P’ér"e@ﬁlﬁl@éiﬁ HF’§ed Ef’mP”'Y kprike seleblEy dbie 0.9 to
1. 1| ol ar e%heﬁah%ha&te oarsdcrawtth@b@faﬁmab&aﬁegla@lemah@fomeu uads et résiing

acyl ation pr e 0 G Qs€.1 S esent,in.the r tion

m xt ure. eﬁarﬂx@te&r ool 8?‘1 r?r%éé'gEda%c‘Q} atafgw 6’ra B °§'°[9' YORET %tlo&sir

speci es contRrieferably theehatiihgpoit of the geectionpiebickel ie g(@leg than ttee (Heilidg polat ofy| ) ti n
oxXi de), pref I ar u to 1.5
nmol ar e ui va‘?gt%pa!yagn %p%?t p%? {ear a Fﬂ" fir‘é%'r%fob[ The %{'%Qﬁn?g% Veaggl ation
pronot er pervehisleds of legst&OYe Grﬁaéeféfr\@sféﬂtboﬂ"ﬁg ROt Olf e/at;ef POHMEBRNELE Bressup

2011/ 045565RG {82 Ol (HeORIARA vishicle forms o Bwldding 'a"zéétro%&%h(\%tgp thedd) this @

first reaction m Xture conprising sucrose in a reaction vehicle is prepar ed
by di ssol vi nepilisgeetst areferenchds M 2PPYSRevehi cl e. The reaction vehicle is
preferably a polar aprotic solvent, typically M\-dinethyl formam de. Slight
heating_can be used to dis, vethes Qs Then the organotin-base

Ryl at 18n 5 pr ongiaiouaey SRl BaC BRI oo e Esonk fERon e pas (o)
wat er i s renapretit sofventst ISeitéble polar a@otid sniventsxdreirfer dxpnibles taridrabimidas widhh t he
reaction vehj cl ar I X mypQ0 to
25000 BTU MY PP TaRPREaBREL A SRR LLRRR, MR el W

evapor at or, diethggadetareide tanidn prefenablyy ANdimesny] fernfaamidy. ngpthﬁﬂ svitablgppeiart or, a
rising-film ﬁ@%%o%%s ir?dlféfetdfﬁethytl%ﬁwoxﬂé'a?:d%ﬁérhéth)ﬂﬁﬂogﬂ'xc{r ¥es the vater of
reaction an I'ves the reaction to the sucrose-tin adduct in a very

eff| ci @t manner, thereby affording the second reaction mixture. By

“an apparat us SUpﬂerrb&anﬁ vEf‘ﬂé!é rﬁdytﬁér‘r@hsé ro@ﬂbr@&@eésénﬁ’ﬁy QP Qr Bdrdishbf bcta?]t( 15f77|
in film

to 78865 WnR) sel ect ed f m eva tor

evapor at or, 2ralis selyantily f“f ﬁ‘f%f?n%lﬁag%{?‘%rmay I?qp Sef”iof‘ HP@f/ngSP éfrgr(s%?nd t he
like" is rreaﬂs&tov@nyut\mmefdrablyldmeememor ator, agitated thin film evaporator,
falling filmevaporator, or rising film evaporat or capable of supplying a
heat flux of from500 to 25,000 BTU hrft2 (1577 to 78865 WnR), as well as
any equbval ent eviieoradinbef the practiaruechidedp begisedyilisiso befdetamined ichiglyebyheat
flux of romgiolonnci kil tdriiderandrs t fr JReD t¥¥rf§9¥n tleNoaRb P ine? 0

words, the présent invention is not |imted specific evaporators
ment i oned, bmefeer%@leﬁrmhpdnfberéﬁ &f 1the P&F&Bbl“&?’ﬁ@ﬁ Vﬁ}?ﬁ%ﬁ‘&t'ﬂ@ RO B TONSRt is

suppl ying a h&fb ib by (lS)fanf:IfoQWh@@Qhé eeazﬁorowa.o%Tdd/nbiéfste%se(nLEaYy7oftpata78&6&3: Wne) .

The evaporati on appar aE ref era}b P l'e, of, handljng a
flow rate of SHyesienLOt 58O eI BP‘ﬁF‘ ?"Zt 2§MPE"7 2p?<1§'/ RPPHD SOVERt FRIEIR%S0 ¢ o
110 I b/dor/ft accb&ﬁfb toOthEii)?eslegf inwéntidh . caBytypidallp e nedsetham for peiantrt tsheer@S irmnount
of material i ed i r. t e r or at or
per ani 1 ¢1 N ERaTT G ee E ol et Bl BTt v FelidEnce
time of the ceauiests initke t;pha'“'l‘*m,t“m‘ ipprareadiby ”t'ihe"egﬁlmtefrﬂtﬂ@e-pf)!ao\ﬁof ate,
the |over ! Neofhti NG dblRr WnblntdP poCSREM (ilehis fih reaeﬁee% g 1 on.

t he residence reaction m xture arat us us
step (b) mayrasetianeepsponeis BosotiATt éﬁc%f""g')éé@eﬂ fﬁ‘arf'OQfPOHf ﬁ%@sent fsgwressot

exanpl 65 essint ftasrdafee Wit he preseht ||n@§rﬁ|oﬁ fwaséer 'Ehf&%tecﬁ poes ﬁﬁfoﬁl:t B@venO &P e
ess than her .fl ow

enbodi nents, the resjdence  t
rates (and t BRi$SEHINis; %’QV'G%snggvagF%’@(é)m [teé@a(yétlg%gow%ﬁ;@,amowo&eégﬁg ) et e
degradation during the distillation. WD 2011/ 045565PCT/ G112010/ 001903 15




‘enbodi nent, the apparatus is capable of supplying a heat flux of from 5000
to 12000 BTU hrft2 (15773 to 37855 WnR). In a preferred enbodi nent, the
apparatus is a filmtype evaporator. 5In the process according to the
present i n added non-pol ar ‘co- sol vent capa ofoRiURYs Ng wat er
by co-di sﬁéﬁ ftlg?)gsr?ﬁsasuch as descri bedsy n Sankey, U.S. BJ&,% 470 969;
White, EP 0 776 903; and Vernon, EP 0 475 619, the disclosures of whi ch are
i ncor porated herein by reference is not necessary for efficient renoval of
t he wat er of L t ,eaction
my be 10 CSPRPEySle. i PRFEpERbrotc ol A Bk RUSE, Vien it

addi tion of amih: @Meohlsw!\’a#me*bylsféwmﬂe tﬁd@ﬂﬂ}’@b{)“ﬁe‘hﬂ do ab@ﬁtz}rﬂ @falPCﬂQ,r ones
that do not a{é;?%ﬁtsoWeﬁtfbetrheg Bﬁﬁfcrrés‘énpr\é?é?htﬂir Shat 7CPRIRAREM g tohsars.osprotrche

or ganoti n-ba acyl at'i on pronoter, or sucrose; that produce m xture
with the reaﬁﬁﬂ\ﬁebrperrélﬁQflsecm%%éa%fi’@&ﬁ%ﬁ'Prﬁbelfé@téﬁaf'&@?/fﬂa‘i‘qf@n promoter, and the
sucroseg that reflux with an internal reaction tenperature within the range
of 15 from about_ 75C to _about, 15 r ef abI | ess an 100C tha
co-distil with MWSPFQ%H”B %&8’?8 rca? g agy,of &‘Qée KRRYBY 'Uﬁh’ea}t’Such

sol vents ar efof a‘ﬂnﬁrﬂé |lapy ohoee tkalosed & Nama su:SbFPa Wbt 95T 4s; NaiddcH, &r.8n a

t ant - ] 0| W
gg?ar g?edcﬁ%)é%z@ 53@3@25 ?‘i cghﬁgir %@S% &868 \th‘{ﬂgrr\?%é&eg gr ocar bons
ket ones, andhetdrselosureExaamblcbsafafa“sln@qw@"eﬂedéﬁt%ﬂ by céfergacay b1 gﬁt%&arethezo
n-hept age. {QLuiERRpalll aLAARG! BRfdkeh Earf b LR BhhRRBLASKy)- M afaehl v,

such non-pol ar co- so nts are not present at all st or second
reaction ni xthydrecarbididistanaoxanesta Aiydracasbditin cide; ke niegetisneBroductarl 2t i nes

conprise | esg h&h}%ﬂaréﬁ)n%o(stvandoé dﬂ@ﬂncpaicaaro;ca)rsr@émmme lesH drdRAbRONY (W W)
of non-pol ar co sol vent, E)ﬁ pol ar co-s |Ve_li‘|t or
n 25

| ess than 107YS¥QYIsiRnent 2 ygﬁy éé %gfe\(ygr(p)drqc&rq;ﬁ@st@quﬁ%e 28Helt of
the inventi oggylokire- hﬁrﬁr’foﬁ)’i 1 ﬁea&tairar(hvdrmaumdmdnmdaee secAnd exsgraplei @h mext ure,
formed after_renoval of wat, I posti

vehi cl é% pr e?é FORPY EENE P ess %Iﬁﬁm IF?r g%'kte&e?s;ucf%ce?oxytsnﬁdr&gq

sol vent, t hetetatgayidistamadyase d The yerat T?Uﬂroparbwbteé&@ taaul/afy!, wmmkw eﬁ@ﬂ,t Ofon
products 30 S I rocess
b "M oi nski . MBI ot e bEh ol PSR SRR bReE WercliBEEF PR Gos
sol vent vapoulf, 3@&@&@K®d@@aﬁbé%$?wxﬂm er is preferably not enployed, other
than the reaction vehicle itself, in particular when the reaction vehicl e
is, or is predom nantly, polar %Otl c . solvent. Thus, the m xture in ste

(b) is.%referabl yWheRt thearaaplRbaFach aeIjiQn HPMelsr Ve WidBuFoeaBUp 3501
removi ng wat g 3 Pehgihydhrarby héistamtoxaha the/Blarazkbyloks golip isl pefp@blyiactilGy  When

the reaction vehicle is lar _aprotic sol

Exanpl es of ?lh%‘yéé@plg@de?%yt'ﬁg'% Rﬂ%o%ﬁ’arﬂ%thégfi% Eﬁ%%@bd’l@@g@ﬁ process
of M cinski pentylovytor agerytoxyr gahmost preferwlyramethexytt;rcw biore ifdoratd.grésanpl es
of the class f. S IAS

saturat ed hy@?tb'@a'rs bpg%f\é,?a’ﬁ&r%rﬁgﬁylcgﬁdﬁgﬁg%rgr%gﬁrsa%fy ?%r%l gjzgﬁ%w gdgrlc‘)dcgrogtons

ket ones25 est preferabneh ebulgrasoumspeci fi ¢ exanpl es of the sol vent vapour are
cycl ohexane, n-heptane, 5 isooctane (2,2, 4-trinethylpentane), benzene,

tol uene, diethyl ether, chlorofor car bon te rachl ori de, hexane t hy

acet at e, and rret h‘Q’ﬁeraﬁ'@toéG%‘m'Wa?%)c%ﬁyﬁ’dﬂ% Pf&m@ Sred Qr('r‘@@‘:aﬂﬁat”b%q‘eoﬁ?&ane

n- hept ane, dvl&i%ﬁ) | grwplmméram a(nZaI@J 4rdup] metenpriefeeatiyan@),-Gyrakypgraupcul arly
preferred. Ipr t[epﬁer{% ?}1 ? | ation is preferably conducted under
reduced pres&f@°° ra gangebb' yegsu e | ess than at nobspheric pressure.
Preferadgly, the pressure is from0.5 nmtg (about 0.07 kPa) to atnospheric
pressure, and no LA r ut 2.7
to' 5.3 kPa). 15Tﬁ\§th§r:§ g%?el tn|¥t(i)r¥ Blifseg 5‘%%{,,‘? p'r&ggtéfg‘ éga%ﬁd conduct (ecgbégt a
reduced terrpé't*a't‘-‘m'erb‘-‘!ﬂfl‘i‘a@x"-ies“%ﬁ ?efh'?)’élf!‘ét“l‘rﬂ@ll %’Sé“‘?w&ﬁmﬂ%eﬁbﬁi enoligghyoPnt  of

the reacti onpyphy éten@tm@tdgﬁwberrmn@r&aaugq,fefaras 45284 kribdd SodvB P RReAL UT e
does not exceed In s ably does not exceed

about 80 C, dR¥risehsr eebusn f!'ifdﬁsdg%oﬁrefé?@@’ "5]90"[&“1 ?d"@ c3rRomA9FEf er r ed
enbodi Nt , BlEgblcsRapRis e ethglebe fipes 2, Batapan&idl, BRduahedisl, 1,208ufdfediol,

oLl B S REE Y SR T8 AR B SRR Mo B  cp

(b) is below 60C or bel ow 50C. Preferably, the tenperature in step (b) is
mai nt ai ned between about 80C and about O0C, between about 78C and about 5C
bet ween about 75C and about 10C, or between about 70C and about 15C, during
the renovi ng of water.



25Most preferably, the tenperature in step (b) is fromabout 60 C to about
80 C In a preferred enbodi nent, the nean tenperature difference
(AT) between the tenperature of the heating surface of the apparatus and
‘the tenper he reaction mxture in step (b) is c“??cgs C,

pr ef er abl y‘%béélgm?%g%n 30 C, and nost 3pgpreferably is frc}Jm a ozh{b%gbglépc to
about 30 C The tenperature in step (b) can be controlled by
controlling the pi-Assure At which the distillation is conducted.

Preferably t ISt i i et ween
Chout 65 oAyl Ricbhoy25h BR atvaBaRée d, peicraliueh it s b QLAERHAEND
bet ween abouSuiBdlenenampleatasett, Bovelqopranesiol anthd dcyeisreniangdichbbueach @sg.Pa) , or

bet ween abou : Pa) .
V0 5011/ 045508l FEEBoA BRARS oo refenatly ACmaRain 6 BT LS Mstaht frolff )

. B e of the

present i nvefAGdher B aR, SaoeR chain tauabish they %%E‘S‘lqeﬂlna'@dﬁegﬁbgéh?k?@d’"at a
tsi gni fi ?ant I ydjédé\‘\@Earb@ﬂ_ﬁ?hﬁtdi[tfiertell‘iarmnproekﬂoﬂhaﬁomtémﬁt&yg thé @albeieoms to .
enper ature causes significan ss, car rate deconposition, en wi
bt a5 VR ih Ba PR s, B BoisE L 160 ARBS FultE  repiebly o e Ch
efficiently, a!bﬂr&:ﬂhnﬁhe,randLmeelrabbrmpeMﬁmﬂ$romamm¢miwgtdupraré inp’emow e not
necessary. - RAIRYAl Bboh DEmiHiGEnord CASLARG AR BlBG DEiRRHIE hasr

added hon-pola nt . e

W t hout an I co-solve resul ting product streamis a
cl ear, very bordgtitangd merelptaierpbly dorcbydreahgrare anduheeminegrgep REromadiacenta|

produced by %‘Q&‘f atBfn8 ©F ek issé(_@/ one carborf\8toMf deparafn PR LARH aldnd BARFchSKi | | ed

in the art, e organotin-ba %{;ﬁg ation pronpter _can be introduced into

the reacti onthfi REE HPurdad e R groyp aie ibgnRdesk  SHikebl glkRrAIamng 8y
acyl ation praRBidkmihg Zafiid=-Pelopindpaed Hens-%pdband Ucllitabie amaliablet die

non- pol ar co-sol vents capabl e of .renoyin ter by.co-distil]lation

i Schesed abBuEekaeesGrs Sshuprs2 PhD RS paligions sBd aSierie BBt oot er
can be added to the reaction mxture in cycl ohexane sol ution. Consequently,
a smal |, _.amount (for_exanpl than /R a v W, ss than
15% w/ V3I,5 or Iesg 'Ph%\%nﬁ%l%ﬂdﬁ% hthrgegrég'ﬁtwéb\gsﬂééﬁagg’gt F’Sﬁ“%\t?é%c e}'guof

non- pol ar apdietylaxysiol,$ &etracthpdroearpylskistannokanet hEner ygleacady! aioup of theat.31 he
begi.nni ng of 4 ( AS N O t Slci , h | ow
201 ovel o of “aSiBys sy oRoARRRIRBareDs (1Al e HISEARHD, ekt
prior art proetesadsat®-Gi akyledrevr. rapRast. Prefsrablysaity! aippanto 81t Aol dol ar
co-sol vent i gthhads@ARM@RePiretparichREY prid@dolt i§ Benvehishtiil thabbsky group
Preferably, no additional noa-)&gl ar co-s%Téent &S atgdeg to F‘\%ﬁ I’%?Ctl on

m xt ur @0dur i Rgtehee et 9§ therearhoyic,antyfde i8R (5o 135 halk P amRife A NER S

or ganot i n- baggfosaahdtdi®nispheingt erepeedadtddiacetosel i @, 3etrabutyildisthsoparssi bl e
for the reactjon m xture t ipni p I e r m of
a slurry. Th@'ﬁ?w(?f‘?'}?nd'ﬁ?e%tﬁrogq?ﬂgﬁ ’g%égﬁgéfﬁ%%geﬁ@ﬁ%&gg%{j hogartrbgla%‘{u?on
proceeds. Thasylaymiriups armalpaptefertdan thwhease i ack-grylwsy-Briydiord 1 483-etreon
promoter 1S fyHldclbH RGN lsdiddife ofBhotPHRA foyilisBh bithotd), Ox de

30( DBTO) . ovving renoval of the water of reaction during step
(b), iM% he next step (step (c)), the solution of the sucrose-tin adduct

produced in step Yhn ik F9loBALbEIRIIaALIO ploRboRYIY PORLAIGIRBEM oRtaaing M xed
with a suitable esterlal ng agen[?, suchéfsz a 35053r bo?<%/ch %m d snh dride,
to produce aMhaioms eatit iPsh MASELS: (8-9-p7F SHLRLB¥INE)  BE'SIaR BOr 0o BAMi xt ur e
i s mai nt ai nedq@baleig uiord Pafaubly 65§ tb dr2 molaeequitilants, ktimouiréfecablyr9 to

1.1 molar equivalents, and most preferably 1.0 molar equivalents of acylation promoter

30 per mole of sucrose is present in the reaction mixture. When the organotin-based

acylation promoter is a mononuclear species containing one atom of tin per molecule

(e.g. a di(hydrocarbylitin oxide), preferably 0.5 to 2.5 molar equivalents, more

preferably 0.8 to 1.5 molar equivalents, and most preferably 1.2 molar equivalents of

acylation promoter per mole of sucrose is present in the reaction mixture.

35



WD 2011/ 045565PCT/ G 32010/ 001903 18 produce the sucrose-6-ester. The
reaction takes place rapidly, even at less than - 20C. |If necessary, small
anounts of an aprotic co-sol vent, for exanple, a hydrocarbon such as

“cycl ohexa addeddr n te c) to keep the '
Luer o SR B aeea 1o St (b ana et ore TEIRABARbE

sol ution added after steg (b) and before and/or urlng step
(c) should 5be dry so that the carboxylic acid anhydride is not hydrolyzed
toits corresponding carboxylic acid. The carboxylic acid anhydride

Is preferably ad firsf 1B TRUAL @f o fiQMdbofbrl F?w%nﬁ ryfah@m.ﬁ%wra%eema (per

nol e of sucrose s artln nmore prefer 51to
mol ar equi vaeatios vehidié [s| meﬁf%d BY disaghim §U°fq56rﬁ t[mexeqc@oqvggzlqmﬁmreactlon

equi val ents, . Fﬁg@ yﬁ%erﬁﬂ?faeﬁcﬁ’éﬂ apraticlsolvaR, Wp:c%ﬁUJN\f\ﬂJilﬁl@ﬁx?l folREmIAb.C Blight

car boxylic aci ydri roduces excessi ve_anmounts over carboxylatlon

of sucrose (eating qubp?réiﬁ?%rti" ofssaivedbe pucross. | dagnshe orgapotin-based apylstione
carboxysic %rﬁ'ot@ﬂ@ vddddie ti r@dmsnmr@ aHeadn St@(PSHated B removed frohiiie pr OC ess

b d t 6- est t h

o oot 2o e B, G0 ot SRR B TS b o ot oc
can be used supplfingpateat fxcofdmem 60@te2508) BBy htffid157a0 TBSEE AT safebiedr i de;
ot ose & E%ﬂgg%%u Y bR 386 aftf 89&9&@.&.%@3@; e, it faﬁme%,gp@gow at e,

sSucr ose- e ‘'use of
met hacryl i ¢ saridmgditindeapaator @@bthelik?)r'ﬂm distlletiorbiemokies the @latﬂ’r Obfeaﬁtmrﬁnd

anhydrjde; WL ﬁea%uéry'i@ftﬁe D¥robbien %@u&fmwwawoeﬁcamhaﬁgﬁﬁéﬂemeeéw

After sufficient enperature near or bel'ow room (i.e., anbient)
25terrperatuﬁé’Ofd!ﬂﬂéh%%OﬂﬁéeqC%O'hWé‘ﬁﬁﬁed with water. The course of the
reaction can be followed by, for exanple hi gh pressure liquid

chr omat ogr aphy. The or not| n 1.0 r va| | abl e
for recycle afteBYS¥pERRAIHSTRPHMLA E?Pil?‘ ﬁ@ﬁ@é"é&"’&"ﬁﬁ@@%ﬂ (’T ®he
recovery and’sees WeR2)afeldcted fafrgamidedriirh @sambrat30 amayitatad thim fitm @mniowton 8

di sclo Verpon, U S . Paten 0 £|.0 S

i ncor p ? at ed?& @P’né\ffgorra&resg @é_fﬁwegﬁp%%ér géé]ghr?g k3 Isb'igaen a?%y el

pronot er i q exafdoratoe!l kgiteayadoRiin 1{ilin Fvaparatpr, afa{hngdﬁrlmcam;qra)tm. serarisiox i@, it is
preferably fe%gsafrsxfoﬁga,?éb bleXr SbBhinG @ e fut ﬁﬂ‘ﬁ&f‘ 5061588bbo BTDMAL (P77t €T

and, if necessa ar aprotic solvent, typically
a hydr ocar bo7r$3§5,| den‘aL‘ -‘335?:'9'& a8 HRW apivalang e&%ﬂﬂ’éﬂ"‘f‘ @Wﬁ@“ﬁe@ét isosaRFPiet &fr e

after step (@hplyim§s HeabfiiA GHirof 5@01f09253@0”0t8‘mm3(115$? \&95!81368&1\/%2) amdothdre
non- pol ar aprotlc solvent, creatin

2011/ 03@565?@1’9‘@%9@/59@1@‘(5@"‘1@'5 noq Ish‘neél Pdp t?\e s‘:ecne ic evapora?ors mentioned, but

extends to similar evaporation apparatus capable of supplying a heat flux of from 500
to 25,000 BTU/rt? (1577 to 78865 Wim?. The evaporation apparatus should also
preferably be capable of handling a flow rate of from 10 to 150 Ib/hi/f? (49 to 732
kg/hr/m?), or from 50 to 110 Ib/hrift? (244 to 537 kgihr/m?). By "flow rate” is meant the
25 amount of material supplied per unit area of the heating surface of the evaporator per
unit time. Controlling the flow rate directly controls the residence time of the reaction
mixture in the apparatus: the greater the flow rate, the lower the residence time will be.
According to the present invention, the residence time of the reaction mixture within the
apparatus used in step (b) may be less than 30 minutes or iess than 20 minutes, for
30 example less than 10 minutes, or less than 5 minutes. According to some
embodiments, the residence time may be less than 1 minute. Higher flow rates (and
thus lower residence times) reduce the level of carbohydrate degradation during the

distillation.

35 In a preferred embodiment, the apparatus is capable of supplying a heat flux of
from 1000 to 15000 BTU/Mri? (3155 to 47319 W/m?). In ancther preferred



dense) phase conpri sing

1, 3-diacyl oxy-1,1, 3, 3-tetra- (hydrocarbyl ) di stannoxane and the non-pol ar
aprotic solvent, and a |lower (le., nore dense) phase conprising the
‘sucr ose- 6- ester the pol ar aprotlc solvent, for exanpl yl
f or mam de; Qé?%@ *hd carboxylic aci dg The upper phase%ng%%EDvggkpand t he
| ower phase extracted with 5 the non-polar aprotic solvent. The non-pol ar
aprotic solvent extracts are conmbi ned and concentrated, preferably under

e B e Sl L5250 1 b8P LA RS Sk SERNRIAE%D 1 3000

1, 3-di acyl o8
purified by mmmht'usmﬂto 37865 MV/qiesin a0Ffeaed embodiinaytethe @pparatuads a film-

sucrose- 6-est er %Efxyllc acid (that was formed by the reaction of
car boxylic aégﬁ ? i de and sucrose plus any that m ght have been forned
by hydrol ysis of excess anhydride with the added water), unreacted sucrose,

a smallgamount ofy §idBlocsliCEEBRIAE 1E e pRAEHRRRALAn BRI hén sk Ent -

Prefera%ly, t he ca ylic acid i's renoved fromthe solution o
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35 of removing water, other than the reaction vehicle itself, in particular when the reaction
vehicle is, or is predominantly, polar aprotic solvent. Examples of the gas used in the
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The temperaturs in step (k) can be mn*-mlted by controlling the pressure at

which the distillation is conducted. Preferably the distiliation of step (b} is conducted at

a pressure between about 65 mmHg (about 8.7 kPa) and about 0.5 mmHg (about 0.07

35 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 mmMg (about 2.7 kPa).
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sucral ose 6-ester, other carbohydrate including chlorinated carbohydrate

inpurities, unreacted tertiary am de, and salts in an aqueous sol vent in
whi ch t2%e predoniinastme 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 particuiar when the organotin-

based acylation promoter is a di(hydrocarbyitin oxide, for example dibutyltin oxide
30 (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

35  carboxylic acid 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



‘5solvent is water. Conversion of Sucral ose-6-Ester to Sucrel ose . The
resulting mxture typically conprises both sucral ose and sucral ose-6-ester.
10 The m xture of sucral ose and sucral ose-6-ester can be converted to
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invention is useful he preparation of sucralose. Sucrelose is a
hi gh- |nten5|?‘§’a’§)€e@*@ﬂr&e #i§at can be used in many food and bever age
applications, as well as in other applications. Such applications include,

for exanple, beve . CO | nat ners uner duc
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U S. Pat. foli e%1b7 %?‘Qxa H@ﬁ%é%m !Hﬁ§§hwatod}lﬁ%hy5 593, 696), rapidly

absorbed liq 05|t| 6, 211, 246), stable
foan1conp05|t|ons (Gbman Jr U S Pat. No. 6,090,401), dental fl oss

(Gchs, U'S. Pat. fQ o rQ:ﬂQbé&jd)acyfaﬂ&! ovhotbr $ éUaW@fo? Ry ahdraepathlical
dosage forns (Cowan, Jr., U S 5, 876, 59') beverage concentrates

for nedici na?! e ISBQFQ?SG Fgﬁ%thp‘ pU)cgss for, the figgovery and fe-use of the drganotin-based
30 acylation promoter is disclosed in Vernon, U.S. Patent 5,034,551, the disclosure of
which is incorporated herein be reference. When the organotin-based acylation
nromoter is a 1,3-diacyloxy-1,1,3,3-tetra-(hydrocarbyl)distannoxane, it is 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
35 cyclohexane, are added to the reaction mixture after step (c). The reaction mixture

partitions between water and the non-polar aprotic solvent, creating an upper (i.e, less



20 5,674,522), aqueous pharnmaceutical suspensions (Ratnaraj, U S. Pat. No.
5,658, 919; Cowan, Jr. U. S. Pat. Nos. 5,621,005 and 5, 374, 659; and BI ase
U S. Pat. Nos, 5,409,907 and 5,272,137), fruit spreads (Antonucci,

Pat. No. 5 397 588 and Sharp, 5,270,071), liquid conc s|t|ons
(Antenu00|W0@°% ﬁﬁ? No. 5,384,311), and stabilized sg‘)&tﬁrf@zﬁw‘@ﬁ%gl utions

(Merciadez, U.S. Pat. No. 5,354,902). 25 The determ nation of an
accept abl e sweet ness can be acconpli shed by a variety of standard "taste

test” protocols knpwn ar,t e kIIed n
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W ped Fi | m Beaparad pa da¥Wbiy)-1,1 3, 31268 (hydrach @) difannokie @ALWaTIRM pusrmd for

this exanple was a s Pope Evaporator with a 2- 15inch (c. 5 cm
di aneter i nn@’rc"{'u%'g@ﬁ%?i@ﬁ'gges(c 20 cm) in length. The total avail abl e heat
transfer surf.ace for this 1aboratory unit is 0.34 square feet (c. O. 032

The | abor at t
gI ass q&/m 2ho|r? 01{% |§%§H§£§ c%\ﬁt%%%f‘sg‘ géoﬁ?ajglrgg%ﬁ’eétmyﬁiﬁ M%%}Q%ggér@ngfo drs used
for this exammreaqnem of sarb®wyli¢ aoid :anhydrige land sugreeripive Bhy hat ijwt b#vesbrRaNos e,
902. 489 of cg%ﬂg\ﬂd%l N6 eqkeég%y@r,dewﬂatth@gdcfédwﬁ QRrdaeliBlicBle, a
% \/vacuum set | n

evaporator) at at , res I n an internal
reaction tengealaamewnt ¢f othepsucgrese estragand ¥ ROk @pwtic 22“’?“ g/RrefRrablys theos of

ful'l scal e) carboxylic acid is removed from the solution of sucrose-6-ester in polar aprotic solvent
15 prior to further processing of the sucrose-6-ester. When the acid is relatively voiatile
such as acetic acid, it can be removed, for example, by fractional distillation under
reduced pressure, to remove water, any remaining non-polar aprotic salvent, and
carboxylic acid. Make-up polar aprotic solvent can be added during or after the
distillation, especially if the resulting mixture containing the sucrose-6-ester is to be
20 further processed in the same solvent, such as in N,N-dimethyl formamide. The
sucrose-6-ester in residual polar aprotic solvent may then be used directly in, for
example, the chlorination process disclosed in Walkup, U.S. Patent 4,980,463, the
disclosure of which is incorporated herein by reference. Optionally, sucrose-6-ester
can be recovered by conventional procedures such as crystallization from a solvent

25 such as methanol and used in the chiorination process.

The sucrose-G-ester can be obtained with high selectivity and can be in high

yield. When the sucrose-8-ester is sucrose-B-acelate, the selectively of the 6-

monoacetate over other acetylated products can be very high, with normalized assays

30 of B-monoacetate as high as 85-90% relative to total carbohydrates. Unreacted

sucrose, which produces undesirable and difficult to remove tetra-chlorinated species

in the chlorination step, can be reduced to <0.1%, and. in some embodiments, to
undetectable levels (i.e. <0.01%}).

35 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
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1,1,3, 3-tetrabutyid|stannoxane (DSDA) is also added.

A vacuum is maintained by a vacuum pump (12). The vapors of the polar
aprotic solvent and water are condensed by a condenser (14).
10
The pressure in vessel (10) is selected so that the temperature of the reaction
mixture does not exceed the desired temperature, for example about 80°C or below.
As will be apparent to those skilled in the ar, the temperature of the reaction mixture
can be adjusted to temperatures less than 80°C by reducing the pressure in vessel
15 (10). Heat can be added to the vessel (10) by supplying heat to a heating jacket (16)
on the vessel (10).

A étream from the bottom of vessel (10) is taken into a reactor where it is
cooled and acylated as previously described. The stream can be fed into the acylation
20 reactor by any convenient means, for example by a circulation pump (18).

It is important that the feed to the acylation reaction be extremely dry. If
desired, an additional water removal process (not shown) can be used prior to
acylation. For example, a small single stage flash unit can be inserted between the

25 vessel (10) and the acylation reactor to remove any small amount of water that may
have been introduced into the process.

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

30 To convert sucrose-B-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 stereachemical
configuration at the 4 position is inverted. Conversion of the hydroxyls in the 4, 1', and
6 positions of the ester to chloro groups with inversion of the stereochemical
configuration at the 4 position is disclosed in Walkup, U.S. Pat. No. 4,980,463, Jai, U.S.

35 Pat. Pub. 2006/0205936 A1; and Fry, U.S. Pat. Pub. 2007/0100139 At; the disclosures
of which are all incorporated herein by reference.
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This chlorination process comprises the following steps. A reaction mixture is
prepared comprising the sucrose-6-ester, a tertiary amide, and at least seven molar
gquivalents of a chlorination agent. For example, in one process, the sucrose-6-ester

5 can be added in a feed stream that comprises about 20 wi% to about 40 wit% of the
sucrose-8-ester. The ratio by weight of tertiary amide to total carbohydrate in the
reaction mixture may be about 5:1 to about 12:1. Alternatively, a preformed
chioroformiminium salt, such as (chloromethylene)dimethylammonium chloride
(Arnold’s reagent), can be used. (Chloromethylene)dimethylammonium chloride can

10 be prepared, for example, by the reaction of phosgene with N,N-dimethyl formamide.
Typically, the molar ratioc of the (chloromethylene)dimethylammonium sait to the
sucrose-6-ester is about 7:1 to about 11:1.

Subsequently, the hydroxyl groups of the sucrose-8-ester at the 2, 3, 4, 1, 3,

15 4', and &' 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 proeduce a product containing a derivative of sucralose-6-ester in which the

remaining hydroxyl groups remain as O-alkylfformiminium groups. For example,

Walkup, U.S. Pat. No. 4,980,463, the disclosure of which is incorporated herein by

20 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

25 can be used to form a chloroformiminium salt or Vilsmeier reagent, or that can convert
the hydroxy! groups of a sucrose-8-ester to chloro groups. Some chlorination agents

that can be reacted with a tertiary amide to form a chioroformiminium salt include, for
example, phosgene, phosphorus oxychloride, phosphorus pentachloride, thionyl
chioride, sulfuryl chioride, oxalyl chloride, trichloromethyl chloroformate (“diphosgene’),

30  bis(trichloromethyl) carbonate (“triphosgene”), and methane sulfonylchloride. Tertiary
amides that can be used include, for example, N,N-dimethyl formamide (DMF}, N-

formyl piperidine, N-formyl morpholine, and N A-diethyl formamide. When N,N-
dimethy! formamide is used as the tertiary amide, it can also be used as the reaction
solvent. Co-solvents can be used at up to about 80 voi% or more of the liquid phase of

35 the reaction medium. Useful co-solvents are those which are both chemically inert and
which provide sufficient solvent power to enable the reaction to become essentially
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BTU hrft2. 1.0to about 1.5 molar equivalents, of alkali relative to the amount of chlorination agent

used in the reaction. An aqueous solution of an alkali metal hydroxide, such as sodium

or potassium hydroxide; an aqueous slurry of an alkaline earth metal hydroxide, such

10 as calcium hydroxide; or aqueous ammonium hydroxide can be used to quench the

reaction. For example, an aqueous solution of an alkali metal hydroxide, such as

aqueous sodium hydroxide, that contains about 5 wt% to about 35 wt%, typically about

8 wt% to about 20 wt%, and preferably about 10 wt% to about 12 wt% can be used.

18 As described below, quenching can be carried out by addition of alkali to the
reaction mixture, by a dual stream process, or by a 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 fo rise above about 10.5

20 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 agueous alkali are
25 simultaneously added slowly until the desired quaniity of chlorination reaction mixture
has been added. Further agueous 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.

30 In the circulated process, quenching is carried out by circulating the chlorination
reaction mixture from a vessel through a circulation loop. Chlorination reaction mixture
and agueous alkali are added slowly into this circulation loop. Sufficient agueous 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

35 continuous process.
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unreacted tertiary amide, and saits in an aqueous solvent in which the predominant

5 solvent is water.
Conversion of Sugralose-6-Ester to Sucralose

The resulting mixture typically comprises both sucralose and suoralose-8-ester,
10 The mixture of sucralose and sucralose-6-gster can be converted to sucralose, and the
resutting sucralose purifled and isalated by methods known in the art. Methods for
hydrolyzing sucralose-B-ester, isolating sucralose, and/or purifying sucralose are
disclosed, for example, in Catani, U.S. Pgt. Nas. 5,977,349, 8,943,248, 6,098,480, and
7,040.435; Vernon, U.8, Pat. No. 6,880,581; Ef Kabbani, U.S. Pat. Nos. 6,809,198, and
15 6,648,121 Navia, US. Pal. Nos. 5298611 and 5498,708, and U.8. Pat, Pub.
2004/0030124; Lissen, U.S. Pat Pub, 2008/0188628 A1, Fry, US. Pal. Pub,
2006/0276639 A1; El Kabbani, U.8. Pat. Pub. 2007/0016916 A1; Deshpande, U.S. Pat.
Pub. 2007/0160732 A1; and Ratnam, U.8. Pat. Pub, 2007/0270583 A1: the disclosures
of which are all incorporated hsrein by reference.
20 ,

For example, (a) sucralose-G-ester can be hydrolyzed to sucralose by raising
the pH of the reaction mixture to about 1121 at a temperature and for a time sufficient
fo 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 out first. Sucralose

25 is recovered from the resulling mixture by balch, continuous, or continuous counter-
current exiraction of the mixture with an organic solvent, such as dichloromethane,
chloroferm, Z-hutanone, cyclohexanone, ethyl acelate, or a midure thereof. The
organic extract can be decolorized with carbon, concentrated, and sseded with
sucralose crystals fo precipitate sucralose. The resulling sucralose crystals can be

30 further purified by recrystallization from, for example, water or ethyl acetate.
Alternatively, the sucrose can be purified by chromatography. Purifying sucralose by
an initial non-crystallization purification procedure, such as solvent extraction or
chromatography, followad by three or mare sequential crystallization steps from, for
sxample, water or ethyl acetate, and recycle of the mother liguor remaining from each

35 crystailization step to the feed of another crystallization or purification step Is also
suitable.
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Alternatively, conversion of sucralose-6-ester to sucralose can be carried in
methanol containing sodium methoxide. A trans-esterification reaction occurs that
forms sucralose and the methyl ester of the acid, for example methyl acetate when the

5 sucralose-6-ester is sucralose-8-acetate. The methy! ester of the acid can be removed
by distillation.

INDUSTRIAL APPLICABILITY

10 The process of the invention is useful in the preparation of sucralose.
Sucralose is a high-intensity sweetener that can be used in many food and beverage
applications, as well as in other applications. Such applications include, for example,
beverages, combination sweeteners, consumer products, sweetener products, tablet
cores (Luber, U.S, Pat. No. §,277,409), pharmaceutical compositions (Luber, U.S. Pat.

15 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. 6,211,2486), stable foam
compositions (Gowan, Jr., U.8. Pat. No. 6,090,401), dental floss (Ochs, U.S. Pat. No.
6,080,481), rapidly disintegrating pharmaceutical dosage forms (Gowan, Jr., U.S. Pat.
No. 5,876,759), beverage concentrates for medicinal purposes (Shah, U.S. Pat. No.

20 5,674,522), aqueous pharmaceutical suspensions (Ratnaraj, U.S. Pat. No. 5,658,919,
Gowan, Jr. U.S, Pat. Nos. 5,621,005 and 5374,659; and Blase, U.S. Pat. Nos,
5,409,907 and 5,272,137), fruit spreads (Antenucci, U.S. Pat. No. 5,397,588, and
Sharp, 5,270,071), liquid concentrate compositions (Antenucci, U.S. Pat. No.
5,384,311), and stabilized sorbic acid solutions (Merciadez, U.S. Pat. No, 5,354,902).

25 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,

30 The advantageous properties of this invention can be observed by reference to
the following examples, which illustrate but do not limit the invention,
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Examples
Glossary
5 DMF N N-dimethyl formamide
DSDA 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane (distannoxane diacetate);

(CgHg)zSN(OAC)'O'Sn(OAC)(C4Hg)2

Example 1
10
This example illustrates an embodiment of the present invention in which a
Wiped Film Evaporator (WFE) is used in step (b).

The equipment used for this example was a glass Pope Evaporator with a 2-
15 inch {c. 5 cm) diameter inner tube 8 inches (c. 20 cm) in length. The total available
heat transfer surface for this laboratory unit is 0.34 square feet (¢. 0.032 m?). The
laboratory evaporator used in this example was constructed of glass, which limits the
maximum attainable heat flux. '

20 The parameters used for this example were as follows: 7
1. Dilute feed with 77.02g of sucrose, 802 48g of DMF, and 144.97g of DSDA
2. Heating fluid (on jacket of evaporator) at 85°C
3. Vacuum set at 20-35 mmHg, resulting in an internal reaction temperature of
~72°C
Feed flow rate of 21.2 g/min (15.0% of full scale)
Wiper speed of about 150 rpm (35% of full scale)
Residence time of approx. 44 sec as measured by “wave front”

25

oo s

Heating was adjusted to strip 55-60% of the feed, which equates to a heat flux

of ~1100+ BTU/hrfE.

30

The WFE was equipped with an overhead condenser and bottoms fraction

collector. The system was started up by first applying a vacuum and applying heat to
the WFE jacket. The feed was then started using a metering pump. The internal
reaction temperature was determined by measuring the temperature of the vapors

35 going to the overhead condenser. After a short period of stabilization, various fractions
were taken and acetylated (using acetic anhydride) in a separate apparatus. The
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results for this run after acetylation are contained in the table below. The time column
in the table represents the number of minutes the solution was held in the acetylation
reactor after adding acetic anhydride.

sample Til?e sea | s2a :l‘ota! other Unreacted Total
{min) chlorinated sucroses sucrose
A 30 | 8384 ! 3.26 519 772 100.00
B 60 | 8610 3.35 6.45 410 100.00
Cc 150 | 86,61 | 3.39 8.55 1.44 100.00
D 495 | 86.22 | 3.38 9.36 1.04 100.00
5
S$6A = sucrose-6-acetale; S2A = sucrose-2-acetate
Example 2
10 This example illustrates an embodiment of the present invention in which a
Falling Film Evaporator (FFE) is used in step (b).
The equipment used for this example was a glass Pope Evaporator with a 2-
inch {c. 5 cm) diameter inner tube 8 inches (c. 20 cm) in length. The Teflon [RTM]
15 wiper blades were removed so that the equipment would function as a falling film
evaporator. The total available heat transfer surface for this laboratory unit is 0.34
square feet (c. 0.032 m?). The laboratory evaporator used in this example was
constructed of glass, which limits the maximum attainable heat flux.
20 The parameters used for this example were as follows:
1. Dilute feed with 77.13 g of sucrose, 800.25g of DMF, and 144.24g of DSDA
2. Heating fluid (on jacket of evaporator) at 95 °C
3. Vacuum set at 20-40 mmHg, resulting in an internal reaction temperature of
~71°C.
25 4, Feed flow rate of 21.2 g/min (15.0% of full scale)
5. Residence time of less than 45 sec
0. Heating was adjusied to sirip 62-88% of the feed, which equates to a heat flux

of ~1250+ BTU/hrft?.
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The FFE was equipped with an overhead condenser and bottoms fraction

collector. The sysiem was started up by applying a vacuum and applying heat to the

FFE jacket. The feed was then started using a metering pump. The internal reaction
temperature was determined by measuring the temperature of the vapors going to the

5 overhead condenser. After a short period of stabilization, various fractions were taken
and acetylated (using acetic anhydride) in a separate apparatus. The results for this

run after acetylation are contained in the table below. The time column in the table
represents the number of minutes the solution was held in the acetylation reactor after

adding acetic anhydride.

10
Time Total other chiorinated Unreacted
Sample S6A | S2A Total
(min) sucroses Sucrose
A 30 84.72 | 3.08 5,26 6.95 100.00
B 60 86.60 | 3.15 7.36 2.89 100.00
Cc 90 86.43 | 3.18 8.59 1.76 100.00
D 120 85.86 | 3.19 9.82 1.14 100.00
E 180 84.57 | 318 11.83 0.62 100.00
SBA = sucrose-6-acetate; S2A = sucrose-Z-acetate
Exampie 3
15

Example 1 was repeated but heating was adjusted to strip 35% of the DMF,
which equates to a heat flux of approximately 1000 BTU/mr/ft? (3155 Wim?). The
resuits for this run after acetylation are contained in the table below. The time column
in the table represents the number of minutes the solution was held in the acetylation

20 reactor after adding acetic anhydride.



MCSLLP 29 CLAIMS: 1. A process conprising, in order, the steps of: (a)
providing a first reaction m xture conprising sucrose, a reaction vehicle,
and an 5organotin-based acyl ation pronoter; (b) renoving water fromthe
first reaction mxture to afford a second reaction mxture that is
substantially free fromwater; and (c) adding a carboxyl.i { d anhydri de
to the sgepnRdieestion mxture to afford a third rgggﬁﬁgﬁﬁﬁgﬁéure, t her eby
produci ng a sucrose-6-ester; 10in &hich: during step (b), the renoving of
wat er i'ncludes distillation of water with the reaction vehicle using an
appar at us supplying a heat flux of from500 to 25,000 BTU hrft2 (1577 to
78865 WnR) selected froma wi ped fil mevaporator, an agitated thin film
evaporator, a falling filmevaporator, and a rising filmevaporator. 15

2. The procegsS of cC

ol vent 5 Frmmpeck B2 Couk e b B R OB Lt et s ©
N, N- di net hyl} for 120 4. The prog%g% of any ¢fa({ns 1 to 3, wherein
B eced ng Clla i Wi B Ebor st doss-nol Y Tsad| A 0C6SS OF ANy

B 90 | 8280 { 4.34 12.05 0.79 160.00

c 120 | 80.94 | 4.35 14.55 017 100,00

D 240 | 78.35 | 4.32 17.33 0.00 100.00

86A = sucrose-S-acetate; 52A = sucrose-2-acelate



2510000 in step (b). 6. The process of claim5, wherein the tenperature
does not exceed 80 Cin step (b). 307.The process of claim6, wherein the
tenperature does not exceed 70 Cin step (b). 8. The process of f%g%;m 7,
wherein the tenperature in step (b) is 5rom 50 Cto 75 C. I\/Céﬂ 0 9. The
process of any preceding claimin whi c% the first reaction m xture and/or
the second reaction m xture consist essentially of sucrose, polar aprotic
solvent, the organotin-based acylation pronoter, and/or their reaction
products. §AIMPhe process of any preceding claimin which, during step (c),
the tenperature is maintained at 10C or less for a period of tine
sufficient to produce the sucrose-6- hes&)er.of_ 11. The process of any

precedi ng ‘el ai f PRABTSHMAHESPFEHEt PRERESE acyl ation 10promoter is a

1, 3- di (acyhpxy)pmdvidingairdt esdotiof hpdurecanpyibidisstrmancx@aetion vERicleTAed pRocess
of any preceding claim wherein the organotin-based acylation pronoter is
1, 3-d acet%&%f‘-oft'?’P?ﬁ%@?yﬁtﬁoalﬁ’m@?faf’stannoxane. 15 13. The process of any
precedi ng (] ai MembiAgg Glateriifoe bafixvxaddtion aitaredn affdri aisedosd segstiot anhydri de
and the sucrose-6-ester is s crg{se- 6-@@%}1 te. 14. The process of any of

cl ai ms |t gnixigre Wﬁ%‘?éFHStf‘W@l%gﬁﬁ LN YESHEM anhydride is 20benzoi c anhydri de
and the sygy osex@mgs &rbd:slisdeid asieydbidbentheateeond reaction mixture to afford a

third reaction mixture, thereby producing a sucrose-6-ester;

10 in which: _
- during step (b), the removing of water includes distillation of water with the

reaction vehicle using an apparatus supplying a heat flux of from 500 to 25,000
BTU/hrft? (1577 to 78865 W/m?) selected from a wiped film evaporator, an agitated thin

film evaporator, a falling film evaporator, and a rising fitm evaporator.

15
2. The process of claim 1, wherein the reaction vehicle is a polar aprotic solvent.
3. The process of claim 2, wherein the polar aprotic solvent is N, N-dimethy!
formamide.

20
4. The process of any of claims 1 to 3, wherein a non-polar co-solvent is not

added during step (b).

5. The process of any preceding claim, wherein the temperature does not exceed

25 100 °C in step (b).

6. The process of claim 5, wherein the temperature does not exceed 80 °C in step
(b).

30 7. The process of claim 6, wherein the temperature does not exceed 70 °C in step
(b)-
8. The process of claim 7, wherein the temperature in step (b) is from 50 °C to

75 °C.
35



15. The process of any preceding claim wherein the apparatus supplies a
heat flux of from 1000 to 20000 BTU hrft2 (3155 to 63092 WnR). . The
process of claim 15, wherein the apparatus supplies a heat fl d&?cg?l‘]’?rom
5000 to 12000 BTU hrft2 (15773 to 37855,WnR). 17.The process of any
preceding claim wherein the apparatus is a filmtype evaporator. 30 18.
;I'Ega p][ pf:ess of an%/ preceding claim wherein the apparatus is an agitated
in filmgegvaporator or a.\ I r al an

precedi ng Tl ai nfh%réolcgf%% ﬂ@pgri%sc%#iI"g]é:fal\{@ﬁﬁi@%%@u@?%ﬁ%%d@&%‘%??é@i%d y
pressure. thyGCSchR sdactiad mifhe mrestsssaftiaty af suarose. wietarepmoticheolyndsi¥tire i s

from20 to 40 7 to 5 3 kPa) : f an recedi

claim Me?rgﬁ'ﬁ&%sgﬁgﬁy PGP rPrﬁ’DEﬁ’e&n&j{ %’gt ??'F’taét% Fgélrp‘l(}@g@cftgom 1% 'Ito 0 150I "

Ho/ hr/f'EZ (49 to 532 k?{ hr/nm). 22. The process of claim 21, wherein the
ow rate t I Sti tion IS/ : 1

kg/ hr%rriz) .Ml]'O23. %mﬁ?%c’cogsagy §fe‘3§ﬁ‘§75%ﬁé’ﬁ%%*&ﬂ‘tﬁ%’ﬁ%‘g{cﬁgﬁgeﬁ”ﬁ@&%g%ékzi si ng,

after stepm&@)aindchet athd bi Eealforse gyeriod of tiesssufficietnoearodyng haesucrose-6-

sucr ose- G-gssférer to sucral ose.

11. The process of any preceding claim, wherein the organotin-based acylation

10 promoter is a 1,3-di(acyloxy)-1,1,3,3-tetra-(hydrocarbyl)distannoxane.

12. The process of any preceding claim, wherein the organotin-based acylation

promoter is 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane.

15
13. The process of any preceding claim, wherein the carboxylic acid anhydride is
acstic anhydride and the sucrose-6-ester is sucrose-6-acetate.
14, The process of any of claims 1 to 12, wherein the carboxylic acid anhydride is
20 benzoic anhydride and the sucrose-6-ester is sucrose-6-benzoate.
15. The process of any preceding claim, wherein the apparatus supplies a heat flux
of from 1000 to 20000 BTU/hrft? (3155 to 63092 W/m?),
25 16. The process of claim 15, wherein the apparatus supplies a heat flux of from
5000 to 12000 BTU/hrft? (15773 to 37855 W/m®).
17. The process of any preceding claim, wherein the apparatus is a film-type
evaporator.
30

18. The process of any preceding claim, wherein the apparatus is an agitated thin

film evaporator or a wiped film evaporator.

10. The process of any preceding claim, wherein the distillation is conducted under

35 reducec pressure.
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20. The process of claim 19, wherein the pressure is from 20 o 40 mmHg (2.7 to

5.3 kPa).

21. The process of any preceding claim, wherein the flow rate in the distillation is

from 10 to 150 Ib/hr/ft* (49 to 732 kglhr/im?).

22.  The process of claim 21, wherein the flow rate in the distillation is from 50 to

110 ib/hrift? (244 to 537 kg/hr/m?).

23. The process of any preceding claim additionally comprising, after step (¢), the

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





