WO 2011/ 045565PCT/ GB2010/ 001903 1 Process for the production of
sucrose-6-ester FIELD OF THE I NVENTION 5This invention relates to

sucr ose- Gwevaw@swed to nethods for their preparation. BACKEICIIND1OE THE

| NVENTI ON Sucr al ose 1
(4,1',6"'-trichloro-4,1",6"-trideoxygal actosucrose), a high-intensity
10sweet ener that can be used in many food and beverage applications, is a
gal acto- sucrose having meeés)#drqnéagoduﬁt@wdf%cﬁ&srem&sw OHHO
SUCRALCSE 15Sucr al ose is made from sucrose by converting the hydroxyls in
the 4, 1' and 6' positions to chloro groups. In this process, the
stereochem cal configuration atriEhe @ PREIKNVERTIGN | Nnverted. I n one process
for maki ng sucral ose from sucrose, sucrose is first converted to 20 a
sucrose-6-ester, such as sucrose-6-acetate or sucrose-6-benzoate. The

SUCT 0S§- 6- €St erTHis inkbhihirBRteado BlcrbS@ Blasis Whd fb rethBdSfot i dp@épai&%t and a
tertiary amde, and the resulting reaction m xture heated an hen quenched
wi th aqueous al kali. The resulting
4,1',6"-trichloro-4,1", 6" -t gAM@OANBECOP THE INYENTSORr (sucral ose-6-ester)
is converted to sucral ose, which is subsequentTy purified and isolated. 25
Sankey, U. S. Patent 5,470,969; Vernon, EP 0 475 619; dark, U S. Patent
6,939, 962; and Vbudraose.EP(M?e?ﬁn&ﬁb?oo 4t1he t@iuwﬂygguuéte&&éséohl gh rageingdrisity

i ncorparated herein by reference, |scog§e rocesses for the synthesis of a

sucr 0d8- 6- e¥veateneriat;an: e st 4 M HNCRGRAAPIRALION o5 3 g8leftong

sucrose in gucPéediavmpthé foflowinh Widkoula?@&Utreas N, N-di methyl formam de, with
an organotin-based acyl ation pronoter, while

SUCRALOSE

15 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

position is inverted.

In one process for making sucralose from sucrose, sucrose is first converted to
20 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'-trichloro-4,1',6’-trideoxygalactosucrose ester (sucralose-6-ester) is
converted to sucralose, which is subsequently purified and isolated.
25
Sankey, U.S. Patent 5,470,969; 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 comprises: (a) reacting sucrose in a polar aprotic solvent,
30 such as N,N-dimethyl formamide, with an organotin-based acylation promoter, while



WO 2011/ 045565PCT/ GB2010/ 001903 2 conti nuously addi ng a non-pol ar
co-sol vent capable of renoving water by co-distillation, and renovi ng water
by co-di swol2batdsssss to afford a reacti on m xture which ipeTszsestoantdoal | y
free fromwater, followed by (b) addimg a carboxylic anhydride to the
reaction mxture and maintaining the resulting reaction mxture at a
tenperature and for 5a period of tine sufficient to produce a
sucr ose- 6- esgnfifiuoublye ad@ing Pal Asn-pOlas WoveiNent ScabiisleCat Ir¥maviky diaeArdyorRo- such
as cycl ohex(?mg, .n- hept ane,. tol uene, or, i.%goct a\r}’gF . Thi s Pr 0Cess
requi res | afHEalioR @ Jemeving valyRyper-distilagorn e Aliqrd a fpactian mikkre,whighitd
bef ore addigdubefangaly fréefroredate! filowsdl eraidﬁﬂgf@rca%b!ﬁ%- arbly@fdd & the

I ch deconposition of

operates in a 10 tenperature region in. ) (

Car bohy dr at IE&CAR MBS AN malERiniag e Tesylting APYOTRBIITe Aba laRAFRtE AN fof

20- 30 g§i nut £periGi 6Rtirae sUiticRDT> probiade 8 GuBRLY.BNYsteraNMTHEARGEPRAEED-BbIVe: ii®n Of
sucrose, the g%alﬁ:iarm sucr ose ﬁ{)ncen ration that can be used in the process

is limted By QEARRQN. §HCh FCYTRRe e P-NERLagE) tokisne. QriSodi@nei on,
unreacted sucrose renmaining in the sucrose-6-ester product can produce
undesirable 15 gnd difficult to renove tet%a-chl or i natq eci es igbt he

d .
subsequent chi or | HaPOGRSSEaHrestReARts of the BarBRlRLEESPenaviEt MWSEhs or
L or m;jng a Sdﬂéﬂqlamr_ﬁ-aeif_tiem gﬁd! ﬂigw&é@dv@ﬁdﬂ ?dﬁﬁb—d@d&%ﬂgfxséﬂa&_@p%\)ﬁgﬁrates ina
| Sa nt ages. Cl NSKI . . Pat ent plicatlon | catl on . ,
030080 0t F8FPetitgel Edhn in Whigh ecppostion o EHGOLRRE Y Srtuh even with
sucr ose- 6- eglativelg 6PGI Feictig tirh@s of 20-80 Agnuded. | B&daus€ &t madRpdlandotscive®06a | Si ng
sucrose, a olar a r.o{]i cﬂsol ventt such as N, N- di netaélt.fot%nam e, a d an
or ganot i n- HSSR PREAATIHLEf SHPRTE TP MPHUTP SHEOSE ctcepiiation thatsand&iused in ot
reaction mkéusrecdss BOlrhidet bpGthei preferw@ndi MeOHSN-HOIANIcRrsORERT ENh JTRIMIDAL ,
with gas or solé{elgtg vapour capabl of rem)visgg water, at a

enperat.ure,
pressure antd"PELFYENERSS [FRANIG s Ter SUST RO e TR TPEYY BNRERYITE %”é’&ﬁ‘fﬁb(g“n
m Xt un® whiad difficatbs rembveatdtna-dnikipafedospesias an thé elibsagadnttshidrinptiertidiepg a
car boxylic ﬁ{nh%/fdri de taﬁs%%d second rggtcfti an m xture totafff ord a th{'hrg
reaction m X7 8'S AP ISIORARICESP (O RIMIAY ASHEOSBH -SSR SUFose tha
t enper at ur edaeisdhot héivesthpsy disabvahtagesre sufficient to produce a
sucrose-6-ester. 30This process requires the use of a gas or solvent vapour
capabl e of renoving water. According to the present invention, it has been

unexpect edl y fouvidinskiaPClUsRaterfit ApplicationrPublitationtNo/ ¥p0R008/0&Hpnhdisclodes a
r. rnnée’éng o\ af ar nn+, neangl ecar nti n cirno.r rocess.,.
d

hohi edha” ReRss el BroubLieR G ot s iats ottt R RE S TR
mixture comprising sucrose, a polar aprotic solvent, such as N,N-dimethyl formamide,

and an organotin-based acylation promoter; (b) removal of water from said first reaction

mixture by contacting, in a continuous counter-current manner, with gas or solvent

vapour 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

nae or enlvent vannur canahle of remaovina watar ie nnt neceggary and a simnlar
gas olvent vapour capab removing waler I1g not necessar 2 a sl

W e ~ e e o o I~ I RV g

process has been achieved.



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:

5(a) proviwongu@4bicsst reaction m xture conpri sing sucr oPeT/GB20EADI03N

vehi cl e, and an organoti n-based acyl asi on pronoter; (b) renoving water
fromthe first reaction mxture to afford a second reaction mxture that is
substantially free fromwater; and (c) adding a carboxylic acid anhydride
to the second reaction m xtursguivmaRY OFITHE NJENTION eacti on m xture,

t her eby produci ng a sucrose-6-ester; 1 n which: during step (b), the
removi ng of water includes distillation of water with the reaction vehicle
USi ng an appar atTfe ifedHaby isWprcBSSfor brodkcind akueas5.8ster. A5oRORSIRELRN T t 2
(1577 to 78865 _W@ selected froma vvirped fil mevaporator, an agitated
thin 15fi | PP ISA Biecess FMMANSHY 1 I AeligHrStYr, a rising fil m evaporator
and the likg) providing A filsstResdtion hagur EmsiridRgtsucid8e, 4 Ractidrovehici)igmban s a
pol ar aprotic sol vent. Preferabl the pol ar aprotic solvent is

N, N- di met hy@r9anatineasad acyi@on p&°’B¥ﬁ§Fer red enbodi ment, a non-pol ar co-sol vent

i's not addgg) durrem@ving Natdrifom the first readliod niaxtefectt rafier EATbsudbnd®Sdctioh he
tenperature does not excee 100 Cin step (b), nore preferably does

d ahout 0
not exceed BBHR “’@ﬁ'sé,UbétﬁBt'%?@eﬁrro@? WAteh14hddoes not exceed about 70°C. In a

preferred gapodigmitig a édrBotyREBEHAINHYEideNo Hecdecohd rdastibr MirtABadatdrdz0 C to
about 85 C.. . . Ine(? grﬁferred enpodi nent , th(? first reaction m xture
and/ of0t he 'BELERGIOLRRLYBANRIERY RIQIUCHASA UCTASELS %Ml | y of sucrose, pol ar
aprotic soligemtch: t he organoti n-based acyl ati on pronoter, and/or their
reaction products.. 30 In a preferred e di .. the t erature
Gor g ot 6 (o) TEMAeR H)ndte Brmalis obreaRtdoRge GSpPBE e R the

sm‘j f ij_ci ent rEanhtibh"Vélrﬂclé Bingt Be a&pp@faniesas_ﬁp;ﬁﬁhgera heat flux of froni3r506 tor 25,000 ed
enbodi ment , or ot i_n- acylation promoter is a - . :

5501 (acyl o3 (B HoaBell Miarsalade o apars Bispiarraly an agiated tin

1- (acyb oxy)fild-espratoy -alfalling fin evaioratof, Ay #mQdin Ryapdstator andthedike. Pref er abl y,
t he organotin-based acylation pronmoter is WD 2011/ 045565PCT/ GB2010/ 001903

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

je]

referred embodiment, the temperature during step (c) is maintained at

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



4

1, 3-di acetoxy-1,1, 3, 3-tetrabutyl di stannoxaneor 1- acet oxy- 3- hydroxy-1, 1, 3, 3-
t et rabut Woizstiamemsane. In a preferred enbodi nent, the eearsBeyiomiasi d
anhydride is acetic anhydride 5 and #he sucrose-6-ester is
sucrose-6-acetate. In another preferred enbodi nent, the carboxylic acid
anhydride is benzoic anhydri de and the sucrose-6-ester i s sucrose-6-
benzoat e. |ﬂ3@ia@ét%&%r1 resl3 esthpdtyBsatbnndxBRe appadrat us1.adeteky-8hyardrpatt, § Bux of
from 1000 to 10 20000 BTU hrft2 (3155 to 63092 WnR). In another preferred
embodi ment , eV ARutYdiptapae@8esuppl i es a heat flux of from 1000 to 15000

BTU hrft2 (3155 to 47319 WnR). In another preferred enbodi nent, the
apparatus supplies a heat flux of from 5000 to 12000 BTU hrft2 (15773 to
37855 WnR). 15IR apisfestes prabodimsntithe farPoxlie agishanhydide iiss agetici dnive

evapor gt or . addnthad ReRselsafterasaadiodeblacetdle. aPRAGMEY Bref&redNemBbdidbRd thdi N
filmevaporator or a MAEed f|In1eva€orator. In a preferred enbodi nent, the

mean t enper@RR¥IGAIE @payride (s PPNEt RERYATARANIAHe SHR9EF Bt B FUEREE-Reat i ng
surface of gdmgoampparatus and the 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
gi ISti I ?t i onhi S A QNshefered édﬁbBﬂP rr?érﬂdmleeabptaﬁdmewi@s aihe@t flBd oféfEdgﬁ taae%ce

el ow at nos ric_pressure._ Pr rably, e pressure is fro Q mrHg
(5 718" 5 PR, BTOMR" B85 10, 8556F Ui e RO oRRIoT eth MU T Re 476 1 1 B
distillati odppafathiy SUppkés & BedDiux d¥/flo 06D {oAB000 BTZhRY(F166 N N 7319WamYt her

¢ . . > B . :
PErher 13 (BARe Skl AU ot SobaSud Wpblesd Reactl! 3 g Bod s © 110
e | .. . 12000 BTU/hrft? (15773 to 37/salwimy)Jd .4 4 1., ., -.44. .. .. .. LAl
[....v 111 A pillwl m G I ILAJUT | 1A 1L, LI 1Gpi ut..co auuni ui

'élly LAJI 1 1'"m1JGQ al tvi Lop kk..), the additional step or steps of
convenki ng the SHCH @€fefed® BnibodirfertUticlapparatus is a film-type evaporator. In a

preferred embodiment, the apparatus is an agitated thin film evaporator or a wiped film

evaporator.

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 to 150
Ib/hr/ft? (49 to 732 kg/hr/m?). In another preferred embodiment, the flow rate in the
30 distillation is from 50 to 110 Ib/hr/it? (244 to 537 kg/hr/m?).

in a prefeired embodiment, the process additionally comprises, after step (¢),
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,



WO 2011/ 045565PCT/ GB2010/ 001903 5 for exanple during product isolation
after a chem cal reaction has taken place. An exanple of such use of an

agi t at ed wbiniffasbsssevaporator in the context of sucral oveTmBedioiima can be
found in WO 2005/ 090376 and WD 2005/ 090374. These apparatus are not
conventionally used for carrying out chem cal reactions. 5 It has
now surprisingly been found that the above apparatus supplying a heat flux

of from 5000t exahple UuriRd Wrodict &olation Affep a/éHeaficalVreRotion aiasakets pce 0 Arenove

water froma first _reaction m xture conprising sucrose, a reaction vehicle

and an or gafXGMPIR BhEWRD Yss, phan AQitaled 1D Jfim; @yaRpratrdn dhe coptet Plosnaraiase

m xture t hairoligctidh cak Be FeumdiiaMiy 2008/09037@ansaNer 2005090818 THESSppatdies above
apparatus can be used to car rdépout a chenical reaction between sucrose and

an or ganot | HeHRLERNVERYANZLY beedfPOrASNG qub cherpisleaeiiondse- ti n adduct. The

hi gh hgat flux supplied by the apparatus used in step (b) enables water 15
formed by the reaction of sucrose with (ir}%&orga%]oti n- based acyl ati on
promoter to be r'ERBYEAYHIRIBINGIYRRENPHNS thah the, abovg; apra(atek s iRg pieAbnt

renmoval of st &frrdrd 1506 %o tABE00BABTUINGR® (167D @S WBEEE NS tdrs be aREd 36 ¢eMbve
reaction mxtures in tﬁhe directi.on of the second reaction m xture, and

t her eby pr Y38 08N 8y first ERacton MiXtHiR. SOMRIRIRG SUEESE .8 JERGION: YSRF'E Gt &} i ng

the second grgasdtindiasll XadylaBioRCSIORBIdIOtd @ffble aPEesERAlt rédttiemt mxturédiabes 20
| ess than 30 nm nut r exan%I e less than, 10

ites, or less than 20 m nutes, f
m nut 48, orsypstestialyfrees framnyates . Imother Aaigs tthe ?gﬁﬁe ERpaluseTRNsbe URgd to
reaction tigaryneyt Secheafical rBadlion HatwEém subiose aarldhen rexganidtiabakedresylatsror di ng

to the present jn e&ion are short, the 25 reaction wll usually be
subst ant i aIF?r9m8L?ﬁ%q 8 agueosediQ@ddietet i on ni xture has passed through the
apparatus used in step (b) only once, i.e. after a single pass through the

apparatus. In other words, . it is n nerally necessary tq c e the
reaction ni xtureﬂt%l?'\é\ﬁd}?at flex amﬁgtthgﬁmpf’?f W P?%@.St%&@, er{?@’k&r‘ﬁé}ﬁb to a
pL ef e"ﬁ edheratmﬂ BY fHe fa‘aciiidieofpsm@w witmgfgwbﬂgenotirt-ﬂsuzeaa?vhﬁm Emmﬂtwm asses
t hrough t he apparatus, only .onc ie. 30 the_output fr t aratus is
ot r Scycl da MRtk apRY RRcasTR T T Auiet anf SRR Sempral ot e HBRAS e,
progresses ghullidftimybétaesn afe (fiest. and second! reattivh prixteestini the editection of hise hi gh
heat flux is gé fergbl é‘ dvant age

ously conbined with._a hi fl.owrate, so
That a b gtoanBi i iding RS ool P Pelan e tAus aRE dathdit s on
Thus, the ajmafortforminisid setoridveagtionafiziuré Avednding to the pAeseappasntionsmauippl yi ng
a heat . flux of fr 500 to 25,000 RBTU hrft é1577 0 718863 W sel ect ed
Vo 2029/ 04585seeh B0ter uizab e 20 Bnies . Pp bR P e PHo R s 5 ¢ ot e
thin film emapemaibates. Acdardihg fgsdmé emeudipensst the, reactionsimegméy beness s ait or
and the like. apd preferably handling a flowrate of from 10 to 150
| b/ hr/ft2 ('H@ueo 732 kg/ hr/nm2). The "flow rate" is the anmount of materi al
supplied per unit area of the heating surface of the evaporator per unit
time. Since the reaction times according to the present invention are short, the
25 reaction will usually be substantially complete after the reaction mixture has passed
through the apparatus used in step (b) only once, i.e. after a single pass through the
apparatus. In other words, it is not generally necessary to cycle the reaction mixture
through the apparatus multiple times. Thus, according to a preferred embodiment of
the present invention, the reaction mixture passes through the apparatus only once, i.e.
30 the output from the apparatus is not recycled back to the apparatus, or to another

similar apparatus, but progresses directly to step (c).

In the present invention, the high heat flux 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



5 By virtue of enploying a high flowrate in conbination with high
heat flux, the residence tine of the reaction mxture in the apparatus can
be kept weowolwmsseFhe apparatus used in the present invegtriagBroismoprosf er ably
capable of delivering a high flowrate (e.g. from10 to 150 Ib/hr/ft2 (49
to 732 kg/hr/nm2), or from50 to 110 Ib/hr/ft2 (244 to 10 537 kg/ hr/nR)) as
well as a high heat flux. This neans that the exposure tine of the reaction

m xture to #dif adiipéd tihPéiaporaiendh agRfed &am fileelePRFatdie BYfalifyVilnsévdpbadtorany
deconposition that the reagents or products be susceptible to under the

ma I
distillati chrigipadin eyaroratonapdthe ke and E@F%m%?a@'@go%ﬂ%%%iqfif@m 19 do
mni m sed. {BaBhrth@9te TBARGMENE). MEnlilolvhibte! RaRE bMBUAT oftnitEriavstibpbiiddtdae
apparatus used in step é@ sHrrgP/ be 15 less than 30 mnutes or |less than 20
m nut es, f it aRpl e heatina sytace of thesyararatoppe WildiMean 5 ni nut es.
Accordsng to sonme enbodi nents, the residence time may be |less than 1
m nute. This low residence tine increases product yields and reduces the

|l evel of inpuritPe¥ntus of RERRYEWLR Nigs: frouurate Sogrebipatianawith highdwat B dheo

al | ows the naliehceofimeasiGhé Gdadtion DEIXILENTIVER @paratl®Bh etkaptvakyulw. t TR i n
previ ous processes. This also results in the anount o { bohydrat e

| : ; f c
deconposi t | PRV YSeH RIPe PEAsEYt inveniicads p@\%ﬁ”%ﬁéﬂ“é?(f’éﬂ%@’&”? ad¥ghfow i nes

are used. Hawewsy. froR eSS IBA /e el to 732 kG MeRES Br &b 50 RNM10Yb/hERER4ato
r educed teng)er at ur eghant nded r eactlﬁn tt are not necessar
t

mes . 25
The prisentS3nk@ER{mManasived asi3 Bial heabflnat Ebis sreans 43t tha exBogke }/'E}?D‘?/‘éﬂe at
reduced preagsstion. mhliGreUse i distiatiduCeshditions Séiine buhiedpt oRAEUEN Bg thhte any

distillation in ste b) enabl e et further reductions int [ re

Chal or | L es ARshmEot T el Edosaaits (RO By b s St e ST SRAEET | of
car bohydr aé@gdm@ﬁm@ﬁiﬁm_naandarsehm@tﬁi @8cdmpBftion) is minfais¥dn bIEhuSAPHé'iy
appremate y the ckll!ori rson, the_ te erature, re,ssure n ow
Thte (and (RaGeReSImE AL FoAStOR A Withia i APRRIAIS e R SR 4 OF
step g b) grles@ﬂhb?] isotnai;meb gt Res mlrnezmhiagﬁ,sl fbﬂdxaﬁthmél&sttﬂih&fﬂf Miritdae ﬁr Ie;s
consl dere 0 t her.. r .EX e r cln e pressure at I C e
o oE i T ey RS S s C AEcPBL) ST emBariAaE INAgehSagelme May B3 184S thel
di stillati onnffute! ahisylowregidercd trfp eficréaded product giekis armke@duces WO level of
2011/ 045565PCT/ (3B2010/ 00%&83 7 _conjunction with higher flowrates (i.e.

| oner resi dERUEYSS! propiyctisteamy oy advant age of the present invention that
these paraneters can all be adjusted as desired to optim se the process,

bot h emcally agnd commercially. Prior art ocesses. do _not provide such
noh Plvel o or it aESoR Bxemion ass shws B wBleR ST aReion oros iRy A c1 o
al so af f ectiswehéenyispatare é1annidt gresious ipheoesyed. eMhisSalgd Sesulitseidl the tdmdune of
reaction vehicle  in ste

b). The term."reaction vehicle" ans,the dil uent
o ol vent Sebelietle SREDBPeRtionsbas SlaRHraly TEMCTFEEh Bhin eengan rogcyon
i ndi cat e t htirhed be welli Hovevey beeaudeuhk reskitivn proteeds effiofentiy) cevenrap cattiaed  of
the reaction mi%uresem?t daII ;[.0 Bt ages of theﬁgrocess. The reaction
vehi cl e sho§MPeRIED BIENIGHLRRCIPREMSP FEHUY "EEPRTPM ons. The reaction vehicle
may i R6l ude m xtures, for exanple of a polar aprotic solvent and a
non- pol ar co-sol.}lent ubst.anc The choi GE of

reaction vehicle 1% pﬁe&%gi Fﬁvﬁa‘gg'ﬁ%féﬁgg‘%aﬁf?' ‘fr‘]’%tlggsoilrﬁﬁ?tﬁnt ' PR TEmEved
reduced pressure. The use of a reduced pressure when conducting the distillation in
step (b) enables yet further reductions in temperature and/or residence time to be
made with consequential further minimisation of carbohydrate decomposition and
30 reaction times.
As will be readily apnraciated by the skilled person, the temperature, nressure
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 which the distillation is conducted lowers the
temperature of the distillation. Similarly, higher temperatures could be used in



15 reaction vehicle of sucrose, the organotin-based acyl ation pronoter, and
the resulting stannyl ated sucrose product, as well as by safety and
toxicity wonsiwasssi ons. Preferably the boiling point ofctrieB20ma01908n
vehicle is greater than the boiling point of water at atnospheric pressure.
More preferably, the boiling point of the reaction vehicle is at |east 50C

greater than the boil }‘2‘9 r%m nt of water at atnospheric pressure. 20However,
i f the reacPPUINCHER WD IGhsy fiaw sates ey dawer mesidensetimsse ilg a karadvantageesf t hi s

boi I'i ng poi the mresdrt ireagor ﬁ\aﬂﬂfeséiléﬁ}dnfe?@s%an all be adjUstdd é&Pés?rreHXo %anrrﬁgl e

reaction vehicles for g‘f n the rz@doesent |nvent|on are apro
sol vents. S et%l'BF%ssp(!?P C"éFpW'S?”VCa Feameccially e PfoSrarbREmp!iS@S dQeﬁPﬁ pioyidani des

such 25 assidhmegiiebeld oppiocedd fxibiity. . N- di met hyl acet am de, N, N-di et hyl
formam_de, N, Ndi et hyl acetam de andy preferably, N, N-dinethyl formam de.

O her éw tabl e polar aprotic solvents include dinethyl sulfoxide and

hexanet hyl phOSphvﬁ@Bhdiéb of reaction vehicleld16o hffed ﬂh@%b&@@b&ﬂaﬁe fhrsé])%ét%e‘ls or

consi st ess ' g %f or. consi st of, polar 30aprotic so
reaction ve "Hé'yt 2| regctioncyekiie Hbﬁtf-‘BdP)ar Tﬁ%i%'m \f@@ﬁt'OOs\@élGlﬁell‘o%ns that it
preferably atm:eat drGolvent i m whncﬂhé%esé‘@@ﬁﬁé&ﬁﬁ @f'\e i iIPRRSAND ihARE AN

I ncl ude the,fac formation of the second reaction m xture proceeds

th
with excell ‘é‘ﬁt"eblé‘rfee’e?lr PPt SP"!r disselve ath of g samepenentsgfitie Feastion mbgures @it all

sel ectiovi t ystagés pf @bl @tdtgsS UCTHES Peeti®d vBhickeNsIURP bé Catabld QindRr ftHé tp'ﬂ:ﬁf
advant age | process can be operated to produce very vel s of

unr eact ed %dgl@ﬁﬁ/ 8585%%@/"@2@1’0?!)6‘?@@3 reiXiIrRS: &Y, eeXAQYPiGSOfdﬁ’ @@'Iabgé@tlc n

EP-0 776 90sbivant hesh Aok 6 88RehtSbiRas hiefathiay b%ld@@&ﬁisfﬁ? because it
directly affects the yield of the sucrose-6-ester ter

chl orination, f ornmsundesi r abl echl ori nat edconpounds(i nparti cul ar

tetrachl orosucr opRS¢hoid 6N reticBordlvéihitie U ietePmim@BA M iy bPThd B8ubility in the
sucr al gse 6- est er e%fcecp,S sucral ose during subsequent ‘processi ng. ~Yet

anot hdP advEAERGe’ fesysresse the STgFRRHY Rasefl ewation proencteroand e feﬁhléng

product st r:ﬂéﬁﬁyla‘iedi SUCRRE, preawt Sad Gl xésys,lléa\fétpr&@BJ%x.clﬁp%Bﬁé.&é’r Ash the
dar ker eig ? tﬁ duced bg ot her processes. \Wen ste orrred in
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accor dance epp%lgrg;n PtheW?l rgactiop Hehigleais greater Phan tzle bomng pomt of

water at atmospheric pressure. More preferably, the boiling point of the reaction
vehicle is at least 50°C greater than the boiling point of water at atmospheric pressure.

20 However, if the reaction vehicle forms a low-boiling azeotrope with water, then this
boiling point preference is not applicable.

Particularly suitable reaction vehicles for use in the present invention are polar
aprotic solvents. Suitable polar aprotic solvents are, for example, tertiary amides such
25 as N-methyl-2-pyrrolidone, N,N-dimethyi acetamide, N,N-diethyl formamide, N,N-
diethyl acetamide and, preferably, N,N-dimethyl formamide. Other suitable polar
aprotic solvents include dimethy! sulfoxide and hexamethylphosphoramide.

The reaction vehicle may comprise, or consist essentially of, or consist of, polar
30 aprotic soivent(s). The reaction vehicle may also include non-polar co-solvent (see
below), 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



10 a non-pol ar co-solvent is not necessary to renove water, and so the
addition of the non-polar co-solvent to renove water can, in sone

enbodi nenve,2ob@4swepl et el y el i m nated. Accordingly, in a&cpraherwmetoos3

enbodi nent, a non-pol ar co-sol vent is8not added during step (b). In another
preferred enbodi nent, the reaction vehicle does not include a non-polar
co-solvent, or includes less than 0.3 parts by weight, less than 0.2

15parts by eidibt Ase5§ didtidted- %Bwaotwdoxaow glfats.duar sué®Se tiBapaklcdiatar t s
by wei ght of non- polar co-solv i ng non-pol ar co-sol vent

in step (b)U"Qﬁﬁﬁﬂ‘e LRACAHS Tty @FR%'Y c?rﬁfe(%@h‘ihél 369'9 rféftthlo%‘ac“??@tsfﬂﬁ'l . RBRL pol ar
co-sol vent MorinBfidn, | NGbMEes LRRSiIrafIaN RhRrindte8§S cBAPolnds | @SS palictiBan

0.15, or less than 0.1 parts by wei ght of non-palar co-solvent sinplifies
t he proces stetr%gg@rqqes) whicht aﬁené'ﬁ 'CHEctes‘se&?S?t? 5’%(§Qﬁ/éldcr§|‘?ae@r%ﬁt€fra?%

anounts of querndel aunrs@osﬁsde\qaeﬁt bfbﬁ:eésﬁ@e Y anbthdreadmiayet agend %résbﬁf _
| ower pressures can be nonssﬁ_ol ar co-solvent is not added, or is

present in IBYATNOR figg in tﬁ?r{ﬁﬁ‘mfrlsat ”W ?rﬁd‘l‘% PRIy 2 IclsREr Ve sighfly &?'I%‘hpmd‘m
t enper at ur efpnipaced NiHtheQAHER thaleHaP pRRELdd B othedsrbtesdbar |y of 25

car bohydrates. Furthernore, because the process operates at higher
concentrations and uses different nethods for water renoval than previous

processes, | ess \gA& S¥pi(s) |§§)€ﬂoﬁﬁédhﬁébcdrhlﬁ10é%ﬁ1tth@6ré§b?€ﬁlHWé?}thMhh@ ds@bpduces
a savi ng in energ%{/cost In ad ItIOI’l at | ower erat ur ction

nas. hiBher % BPEERRy FoFONPRIIS dIohPEPoRATICCTONS A G SMIOAHE (HONEAGEEE e
overal | yi edgh- ;Stflart B@s&lV@ﬁtaﬂooﬁeﬁ?nd%eﬂafeatdaﬂn uprs@ﬁ@ssmbabnmemfsoqsésaomplete&p al so
nore econom cal é) erat e because hl‘i‘g‘g ncentratl on %Lt[l se can be
Used, the. [USHESEL: (ACCORInElEr B PERTEETbemBsRBTRL Mo R Vel i5 gt
[ educed, arutiidtaﬁwhh@g stepdb)c AR SREHRApleYerted, é?ﬁbd%mﬁémslh\éﬁe&ﬂMh rvarﬁuab doas nee used
o carry ou e pro Q
enbod ment SR PBRIPEIRT B:5elPUe AE NFGSHI85E MRS PO DEEIHI S ER 34 e
renovas of pfsary. wé@ht“@%ﬁaﬁ@@péf&"ﬁyswelgﬁt brSleS®an 9ar Partsobyaweight oftda-
consequential solu ty limtations, particularly with respect to WO
2011/ 0455651X8f /LSS fO; 001903 9 sucrose, and the issues of recovery of the
non- pol ar co-solvent just discussed, as well as the limts that a non pol ar
t herefore

O e T P r bl P B ey b e SE e
renovi ng wedd@s riot indlitle MEAPIBAICY-solvestdrithatdndludes ISdsnthbie 0.3) [eR€ ¢iseh 0. Ihluss
e hn ot A6 SRR ho BN b3s el SRl SRRt hinAlEL TR
particul ar, protessnbatdise it I8 rivt eer( hgcessamyrte frecoabt ;incmwy ogd asbeatsiof rn-
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is a flow dilegr amosipovdr ng-solyend kesdt andedrdn Bpresertin enlycamatiearowdits, Wwithe
present | nvr%%llir?gnlbwer distillation temperatures and thus reduced decomposition, particularly of
25 carbohydrates. Furthermore, because the process operates at higher concentrations
and uses different methods for water removal than previous processes, less energy is
used to heat the reaction mixture, which produces a saving in energy cost. In addition,
at lower temperatures the reaction has higher selectivity with almost no decomposition,
which increases the overall 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 conseauently 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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Unl ess the context indicates

otherwi se, in the specification and clains, the 20 terns organotin-based
acyl ati onwprommissses reacti on vehicle, polar aprotic sol yemGB208vdoooy! i C

aci d anhydride, non-pol ar co-solvent,9and simlar terns al so include

m xtures of such materials. Unless otherw se specified, all percentages are
percentages by weight and all tenperatures are in degrees Centigrade

(degrees Ce&uéso@é)anﬁﬁémes Bf RIS of HeBrioh-gotardoPoRRALILSt diSsUBsEdas well
at nospheri c pressure, nperature refers to 25 the tenperature of the

rel evant r égcteolmnity Eﬂa&rae”mﬁ [pelarco-salveat impesesn thenfistillation Pregsuisé@ndi qui d
phase. (Forthérgfbr@.\(é}hg&aﬁﬁeof doubt, it does not refer to the tenperature of
a heat source, which will, in general be hi gher than the internal
tenperature of the reaction m xture bel ng heated, or of a cooling source,

which i1, in gepABRhoreDEsd OMBEat BRBOIER VaBbT RBhbIbIPENBYIHG Yaldr 4 Rt
reaction mxture bei ng. cool ed). “Reduced _t enperature 30refers to a

t enper at ur 'eCREHATY, fequing i ASHIRIEPTBERSS| AGuUpAcRerdng te e prgsent ényeations &igct i on

vehi cl e, f qhixer@mdtep EB)'I@breﬂéHéBIS/'rﬁ)t soMNaBd wntﬁrae§d%r6r dovehh@agoRrehpdbie B Xt ure
at ,n+reinenhewir int-race! Ira ocess f%r t he Rre aration of

sucral ose fRORYBINARe INRAGIGHERE thEamixiyre B\Aﬁtﬁﬁ (@Hétpé?fgra i pdcontagied Bt i ve
hydroxyl i rgohiiudas ReGAter-Eiivrétt nFaieP Sth iaSgddl SICde@ntWagbuR BaSSHIE bf BEneBifing SUCh
as acetate or benzoate. The hydroxyls in the 4, 1' and 6'-positions of the
WO 2019/ 043%88PCT/ GB2010/ 001903 10 resul t i ng sucrose 6-ester are converted
to chloro groups, with inversion of the stereochem cal configuration at the
4-position. Then the este he resulting

sucral ose-6-ester is reno¥ ' S i ng product,
purified and isolated. 5 Preparat| on of Sucrose 6- Est er Sel ective
protection of the 6- hydro%é% of sucrose can be carried out b actt)op of
sucrose with a cA9Y8xyBia oW dRILAMFAPYVIRE @ RIGERSSRECQENG 10 ahA P 'TEHP
benzoig 10 th@pryehtitntibm a reaction vehicle in the presence of an

organoti n-based acyl ati on pronoter, under the reaction conditions described
herein, at a tenperature and for a period of tinme sufficient to produce the
sucrose-6-ester. The 6- SEBAILED ®ESCRIPEIGN OFTEHRINVENTIONON the 6 position
fromthe chlorination reaction. Accordingly, any ester group that is stable
to the conditions of the chlorination reaction and which can be renoved 15

under conditi onriléuat trﬁ0cméxtaﬁaue@ttes tdtgerwiRe Ulr theg spetifications and adlaibe, teed.
When i(gcroseG acetate

1o gRcer deyns otoapolpastt BTaNG ruRAIBS ARECOmoFiSnBPEr 2PIRNDENTEY as
t he or ganotdafbdxgeastidsiytyaite moprsurtcersonent, ane tintlaptehyis aisdencsiet higtures
carboxylic CI d angénallfjd nIPregt%ratl on of. sucgose 6-esters is disclosed in,

for exanpl e° YR RPVise, shecified, @ll RGIcANIAces &e pereentages by

4, 950, 746; v&@ms@m, aIUteﬁlpeFﬁthres?aQe nNQIeg%eB&%nﬂ@&deNlﬁegieéslbelsusS Réaiced\o.
5,023, 329; Wl fo. 3 Pat . NO.I 5,tg8 é]608 hVe ﬁ. Pat " NO.f

5, 034, 551; %S?ﬁk'é%/),eﬂ?' O FHYESSY(R less’ thar agpash R%Wesib"% gaPergyye efess i oo6:
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source, which will, in general, be higher than the internal temperature of the reaction

mixture being heated, or of a cooling source, which will, in general, be lower than the
internal temperature of the reaction mixture being cooled). Reduced temperature
30 refers to a temperature that is less than the boiling point of the particular reaction
vehicle, for example polar aprotic solvent, present in the reaction mixture 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 6'-positions of the



25A typical preparation of sucrose-6-ester enploys a two-step process.
First, sucrose is contacted in a reaction vehicle with an organoti n-based
acyl ati onwpromutsssesand wat er of reaction is renoved to PorGBRRi/00IBECT OSE
adduct. Then, the reaction m xture caomtaining the tin-sucrose adduct is
contacted with a carboxylic acid anhydride. The sucrose-6-ester can be
isolated fromthe resulting reaction mxture. Alternatively, 30 the

organotin agylifitd XBcidseNBketer aeﬁ'&‘/ &fnvbhéd rtSaéHIérQngﬂfu%UGﬁtﬁ rﬁa&s#aﬁ be Ry ed
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reaction niRuifie@andisolated st ages of the process. The reaction vehicle shoul d
be stabl e under the process conditions. The reaction vehicle may include

m xtures, for exanple of a polar aprotic solvent and a non-pol ar
co-solvent, but is preferably ReRFARHPBOIHIERSErR:-EStes The choi ce of
reaction vehlcle is determned primarily by the solubility in the reaction

vehi cl e of sucrose, the or%anotl n- based acyl ati on pronoter, and the
resul ting stannyPalective DIREGO b thsibrbydroxy P‘Fro%%cgi/b%&?ré'?? onhby feeetien ty
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er sul olar a 1 C_SOlven u Sul J OXI ae an
hexanet hy| pt8 r'arﬂr?fg’re o3 d'acemﬁﬁz f\géé?tf%’H&fgﬁ %ﬁl%‘aﬁ%tyffofﬁﬁfp?'geca’br
conSIt st eSStﬁélﬁJ:sédi |36 m‘el, o@fanﬁmﬂsdaéﬁd Qéylatmlﬁﬂ prrorrmﬂssrolémd: a?:@ﬂld/%ﬁh)(dﬁ)de dhene
reaction vehicle may, al so uae olar cQ-s0lven se It
oy of er abl y ERRYIRd SoREOE  BIRREr PR SUe st By BsCIoBe B s e 1 |
al so be deteBrened. sclmaelecy 47383,326; Maoke UIE rMdtoNe.d4, 950, 748, |SlﬂhVSon u.s. Pat
or"hahe e phD o8 NSE8ane LS et Bt 8, NP TREL AR RAR "
an:j/ or \(/\:h)er‘krhbre, U.sagétt) NB. 56311 6513, szmnsy 11.8. PatsRaLS, a?d 96D Kaho! LS. Rar dloi C
solvent(s), 1| ) (o) t r.a Vnt
required 305'4%;\%@%&3#'%" E’o t'l%% B' Et@ﬁ%%ﬁ %’?fﬂj rlrpéaqu gﬂpcgéq}t{/dzégggjle 't han
for prior atht disgkenss of whishiagedalhinbonpoptédiiersin-byobfeesticel s added. This is
because the solubility of the reaction conponents in the solvent eyetwn is

rArli !road hy the prAcAnnon of a non-polar co-solvent, so that a greater
amoun5of pol ar Apygsital repdraton of sudrbenbestguiengioyisoa twbdatep ploeesseacirstpn

C Do R B dE AR el S AP Shr PR M

pol ar apr ot arel walevafitreadiion e rermevkd fohfesmpa tinisdessacdddattagisen, ithd exatkornf t he

downstream RixtE %(S)ringﬂin%fthé nﬁ‘\-sucrose adduct is contacted with a carboxylic acid anhydride.
The sucrose-6-ester can be isolated from the resulting reaction mixture. Alternatively,

30 the organotin acylation promoter and/or its reaction products can be removed from the
reaction mixture, and the resulting solution of the sucrose-6-ester in the reaction
vehicle used in the next step, conversion of the hydroxyls 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



WO 2011/ 045565PCT/ GB2010/ 001903 12 reaction m xture, as well as econom c
and environnental advantages. When the polar aprotic solvent is

N, N- di metwepl2ofwossssi de, typically about 4 g to about 22pgTaiB2pml@i90aprotic
solvent per 1 g of sucrose, preferably about 7 g to about 16 g of polar
aprotic solvent per 1 g of sucrose, can be used in the first reaction

mxture. 5 The organotin-based acyl ation pronmoter can be any of
t hose knOanul istveRdlf of tﬁ@éorﬁ?@i&lseoftﬁ@béa@ﬁoﬁr'ﬂ&ﬁﬁeéjhtsé}ﬂs@é?éi df hel\srgteéds. U. S.
Pat. No. 746; Neiditch . 5,023, 329; S. Pat.
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all incor pQFeEMc@nﬁ?rlﬁéltﬁhebbhn&@régrf%l“@%mble A polathptbtic EertbindrHAbRPbIAr based
acyl ation prom)t er “can be

1, 3- di (hydrScHHapt oy s- PIeffra?'Ba pipglesURStaPcar byl ) di st annoxane; a
di (hydsocarbyl )tin oxide; the reaction product of a di (hydr ocar byI )tin
oxi de and a di hydric al cohol, an al kanol am ne, or an_enoliza

ahydr oxyket one; H1©1ChQich afcgﬁaest%ﬂ yehicle '%d?@fm@ezi RimaslaPHie E‘P'g?'%d'&ﬁéﬁle

and a 1- acybéton-v@hityedeositrdsel the &ga@&rnaaa(sbu%ﬂgﬁdrbwo}me&taﬁwméar@eunm@
exanpl e of the 15 | atternost dgrou of acyl ati on pronpters
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acyl atl on pronoter is @Fe er

1, 3-di 9cy| o¥3ter Pt BLrRORNEFIC, | p(?ﬁﬁé!?%ca{\ﬂ?fﬁl prgfesabih nhg Prlling2 BRIk A hie reaction
or ganot i n- bakedk By lest QCDTCngr@QIé'E fHanithe aom@:@lm(mt@caralwbgpm}'c pressure

1,1,3,3-tetra-(hydrocarb di st nnoxane drocar byl ¢
preferably '3°"Cé"e if dnec t' (‘!Etb'alﬁr oﬁﬁ%ﬁo'f?i')’ 9‘{’6‘% g F)}”%@ E "h's

et hoxy, n- pssumy! gt préfereréed/ Isaey applieabiky | oxy or n- hexyl oxy, and nost
preferably a nethoxy group. The hydrocarbyl group in turn is preferably an

al kyl group, nore preferably a Cl-C8 al kyl group, and nost 25preferably an
n-butyb group. Particularf@itablbeegdtidnvehicesiosgst inaye pta‘s@ﬁt |pm11iah@re 'p5|aa

di (hydrocar tin oxid dr ocar r k

or sun ! ror Rt ety Siiteblecae ey e et SRLoRBAMEP PBRALPPER ot y1
group. 30 as N-mewpea pfyhelldblhlambl\ﬂ-dimbﬂh?edacéﬁﬁmﬁl MNﬁfeﬂfythGfmarﬁld‘éJ;IGAINh |
reaction pr ct o ar||r tin.o rir cohn
an al kanolo ‘ﬁ?‘ﬁ!" aggtamidec it Qrg r%uYryBy ’@Q%?ﬁ fgrm?'ﬂ\gedl %%r oY l‘?yP?ltafn
oxide is pra:fretrcadﬂmen&slnde@e:amtemw slifoxkle ahdehesamytyiphosphofdnaiblecan be an

al kanﬁgdi ol, preferably having from2 to 8 carbon atons. 35Suitable

exanpFes are ethylene glycol, 2,3-propanediol, 2,3-butanediol,

1, 3- but anedi ol , Thedre@tticmahion maj cOmprisy) @n echgidt eséerﬁnamem aneghisist of, poldr

1, 2- hexanedi ol.. Al ter gt i’ﬁ]el tt he W]) 2011/IO455 CT/ GB?iOlO/ 00|1 3 13

di hydric al ¥5AM S‘é‘é“r{‘ Ey%‘r’ﬁéﬂ”ké?{‘é"%mﬂy al3e d1d%onI-RART Ay SPVEhE%% o 8
car bon at onselovdubitabprefeeatydessnar e 1, 2- cycl ohexanedi ol and

1, 2-cycl opentanediol. In each case, the two hydroxyl groups are preferably

not nore than four carbon atons distant from each other on the carbon chain
to wh2bh t hey arEhéoamoed of mdemtbhezeahleyombe;seaMI also be dawjrainedchiefly byn

atons or there one,.car po om se the ca n atons to h the
yaroxyl  or 06 ool SR AT RRSRRTRI S 1} SEnsal BPs: b crleg e

al kanol am nmrefeared @niddimablisyoft the predentxipbergioaugherednd menarvlanocogsavgmt s e not
nore than focr

b A R e T e e
group are osohahf(a)eihtshould be noted that the amount of polar aprotic solvent required
30 according to the present invention can typically be less than for prior art systems in
which a non-polar co-solvent is added. This is because the solubility of the reaction
components in the solvent system is reduced by the nresence of a non-polar co-
solvent, so that a greater amount of polar aprotic solvent is then required to retain the
reaction components in solution. Accordingly, when no non-polar co-solvent is present
35 in accordance with the present invention, a lesser amount of polar aprotic solvent can

be used. This provides advantages in terms of the downstream processing of the



10 carbon atons or there is only one carbon atom separating the carbon
atons to which the hydroxyl group and the am no group are bonded. Suitable
al kanol amvoesiiaussest hanol anm ne, 2-am no- 1- propanol , andptTaB200/@1@B0panol .
Sui t abl e enol i zabl e ahydr oxyket ones are 2- hydr oxy- 2-phenyl acet ophenone and
3- hydr oxy- 2- but anone. 15l n some enbodi nents, the organotin-based acyl ation
pronmoter is a 1,3- diacyloxy-1,1,3,3-tetra-(hydrocarbyl)di stannoxane. The

hydr ocar byl reGétQMﬂniquré he \/Jell3as economic and environmental advantages. When the polar
di acyl oxy-1, 1, -tetra- (hydrocarbyl)di stannoxane is preferably an al ky

|
group, nor eaR5?té?r %ql\asarf e é’ ’V:ﬂ ”@hﬂlfRWPa”{tj?%dﬁp'c%{WoPWéf‘ Sbroe?*é‘rtél?lzyg &f Bﬂ’?&/l

group, so tdéticlsolvent Eeri@tdfaé%io‘éedbr%fe@émpéﬁ&ﬂ57 @*’t@a@@rﬂtﬂscglbfibéléfr aprfier r ed.
It is convenl ent if the acyloxy group 20 " matches t hat the carboxylic

anhydri de t%¥Ms8t g Og%mf%&t can b ussddpfefirstigastion "@'E%’F"bse 6-acetate is
bei ng grepared, 1, 3-diacetoxy-1,1,3,3-tetrabutyldi stannoxane (distannoxane

di acetate or DSDA i S nost preferred The above hydrocarbyl and acyl oxy
groups are al so ¢rgpptip-based @@yleg@eprpmypréan be any of those known in thé ar,

1-acyl oxy- Jrohysdrapy dnylofihesd @rtséraééwﬂrm hy k) #bﬁwarcgsawerel Ne!d&@rd ws the
organoti n-based acyl atjon When the or ggnotr n- E\d
per

e arT on 3B Ho 5 028548 TBleen AL s B e 0BG APEL ST VEHEP I B b4 ts O]

nol ecul e (ehg. dr@ldéuﬁésaémmaﬂe)e altigdoRscrited Herdin oy réfdpentrl arn s@mcuréﬂ e S,
m)r e preferabl

.2 nol ar equi val ents 09to
by S Batirsed aaiisianromPEr A be 8 & TrBaE PR eh 3 bela:
acylt ation p(hycrra&@rbyrﬁﬁstamtrmam@gl Q ef(hw@cra@tswt thometsmt reébt‘oheproaaalt oPMa
m Xture. anorn se 6HIOn erlsam)nonc
Speci s corfMACRATHE SHURPOR 2 ARVIk SROILA SRERIBMIE. r BRPLERDT ) ¢ i n
oxi de), pr eriyera@ketoﬁ)eSatq LdiacyTBxyat, 1%lteYrﬁl(ﬁydrSGarBWd%tﬁr@&aﬁ@blaMd 0a81to0 1.5

nol ar equi val pr ef | ar equi val ents of acyl atr on

pronot er petc yﬁ’ﬁ)’%"ygr%criéé Ly @?vgé%%fbvbﬁ's{%a%a@&cu dﬁ" nFRTPE. ?

f2011/ 84556 5E¥%ErcBR 0 191640 1 963 béylatron prbrﬁotfehe fis r st-agtoRy- Gﬁiyerlfbx((a)ﬁs 3a |
irst reactjio ure conpr sucrose i reactiop vehicle is prepare

by ai ssol vitEEAR s EaneRRen e ar Rroanpyl el ruaRel v g’ PE”

preferably @aRgl gbuppraeictgsotivdated aypatioal promditdi-islipretéraply o @Bnma&ylha(y-

Slight heatjng.can be used to. dissolve the sucrose. Then the
or ganot i n- b{aé'gds'?g#@f#%‘f?gb@d YOt i s added to the reaction m xture.
Then, in step (b), water is renoved fromthe first reaction m xture by

di stilLation W|t t he reactign vehicle S|n an, appara heat
flux 07 om BoohEn 358 GRgeest dFRPE SachalRn "o RBRR o ket BUBE U o o
wiped film Evamlfe&thydrmrbgg)ldtsﬁrﬁﬂxad“d thef hyldnd cavEsdy jreUp, |s@réfaiablyﬂng ckm
evapor at or, al risin m_evapor at dttne Ii*}g}. Thi s qstl tion
emoves. ¢ nellfead srodornsEb i etk ardbabhnehone o TeRe et e BiRRbge. ¢ n
adduct in apenmgxyeu‘rfn-haxgmy,mmumst ptréfenaelyw raéﬂ’nomgnmgpl Weeaectmnafbylegiomp on

TG Tt TR L RGN W NN

evaporéat or , praferatgdy dmhadtyl bioapf i | m evaporator, a 15 falling film
evaporator, arising filmevaporator and the like" is meant any wiped film
evaporator, agitated thin filmevaporator, falling filmevaporator, or
rising film evapdham the mgpadﬂlnebasbdsarzplptrgﬁ ppnetérdat difhydroobrbiitonosds) the

25, 000 BTU/ u v

evapor ati on opcért&?‘%? liph tprgfgpa%a’vé@r%}ekyl gFouﬁehoreaﬁre?&Yangaat bf xarﬁc}' gfougm 500
to 25, 000 Bi'ddmoéttpzefemﬁlxlknmbmeg}ﬁuw ne) . In ot her 20 words, the present
|nvenr3 onis not limted to the specific evaporators menti oned but extends

to sim I ar evaporation apparatus capabl e of supplying a heat flux of from
500 to 25,000 BTWhhn fthe c(rQﬁ%YnthasérB%ﬁlanﬁ))rodebe ise Ve oeaxtion rprafyzdrait ais

shoul d al so gl 8 &L ab} o} ' rat to 150
Ub/hr/fio (S5ves 73% i, Bl T e 4 Bn9hnd BRGR M Bugh Y & %E(%ﬁggt 837

kg/ hr/ mR) . IBdrodyketane, aithe di(hydroearby!)tirhexide 5s enlrefarablwfas rdesentiedl amyppl Thel per
unit area of; t

Controlli ngé'?%%{%f%?go\?‘vorg eﬁgr rec?f"?GI 8@;%%%&1@; g@n%gé ?r érée att°H1es'

react 36n m Stitable éxantplies aIprﬂTY&rlesgl)'Qohe? @pmeqedwlhé 3fHLt1Mle|d92ﬂ d, 3-bhtane<dimler t he
resi dence t i {:Qn, - i,dence
e of ¢ hel vl L obpaeldn s PehiaReBbO AT o IERAAT e AR HETES

| ess than 30 m nutes or |ess than 20 m nutes, for 30 exanple less than 10
m nutes, or less than 5 m nutes. According to sone enbodi nents, the
residence tinme nay be less than 1 mnute. H gher flow rates (and thus | ower
residence tinmes) reduce the |l evel of carbohydrate degradation during the
distillation.



WO 2011/ 045565PCT/ GB2010/ 001903 15 enbodi nent, the apparatus is capable of
supplying a heat flux of from5000 to 12000 BTU hrft2 (15773 to 37855

WnR). | nwepriaissesed enbodi nment, the apparatus is a fi lpowigEee10m0893r at or .
5In the process according to the present invention, an added non-pol ar co-
sol vent capabl e of renoving water by co-distillation, such as described in
Sankey, U. S. Pat. No. 5,470,969; Wite, EP O 776 903; and Vernon, EP 0 475

619, the di @ﬁild?ﬁ:tul@ﬁopéanvﬁv sbymﬁ(armﬂcsm@@f&ﬁdy Ravisg floms foed E4rBeE StomisS NOt
ion. Consequently, in

necessary f icient re

e euer Lot Stils eYapIes R T ooyEPbsanegionand 1-CiarrBIanaieh ulh FAcse] &

gr eL er albl y tf(héﬁﬁvb&ﬂ?fw Y gvffadswu@ pr@tﬁﬁéﬂly ABt Mbresthgh f@rr&ﬁ]da?iﬁams @iktfrﬂ'fhb@rnt

uc solvents are | cCa ones n rea W e reacti on
vehicle or WH@%’&“FW@F%’&CM{W@@? ﬁlﬁylaﬁe B&%‘&F 209 PREBRYghendiee" or
the suer oseadjédfe@t c@ﬂb@d@@nﬁoﬁlh@r@lrs%om chrtiohﬁatérﬁaé‘ebbl@ﬂn @rhu@ér@ontdftﬁns to

or ganoti n- based tio om)ter %ﬁ 51 S croF at refb

e el " aREn GRS iy noles e Haroe Spiamias 15 GFRERBl: 2

gbout t 153Cdalﬁér&iglﬁﬁlﬁb| and ﬁrsierbtbl?nhellaga@gxw@bu;fenai;tﬁé Bing grbpmhemott ﬁmele t Pﬁt t
0O not renaer € sucrose 1 ns e. ch solvents are typl cal ose a
e So! bR T A o A Preadd alod i Bo rRBen ol i ISIRERETS i ng
azeotrope Whdriledpaes moﬁdl@hfe@@alﬁﬁerfy&t@@l drpdp Qﬁakﬂwm»noéyr@tjﬁiérle(bn adjacent

hydr o chl or i nat et ones es_of

b
O3B e irod et LT QR e 2R AR R0 SHe GHIBor IR DK
(2,2,4-tri nméthrmayt grw)) arty ﬂ'feeémhbygroaﬂcéie menden| SuitableSalkaridnsinés araot

present at in the_first or secpn action mxture r the first and
econd  oact PR izy PAsRe-1 Freo oo, SRR SR erassbst - Shide AElaaE b

non- pol ar cliydsedyketohes areshyidneny-2pheéry(aokitbhérioneaiird [BohyairoxyeR- Bmhn@m Iess
than 15 % (w w) of non-polar co-solvent, or less than 10 % (w w) of

non- pol ar co-solvent. In one further aspect 25 of the invention, the first
reactnén m xt ur einaséiné hemsedineats| elde tdrganctinxiaged, adylatiom corafbtr isegov,at of
wat er and a ast r n of the reaction vehicl f er abl i st
bosent a1 yianione LatRbka WekreausBne e, . Bk FydineRbigthdt ohralan

acyl ati on paiuaa:mdwm 1,amdbtra (mymmdarbyeastdnnnxaweoﬂuprb&aratay)Iafn blkg groap hoed i on
process of u in the roc f M cinski t

hop 1 oat | orPBETE & Polte A5 aBpsioarBanes e Rraphis il ot oo, Bisblr 2pabl o
of renpvi ngtetrabtyldistanposednes abd particilargnpriefeyed, Insraenvdriimmfttlhmacwmytgromp

vehi ¢ itsel art cul en t action.vehicle is

br 6doR nan: Totengh o ¥ b EporliE b A L | iBa. ST crer el ibenia
preferably susroseefiacatated ism deingg wegsared, sb3-danetox3apnl,ﬁ metﬂywm%'u)foxammvi ng

, h h h I f
Foact | on veliRROrE gReEle SERSRA I Frd Hietbiied. o, BF 10006 MBS B B o
of the gas arsfmukylgnouplsmre\ﬂ@o&ﬁéféfr@d&iﬁ%méW@lﬁbﬂ,@dﬂ%hﬁcﬁomud%tetﬁa

the o assestsoeBRea0ictats =iy 2% HEenBEwtdb P s HeRPrear o "cat ur at ed
hydr o@&r bons, aromati c hydrocarbons, chlorinated hydrocarbons ket ones,

esters, and ethepg nﬁpeegﬂgéhclﬁg\g%a%?g Rgﬁ?tgc;nzé@ﬁlto?e? IS u‘é@gf% ecié' ontainin

cyclohexane n- hep ane Bers
t ol uene, diw®ohglonsst bietin peEhl roole€we rte.oc & UammeXHMhb@Kerdbiy héxan2zp IBDIIayI

acetat e, andRION, AGELALE VST ORRT SUSALEPISHE A dobiguBl s YN,

n- hept ane, ene and "I Sooct'ane pentane) "are p rcularly
preferred. 10OInmolart @pm(ale)n;s ehe miist priefarably drD mglapeeliiealams pf acyatigotpsemoteder

reduc pre hﬂ} ng@QE

Pr ef et%gbl Y, a?srﬁ@glsr(sefssuFdesgl |§a;%r8£e%§a#’§?em%ﬁ?i%ﬁﬁg I(?aﬁ.'% or@érgo?mysag Reric
pressure, aacylatiostprgmette isadmpnphecigar spscies costainingnorzatom efGinnpeAgngladidet 2. 7
to 5.3 kPa) (e.g. a di(hydrocarbyltin 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



15The distillation in step (b) is preferably conducted at a reduced
tenperature, that is a tenperature |ess than the boiling point of the
reacti on wehocolmsss at nospheric pressure. Preferably, tireTiGBIDEV®IMBE does
not exceed about 100 Cin step (b), mare preferably does not exceed about
80 C, and nore preferably does not exceed about 70 C. In a preferred
enbodi nent, the tenperature is between bel ow 80C and about 20 0C.

Preferably the tignngrfaétustep i (Stept @P), (ab).rsde@ma@tmme&edmahgng sBBfose ARt
78C, about 75C, or apout 70C. |In other enbodinents, the te erature in step

(b) is bel JRABI9E VEhiClsCP HIFPSTRY Dyligsalying,sycrosera “Peeﬁaﬁ’é?%ﬁ YRS TR Egcliey) |

mai nt ai ned JRaickeR Hrefepatly 8%|aarya>r@bcwveﬂtctyﬁa@mwn dihemy fofhamid. adignt 5C
bet ween ab(r)ﬂjt 75C and about 10C, or between about 70C and about 150 duri ng

the renovi MFaHR9 AP e UsBShiRs fispolus dhey5HGOse hel NeaPE HRAtinthased dsvlation i s

from apout HEmBlet @ addettto ?n@ r@actlon mixturd. MTHenPinestes (9 dvatePREMBIEd fréri gherBan
t enperat ure, dlfferencehté en th %ferrperature of the heating surface

of the appdisi [RactgMy miKure Mp%'? [Btiee Wi thee 'eaclien | eRIGR eigeaR rPROBEIUS b) i s

| ess than SQipplyingrLhédtaiukof kms@@wz@@o&ewndﬁmsw WVaeéame)ysel&téd om
about 20 C.to abqut ature in st

e
Sontr o e Wiks fim Piaporaler: ap 0GrE Ty iR ¥apordler B Taling tiey svgposator.
conduct ed. Prishgfilabévapoisordingtthé lilkd. | Dis aistilftion rérigvesth€ aatkn of ffhciidn and

pressuyre be weern, about.. 65 (ab 8.7 kPa) and ahout 0.5

0 07 ¥oicpay i Ee e dREctist o B SHEEST bGoug 7 Ry SEB oINS, RESY about
2.0 kPa), affohsiguwerseabbicadibnvidré.about 5.3 kPa) and about 20 mmHg (about
2.7 kPa). WD 2011/ 045565PCT/ GB2010/ 001903 17 By use of the process
of the present invention, renoval of the water of reaction can be achieved
at a signifi canth'ahgypa;atwm@ra@tng@hédnacbt() ﬁff@%’h@ﬂe tc(sjres 000 8TUTHI? {16V B o .
t enper at ur ignifi t car bohydr at e.deco ition even wi t
xt brdod SSPRATERseiPted FORAbipef Mo GRamioatr b sauafee B Hhp s aee®.
efficigntl yanueg/ﬁlm ét/anicﬁdtbt:@ni;lﬁgﬁﬁh alvaparator ant Etﬁléi?kb"rlgaﬁéarmmn'ylvﬂﬁ& fike not
necessary. Renpv te reactiop can_al so be

W hour 2 ATEH o mseed By unoretohe HIEGL 1P G BPETe S PRATY

cl ear, ver yevaporgtdricapsisie Ioommly)dgl(at heat ¢lupaf fromvithtot 250aaBREMitPat 677 86
produced by

t.to.th || ed

inthe art, @hgwpﬁig%fefsﬁb?% EQY KAValen Aiﬁvﬁ?%ﬁg‘f”eﬁgg%%%geth?ﬁfsr 808 f nt g
the reacti mmpmymgw Bedtfluadé fromoS000to 25, GaD IBlTUJ/Orftzc(ﬂ 51 78868t haeuadr
rom o8t o RASTER | Ok r ey BOg R b5 T8 5y SHSdreRTs Pirfed B
di scgssegdadxterﬂs t?] bmifeo evaparatitneappaletu caysbie cr:]frsdpas'erg Ttb?étafum(cuﬁ frenoS@a e: |

e a Rzcyel ohexane, sol ut | nsequen
Sl a6 Ashdo BTORRE (1877 T TBRE NG e TR adE G a8l R Bt
15% w w, orpréfeseml;t barcap&bte wif vimaniliny aefbpexzﬁe ob frolne 10 masoaww&h(@l ®) 78 a
non- pol ar

begi- nning o "(132; ctriso\r/ne%t%ﬂq Igﬁ‘éﬂf %&q R?Pkéﬁ'? ea&h 8‘Hr éré 'ﬁe%%t&i% | ow
20 | ef®l s ca‘ma:mhopoiam’natwmmedrpat uit erebarf theeheating sarfaey of mereaqpmramd pen
B0 o R SRR oo Bl BER B g Rl =

Pr ef er abl y,mirtwreaohdthe |appat1atusomergweater the-flowl ratenthel lewertttie desidertck dinreasid tieon

M XCure dUTd g ER hPhiest N R SOTE FOPATIIE e o e AR thE ichfithe

or ganoti n- Baset rorm er s a n-so Sible
for the r eaatnpracahusrrusﬁdjnnestal (Wheapbgilessithan 80 nitetps Eb)essdhére 20 mmtuhtesffor m of

a slugkry. T actlo ] Xtur us s n

rocedly, TRTPRD e daf ol ninBE oF TR e T HANGE! Y ARali k5 S

pronot er i srebatiirhéntdrthe aesigencei timexiagde Ifess themathpliresteli blighgr flow retesc(end
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/hrft? (3155 to 47319 W/m?. In another preferred



30(DBTO) . Fil nwi ng rommval of the water of reaction during step (b),
in the next step (step (c)), the solution of the sucrose-tin adduct
produced wo 28t18R@5468) i S cool ed to near or bel ow room t erperGa2uromoasnd m xed
with a suitable esterifying agent, sush as a 35carboxylic acid anhydride,
to produce a third reaction m xture. Preferably, the third reaction m xture
I s mai ntai ned at about 10C or less for a period of tinme sufficient to WO

2011/ 04556?@%@%%@%3@ d%QS'IHC& Sbgﬂylﬁ@%m&?ﬂ@( 8cféih 506@% H8GEd i on

t akes place r at_lesg than - necessary mal | anmounts
of an apr otBEU/E'ESL é{ﬁ7\7§ﬁ? 378%% V‘é!&‘a)nﬁl"@ praferrpd eoedint She ﬁpagr aWd? géRane,

can be addeghdeydppeatstep (c) to keep the materials in solution. Any sol vent
added after step (b) and before and/or during step (c) should 5be dry so
that the carboxylic acid anhydride is not hydrolyzed to its corresponding

carboxylic acid. In the proce-EQE‘a&@FJ?@(Yd itite @Fésémannmfdnd%nl wdy&ﬁ&{-aaby cadded
in an anount of fromO. ar equl val ents nol e of sucrose

starting naiOB’PPfa‘I:é)PabWée’ﬁP‘éﬂ*@WQEﬂFPYfCPtﬁ'ﬁ“Rf'% %ht"l‘f* @SSBbQﬂ)'Pé“fanéﬁhM% ents,

still nore nibrtem@r@bwgéq YWhie, Ept@ﬁs 303 PVerfEhi MROATES1920HE d@désures
preferably 1.15 nmolar equivalents. Too nuch carboxylic_acid anhydride

produces e ¥dushare inrorparated heprin by felptenss e nPiorecspsasy, far sffisient removal of

formation ahe Qidtst 6 @actidnl e@bﬂééqueem)c .)\ thér QQrrbatt *h{/éhti@ar h@xwabﬁoramaq be
anhydride produces unreacted sucro Rtoﬁcess can be used to

prepar@ a \eafiesh Qutyriths bt is neefgradly @rged BH“O‘V‘F@EH quQP 8USth NBRPPLY £O-

carboxyl i ¢ fieflt. agliosdIty §re&¥@bél@h‘ln%s 1R dooR Fatl ce with e rEaEtIOvehidle BE Used
to prepare sucrose-6-acetate he use of acetic anhydride; sucrose-6-

benzoate, HPMPRECHIS ethérfeobeﬁ'?fo?rsaﬁ?fﬁy?ﬁﬁeeea"y@.!% ﬁ%meteéc%l"%ﬁ sucrgse:t fhat use

of acrylic p?@d@@ha/%hd@, wﬁuﬂ{eose%c@om%maérmbad@andw Hab&d lééﬁatﬂfn pfammryl ic
anhydri de; sucrose-6- E nate b the se of EI oni ¢ an

sucr ose- 6- [ANdyhg SHCrose: tﬂ"ﬁ reijeg vip deé‘ﬁ'l‘?ﬂ)d?m gratyse c‘,""th'“yt(?’e range of af ¢ er

suffi gsent fignirabait 7€ eoRO6E! 1H3eCn§r®feer5I h&qurr 000TC{ tha co- cﬁdtbeﬂlﬁlWater
25tenperature, the mxture is quench r. The cou
bg c@ﬁ.o

reaction canddBatidn Nabirngepine susrosg) eatsae évprqajjm 3L that Sre
chr omat ogr aphyiscible with waldi@ng rf@ranebbrﬁstémmdwpagmbramnmumrmb%rzemsomm abl e

for recycle af ter separation of rose-6-ester rocess
recovery amfifle- §8€ ofSt ﬁ@t”&tﬁﬁng‘ﬁrﬁcﬂ SRd 3960’8%%?1 a'f‘ﬁdb\‘?f'%bt?%ﬁot E'PIO”réate‘f

di scl osed i dh&émsbkét&%spah@@théis O84afmplbs dfb&ctdbd@ém!lfc&xd@fcyf&lbhéfhnbs

I ncorpgorate erein be reference e 0 | ation

o B8 %! v aime. loigha, Sndicpbetane o g R EID PRABRE b (TB T e A RaAE, ¢

i sdpr e]f er aldoysoleneysre edt ﬁrfe%@rlit Abkh t]gmé)flrsaradsé@rta eghctién mmd:deslaasmu@tlrsoéndvat Ielr

an I f necessa t. of a non aprqic solvent ically

" hydr ocar RROR, Haclet TRyes RIS SribTaatR B Shoe (EABE SiMRo B

after step dobjent, Téss theaQbi BwW )X tafihen-polar co-solvent, less than 15 % (w/w) of non-
polar co-solvent, or less than 10 % (w/w) of non-polar co-solvent. In one further aspect

25 of the invention, the first reaction mixture and the second reaction mixture, formed after

removal of water and at least a portion of the reaction vehicle, preferably consist
essentially of the sucrose, polar aprotic solvent, the organotin-based acylation

promoter, and/or their reaction products.

30 In the distillation process of step (b), unlike in the process of Micinski, PCT
Patent Application Publication no. W02008/084197, a gas or solvent vapour capable of

removing water is preferably not emploved, other than the reaction vehicle itself, in
particular when the reaction vehicle is, or is predominantly, polar aprotic solvent. Thus,
the mixture in step (b) is preferably not contacted with a gas or solvent vapour capable
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



partitions between water and the non-polar aprotic solvent, creating an
upper (i.e., less WD 2011/ 045565PCT/ GB2010/ 001903 19 dense) phase

conpri si yokpBrdsmsyl oxy- 1, 1, 3, 3-tetra- (hydrocar byl ) di sremapean@oasnd t he
non- pol ar aprotic solvent, and a lowex (i.e., nore dense) phase conprising
t he 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

| ower phaSGprSQ@s’éaﬁMan|bFe nifro§dte aigdir, R RSliuAN Al i cartAl dieiide. Bkemmesnopol ar
aprotic solvent extra;:ts are combi ned and concentr at eg@a referably under

reduced prd88ufi@ssesngl (SoEDk Y2RPYH UsRd ANk e dEPcess eof gffe saturated

1, 3-di acyl onpirdeatbops Sarbfiatieh b@ér@@ﬁd bzwohﬁlatsaawar@w@enm@tcbesfém@raeénd
purified by conventiopal tec ues. 10The | ower |ayer contains

sucr ose- 6- e3berE, c%qelﬁ@ﬁiy?’f"é“pé%? f(hRaBolVERt VaRaw qa'sy Cyqiehexangt NdisPisne.

car boxgl i ¢ jgédctarrni2)xXd-trifetisentas) OschzBhe! SolaBive, syl BHHEAL chvt¥Rml egitbdror med
by hydrolysis of excess anh%drl de with thtﬁwadded wat er), unreact e&gsucrose,

a smal | amdfkechigrids: herans ethyaceiate. ad m Q%@t%oﬁéi"m&ﬁﬁb&‘? gresye

Preferably, artdhey&@fé&awl hthepting, itslué xRS i§dortankhe 3 altithb®Ppeitane) are

sucr ose- 6-ester Qc%l ar aprotic solvent 15 prior to further processing of
the sucrose®@! ga[rlgrp_ewﬁ%q] the acid is relatively volatile such as acetic
acid, it can be renoved, for exanple, by fractional di sti | I ati on under

reduc pressure, to renove water, any remainin non rotic sol vent
nd cdboxy Tt dbicte bhtee GistiBiphls Sfestiiy caniutboriniah esteedBiss e,

after thg db,S4 iprésaliteOl@ss meéxo ;n@sb%ericf pt’ebﬁjréeﬂ?ébﬁera”bg/ ﬂhdfpwseu&f)latfﬁinﬁllor& L he
sucr ose- 6- est t rt her processed in t a vent, such as
ThORR di et (Bt e S ethtaeuE piseseernd Mosbreliany IR HESse it o
sol vent mayfrdre0 td40 kel cibbecd.? Yo 58.kPapr exanpl e, the chlorination process
di scl osed in Wal kup, U. S. Patent 4,980,463, the disclosure of which is

i ncorporated herein by reference. Optionally, sucrose-6-ester can be

recovesed by cormendiswRgbn met@ﬁotbmspmbb@&oﬁuwécabi hzretiiced t‘efr@maursol vent
25such as rTEt hanol and.us e rin
e
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as N, N-di or ma t sse ar at us
suppl yi ng aédraéaq %Img@%’ef P{)‘%"@g& ﬂ"(? tf?p@ “'ETEJ/SL % 'Fl'g%'?tafngd%é‘%gg% nR)
sel ect ed f rabout8oiQant ébdumoeaamwaemabolarvaaglanatamdut $1Q) betiewneabmpo?st®r, a
falli film L he |ik | (10
mmy | nl udena RN IR B ot BRBP AR BPGUTe S AR e U e el et (1)
pr onmoR&r, sMest pasferbbf; dieaerepemmre in steB (154 feom aboutyd0diCstoaoak@e.( DSDA) i's
al so added. A vacuumis maintained by a vacuum punp (12). The vapors

of the polar aprotic solvent and water are condensed by a condenser (14).
In a preferred embodiment, the mean temperature difference (AT) between the

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
30 preferably is from about 20 °C to about 30 °C.

The temperature in step (b) can be controlled by controlling the pressure at
which the distillation is conducted. Preferably the distillation 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 mmHg (about 2.7 kPa).



10 The pressure in vessel (10) is selected so that the tenperature
of the reaction m xture does not exceed the desired tenperature, for
exanpl e aboub113A&seer below. As will be apparent to thosecsigB20mdhoian3t he
art, the tenperature of the reaction 1 xture can be adjusted to
tenperatures | ess than 80C 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 stream fromthe bottom of vessel (10) is

taken into a reactor V\f/ngre it is cooled and él at ed 8 Erew ou

oscri bod. The oY BobIIaR eRsersal PR AR MAEg P 1020 JaE PBIeTS) rSasgon
conve?l ePttm&h ; taF]chféfWédgkﬁﬁ@rmc&ﬁly%\ﬁ?ﬂtémbéﬁaltﬁt@tmfﬁge\fldlﬁ’s%metho?s (Tjhé lowe

i nportan a e feed to the acyl ation reac n _be extrene

ot 1 ed - arl SRS RPSRR GTTCABD 3% CPPOELT de( AR e Mo e i or
to acybati Ofeacticf tirB& MAbRevet, smulse&hélgéa@u@ﬁ pareédasficionty, evam abeedubsdr t ed
bet ween the 25vessel %&q@nd the acylation reactor t reg‘c)vg any snmall
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of SuT:r ose6.6a&$dnebart QilsoU BE 2dd26@pfisHedlt @Ithai Tah @EBYE ongotdr 0&Lsdivedtt eThé O
sucr al ose- 6-es

e droxyl s at the ‘. _and 6' positions, of
sucr ose- 6- e@?%’b”%lpép 8%%?&1"% focled Py éigaf%ge@% pf‘?‘ijé’&stgmé)afﬁﬁjemt%éhe
confi gur at | gatkeéttmatBial praiused by Bthes piodesyesed. Conversion of the hydroxyls in
the 4, 1", and 6' positions of the ester to chloro groups with inversion of
t he st18reochem' cal configuration at the 4 position is disclosed in Wl kup,
U.S. Pat. No. 4, /Qﬁﬂnllﬁlﬁ&apﬂarient td fhos8=Ried ifrte ag0Me/ Oraandiveballed ayEtib y,

U S. Pat. Pub. 2007/ 00 3 di scl osures i.ch are all

oo por at obloieftican e et o Rogr 3R Thyis: Brettiian ot 8 shtsn 2 4e

Thi s chl ori srghhetim- bHs@d%&ﬂaﬁmﬂprrorr&)@ér i Rendrapdiavaprgticséaemt, sich asadrieosf the xt ur e
-ester a terti a

d t | t
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r out e sucrose-6;ester. e ratio
el ght of_« BRI eI GateRuRl A A e R S DR R IRy
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t, suc S oro ride d s ..

Pangent) " BR RN GReY p1oF Sl R P Ravah Sl B et D e St
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forma
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t o about 11aid.water removal. This small amount of non-polar co-solvent is then removed at the
beginning of the distillation. Preferably, no additional non-polar co-solvent is added to
the reaction mixture during step (b).

25 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 particular when the organotin-
based acylation promoter is a di(hydrocarbyl)tin 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



Subsequently, the hydroxyl groups of the sucrose-6-ester at the 2, 3, 4,
1', 3, 15 4", and 6' positions are converted to O-al kyl form m ni um

gr oups. 'Nuezl)ﬁwsiﬁ'sng reaction mxture is heated at a teoparBRLLNVD1IME
tenperatures and for a period of tinesor tines sufficient to produce a
product containing a derivative of sucral ose-6-ester in which the remaining
hydr oxyl groups renmain as O-al kyl form m ni um groups. For exanple, Wl kup,
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or that camecanVes thdt ke Ruboryit! adid QHAYdrE i8 riod HyBoRzEd a6 tir cdrkspihdmd
groups. Sone chl Ol’lqﬁ?tlon agents that can be reacted with a tertiary am de

to forma cHRPY m niumsalt include, for exanple, phosgene, phosphorus
oxychl ori de, phosphorus pentachl oride, thionyl chloride, sulfuryl chl ori de,
oxal yl chl ori de, trichlo onet hy or of ar di.phosgene" 30

bi s(trichl oronet §arg%y ﬁ%lf’@“%‘y‘g;dedﬁé?é‘?j@r y)ad(dgﬁ t°f from 0.8 to

sul fonyl chl psim&ar I@mvala{ty femk 6ﬂ1§§cré‘s’ﬂlstbﬂ|ny&ﬁ§keh§l§2| MR, prfecerralﬁ?(

N BT by 1o R b tear i bler i SHP R PrE B e Loy Shmel? el a?Qd

am de, it cad mloSOpkferdblgd. 6 nidier EQavdléns STdov Aflich c@ebmluc/eaHSamlndw used
at up to abouqt] 80 vol %.or nore, of _the Ilgﬁ;xglpgha%? of 35t actjon

medi um  Us 1BFUGES- 6PN SMguts b et PUCHPER '§I I AW hnd

whi ch providiestendf tigsteal e®9l VaRL ROSardoRylnabitieartyaride peodueas t unregsedre
essentially WD 2011/ 045565PCT/ GB2010/ 001903 22 honogeneous at the

nmonochl or i T&F%A- st age, for exanple tol uene, o-xylene, 1,1, 2-

trichheroet hane, 1, 2-di et hoxyet hane, and diethyl ene glycol dinethyl ether.
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t he reacti giopibodte ebyanhe @ise aof p@PROILS aslofddtie 0Bu@bsead-batykate] bpethal use of

hydr oxi de, sggch.as aﬁu o_:?i sodi um hydr oxi de, that contains about 5 wt%to
about 35 tha}éaQ%?w [@e fbut 8 W% to about 20 wt% and pr ef erabl y about

10 wt % to about 12 wt % can be used. 15As descri bed beI ow quenchi ng can be
carried out by |t| of alkali _to the reaction m tream

process, Cé?rgdt"m o%teg Stemlpﬁraétgg hn%ae{sgr ° 50 ‘{"én%gr A ul?%nt
cont rQBI ed tdmperaj;.nradtﬂuetmmtmr@is tinenchakd alith. wa@uen‘éﬂm ooUrses of thel eattion car bé ed

0C to abour Ot 5 By BRaby i bResilbueniefiahl i CTEa to'rise above.

about 10.5 20during the course of the quenchlng reaction. In the

aqueous. o kal1 wiTnogRtiiEked achefdlraii it aete Ry B rR b iuct i on
mat eri al i ndfdhe sngass-baatev.e dsgiocesBhfer thel recoveny and re-ase 0f the argartatindased
agueoys al kg'éyiatigﬁ epromoter is disclosed in Vernon, U.S. Patent 5,034,551, the disclosure of
which is incorporated herein be reference. When the organotin-based acylation
promoter is a 1 3-diacyloxy-1,1,3 3-tetra-(hvdrocarbvl)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



25 simul taneously added slowy until the desired quantity of chlorination
reaction m xture has been added. Further aqueous alkali is added until the
desi red pkoizsivasswied. Then the tenperature and pH are reTdBRIEDIAB t he
desired |l evels for the renmainder of tte reaction. This process can be a
batch or continuous process. 30ln the circul ated process, quenching is
carried out by circulating the chlorination reaction mxture froma vesse

through a cdénes) hase dopirisinghi GLdidbylox@n, 1,888tk (hydiochibyBdistafindaHe Oad

al kali are added sl ow lnta(g this circul abl on | oop. Sﬂp}ql cl ent agueous
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unreact ed tretdveréd 13misgloxarch, S 3ltétea-(HydRitany@istafn®@he &ah befutther Prifidwe
predom nant, 5sol vent f's wat er . Conversion of Sucral ose-6-Ester to Sucrel ose

The resul t i EIRVERUPPE  tPHBI®ES| y conprises both sucral ose and

sucr al ose-6-ester. 10 The m xture of sucral ose and sucral ose-6-ester can

be conyerted to sucral ose, anqg the resulti sucral.ose purified and
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5, 498, 7009, U.S. .Pat. Pub. .2004/0030124: Lij U. S. Pat. Pub.
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Ratnam U. S. Pat. Pub. 2007/0270583 Al: the disclosures o ich are all
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reaction mxture.to 0 at, a _tenperature_ a [ i.me sufficien 0

erect remsApogic BrB o RGP Rejeh AR Saient G2 e andsd ahyif o st e

renoved by, distilatiex ssspedallysif éeenresuiting phistyre Ebhtla'fmingsmepsqca)seeﬁ-esﬂle?is tobhe can
resul.

be carfied first. SQucralose 25 is recovered,frqm th [ Ngm Xture
by baflh.  cOROTmBSTEsseg, Mol Tatm SOV ER e dor Mol BRI Re PERTIFe LS

m xt ure W tduceosecs-gstai ¢ sasiduahtpplas laphotizs salverit | roao thetnh B@ aysed directhf @, nfor

2- but anone, _cycl ohexanone, . et hyl acetate, or m Xt uge ere e .or ganic
extract carPBURECEF AN BaId Pipesy Bshioses 1L i la anS® EalF dlbmn el o

sucr al ose cdiyddsalres of evhjpheis iipgdrpdretes uareih dsereféfarcer e Oplionally, succose-Gester
crystal s can b 0 furthe rJfi recr | i I r for

exanpl e, wa L g%lrégc&v ﬁrl;?ld tglcgé?rglg 8#‘”’&? g reolrzﬁglt"?\g/eﬁ@'? %% h&éfsg{ajlh%ggé ﬂ%gqnabstcablvpeﬂlt'i fied
by ch26nmat oguch@synetPand! Byd nspdsindheattdsinaltipn arocess.t i al non-crystal li zati on
purification procedure, such as solvent extraction or chromatography,

followed by three or nore sequential crystallization steps from for
exanpl e, wat er ofFheslybsea@-estat ean brdobtangd Wish dlight sadectivithend cag ber inrféghwi ni ng

from each 3ﬁ8|8y5t\ﬁrkér4 3 's%@roﬁ{a-%Pefs*té? KNEud 665 ALeBROUAE" sEiSEIP! b Bt gON Of
purificatioh Sstep IS also Suitable:
monoacetate over other acetylated products can be very high, with normalized assays
30 of 6-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



WO 2011/ 045565PCT/ GB2010/ 001903 24 Al ternatively, conversion of

sucral ose-6-ester to sucral ose can be carried in nethanol containing sodium
met hoxi dewoAotwasssest eri fication reaction occurs that formes28uenadeese and
the nethyl ester of the acid, for exawple nethyl acetate when the

5sucral ose-6-ester is sucral ose-6-acetate. The nethyl ester of the acid can
be renoved by distillation. I NDUSTRI AL APPLI CABI LI TY 10The process of the
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f oam conpost tPorElg gtanppxane (DeDApiyalsgddeg. 090, 401), dental fl oss
(Cchs, U S. Pat. No. 6,080,481), rapidly disintegrating pharnmaceuti cal
dosage forns (Gowan, Jr., U S.. Pat. No. 5, 876,75 ver age copcentrates
for medicinal pdtpaeed (%H%?W?a'ﬂfgbylﬁdf’?c%m PUZR é}%7%g2\®o,%rsaafﬁﬁ~8ugolar
phar maceut igpadticsaRRaNsrdonsgtef itatcdndérsed by @ coRaénseNpl4)5, 658, 919; Gowan, Jr.
U.S. Pat. Nos. 5,621,005 and 5, 374, 659; and Blase, U S. Pat. Nos. 5,409, 907
and 5?0272, 137), fruit spreads (Antenucci, U S. Pat. No. 5,397,588; and
Sharp, 5,270, 07 Ihe prespursl incusze €Nt Opiseseleatqaiosd thabthe téMperture @if thelkeSctidrat .

No. 5,384,311), and stabilized sorbi,c acid, solutions rcj U.S. Pat.
No. o 354’ Sushie 356 ReSirerd fin SRt ieBRean e B sRampS ERELENE e R e
accov\rrﬁ! [ ﬁheact WY R apareit Yo Gose tshidauirdthet % ttiee tepseratpreodfanelreadtionwixture t he
art ich are

wel |, known to those skill ed,_i he art, such as. for exanple,
t he prot ocdP8 %?@P$88 te 6erpﬂerﬁ)éjqu<sefe,ss g 8@;’3’1 E)y Rﬁ)ﬁ'%,%‘gg,pﬁﬁureaﬁhv@? ﬁl |,
U S Bat. Noo). HefiTal bé. addedhe trdverstla@opbis supptyiey héatso af heating jacketgn6) on
can be observEg b%/ Lﬁf ﬁrence to the follow ng exanples, which illustrate
but do not WP ¥e¥fE(i%vention. WD 2011/ 045565PCT/ GB2010/ 001903 25
Exanpl es d ossary 5DVFN, N-di et hyl formam de

DSDAL, 3-di acetoxy-1,1, 3, 3-tetrabutyl distan an di.st annoxane di acet ate);
( C4H9) 2Sn( 0AC) - OAY §ﬁ%ﬁhcﬁ‘(’?:&§‘ié’fg°'éx%(n‘bﬁség’188§ Is Fakgn into a reactor wﬁiere ﬁs
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-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' 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 A1, the disclosures
of which are all incorporated herein by reference.



10 This exanple illustrates an enbodi nent of the present invention
in which a Wped FilmEvaporator (WEE) is used in step (b). The equi pnent
used for wbi2s11emsswpl e was a gl ass Pope Evaporator with a&c2rGeRbiomoimwogc. 5
cnm) diameter inner tube 8 inches (c. 40 cm in length. The total avail able
heat transfer surface for this laboratory unit is 0.34 square feet (c.
0.032 nR). The |l aboratory evaporator used in this exanple was constructed
of glass, which [imts the nmaxi mum attai nable heat flux. 20The paraneters
used for this eé%&r%pclz were as fol

lows: 1. Dilute f§ed V\'%th 77.020, of .
sucrose, 902.48 atigh, §ropgas §9PITeSHBRAOIBWINGSIERS g frfeﬁ(ft@"(rﬂ'%tuf%@ket of
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reacti on tenperature of, - . ow rate of 21.2 mn .Q% o
Lot on! eycBraftet Siniarkaber 265ut T e xPRRe| Berropdss: TS et ester
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ter shqrt peri of stabilization, various fractions, we aken. .and
foerviG: oo M aBRiye ool exSnRR, by Fi i3k ion Sl umasatd B AP ER hanaeR
2011/ 04556 5REitalB2h&0Mmat 9G8o 26F the (chloromethylene)dimethylammonium salt to the

sucrose-6-ester is about 7:1 to about 11:1.

Subsequently, the hydroxyl groups of the sucrose-6-ester at the 2, 3, 4, 1', 3,

15 4', and 6’ positions are converted to O-alkylformiminium groups. The resulting reaction

mixture is heated at a temperature or temperatures and for a period of time or times

sufficient to produce a product containing a derivative of sucralose-6-ester in which the

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

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

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 hydroxyl groups of a sucrose-6-ester to chloro groups. Some chiorination agents

that can be reacted with a tertiary amide to form a chloroformiminium salt include, for
example, phosgene, phosphorus oxychloride, phosphorus pentachloride, thionyl
chloride, suifuryl chloride, 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,N-diethyl formamide. When N,N-
dimethyl formamide is used as the tertiary amide, it can also be used as the reaction
solvent. Co-solvents can be used at up to about 80 vol% or more of the liquid phase of

35 the reaction medium. Useful co-solvents are those which are both chemically inert and
which provide sufficient soivent power to enable the reaction to become essentially



results for this run after acetylation are contained in the table bel ow
The time colum in the table represents the nunber of mnutes the solution
was hel d wo 2bhe4ssset yl ati on reactor after addi ng aceti cpamgBiniodei19oSanpl e
Time (mn) S6A S2A Total other chlorinated sucroses Unreacted sucrose Tot al
A 30 83.84 3.26 5.19 7.72 100.00 B 60

homogeneous at the monochlorination stage, for example toluene, o-xylene, 1,1,2-
trichloroethane, 1,2-diethoxyethane, and diethylene glycol dimethyl ether.

Quenching of the reaction mixture restores the hydroxyl groups at the 2, 3, 3,
5 and 4' positions and forms the sucralose-6-ester. The reaction mixture can be
quenched by the addition of about 0.5 to about 2.0 molar equivalents, typically about
1.0 to about 1.5 molar equivalents, of alkali relative to the amount of chlorination agent
used in the reaction. An aqueous solution of an alkali metal hydroxide, such as sodium
or potassium hydroxide; an aqueous slurry of an alkaline earth metal hydroxide, such
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.

15 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 to 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 aqueous alkali are
25 simultaneously added slowly until the desired quantity of chlorination reaction mixture
has been added. Further aqueous alkali is added until the desired pH is reached.
Then the temperature and pH are maintained at the desired levels for the remainder of
the reaction. This process can be a batch or continuous process.

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 aqueous 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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Following quenching, the reaction mixture can be neutralized by the addition of
aqueous acid, for example aqueous hydrochloric acid. The resulting mixture comprises
sucralose 6-ester, other carbohydrate including chlorinated carbohydrate impurities,
unreacted tertiary amide, and salts in an aqueous solvent in which the predominant

5 solvent is water.

Conversion of Sucralose-6-Ester to Sucralose

The resulting mixture typically comprises both sucralose and sucralose-6-ester.
10 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 sucralose-6-ester, isolating sucralose, and/or purifying sucralose are
disclosed, for example, in Catani, U.S. Pat. Nos. 5,977,349, 6,943,248, 6,998,480, and
7,049,435; Vernon, U.S. Pat. No. 6,890,581; El Kabbani, U.S. Pat. Nos. 6,809,198, and
15 6,646,121; Navia, U.S. Pat. Nos. 5,298,611 and 5,498,709, and U.S. Pat. Pub.
2004/0030124; Liesen, U.S. Pat. Pub. 2006/0188629 A1; Fry, US. Pat. Pub.
2006/0276639 A1; El Kabbani, U.S. Pat. Pub. 2007/0015916 A1; Deshpande, U.S. Pat.
Pub. 2007/0160732 A1; and Ratnam, U.S. Pat. Pub. 2007/0270583 A1; the disclosures
of which are all incorporated herein by reference.
20
For example, (a) sucralose-6-ester can be hydrolyzed to sucralose by raising
the pH of the reaction mixture to about 1111 at a temperature and for a time sufficient
to effect removal of the protecting group, and (b) the tertiary amide is removed by, for
example, steam stripping. Either step (a) or step (b) can be carried out first. Sucralose
25 is recovered from the resulting mixture by batch, continuous, or continuous counter-
current extraction of the mixture with an organic solvent, such as dichloromethane,
chloroform, 2-butanone, cyclohexanone, ethyl acetate, or a mixture thereof. The
organic extract can be decolorized with carbon, concentrated, and seeded with
sucralose crystals to precipitate sucralose. The resulting 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, followed by three or more sequential crystallization steps from, for
example, water or ethyl acetate, and recycle of the mother liquor remaining from each
35 crystallization step to the feed of another crystallization or purification step is also
suitable.
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reactor af tc(:aorres &dbn'g Lfa§eF'-;‘a'tCN<"Ji n@%% 46‘5) pharmachmaI 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. 6,211,246), stable foam
compositions (Gowan, Jr., U.S. Pat. No. 6,090,401), dental floss (Ochs, U.S. Pat. No.

6,080,481), rapidly disintegrating pharmaceutical dosage forms (Gowan, Jr., U.S. Pat.

No. 5,876,759), beverage concentrates for medicinal purposes (Shah, U.S. Pat. No.

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 5,374,659; and Blase, U.S. Pat. Nos.
5,409,907 and 5,272,137), fruit spreads (Antenucci, U.S. Pat. No. 5,397,588; and
Sharp, 5,270,071), liquid concentrate compositions (Antenucci, U.S. Pat. No.
5,384,311), and stabilized sorbic acid solutions (Merciadez, U.S. Pat. No. 5,354,902).

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.



Time (mn) S6A S2A Total other chlorinated sucroses Unreacted Sucrose Tot al
A 30 84.72 3.08 5.26 6.95 100.00 B 60 86.60 3.15
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Examples
Glossary
5 DMF N,N-dimethy| formamide
DSDA 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane (distannoxane diacetate);

(CaHg)2Sn(OAC)-O-Sn(OAC)(CHo)

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 (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 77.02g of sucrose, 902.48g 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)

25

Residence time of approx. 44 sec as measured by “wave front”

N o o s

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

of ~1100+ BTU/hrft?.

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.

Time Total other Unreacted
Sample . S6A | S2A ) Total
(min) chlorinated sucroses sucrose
A 30 |83.84| 3.26 5.19 7.72 100.00
B 60 | 86.10 | 3.35 6.45 410 100.00
C 150 | 86.61 | 3.39 8.55 1.44 100.00
D 195 | 86.22 | 3.39 9.36 1.04 100.00

S6A = sucrose-6-acetate; S2A = sucrose-2-acetate

Example 2

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]

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.

The parameters used for this example were as follows:

1. Dilute feed with 77.13 g of sucrose, 900.25g 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.

4, Feed flow rate of 21.2 g/min (15.0% of full scale)

5. Residence time of less than 45 sec

6. Healing was adjusted o sirip 62-68% of the feed, which equates to a neat fiux

of ~1250+ BTU/hrft2.
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Exanple 3 15 Exanple 1 was repeated but heating was adjusted to
strip 35%ofotinasiebF, whi ch equates to a heat flux of appres2080@19031000
BTU hr/ft2 (3155 WnR). The results for this run after acetylation are
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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
Sample Time ssa | s2a Total other chlorinated Unreacted 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 86.48 | 3.18 8.59 1.76 100.00
D 120 | 85.86 | 3.19 9.82 1.14 100.00
E 180 | 84.57 | 3.18 11.63 0.62 100.00
S6A = sucrose-6-acetate; S2A = sucrose-2-acetate
Example 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/hr/ft? (3155 W/m?). 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

20 reactor after adding acetic anhydride.



WO 2011/ 045565PCT/ GB2010/ 001903 29 CLAIMS: 1. A process conprising, in
order, the steps of: (a) providing a first reaction m xture conprising
sucr ose, wonrenals®y vehicl e, and an 5organoti n-based acylatgmiopnomst er ;
(b) renoving water fromthe first reastion mxture to afford a second
reaction m xture that is substantially free fromwater; and (o0)adding a
carboxylic acid anhydride to the second reaction mxture to afford a third
reaction m xture, thereby producing a sucrose-6-ester; 10in which: ..during
step (b), the renpving of water includes distillation of water with the
reaction veh' le usjng apparatus supplying a heat flux of from500 to
25, 000 BTU 15Time § 78865 W ¥

evapor at or, '35'% t{arfifl | { hP6A f|i $2A e-va%%flgﬁgilrﬁ‘%rmfg i Rgreacted gy ggjator, a
rising film vapor tor apd thg like. 15 ?“W?éei)r oces$ Shcrobai T 4nher ei n

the reaction vehiclle 355 Aghg ary, ?00 otTcsotvent—3—F process$ of cljaim 2,
wherein the rotit solvent is N, N-df¥et hyl fofmarfis8e. 2QG0040 [The
process of any Bf dl ans| 8280 343%ere| N a,yan- polarito=sotveft—-s—Hot
added duri ng‘“srg:p* by —5—3 ess_of anv precedi ng %Pai n] 1M80gin the
t enper at ur e |does ndt 18k cle894 435 14.55

D 240 | 78.35 | 4.32 17.33

0.17 100.00

0.00 100.00

S6A = Sucrose-6-acetate; S2A = sucrose-2-acetate



25about 100C in step (b). 6. The process of claim5, wherein the
tenperature does not exceed about 80 Cin step (b). 307.The process of
claim 6, wbeoainsicse tenperature does not exceed about POTGB201030eP3(b) .

8. The process of claim®6, wherein thestenperature in step (b) is from about
50 Cto about 75 C. WD 2011/ 045565PCT/ GB2010/ 001903 30 9. The process of
any precedi I§1_i min which the first reaction mxture and/or the second
reaction m gg&f'@ tonsi st essentially of sucrose, polar aprotic solvent, the
organoti n-based acyl ati on pronoter, and/or their reaction products. 510. The
process of any p'g\ecedi n% claimin whi ch, during step (c), the tenperature

i s mai ntai ndd at\PHECSS CPRRUSIRG in grdes the,steBs Ok i ne sufficient to produce the
sucr ose- 6- @t er provikihg alfitet RaOFGHixRke BitpRIR RRHAE, & &lcibn WRLE! dhd'

or ganoti n- based acyl ati on 10r£rormt er is a
1, 3-d %’acyl%’ﬁ??oti’ asgd gCylatiorhpiomptiTocar byl ) di st annoxane.  12. The process

of claim 11(b) V\/ﬂelfeﬂ‘ldmﬁghﬁat@f ﬁ@fﬁ@ﬁé f?sﬂ@ﬁ@%n@ﬁni&'u?é focél?foﬂf 8 g@éo%rdor@ctl%n

di acet oxy-1, t et r abut g?i i stannoxane. 15 he process any of clains

1 to 10, wh@P@i‘ ﬁ%?arﬁés%‘fbé yrfranfeqrn watsy) and on pr onoter is a
1- (acyl 0XY)(C$ h}@Hdmg’a éarlaoﬁyh%‘akﬁitérﬁwéﬂfﬁédtb?%é%ha ?éa%i»@ﬁ'ﬁm%%qo af‘f?

process of wherei'n the organotin-based acyl ation pronote
acet oxy- 3- h@lﬁ&(ﬁ@?t"i“ ixurg, Ehsferbam%cmgsq sHefsRghester;
10 in which:

~ during step (b), the removing of water includes distillation of water with the

|s 1-

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, a rising film evaporator and the like.

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-dimethyl
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 about 100 °C in step (b).

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

30 7. The process of claim 6, wherein the temperature does not exceed about 70 °C
in step (b).

8. The process of claim 6, wherein the temperature in step (b) is from about 50 °C
to about 75 °C.
35



20 15. The process of any preceding claim wherein the carboxylic acid
anhydride is acetic anhydride and the sucrose-6-ester is sucrose-6-acetate.
16. The pwoees4sdssany of clains 1 to 14, wherein the cachamszhiomoamsd
anhydri de is 25benzoi c anhydri de and I3he sucrose-6-ester is

sucrose- 6-benzoate. 17. The process of any preceding claim wherein the
appar at us sgppligs a heat flux of from 1000 to 20000 BTU hrft2 (3155 to
63092 W np) P 3018NGREPSESS QL 8Y precepinprplam, invwhishethe firplereaptiniy mixtire amdfori es a
heat flux othef §628n®084LtibA riRARD cEdidt liskériali Bf Z@crb&,%ﬁaﬁ%gﬁffcrgncih{eyéghg he

i
process of an receding claim wherein the apparatus 1s
evapor at or . °r%§t§b'i¥/e§ ¥gtipnometer andiertbeisreactiommodaate process of any

preceding claim wherein the apparatus is an agitated thin film evaporator

or a wiped fjl mfvagor ator. 21. The process of any preceding claim
wherei R t he'di st 11§ BOF83S of 8Ny GrRASEINGFaimde Whishediiing $ten () She tempepatureThie

process of glamtainetilat 1O/ 6} sk H6r BTRFSH I the SdrRMQot ”Epk'%(c 6L 0 9.3
kPa) . 1023.TQe process of any prece%iﬁng claim %re?nﬁ? eef owurétsési n the

distillati of*'f's from10 to 150 Ib/hr/ft2 (49 to 732 kg/hr/nR). 24. The
process of claim 23, wherein the flowrate in the distillation is from 50

to 110 Ib/hr/ft2_(244 to 537 kg/ hr/nR). 15 _
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 claim 11, wherein the organotin-based acylation promoter is 1,3-
diacetoxy-1,1,3,3-tetrabutyldistannoxane.

15 13.  The process of any of claims 1 to 10, wherein the organotin-based acylation
promoter is a 1-(acyloxy)-3-hydroxy-1,1,3,3-tetra~(hydrocarbyl)distannoxane.

14. The process of claim 13, wherein the organotin-based acylation promoter is 1-
acetoxy-3-hydroxy-1,1,3,3-tetrabutyldistannoxane.

20
15. The process of any preceding claim, wherein the carboxylic acid anhydride is
acetic anhydride and the sucrose-6-ester is sucrose-6-acetate.
16. The process of any of claims 1 to 14, wherein the carboxylic acid anhydride is
25 benzoic anhydride and the sucrose-6-ester is sucrose-6-benzoate.
17. 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?).
30 18. The process of claim 17, wherein the apparatus supplies a heat flux of from

5000 to 12000 BTU/hrft? (15773 to 37855 W/m?).

19. The process of any preceding claim, wherein the apparatus is a film-type
evaporator.
35



25. The process of any preceding claimadditionally conprising, after
(c), the additional step or steps of converting the sucrose-6-ester to
sucr al 0Sewo0 2011/045565 PCT/GB2010/001903

10

15

31

20. The process of any preceding claim, wherein the apparatus is an agitated thin
film evaporator or a wiped film evaporator.

21. The process of any preceding claim, wherein the distillation is conducted under
reduced pressure.

22. The process of claim 21, wherein the pressure is from 20 to 40 mmHg (2.7 to
5.3 kPa).

23. The process of any preceding claim, wherein the flow rate in the distiliation is
from 10 to 150 Ib/hr/ft? (49 to 732 kg/hr/m?).

24. The process of claim 23, wherein the flow rate in the distillation is from 50 to
110 Ib/hr/ft? (244 to 537 kg/hr/m?).

25. The process of any preceding claim additionally comprising, after step (c), the
additional step or steps of converting the sucrose-6-ester to sucralose.

step



