WO 2010/109189PCT/GB2010/000549 1 Chlorination of sucrose-6-esters 5The present invention
relates to an improved method for the production of sucralose. In particular, the present invention
relates to a WetHY&/18918fe chlorination of a sucrose6-acylate. Sucrose-6-aR(di& B2 e/ I9f5dPtant
intermediate in the production of sucralose. OHHO 10SUCRALOSE Methods for producing
sucralose intermediates and sucralose from a feed stream comprising a sucrose-6-acylate in a
reaction vehicle are known. For example, EP 0409549 discloses a process for the chlorination of a
sucrose-6-acylate in a tertiary 15amide reaction vehicle to produce a sucralose-6-acylate, such as
sucralose-6-acetate. A large excess of an acid chloride, such as phosgene, is used as the chlorination
agent in this process. Following the chlorination reaction, the excess chlorinating agent is quenched
using a suitable base, thereby forming the chlorlde salt of the base The resulting product stream thus
comprises a sucralose-6-acylate, the t€hianna 56 g, water, and salts. A known
method for obtaining sucralose from a product stream comprlsmg a sucralose-6-acylate, a tertiary
amide reaction vehicle, water, and salts, without isolation of the sucralose-6-acylate intermediate, is
disclosedin EPGRIBIAT, 'W%‘B?Bd@@%?:@ﬁtb?g@é’%‘eaﬁ}%ﬂ)w ohgheredurspis el 6Ustslase before or
after removal pf faeticeiaarsharprdsereactattive hititesitaldhestitedl édichetiheisaiivalote sibesemoval of
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amide, occursSugspdose.

10 SUCRALOSE

Methods for producing sucralose intermediates and sucralose from a feed stream
comprising a sucrose-6-acylate in a reaction vehicle are known. For example, EP
0409549 discloses a process for the chlorination of a sucrose-6-acylate in a tertiary
15  amide reaction vehicle to produce a sucralose-6-acylate, such as sucralose-6-acetate.

A large excess of an acid chloride, such as phosgene, is used as the chlorination agent
in this process. Following the chlorination reaction, the excess chlorinating agent is
guenched using a suitable base, thereby forming the chloride salt of the base. The
resulting product stream thus comprises a sucralose-6-acylate, the tertiary amide

20 reaction vehicle, water, and salts.

A known method for obtaining sucralose from a product stream comprising a
sucralose-6-acylate, a tertiary amide reaction vehicle, water, and salts, without isolation
of the sucralose-6-acylate intermediate, is disclosed in EP 0708110. The process

25  comprises deacylation of the sucralose-6-acylate before or after removal of the tertiary
amide reaction vehicle, and then isolation of the sucralose. The removal of the tertiary

amide (which is usually dimethylformamide [DMF]) is carried out by steam stripping.

According to EP 0708110, it is preferred to perform the deacylation after the removal of
30 the reaction vehicle, because otherwise, during the deacylation step, base-catalysed



hinders the subsequent isolation of the sucralose, and also means that the tertiary amide cannot be
efficiently recovered and recycled. Thus, the tertiary amide reaction vehicle is removed from an
aqueous soN oW W K\E$8lose-6-acylate, and deacylation of 5the sucralose®-E&yBafd 19¢3Med out
thereafter. A process for the recovery of the tertiary amide prior to deacylation is disclosed in US
5,530,106. This process involves steam stripping. 10T£1e steam stripping according to these prior art
methods is very energy intensive. The disadvantages 0f the known steam stripping process for
removal of thederatipesitisini cittzeaatistos yetiale\WOH 684300 7 arwde, 2068/8908”4. These

references propase samAUAIAILARSlaRRESIHE GRSl ShiPsRBASIRARIRMOIBHRXigle a solid

15residue, and to then obtain sucralose from the solid residue. Accordin?ﬁto_ this prior art, the removal
of the liquids pREYSRERPRAKEE BitlciEnilingcaverer ARG aavIfth JRS: RFFPIHR L ABIRS FERTHAN the
present inventeshiblave devised formaorayedqueoselstidardhsupraldsetacyfatecaalbdea@Paiine present

invention §eek§1éosggpéf§£% %_%g@qg%méa:gag,t%m%@sence of a tertiary amide such as DMF
fici S [

which is more energy efficient whilst minimising any potential negative impact upon yield. 25The
present invention now provides a method for the chlorination of a sucrose-6- acylate to produce a
4,1',6'-trichlor;adolode s ifte ey -GrinRinsolies e fiag\daiiaproeio sieiskpheibn ik asolotsdsn US

reacting the s e-6-acylate with nati 1.8 reaction vehicle comprising a tertiary
amide in ordetgfzé%&ﬂoér?sgrg?#%yé%ef%aﬁrﬂ%q%%és?%ﬁgg})%ﬂen%Osucrose-6-acy|ate; and (ii)quenching the
product stream of 0) to produce a 4,1',6'-trichloro-4,1',6'- trideoxy-galactosucrose-6-acylate; wherein

before saigl queRshieanPsRsEPG abtordtagtiarhaseigeds samtRedsWEQery energy intensive.
2010/109189PCT/GB2010/000549 3 A 4,1',6'-trichloro-4,1',6'-trideoxy-galactosucrose-6-acylate can

also be referred to as a sucralose-6-acylate, so that _
4,1',6'-trichloroFagldisatudetsgeg akibe sneros sternreirppioa pracesbdorarinetefdbe reaction

sucralose-6-aGgigtfe BRIRIRIBERIGIIRDIC0LIESHEREIAAAID2D 0810008 2R, faHBEeharbrelige portion
of the chlorination reaction vehicle qum risfjng a terthagf miqﬂl such as DMQ ma}/) be. remov?g directly
from the reactighigPose removal of all liquids after’ quenc the chlorination reaction to provide a soli

15 residue, and to then obtain sucralose from the solid residue. According to this prior art,

the removal of the liquids preferably takes place using an agitated thin film dryer.

With the above in mind, the present inventors have devised an improved process for
the production of sucralose.

20
The present invention seeks to provide a chlorination process in the presence of a
tertiary amide such as DMF which is more energy efficient whilst minimising any

potential negative impact upon yield.

25  The present invention now provides a method for the chlorination of a sucrose-6-
acylate to produce a 4,1',6"-trichloro-4,1’,6'-trideoxy-galactosucrose-6-acylate wherein
said method comprises:

0] reacting the sucrose-6-acylate with a chlorinating agent in a reaction
vehicle comprising a tertiary amide in order to chlorinate the 4, 1' and 6' positions of the

30 sucrose-6-acylate; and

(i) guenching the product stream of (i) to produce a 4,1',6'-trichloro-4,1’,6'-
trideoxy-galactosucrose-6-acylate;
wherein before said quenching, a portion of the tertiary amide is removed.



mixture by distillation before quenching. The resulting distillate is typically made up primarily of the
reaction vehicle comprising the tertiary amide along with some acid (typically FICI, in particular when
phosgene oWAMIRIYEHyent is used as the 10chlorinating agent). Since tHRCATGRAYIBHharily the
reaction vehicle comprising the tertiary amide, it becomes possible to purify the reaction vehicle
comprising the tertiary amide in a much more energy gfficient way (little to no water separation, so that
steam stripping is unnecessary). If the concentrated résidue is eventually quenched with caustic
solution as ushat, the'rrishiquishit|§-thdeexy-itlectesymicscitroayiale tan vkl sf refeved dorihation

product and hengelsodhe sueralgshafularge nerrsplace Alihe sepdinacrshicieseaspsiiing the

tertiary amide can be removed prior to adding water in the gquench step, and, if distillation is employed,
the energy reG@ReISH RACTIBTRILIPAMS URERIRSRP FroRies oD RImBlogies AR Aifrf PoHe reaction

vehicle comprising the tertiary amide is dramatically reduced. Furthermore, the stripped tertiary amide

20reqires only ypl0RE LRI (L XAMPLLIISMANSCHLAEIRE e8RS process of the

present invention also “advantage of decreasing exposure of the tertiary amide to basic
conditions, thiS@RIsiRg adssianLAmdasyRhPEAME) MR BeRRIPONRICIFFEY ERmiRatiBR8Rnch, and
also in the subspgUeyHsmdasoBsiaR, dudhdaagyHiwreiuking ididtiatdrligsicaimavadetithe remaining
tertiary amide._In additiqn, since the material is. dry.(i, tial [ time of the
removal of the" {('eﬂ?aﬁ? é*r%?&é?@é%’#‘d?’r?gﬁ 't%etﬁg%’r?é%wlé%etgf% jwéeﬁ %r s%nrﬁglﬁv\%zénﬁt 0?16? e%%pé%tgtr%@ is required
to remove the (piicaly it infrenichiarumoere RERSECER OF NGRIA FriRagRNt ThEsSHipp dttertiary amide

reaction MehickisrRting dg)) diseptablaistalisyis priveaney 80erehestimestisclgheompngag testiary
amide can be treﬁi: cled fo fuﬁ?her use with 27? f#thherri r?ﬁtrpearé .IOIR \% ﬁ:rleeml?ﬁ)dr%rsri]r?nﬁét e%%trr)i,pped
tertiary amide S érlye%f@l’ S | ﬁS?'B%c%%sssi' g(,a FeXe p?e 0 remove amzfqbe?ore pecycmg.
Preferably, theteidéaity amigh ivosnenesaytsfitisilavan(litleterad yaitisapasalion) @edreBsisasdnducted

under reduced,pigsiayre. yricabYdFAMkHerEdARARRIA (Bsldt i@ BveinayRREherateiMpy from 10 torr
to 100 torr (1.3 to 13.3kPa), most preferably from 35 toréﬁ\r%/é% ﬁ&%O/lOQlSQPCT/GB 010/080 49 4 to
r

65 torr (4.7 to FPYRESSOHIEN AtUrY A RS S ERETIRYnd E93LVETRAH IR VEIT § a step
in the syhfhesthetslotradtise frodusiamdderceratsmtng sy dtaioas.ba tageclmidentagesédhas solvent in

the chlornallof st L dh: G \IAEAGIR REgLR SRidsTOm IR RdP R (s P cally
carried out at an internal temperature 6f from 40 C to 150 C, more typically from 50 C to 90 C. The
removal of the“t‘érﬂﬂﬁ'/mh step, and, if distillation is employed, the energy required in the downstream

distillation processes to remove the remainder of the reaction vehicle comprising the
tertiary amide is dramatically reduced. Furthermore, the stripped tertiary amide

20  requires only minor processing, for example to remove acid, before recycling.

The process of the present invention also has the advantage of decreasing exposure of
the tertiary amide to basic conditions, thus reducing losses of the tertiary amide due to
hydrolysis in the chlorination quench, and also in the subsequent deacylation step, if

25  deacylation is carried out before removal of the remaining tertiary amide. In addition,
since the material is dry (i.e. essentially no water content) at the time of the removal of
the tertiary amide according to the method of the present invention, less energy is
required to remove the tertiary amide from the unquenched chlorination mixture. The
stripped tertiary amide reaction vehicle is dry and of an acceptable quality. In some

30 embodiments, the stripped tertiary amide can be recycled for further use with no further
treatment. In other embodiments, the stripped tertiary amide only requires minor

processing, for example to remove acid, before recycling.

Preferably, the tertiary amide is removed by distillation. Preferably also, this distillation
35 is conducted under reduced pressure, typically from 1 torr to 200 torr (0.13 to 26.7kPa),
more preferably from 10 torr to 100 torr (1.3 to 13.3kPa), most preferably from 35 torr



amide can be carried out in a batch or continuous manner. In a batch manner, the removal of the
tertiary amide is typically carried out over a time period of from 1 hour to 24 hours. The temperature,
pressure, aNdQitEYi#ed are interrelated, and optimum 10conditions carPbd/EB8RHNEH DY the
person skilled in the art according to the operating requirements of the process and the equipment
used. In general, the removal of the tertiary amide is czftrried out as rapidly as possible. If longer time
periods are used for the removal of the tertiary amide, then it is preferred to use lower temperatures, in
order to minintis65: tut ¢4 ycia B 7iEg)adatioter sy amidenso hstiiedingyaraiceyeladio kecyskstig®r further
use In the meliadk A1iPEleRRAHL WRAUIDEF & RICLABRF IR Fapexiffbieafisremoved

tertiary amide can be treate ase, and filtered if necessary, to remove hydrogen chloride
before being reasysied i braedRE 8l W%ﬁ@@ﬁ'l?ﬁ'&’bé%ﬁi‘@% BreILIPARICHIRGHRNR-

20metals, such as sodium hydroxide, potassium hydroxide, calcium hydroxide, sodium carbonate,
potassium carbeniale, Snfl GAICYM cabonale TSN SARAISA Be LSRR ABE SARCS "
anhydrous base or an aqueous so hidds or suspension of the base. The amount of tertiary amide
removed is tySical¢ s d680 Bomprs tyrisgiy Sramed 95 brériBBt Sire B BVl Gfdhs &6y from
10% to 50% byngiokdrPbéeaniedett rieBEIcH &b coktintious perirsrbly iaaaObedmBnthdy weight of
the product stream of (i), and most preferahly from 30% to 45% by weight of the u r of (i).
Preferably als&ETHY %Eré%)m?t%ﬁ%% W‘é%'?g pr'ecf%@v%a § sagi%%ﬁv#g%éﬁwn%oﬁr?&rglftt@ttg%ﬁrgnnixture
contains from B4hteiS0%% s teraishetofehpressias anddemsidrers iftaticlass: @B oPHPYRIght of

the tertiafly amidgqmiie dis R dabefrane 4 BYanke BeRhY KRN, ahdhattasianiingnisithebisnariey
preferably from 50% to 70%_ by weight of th / amide, and most prefe abI,y from 5 O/P,. éo 60% by

!
weight of the (¥4I BRNET ﬁ&fﬁ%ﬁﬁr?ﬁi@%&%ﬁ%ﬁp (‘J‘%%‘EJSE%& CRRL MR SCIELAh

ow)’Is" employed, the
amount of terttarjisaynitieide incaaitd quisderaipidiyashpbssibie i sntdeyttoe cenvdscarsoasistigre

contains from gR%.in 3506 IYelaBh LB RN RTHHE IR 20401 AR BIRSSTARRADHD/000549 5 It

)

is preferred that the residue stays warm (typically from 40 C to 150 C, more typically from 40 C to 125
C and most typlesiyaRinise iy aksseraddittentrated, because if the concentrated residue is
allowed t@ cool, it can become too viscous to handle easily. 5 Following chlorination and removal of a

portion of the tertiary ami i hi I Rrasentd L r m is
guenched, fortgggar}né;)n%vv%/%ﬁéﬁ %gys%ﬁ?é%pég\lﬁ(?g ggség%to%?e-&ac Ia%g ﬁ%l%)hﬂleegﬁ?ﬁ sgﬁsgﬁﬁg%%se. 10

A number of différerfypthasisabgusealesedmmiraieoen ciireouiede hed Hao¥et i TBRRMIAS fude
alkali metal or pikplise @it aNeiak hacliaxisies Phasesvanr furdovsidgdigaikaiiorietabéfpdsoxides,

sodium and pqtassium hydroxide are particularly suitahle. As I i@g S%Larﬁw ];FH Q grlo ide

calcium hydro%%l'g%r%%'r Eal;%yﬁs%'t%gﬁes.efhaéemxgglt# %)fle8 erret %%sr% or quenc ang%s so%qmé%ydroxide,

due 20 metals, such as sodium hydroxide, potassium hydroxide, calcium hydroxide, sodium
carbonate, potassium carbonate, and calcium carbonate. Ammonia can also be used.

The base can be an anhydrous base or an aqueous solution or suspension of the base.

The amount of tertiary amide removed is typically from 5% to 80% by weight of the

25  product stream of (i), more preferably from 10% to 50% by weight of the product
stream of (i), still more preferably from 20% to 50% by weight of the product stream of
(i), and most preferably from 30% to 45% by weight of the product stream of (i).
Preferably also, the amount of tertiary amide removed is such that the resulting
concentrated mixture contains from 5% to 90% by weight of the tertiary amide,

30  preferably from 10% to 85% by weight of the tertiary amide, more preferably from 40%
to 80% by weight of the tertiary amide, still more preferably from 50% to 70% by weight
of the tertiary amide, and most preferably from 50% to 60% by weight of the tertiary
amide. In particular, if no co-solvent (discussed further below) is employed, the
amount of tertiary amide removed is preferably such that the resulting concentrated

35  mixture contains from 25% to 85% by weight of the tertiary amide.



15to its ready availability and low cost. Other bases known to the skilled person may also be used for
guenching. The quench is preferably performed with an aqueous solution of the base. The aqueous
solution maVEoHHIA ®d¥h about Swt% to about 50wt%, typically from abouP&MHOBII1ANE0R440 wt% of
the base. Within these ranges, the solution of the base can be either "concentrated” or "dilute”. If the
solution of the base 20is concentrated, then precipitation of salts is envisaged, and in this case
suitable concentrations are from 13 to 50wt%, preferably from 25 to 45wt%, more preferably about
35wt%. If the #dbupictenfeith éhbbte ireslitluie staecipitani Gy mé bl tsam et EhiasHrfe s amdr that case

suitable concg yé VREHEAHOE & (235 BARMRRTERIKN) Rhad 2 saneraeigiably from 10 to

11wt%. 25 Du uenchlng the of the process 'stream should preferably be controlled, since
it is generally 5?@1‘?9{'?36 ﬁ%@&éﬁﬁ%‘f&ﬁ‘ﬁmgétﬁﬂﬁﬁﬁ'@é% I3 ARRGIERIAL THANEEES AR pH
control is readifgctlidyablgdikyeeriirolling the addition rate of the aqueous solution of the base while
monitoring the p1-1 within the process stream. Any 30method of pH-controlled addition known to the
skilled pefson may be used. Suitably, the pH of the stream is maintained in the range of from about 7.5

to about 10.5 Haliewingechiosnatinnanfsrmars) Honparion:® hedutiznamide FRarigtRgfy from
about 9.5 to aB@&r@%dﬂ%%@ﬁﬁfﬂW&ﬁmm mw&mw@@utuwferﬂmmrfaﬂwaﬁthe pithnaay be

maintained at a Iow r level, for exa then raised to the preferred
pH when all oib Sh ?3 er‘h\"d %cha %bfa ?)éé%%'l% &11 @%%?#}8%2%%%/000549 6 deacylation is to
be carried out as a separate step, though, a pH of more than about 10 should generally be avoided
during qtf@“h@ﬁﬁﬂéﬁ&%%f@%m%%yﬂb%@ﬁgéa intREARIiCAYRID FosRirRdneaa8s I pH, the

reaction mixture should be a at mlxedt the ng h|n rocedure 5 The temperature
of the stream GHAR Hl?e'ﬂ&lﬂaﬁw ALY BE%\% n‘??\'ﬁég'er%f ke ré%xge 5t foPn SV ¢ to about 80
C, for exampléwyiroaeantealitdlionetsd Gytr@ddes, \sibiamaangepotdssinabyatoxtie ateabout 35C being

preferred. 10@5%&%@&&.@@&6@9'&&9{&%&%% thetaf Hpd SRR ERI Y ms;&mswhlch is
described in US 5,530,106 and 5,498,709. In the dual stream process, the auenﬁ)fggd(@ étlons are

attained by sIRAHARIOH RIS s MOBE GRS ARAR AR SO EING 5RO, Hal into a

reaction15 to its ready availability and low cost. Other bases known to the skilled person may also

be used for quenching. The quench is preferably performed with an aqueous solution
of the base. The aqueous solution may contain from about 5wt% to about 50wt%,
typically from about 8wt% to about 40 wt% of the base. Within these ranges, the
solution of the base can be either “concentrated” or “dilute”. If the solution of the base

20 is concentrated, then precipitation of salts is envisaged, and in this case suitable
concentrations are from 13 to 50wt%, preferably from 25 to 45wt%, more preferably
about 35wt%. If the solution of the base is dilute, precipitation of salts is not envisaged,
and in that case suitable concentrations are from 5 to 15wi%, preferably from 8 to
13wt%, more preferably from 10 to 11wt%.

25
During the quenching, the pH of the process stream should preferably be controlled,
since it is generally preferred that deacylation should be minimised while quenching
takes place. This pH control is readily achievable by controlling the addition rate of the
aqueous solution of the base while monitoring the pH within the process stream. Any

30  method of pH-controlled addition known to the skilled person may be used.

Suitably, the pH of the stream is maintained in the range of from about 7.5 to about
10.5 during the quenching, preferably from about 8.5 to about 10.5, more preferably
from about 9.5 to about 10, more preferably from about 9.5 to about 9.75. Optionally,

35  the pH may be maintained at a lower level, for example about 4.5, during the addition,
and then raised to the preferred pH when all of the base has been added. If



15vessel. The reaction vessel can contain an initial charge of an aqueous solution of the tertiary amide
such as DMF. Slow addition of aqueous base and feed material allows both the pH and the
temperaturéX@ Bel¢ddt8%ed during addition. The feed material and aqueouBIFASB24E/edRaneously
added slowly until the desired quantity of feed material has been added. Further agueous base is
added until the desired pH is 20 reached. Then the te%nperature and pH are maintained at the desired
levels for the remainder of the reaction. Preferably, the pH should not be permitted to rise above about
10.5 during thdezoyistioniishe beeaotedgputastmseRuaiaciang thewohlte phbiehpiecthaméydiitby a

circulated progg R SHB i WE U ASEAGRRS o EHEBCHING CRRdlions Ara gl el cleulating

feed mixture from a vessel through a circulation loo Feed mixture and aqgueous base are added
slowly into thl§@%ﬁ%ﬁl%‘6ﬁiﬁ'§P8W‘”§88|95H%ft'&?][%ﬁfﬁ'§’bﬁgét‘é{ﬁo?@é@rﬂ%@%ﬂ%ﬁb&ﬂ%ﬁ the pH
and the tempeatratutshtofiaequsatiedgdrdsgdaddition. Sufficient aqueous base is added until the
desired pH is reached. Then the temperature and pH are maintained 30 at the desired levels for the
remainder of the reaction. This process may be run in a batch or continuous mode. Preferably, the pH

should not be PegremegrRuisobeRITaBBLEYHNS Auen resl itpReJuaRtanRy i84B8on.
Following quemﬂye@fmﬁrr%wy@rowtur@ommsbemefutr@tm@lbylﬁmawgerqufcaﬁauw@usemd, for

example aqu drochloric.acid. The
2010/109189P%J’Il?' 36?'6980‘83 enfq lt[;% |S§lafae gg%,%%t,%ﬁﬁgg% if desired, or

deacylation can be carried out without isolation of the sucralose-6-acylate. As used herein, the term

"reaction yehiglgs FiRARH t%ﬁélﬂéﬁ%i?g Eslvierdd bywhichathe Sebdarigadacnrenstio isvarHasmed. The
|

term is meant o in le may g%ly dissolve all the components of the reaction and
product mixtu Olb%%i]gg éﬁeﬁé % ‘b'a%[&f

o?fﬁ t employed, a number of types of reaction
vehicles may be used, and any reaction vehicle can be used that is stable under the chlorination

conditions anq i di?ﬁ%lffsérﬂﬂ@é&%w%@awﬁ%ﬁngeaﬂmtanéa%pm%%sb@tmraaa&fémne extent.
(0]

The reaction vehicle according a tertiary amide. The tertiary amide

the present invention
reaction vehiclB§LBYERS RSP NE ?H@F&ﬁ&%ﬂf\ﬂ&@ﬁp&i’ﬂg E%ﬁmﬂ | R RiEFRGHRR e, for
examplelPMFyésedaitaThanzsuiidravestetingrnticenttil ananitial idwrge viaayehscavs sofision efiibat 12:1.

LoThe reactiop yehirle v agiLo B, SIBR/RRRBR of AR5 GOmRY SRtPrddcRdiEna A tertary
amide. Suitable co-5olven

ts are selected from the group consisting of 1,2- dichloroethane,
1,2-diethoxyeth@ihdheoniibard 12 riMeSRKRdALe SR ed QHQB'FQfBHWt'%hT&%Fﬁ@ﬂ'\@ﬁEe@Ad mixtures

thereof. and aqueous base are simultaneously added slowly until the desired quantity of feed
material has been added. Further aqueous base is added until the desired pH is
20 reached. Then the temperature and pH are maintained at the desired levels for the
remainder of the reaction. Preferably, the pH should not be permitted to rise above

about 10.5 during the course of the quenching reaction.

Quenching may alternatively be carried out by a circulated process. In the circulated

25  process, the guenching conditions are attained by circulating feed mixture from a
vessel through a circulation loop. Feed mixture and aqueous base are added slowly
into this circulation loop. Slow addition of aqueous base and feed material allows both
the pH and the temperature to be controlled during addition. Sufficient aqueous base
is added until the desired pH is reached. Then the temperature and pH are maintained

30 atthe desired levels for the remainder of the reaction. This process may be runin a
batch or continuous mode. Preferably, the pH should not be permitted to rise above
about 10.5 during the course of the quenching reaction.

Following quenching, the reaction mixture may be neutralised by the addition of
35 aqueous acid, for example aqueous hydrochloric acid. The sucralose-6-acylate can



20The sucrose-6-acylate can be any acylate that serves to protect the 6-hydroxy group during the
chlorination reaction. It is preferably an aliphatic or carbocyclic aromatic acylate, more preferably a
benzoate oVHRSHEI WA most preferably an acetate. The chlorination reR&iBERItHEREH 0od of the
present invention can be carried out by a 25number of methods, such as those disclosed in EP
0043649, EP 0409549, US 2006/0205936, and US 2097/0100139. A number of chlorinating agents
may be used in the present invention in order to chlorinate the 4, 1' and 6' positions of the
sucrose-6-acytBgn i jisalsted arapvedinnal yaeanto ddssiemsticer fispeyiatignman bermsivisd)wft

phosgene, ArngisutaselaibnIpmhkrRRMRIBsiripaethylene)dimethyliminium chloride or as
(chloromethylene)dimethylammonium chloride), phosphorous oxychloride, phosphorous pentachloride,

thionyl chloride, oxalyl chloride, methanesulfonyl chloride, sulfuryl chloride, diphosgene
(trichloromethfichisdeneintdhatairtriphostipmesBibisftashicitvncitier} casotveatdh @iivhrtsaitable

chlorinating aggiskdtRN RN %W&%M{Sh?@r%%/i&ﬁ#éf’rﬁ’&m@oeiﬁgFc%@qrﬁéﬂﬁﬁg\%ﬂfél%rh%@y also be

used. PreferabI% fh@%lorinatln% agent is phosgene or Arnold's reagent. The chlorinating agent is

preferably add®d TH'¥LYGiAl 1O RAPROIRALE G thedanction AAdPRAHGh raRdiB Ty ARGk cess. At
least three motar tbgwivakinrdtingf aiotisatployadeanarstamqiitgskper reattioh sehiciee asaaydate in order

to chlorinate thed 1 Rrhg BESIANLANE o2 £XCRSS AR S0 CHIRAIAHAL R AL AURouNt above

three molar equivalents per mole. In a preferred embodiment, the chlorinating agent is added in an

amount of at IE980ENS FRYIRAt RO e D eleRiBkPRigials FPagR S arPRREOd ety SHciempt the molar
ratio of thé chlssinatingeateThéaéaetrumovalicie-Geacidiig i Meqibdehitthadetisnldompfisasnaber of

reaction condijigng.ga b used la ashjyedas chlRrinalRRSRRIGIOR BRRreTR! fpgcgyion. Walkup.
U.S. Pat. No. 4,98(5}94%%, the disclosur c:(ﬁ\l/v ic |% on Icle 15 preterably ‘R’I 'e%ﬁe ratloeby

weight of the tertiary amide reaction vehicle, for example DMF, to total carbohydrate

during the chlorination reaction may be about 5:1 to about 12:1.

15 The reaction vehicle may additionally comprise one or more co-solvents, in addition to
the tertiary amide. Suitable co-solvents are selected from the group consisting of 1,2-
dichloroethane, 1,2-diethoxyethane, toluene, o-xylene, m-xylene, p-xylene, chloroform,
dichloromethane, and mixtures thereof.

20  The sucrose-6-acylate can be any acylate that serves to protect the 6-hydroxy group
during the chlorination reaction. It is preferably an aliphatic or carbocyclic aromatic

acylate, more preferably a benzoate or acetate, and most preferably an acetate.

The chlorination reaction in the method of the present invention can be carried out by a
25  number of methods, such as those disclosed in EP 0043649, EP 0409549, US
2006/0205936, and US 2007/0100139.

A number of chlorinating agents may be used in the present invention in order to
chlorinate the 4, 1' and 6' positions of the sucrose-6-acylate. Suitable examples

30 include those selected from the group consisting of phosgene, Arnold’s reagent (also
known as (chloromethylene)dimethyliminium chloride or as
(chloromethylene)dimethylammonium chloride), phosphorous oxychloride,
phosphorous pentachloride, thionyl chloride, oxalyl chloride, methanesulfonyl chloride,
sulfuryl chloride, diphosgene (trichloromethyl chloroformate) and triphosgene

35  (bis(trichloromethyl) carbonate). Other suitable chlorinating agents known to the skilled



15 incorporated herein by reference, for example, discloses a two stage process in which chlorination
is carried out at two different temperatures, a temperature not higher than about 85C and a
temperaturéd? 31&3818hout 100C but not higher than about 130C to effecPEAVGARAIRILORH), U.S.
2007/0100139, the disclosure of which is incorporated herein by reference, discloses a process in
which the reaction mixture is heated 20between 75C {p 100C to effect chlorination. In general, the
reaction temperature for the chlorination reaction according to the present invention is typically from 85
C to 130 'C. 2pdisen eastiaRdibeussdh @ @ieeabiytithe sbtwinatigd ageatjsaseridane vidurgigends on the
temperature erg% d, with lower temperatures requiring longer reaction times. The skilled person
can easily determine the optimum reaction time for a given reaction temperature by monitoring the
reaction. If the reaction time is too short, insufficient conversion to the

4,1',6'-trichlorqrifb LiffioriHemey diipiet praferapR- gyl acercsss sith 38¢be setadtiersticnesis- oo long,
over-chlogination will occur, resulting in increased leyvels -chlori -pr : resent
invention alsoaé:%{\é\{r?dg r'EcO)H gf?n%ert%%& %f%';%% S’c‘?r?é‘ %u%‘}jl gsgg tﬁi}/é ge%%ﬁg%ﬁ%%z%? faj&pt%?t}g-%\q\g#ihe
4,1',6'-trichloregent ererlegoikecupssslokef sssresaiatylatednnds i dlRinriedhs e i@t fation can
be performed hafatnortAlierdh e xes8e wah SlinY\WPcRRHALLPYLS ARE AGaBROINNE Bardd thifter remaining
tertiary amide regction vehicle, put is preferably performed before the remaval of th ning tertiary
amide reactioﬁ%ﬁ&?&?srﬂ%r Héoe%yllﬁigl‘? rgi%rrgg z'ﬂiﬁ%dnﬂaﬁ?, ’f(?;r}ee%g%b %,'r&%ﬁg%ﬁjgt%%%enéai‘sﬁ osed in
US 5689058 1aincanpof atdddst eeivemmtslanemsiydigntspes mele offes psiesaSraeiaigeylating

Sucralosmﬁ-a?gm%ﬁ i fAbISOIaHn BraRe R DM EYINPodFRaOBR Sleralissineatimidsab60849,
US6943248, US 6998480, US 7049435, US 6809198, US 6646121, US 5298611, US 5498709,

US2006/0188639°389801276639, US2007/0015916, US2007/0160732, and US2007/0270583, the
disclosures of which 10are all incorporated herein by reference. The deacylation can be carried out by

treatment with %e'agg%er/?weaﬂﬂeh'éonaﬁ%ﬁ%é#%é_lﬁsgd WY PRI AR AR as ARG

mentioned as% or quenching. For convenience, it is preferred to use the ?ame base for

deacylation ariBeqrIeseRtiayantisns YatkimeaHySn ek Mod 1P8L¢ SadiR PRAEWHEL U Base in both
cases. In prdeantepiiestdereyintiyrefcie mes dssaraipla)sisthespslaftb stsgeamcsgsidaivhiora level
above that at which the quenchi i iy i f tertiary
amide reactio%gﬂ?atéo |flaw%aatleeg?:?/ £%‘r%1\?|]§ 8&%&% ggd%%éﬁgfhgﬁgfﬁgﬁﬁﬁ @g rﬁ‘nﬁa‘uarﬂf%;%?tiary

amide reactioRei 8RS wmrdfstesypariahie praldpashpbarid VG rridut BighenihaabditePeonditions.
Therefore, theiglegeyiatipsrisaisaierapuperoyoresh b eaplied Hieslodlrtoot Subichisringaierately from 10

to 12, and t preferably f 10.5to 11.2. at a ter ff ; ferably f
1010/0C, and RN RSB olcaen s PRI e e T gy emaeiereoy fom

20 between 75°C to 100°C to effect chlorination.

In general, the reaction temperature for the chlorination reaction according to the

present invention is typically from 85 °C to 130 °C.

25  The reaction time for the chlorination according to the present invention depends on
the temperature employed, with lower temperatures requiring longer reaction times.
The skilled person can easily determine the optimum reaction time for a given reaction
temperature by monitoring the reaction. If the reaction time is too short, insufficient
conversion to the 4,1',6’-trichloro-4,1’,6'-trideoxy-galactosucrose-6-acylate occurs. |f

30 the reaction time is too long, over-chlorination will occur, resulting in increased levels of

tetra-chlorinated by-products.

The present invention also extends to a method of producing sucralose by deacylating
at least a portion of the 4,1’,6'-trichloro-4,1’,6'-trideoxy-galactosucrose-6-acylate to
35 form the sucralose. The deacylation can be performed before or after the removal of



25the lower temperature and vice versa. If the deacylation is carried out after the removal of remaining
tertiary amide reaction vehicle, then the deacylation conditions are less critical, although the above
described c®HIRMIAL©ABIstill be used. In general, the deacylation may be cB&TeB3A1 W of 30from
8 to 14 and a temperature of from 0 to 60 C, preferably at a pH of from 10 to 12 and a temperature of
from O to 40 C. The deacylation reaction can be convepiently monitored by HPLC. For optimum yields,
it is important to monitor the progress of the deacylation reaction, and neutralise the 35reaction
mixture when the remeiivngdertianp Ridd reagliont ehicie dutids prifenably heuloredbpieredn® from 6 to

8.5, preferably gppiR¥iBrate!YefantiRdRAS J A R fHVaNi2010/109189PCT/GB2010/000549
10 conveniently be neutralised using aqueous hydrochloric acid, or using citric acid or acetic acid.

Alternatively, the reaction mixture can be neutralised with gaseous carbon dioxide. 5The quenching
and deacylatiofheadebeytiive danbercartiedcul faceramples by dne ereindddsgzlbeechinie® out in a single

vessel or i1 myigleyPSHelanGARI YR RO AL B B FUIRRIAGD SBUES L RAROURYS and batch from

one or more vessels to one or more vessels can be used. The choice of arrangement will be dictated
by practical cofRRG¥lalichsua8 estBrRAY Bieenenthipbisalingandienryd g RIFEIRSS . &R ntially in the
preferred embaddicheatide 408500 2820y € SbB4a 8 pUSSEgesHs 0] WS CorgraadUk 669E1E8) tsbe carried

out together. Iréé%ﬁgﬁr] géﬁmmgob@i%b%;@l ﬁﬁ%&% r{qﬁt}ﬁﬁglorinaﬁon product

stream exactly as descr?é%jg%t ove for quenching, but with t e'pH of the stream is

allowed to riseHFFREHARIGXH0a USRAQ(AROFEAcoNstidF 220 BXRO8atrike diselaseiss ebwhished to

minimise] deacytatifinn&diiaiep iHepamdifjqasfenedfecting deacylation are discussed above, and are
equally applicable here. 20The removal of remaining reaction vehicle can be carried out by means

known in the art, such as distillation, distillation under reduced pressure, steam distillation, steam
stripping, or byl healeaapdignaner hRieefilieddridryrigataeotivine dpsefofeswiakiedbran ol of the

reaction vehiclgdgcarigniiilitay 18 AsBsSHIE BHE e 2HER R ARNLRIHED ROtRAH RS TR IR MRS
described in EP 070811Q. T %)l(ﬁl%, afI Iea(itt 90% qf the reag):tlon 5veh|cl%%resent In theBmlxt e at
the end of deac?faﬁ%ﬁ'?ﬁ'ﬁ'f‘g eMBVAP SRR eduoPvaTa e ?Figaa(ﬁ}f{ r%ga%'ﬂl?gﬁ H)?'o after
the quenth of heatitlarhtipreferseditnyge suslitembydiosidd as dbe fiases/ehicithisaseégied out before the

deacylation) is removed during this step. More typically, at least 99% is removed. 30The present

invention will now be explained in more detail by reference to the foIIowinﬁ; i
In order to effect deacylation, it is nécessary to raise the pH of the stream, typically to a

level above that at which the quenching was carried out. In order to minimise
decomposition of the tertiary amide reaction vehicle (if the deacylation is performed

20  before the removal of remaining tertiary amide reaction vehicle), the deacylation is
preferably carried out under carefully controlled conditions. Therefore, the deacylation
is preferably performed at a pH of from 10 to 13.5, more preferably from 10 to 12, and
most preferably from 10.5 to 11.2, at a temperature of from 60 to 0°C, more preferably
from 40 to 0°C, and most preferably from 35 °C to 25 °C, the higher pH being used with

25  the lower temperature and vice versa.

If the deacylation is carried out after the removal of remaining tertiary amide reaction
vehicle, then the deacylation conditions are less critical, although the above described
conditions can still be used. In general, the deacylation may be carried out at a pH of

30 from 8 to 14 and a temperature of from 0 to 60 °C, preferably at a pH of from 10 to 12
and a temperature of from 0 to 40 °C.

The deacylation reaction can be conveniently monitored by HPLC. For optimum yields,
it is important to monitor the progress of the deacylation reaction, and neutralise the

35  reaction mixture when the reaction is complete. The pH of the reaction mixture should
be adjusted to from 6 to 8.5, preferably approximately 7.5. The reaction mixture can



Examples, and with reference to the accompanying drawings, in which: Figure 1 is a bar chart showing
the effect of different degrees of DMF removal on sucralose-6-acetate yield. Percent weights were

determined We?4088&¢ent 35dilution to the same mass so that percent WRGAHB ARy
proportional to respective yields. WO 2010/109189PCT/GB2010/000549 11 Figure 2 is a bar chart
showing the effect on sucralose-6-acetate yield for three repeat runs at DMF removal to 65% against a
control with no DMF removal. Percent weights were determined after subsequent dilution to the same
mass so that pemetientiyhesraedrdiisediysingEoptieris hydesgitotivasihldsUsiEpoXMPRAMRThe yields

When reducing, g BEeDGFALRILA NAY9BEIRTFRAITC TS vl SRR BB e AggApared. It

is found that there is no significant negative impact on 10yield. Thus, an efficient and less energy
demanding pr8@€Sor DMF removal from a dry mixture prior to quench and mixing with caustic/water
has been shown to be practical. Method The feed stream comes from the acetylation of sucrose. Such

a feed sirgam fﬁ% SRSt RLERTRIC D e RO ARHERAILUIR R840 AGRné: ypical

composition o am Is as ows DescrlPtlon % of total, w/w Sucrose-6-acetate 29.4 Other
carbohydratesan may be carried out in a single vessel or in multiple vessels. Equally, a combination

transitioning between continuous and batch from one or more vessels to one or more
vessels can be used. The choice of arrangement will be dictated by practical
considerations.
10
Although quenching and deacylation are carried out sequentially in the preferred
embodiment described above, it is also possible for quenching and deacylation to be
carried out together. In this embodiment, the aqueous solution of a base is added to
the chlorination product stream exactly as described above for quenching, but with the
15  exception that the pH of the stream is allowed to rise immediately to a level where
deacylation can occur, rather than being controlled to minimise deacylation. Suitable
pH conditions for effecting deacylation are discussed above, and are equally applicable
here.

20  The removal of remaining reaction vehicle can be carried out by means known in the
art, such as distillation, distillation under reduced pressure, steam distillation, steam
stripping, or by use of an agitated thin film drier or spray drier. It is preferred that the
removal of the reaction vehicle is carried out by steam stripping. Such steam stripping
can be carried out as described in EP 0708110. Typically, at least 90% of the reaction

25  vehicle present in the mixture at the end of deacylation (if the removal of the reaction
vehicle is carried out after deacylation), or after the quench of the chlorination reaction,
(if the removal of the reaction vehicle is carried out before the deacylation) is removed
during this step. More typically, at least 99% is removed.

30 The present invention will now be explained in more detail by reference to the following

Examples, and with reference to the accompanying drawings, in which:

Figure 1 is a bar chart showing the effect of different degrees of DMF removal
on sucralose-6-acetate yield. Percent weights were determined after subsequent
35 dilution to the same mass so that percent weights are directly proportional to respective

yields.



10.4 DMF 62.7 Others 7.5 The chlorination is conducted as follows: 1. 25 g of Arnold's reagent is
charged to a 250 mL round bottom flask equipped with 25a stirrer bar. 2. Approximately 50 g of DMF is
added to th&"haKL0309H8 slurry is cooled to 0-5 C. 4. 20 grams of carbohydialeGBaH ¢d¢ifded
dropwise at temperature <20 C. 5. After addition is complete, the mixture is stirred at room
temperature for 3-4 hours 30followed by heating at 100, C for 11 hours. 6. The mixture is cooled and
guenched as described below. WO 2010/109189PCT/GB2010/000549 12 Trials of DMF removal
before quench are coniductectiiag ksifsherishowingdhetaiiechoravaiansedadataiendal) fortthresferred to

a 250 mL roungnahefipRsditaskerindlasisial sn\%@éce;aqtﬁaﬂmﬁ\ﬁ%nmf%mmpper&ém 100 mL

graduated cylinder with a roun Ql,‘?mt or. catch mg ashed solvent. The flask is immersed in a water

bath set for -80/IIRIRIHE SEIEMNEHARRILRHRS SERt RN Sq g S PemARR PP A € RE M al mass)
under vacuumwelightsracuditexdftlyghvepriem e ddspestineayiddsy reading the volume in the graduated

5
EXAMPLES

The yields when reducing the unquenched chlorination mass to different levels by
stripping DMF are compared. It is found that there is no significant negative impact on
10  yield. Thus, an efficient and less energy demanding process for DMF removal from a

dry mixture prior to quench and mixing with caustic/water has been shown to be

practical.

Method
15

The feed stream comes from the acetylation of sucrose. Such a feed stream can be

produced, for example, by the methods disclosed in US 5,470,969. A typical

composition of the feed stream is as follows:
20

Description % of total, wiw

Sucrose-6-acetate 29.4

Other carbohydrates 10.4

DMF 52.7

Others 7.5

The chlorination is conducted as follows:

1. 25 g of Arnold's reagent is charged to a 250 mL round bottom flask equipped with
25 a stirrer bar.

2.  Approximately 50 g of DMF is added to the flask.

3. The slurry is cooled to 0-5 °C.

4. 20 grams of carbohydrate feed is added dropwise at temperature <20 °C.

5.  After addition is complete, the mixture is stirred at room temperature for 3-4 hours
30 followed by heating at 100 °C for 11 hours.

6.  The mixture is cooled and quenched as described below.



10cylinder and eventually confirmed by weighing the residue in the round- bottomed flask. The residue
is then taken into the quench step prior to yield analysis. B. The chlorination residue is quenched using
11 % NaOHM® gHG19%I%hd 20 C 15using the "dual stream” quench method AfeBIAVGNHRN, all
chlorination quench mixtures are diluted to the same mass with water prior to analysis so that the
weight percent of carbohydrate can be used as a direanmeasure of reaction yield. 20C. Assessment of
weight % of sucralose-6-acetate is made by usual analytical techniques such as chromatography.
Results 25Figure 1 of the accompanying drawings shows that there is no adverse effect on yield of

trichlorinated spiaRIesBffars RICaPBRRLEVSTEATRGUBAdNGIRT a4 IDssentrated by DMF removal to
different levels followed by quenching the residue by the normal protocol. All quenched masses are

diluted with water to the same level for analytical comparison. The concentration, and thus yield, stays
almost constant bétwdaauzichgd shidrinadontristadahl Coakisdranafsrisdrtdadéd wlomasd-of the

original stgrting mass, g sl L JEION BraCREd S 29UPLORIRALRERTSHE AN R5Ta0e O

triplicate runs that does not involve any DMF removal (hence 100% of or%na massg This average is

used as a control for fe ?fﬁﬁj&@%dp@fjfsﬂﬁrawga R doip i eRtcling fiased RANGRECTRIRRY be hard
to replicate the DMF i imowerskxdén acthattirebatinset éwel 85Ny rnthtne snbvedristfiesiogdrio evaporator.

WO 2010/109189PC5{@&91&QQ({5§4@53 %%%Wotﬂﬂes‘éﬂgﬁélfrﬂgés‘jvﬁﬁﬁér nQHﬁthﬁe“”q“e”Ched

chlorinated mixture is reduced to -65% of the original mass by removing DMF fro e mixture. The
residue is quenched 28'8eRRS fobeR;fRIMCYTIVsSaliMated Rydrrding-theyaldme g dhsearrseatedg and
2.36 wt %Dagainst 2.29lintigs o teecnaringlcovifichds inoiveighipgathb restdsinahe rb@nﬁOSSIble to

remove DV from a daychgralon b LR AN iR AYSRS IR AL iR The

chlorination product yield is no
analysis.

B. The chlorination residue is quenched using 11 % NaOH at pH 9.75 and 20 °C
15 using the “dual stream” quench method. After the quench, all chlorination
quench mixtures are diluted to the same mass with water prior to analysis so
that the weight percent of carbohydrate can be used as a direct measure of
reaction yield.

20 C. Assessment of weight % of sucralose-6-acetate is made by usual analytical
techniques such as chromatography.

Resulis

25  Figure 1 of the accompanying drawings shows that there is no adverse effect on yield
of trichlorinated sucralose-6-acetate as the dry chlorination material is concentrated by
DMF removal to different levels followed by quenching the residue by the normal
protocol. All quenched masses are diluted with water to the same level for analytical
comparison. The concentration, and thus yield, stays almost constant between 2.07

30 and 2.29 wt % as the material mass is reduced to 60.2% of the original starting mass.
The result given in Figure 1 for the 100% of original mass run is an average of triplicate
runs that does not involve any DMF removal (hence 100% of original mass). This
average is used as a control for the process performance. All other batches are single
runs since it would be hard to replicate the DMF removal to exactly the same level

35  more than once on the rotary evaporator.



compromised. In the present work, concentration of the unquenched chlorination mixture to
approximately 60% by weight of the mixture original mass is performed with 10little negative impact on
the chlorina®éh 3EId A& r removal of the solvent, it is found to be beneficidlGd/ cBHHWIEIdue warm
during transfer to the quench vessel to prevent it from thickening. 15The recovered DMF is analyzed
for impurities present, and it is found to be consistently;95 % by GC. The major impurity component is
determined to be HCI present at -2-4 %. If the HCI presence at that level can be tolerated, the

recovered DMEGEiH MR saonsRidhiseMatk il usinefurnruenahiad S| inataeavitureviEl often be
desirable to rersgvect & ~86carel méyoﬁbméeﬁ@sersyi @M&nﬁg@m@wﬁhmm baseResitlras 20

20 % NaOH any ds% % Ng ? ch| etr%ﬁ @ % of as S arg useg and solids nerated are
filtered. Alternatively the HePeon a Yenatet I ealtet S\k'/‘ﬁrﬁ 91548099, Rk
conditions to k&&p &l W@ mMclengaineh2a29 yadsilive theneobtrob svitigl @f@@@dmwbr soda ash

(Na2CO3}, lime (Ca(OH)2), dry caustic (NaOH) and ammonia (NH3). The operating temperatures

range from rogm _tem erat re to 90 C. 25Suspe ns obtained are filtered. Performance of the bases
vary, with sodi asLh Hﬁ(?ﬁ’% %“ﬂ 9 %qy&rﬁ@: lfr fn @%ﬁ@i%&%&ﬁ@ﬂf@r@@&ﬁonnaﬂon

material (100 gy&nttamdfegaustc arrbiearetdatinhbbike nidoriftatikn Thedilatkieddgadted to a rotary
evaporator equingrdiied0R ik sadHRiRsheentALA SPURCRNIIRG A iR laghed solvent

The flask is immersed in a water bath set for -80 C, and the solvent is flashed fo different levels (0-45

% removed of'ﬂ?étlﬁﬁdfh3?%%@%%'&%/&&%'%8@%%%@56@%'r‘é‘l@ﬁi/@cP%f BRRhYEH by
35readinfthe lirttéumeg ativik ergract st étb yflodeatmmdy@igintually confirmed by weighing the WO
2010/109189PCT/G82010/000549 14 residue in the round-bottomed flask. The residue is then taken
into the quench step prior to yield analysis. The chlorination residue quench is conducted by the "dual

stream" quendiRid6iBavA 8 @?y%{ﬁd'tz'é founsitg e banetigialitodeaptie dasiden waremieringtion
quench mixturesraferdduttrckisetvn sasselTmsRVEH) WRRT Piskeisapalysis to give consistent analytical

readings. The results are shown in Figure 1.

15 The recovered DMF is analyzed for impurities present, and it is found to be consistently
2 95 % by GC. The major impurity component is determined to be HCI present at ~2-4
%. If the HCI presence at that level can be tolerated, the recovered DMF can be used
subsequently without any further purification. However, it will often be desirable to
remove HCI. Accordingly, the recovered DMF is treated with aqueous bases such as

20 20 % NaOH and 23 % Na,CQ;. Stoichiometric amounts of bases are used and solids
generated are filtered. Alternatively, the HCI contaminated DMF is treated with a variety
of bases under dry conditions to keep the water level as low as possible. The bases
that are used cover soda ash (Na,COj3), lime (Ca(OH),), dry caustic (NaOH) and
ammonia (NH3). The operating temperatures range from room temperature to 90 °C.

25  Suspensions obtained are filtered. Performance of the bases vary, with soda ash and
ammonia giving the best results.

Example 1

30 Unquenched chlorination material (100 g) is transferred to a 250 mL round-bottomed
flask. The flask is attached to a rotary evaporator equipped with 100 mL graduated
cylinder with a round joint for catching flashed solvent. The flask is immersed in a water
bath set for ~80 °C, and the solvent is flashed to different levels (0-45 % removed of
the original mass) under vacuum. The amount of solvent removed is estimated by

35  reading the volume in the graduated cylinder and eventually confirmed by weighing the



Example 2 10 Unquenched chlorination material (100 g) is transferred to a 250 mL round-bottomed
flask. The flask is attached to a rotary evaporator equipped with 100 mL graduated cylinder with a
round joint HQEHNGRAshed solvent. The flask is immersed in a water bR BEB080US4%Nnd the
solvent is flashed to remove -35 % of the original mass 15 under vacuum. The amount of solvent
removed is estimated by reading the volume in the graduated cylinder and eventually confirmed by
weighing the residue in the round-bottomed flask. The residue is then taken into the quench step prior
to yield analysigsitbe ehiegirritnshheltnmeddlaskchtie meiduriethisy taketlin Streanehguieterh method at
20pH 9.75 anghAék bo YiaRoahalYaidlaOH. After the quench, all chlorination quench mixtures are diluted
to the same mass with water prior to analysis to give consistent analytical readings. The results are
shown in Figure 2. Example 3 25 To 199.5g of DMF contaminated with HCI (4.35 wt %) is added 15.8g
of Na2CO3 at BeChksfisatiaiditsidis coempibisd;aneatiteg thethe Xtua strénC dimienantastiecdfat 6 hours.

AN allquoktaenitors e mACommbess, RIBErRnh DA iedanalSIrdadigaes a drop of
the HCI level to 285 ppm. WO 2010/1(19189PCI/GB2010/000549 15 CLAIMS: 1. A method for the

chlorination ofrglgbl&a@ég@gmgg {Bep%a’lfc@%sgﬁw@_water prior to analysis fo give consistent
Strichloro-4,1' shatidieakieaditaio Jier ossulisan gl atowih érdligsaid method comprises: ()reacting the
sucrose-6-acylate with a chlorinating agent in a reaction vehicle comprising a tertiary amide in order to
chlorinate the 4, 1' and 6 positions of the sucrose-6-acylate ; and (10quenching the product stream of
(i) to produce $XRMR4€ Lichloro-4,1',6'-

10

Unqguenched chlorination material (100 g) is transferred to a 250 mL round-bottomed
flask. The flask is attached to a rotary evaporator equipped with 100 mL graduated
cylinder with a round joint for catching flashed solvent. The flask is immersed in a water
bath set for ~80 °C, and the solvent is flashed to remove ~35 % of the original mass

15 under vacuum. The amount of solvent removed is estimated by reading the volume in
the graduated cylinder and eventually confirmed by weighing the residue in the round-
bottomed flask. The residue is then taken into the quench step prior to yield analysis.

The chlorination residue quench is conducted by the “dual stream” quench method at
20 pH9.75 and 20 °C using 11 % NaOH. After the quench, all chlorination quench
mixtures are diluted to the same mass with water prior to analysis to give consistent

analytical readings. The results are shown in Figure 2.

Example 3
25

To 199.5g of DMF contaminated with HCI (4.35 wt %) is added 15.8g of Na,CO; at 60
°C. After addition is completed, heating the mixture at 60 °C is maintained for 6 hours.
An aliquot taken from the reaction mixture is filtered and then analyzed. Analysis
indicates a drop of the HCl level to 285 ppm.



10trideoxy-galactosucrose-6-acylate; wherein before said quenching, a portion,af the gertiary amide is
removed. 2. A method according to claim 1, wherein the tertiary amide is removed by distillation. 15
3. A method %‘c,:(c):%d(i)pl%t&qclaim 2, wherein the distillation is conducted unde&,;t;‘guz%%o%g@sure. 4. A
method according {8 any preceding claim, wherein the amount of tertiary 2bamide removed is from 5
to 80% of the weight of the product stream of (i). 5. A method according to any preceding claim,
wherein the amount of tertiary amide removed is suchSthat the resulting mixture contains from 5% to
90% by weight of the tertiary amide. 25 6. A method according to any preceding claim, wherein the
temperature is from 40 to 150C during the removal of the tertiary amide and is maintained within this
range until the g&WRing. 307,A method according to any preceding claim, wherein the tertiary amide
is DMF. 8.A method according to any preceding claim, wherein the chlorinating agent is phosgene or

Amold's reageqt. 359,AMethofl ARt p aNY BrecedinssciaigRin ke s ergse-6-acylate s
sucrose-6-acetate. WO 2010/109189PCT/GB2010/000549 léi 10. A.(rjnetl%gd c}accordling. to any
preceding SlainfiAREYSIN BRIV SE LI RE SRS BLe A BRRIH SRS MR A2TIRSG S cording to any
preceding claim, whetiin theerertiraythe: witiasedracikale vatlyeledldondtingageridia thachsthod. 12. A
method accor%ﬂié%ée%&fis@@’Q%eh@ﬂ&m\ﬁ@%edméﬁ%r&mm%tﬂéiam e jBsreyelettier use in a

step in the synthesis of sucralose from sucrose.
sucrose-6-acylate ; and

(i) guenching the product stream of (i) to produce a 4,1' &'-trichloro-4,1’,6'-
10 trideoxy-galactosucrose-6-acylate;
wherein before said quenching, a portion of the tertiary amide is removed.

2. A method according to claim 1, wherein the tertiary amide is removed by
distillation.

15
3. A method according to claim 2, wherein the distillation is conducted under

reduced pressure.

4, A method according to any preceding claim, wherein the amount of tertiary
20  amide removed is from 5 to 80% of the weight of the product stream of (i).

5. A method according to any preceding claim, wherein the amount of tertiary
amide removed is such that the resulting mixture contains from 5% to 80% by weight of
the tertiary amide.

25
8. A method according to any preceding claim, wherein the temperature is from 40
to 150 °C during the removal of the tertiary amide and is maintained within this range
until the quenching.

30 7. A method according to any preceding claim, wherein the tertiary amide is DMF.

8. A method according to any preceding claim, wherein the chlorinating agent is
phosgene or Arnold’s reagent.

35 9. A method according to any preceding claim, wherein the sucrose-6-acylate is

sucrose-6-acetate.




10 13. A method according to claim 11 or claim 12, wherein the removed tertiary amide is treated with
a base to remove hydrogen chloride before being recycled. 14. A method accdﬁrfﬂiﬁ’égtg claim 13,
wherein the removed tertiary amide is filtered 15following treatment with the base. 15. A method
according to %7[9#8@8%% claim, which further comprises the step of con\?&T(@%x”thé%?Qw portion of
said 4,1',61trichloro-4,1',6'4rideoxy-galactosucrose-6- acylate to sucralose. 20 16. A method
according to claim 15, which further comprises the stepg of isolating and purifying the sucralose.

(9]

10

15

20

10. A method according to any preceding claim, wherein the sucrose-6-acylate is
sucrose-6-benzoate.

11. A method according to any preceding claim, wherein the removed tertiary
amide is recycled for further use in the method.

12. A method according to any of claims 1 to 10, wherein the removed tertiary
amide is recycled for use in a step in the synthesis of sucralose from sucrose.

13. A method according to claim 11 or claim 12, wherein the removed tertiary
amide is treated with a base to remove hydrogen chloride before being recycled.

14. A method according to claim 13, wherein the removed tertiary amide is filtered
following treatment with the base.

15. A method according to any preceding claim, which further comprises the step of
converting at least a portion of said 4,16 -irichloro-4,1",6'-trideoxy-galactosucrose-6-
acylate o sucralose.

16. A method according to claim 15, which further comprises the step of isolating
and purifying the sucralose.
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