PROCESS FOR REMOVt NG DI METHYLAM NE The present invention relates to a
process for renoval and preferably al so recovery of dinethyl am ne (DWVA)
during t wormarnafiagiBur e of sucral ose. SUCRALCSE Sucr al os@CirssRormvmenisional |y
prepared by chlorination of a sucrose-6-acylate in the presence of a
tertiary am de such as dinmethylformam de (DMF) to forma m xture of

chl orinated sucrose-6-esters, the |argesfl conponent of which is
4,1',6"-trichloro-4,1 1,6"- trideoxy-gal actosucrose-6-ester, followed by
guenching at high pH, after which the DMF is renoved and the acylate is
hydrol ysed to form crude sucral ose prlor to purlflcatlon DMF is thus
useful as both a sol vent BR : . 0 IAMINEONn. However, cost
ef fective manuf acture depends upon recovery of this solvent froma nunber
of streans, even when it has deconposed directly or indirectly to DVA. This
recovery5i s econom cally inportant because of the cost of DVF and the fact
that for ev r ultimately be
conver ted 1 o BRI Thor e RS o BERoHEE torramall B BrerEleplRsa o TLAL o

the econoni &Ryl @AENgRYMAkEUrinptthe maaufaotumdwcrmee to harminhibit a

bi ol ogi cal waste treatnment system by exposure of biomass to high |evels of
DVA. It is known art to react DVMA with CO under non-aqueous conditions with
sodi um met hoxi de catal yst tB store DMF.  Therefore, safe and econonic
recovery of DMA can be us%F ce C(% 'y DMF destroyed in sucral ose
manuf act ure. The DVA is puli\ii ancent 8 gistillation and
reacted with COto reform ' [ pyrification systens.
The separate solvent free car s éan then be
neutralized and treated biol ogi cal b wi t houtHa nterference by solvents. In
the case where DVA contam nates desired carbohydrate streans, careful

choi ces nust be made to preserve the RYAPE ate while still freeing

vol ati|l® DVA by addition of strong base, thus allowi ng distillation of the

go

DVA. Viher e éucral[glgeAls convgntEomally prepared by chlorination of a sucrose-6-acylate in the
presence of a tertiary amide such as dimethylformamide (DMF) to form a mixture of
chlorinated sucrose-6-esters, the largest component of which is 4,1’,6™-trichloro-4,1’,6'-
trideoxy-galactosucrose-6-ester, followed by quenching at high pH, after which the

15  DMF is removed and the acylate is hydrolysed to form crude sucralose prior to
purification.

DMF is thus useful as both a solvent and a reactant during chlorination. However, cost
effective manufacture depends upon recovery of this solvent from a number of

20  streams, even when it has decomposed directly or indirectly to DMA. This recovery is
economically important because of the cost of DMF and the fact that for every mole of
sucralose produced, 2-20 moles of may ultimately be converted to DMA. Therefore,
recovery of the solvent is very important to the economics of the process. It is also
undesirable to harm/inhibit a biological waste treatment system by exposure of

25  biomass to high levels of DMA.

It is known art to react DMA with CO under non-aqueous conditions with sodium
methoxide catalyst to restore DMF. Therefore, safe and economic recovery of DMA
can be used to replace costly DMF destroyed in sucralose manufacture.

30



presence of desirable carbohydrate, reactions can occur such as the
preferabl e deacyl ation as well as undesirabl e deconposition of sucral ose.
It is thuwodesimadiBe to renove and recover DVA but at tRETABIRINGNES4iIt iS
desirabl e to maxim ze the yield of sucralose by mnimzing the formati on of
side products. An object of the invention is to renove and preferably al so
recover at |least part of the DVA during deacylation, or before or after

deacyl at i OnThé!WA@lQéuﬁﬁé’d;éﬁl)@&drf&@n?&%ﬁ by d?shﬁéfﬁ)ﬁ AIr@5ctb PR P! r&\%ﬂes N

stripping. Th rst aspect esent | nvention now provi
process forDN@n{QWeﬁﬁC'@foTE‘@h‘yq)Mﬁlpmléﬂ‘(@WA)SYﬁ@mér dhasgpaetediaenyiremd/ or af t er

deacyl ati 0ncérBol%;dr@c@%és%"stVe%ﬁw%eéan%eﬁbé ﬁﬁlﬁrﬁ&&?gﬁa ‘&8 H'b?dlc{})@c fy without

sucral ose-6-acylate resulting fromthe chlorination e-b-acyl ate
in the presBiRgErgIcedivisiMepts: f or mani de (DMF), wherein the deacyl ation is
conductegl at a first set of conditions of tenperature, pH and pressure, the
process CONE-@QSI ng: (a) E.%OVI ding a side stream|oop fromand to the
reacti on vefdi8p cagemywhergjLMA icaptaitiratesaefiner sagbobY digiesttranap earefl choices

t enper at ur emuBthe RBde B HIESEH/E tHé’catrB&yHPé?@whﬁé‘gtllﬁﬁéé:ﬁg;%léth@DMAP%Xé hé&difon

t hrough the | oop, to renove | € mnimsing car ate gradat i on.

A second asPetttongibashdhysy aliouing diptlatien efrihp DA dBdese the és iprtheraki ng

sucral ose ceEBEAG didlebirabld carbRydPhte! RABNANRG R JEBLWICAES AR é%bl?ef or e
and/ or during and/or after deacylation in a reaction vessel of a feed

st r eam tbhnpffasyigorag wel a5 sodesiakiodespmppeiten of sHsraleosem it Bdhusaestablate on of

a sucr ose- 6repgoteding rbdbvieP VN BRI R ééfméjﬂlrﬁ@h@’besfn%b@%aqn%wﬁl%e yidhegein
the deacylation is conducted at a first set of conditions of terrperature

pH and pr es8ifrdloss RemitidiFingdhe feravatign phaidepwdieSng a side stream | oop from
and to the reaction vessel; (b) adjusting the conditions of one or nore of
terrperature pH, and pressure in the | ogp, and setting the flowrate

t hrough t hePANGBISCt @idhe ivBRHONTRAL TRMAVe anf PrefPabivRIsaraserR it lnast RrIbeidBat i on.

15  DMA during deacylation, or before or after deacylation, whereby deacylation occurs

either prior to or following DMF stripping.

Thus, a first aspect of the present invention now provides a process for removing
dimethylamine (DMA) before and/or during and/or after deacylation in a reaction vessel
20  of a feed stream comprising a sucralose-6-acylate resulting from the chlorination of a
sucrose-6-acylate in the presence of dimethyl formamide (DMF), wherein the
deacylation is conducted at a first set of conditions of temperature, pH and pressure,
the process comprising:
(a) providing a side stream loop from and to the reaction vessel;
25 (b) adjusting the conditions of one or more of temperature, pH, and pressure in
the loop, and setting the flow rate through the loop, to remove DMA while

minimising carbohydrate degradation.

A second aspect of the present invention provides a process of making sucralose

30  comprising

(i) a step of removing dimethylamine (DMA) before and/or during and/or after

deacylation in a reaction vessel of a feed stream comprising a sucralose-6-acylate

resulting from the chlorination of a sucrose-6-acylate in the presence of dimethyl
35 formamide (DMF), wherein the deacylation is conducted at a first set of conditions

of temperature, pH and pressure, the step comprising:



(i1) a step of isolating sucralose fromthe content of the reaction vessel
and, optionally, (iii) a step of purifying the isol ated sucral ose.

Accor di ngwocomvig2saabodi nent of the present invention, tReTONR0TE00354] N
the side stream | oop occurs substantially during the deacyl ation reaction.
However, the DMA renoval may begin before significant deacyl ation has
begun, and after the deacyl ation reacti od has substantially ended. The

first t of diti . ik |

ol Towe. The t enper at DEreitg & SEAARHbAInb A SRASHINER Y, 25, ¢
typically close to at tgghstingtheroesditions offane cemmrpIOéteTr@t@ratm@OpHoamd (101 .3
13.3 kPa). The pHis g%@hﬁ%llﬁ elBﬁrST:a%déeﬁﬂ #%w;rengt l’gl?&] tﬁ%rl mJor the

processes of the pres i nven aréd on o Sucrose and
chlorination, and opt r@meIWBWllﬁmmmg E&r@sbyqﬁatec:@gca@iaomre described in
nore detq@il below. The nethod of the present invention is performed on the
quenched chlorination reaction mxture. In order to effect deacylation, the
pH of the feedis? sféa@fisglatlwswalpye frandael conent of éheteagtionesssdlat  at whi ch
the quenching of 4 ﬁ&#éﬂ?l nation reaction was carried out. This can be
achi eved by treat rrent of the feed streamwith a base. Any suitable base may
be used, and suitable bases are those described below as the base for the

quenchi ng of tfe,chl i DA ﬁrihé%%%ttéd)é"bcnﬁ&é convenience, it is preferred to
use the sanme base f geacy ation and quenching. It is particularly

preferrdd to use SOdI um hydroxi de as the base in both cases.In general, the

appl i cant hﬂéchQiH?@'o BMmQ@&ﬁ%%f‘tﬁf‘Ere@Entﬂh@?ﬁBn Rkk mh/sa?%maw fh tﬁé’élbeat

relatively | ower eratures ower pH val ues wor st at relatively
hi gher t enpeifeaniass. ocwééwastﬂ@tlaguy duﬁngweéﬁﬂamrw@ﬁﬁt@rbfwwwer,ﬁky@ﬁMﬁon t he
tenper at ur ere%kﬂ/apﬁw% %Hélﬁ befdr @%ﬁﬂcélﬂrdetaaﬂat%‘?ﬁ%l LR Mkttt heSil R fSh
according to the foll ow n? equat i on:
reaction has substantially ended.
15

The first set of conditions for the deacylation reaction are typically as follows.
The temperature is typically from -5 to 20°C.

20  The pressure is typically close to atmospheric pressure, for example 760 + 100 torr
(101.3 £ 13.3 kPa).

The pH is typically from 9.5 to 12.5.

25  The feed stream for the processes of the present invention is prepared by acylation of
sucrose, and chlorination, and optionally DMF removal. These procedures are
described in more detail below. The method of the present invention is performed on
the quenched chlorination reaction mixture.

30 In order to effect deacylation, the pH of the feed stream is typically raised to a level
above that at which the quenching of the chlorination reaction was carried out. This
can be achieved by treatment of the feed stream with a base. Any suitable base may
be used, and suitable bases are those described below as the base for the quenching
of the chlorination reaction. For convenience, it is preferred to use the same base for

35  deacylation and quenching. It is particularly preferred to use sodium hydroxide as the

base in both cases.



T(0C) = (-14.724)(pH) + 193.52 5 (or 2 , in sone enbodi nents) One or nore
of the conditions of tenperature, pressure and pH enployed for the

deacyl at iwo 208/de§1dsted in the side stream | oop, generalPCy/GRROBdDBEE

har sher conditions, for exanple higher tenperature and/or higher pH These
har sher conditions aid DVA renoval, but al so may result in carbohydrate
degradation, and in particular formatl ot of "anhydro", nanely

d' - anhydr o"T-di chl orogal act osucr ose. The harsher condi ti ons may al so | ead
to further DVA formation. This effect is mtigated by reducing the exposure
of the mat elniganetad theapelisadt hasdaend that deacylatienssatrhigher pblofglusshwatk bast dbe

achi eved bYrehfibi RudriEmb O340 LHATAADH ALY UchaL e BRI EfE | 00p at

any one enperature I'n rarsed, for anpl e,
5-500C, pr ePBEmtyresy AgeordipglyGn segreeerpb r@eaﬂgloiﬂwmlmgmdne tqrh@erawq)er ature

may be rsai sgg r%@éur@éﬁmi’dﬁd f&rQnd BQé‘aygé? Ogh%aﬁg%elel?{e@fa%&é\%iné th@“‘% (oﬁ&%ﬁgyt ge

5Q0C, nore preferab tofrom40 pressure in-t oop

| ower ed, fo?qt@}‘dafﬂrple to from20 to 600 torr (2.7 to 80. kPa), preferably
to from20 torr to 80 torr (2 7 to 10.7 kPa) and still nore preferably from
25 torr to 60 torr (7%3 to 8. % Accordi ng to one enbodi nent of the
present i nvEAE) B4t )(pHI)ffﬁ%ﬁéﬂ oy 1% imeamegingedisentsThus, adj ust ment  of
the pHin the loop is optional in the present invention. According to

anot her enbodi nent of the present invention, the pHin the loop is raised.

| f the 19H i©One af wetk of’theucenqahmsewféﬁmgerawr%@dea@yremnd pAsmp®ysd i thgi t s, nore

preferably @é’a &r‘?%sédéﬂsa& Eﬁﬂé‘gﬁblé %trﬁ%ﬂw Icg%y g@lll?g]rgllybl% s{cﬂle%ﬁﬂafsﬁ-.e} 8&%&10&55 pH

units, or eas

preferably paeweple bigher tﬂngqeéatuw/qrmla@r PhbrTé"eEfP éa@bamqndtt@nﬁéld@l\gﬁer
than pH 12. 3.8 hﬁwm% réé{'htgﬁg; eggac%%ﬁ‘ amﬁ@ arli B@la%ﬁﬁaﬁd?@éf Ca“
é rom e sa a

be added is pre ecte ses as escrl bed above for
use in the ‘@ehydp: t"'iam¢lyr%&c@nh)’iﬁ'm'zfﬁed@h@éogafﬁcfﬂséﬁ@ﬁ%bTKIehﬁ@hg%@@dé@n% hat

used in st hemQ?%Eg i&dd ﬂ?uﬁi?@%@fbrmgﬂ& | pqp e?‘fé’ét%rtlg%tetdr@ reaLsiRg el the

streamin the’side streamloop at any one tine. i's expressed as a
proporti on ®fPoske déeyetaripda th@a@mdltmsvreg@ealda/ﬁrmloonfh his¢@p beol ume is

pr refe erably £4med/n} defting/tROBoBoluife SRARYkBIraR thRRgh tiNoYsae&ly ot

The temperature in the loop may be raised, for example, by 5-50°C, preferably by 10-
20  40°C, more preferably by 15-20°C. The temperature may be raised, for example, to
from 20 to 50°C, preferably to from 30 to 50°C, more preferably to from 40 to 50°C.

The pressure in the loop may be lowered, for example, to from 20 to 600 torr (2.7 to
80.0kPa), preferably to from 20 torr to 80 torr (2.7 to 10.7 kPa) and stili more preferably
25  from 25 torr to 60 torr (3.3 to 8.0 kPa).

According to one embodiment of the present invention, the pH in the loop is not
adjusted. Thus, adjustment of the pH in the loop is optional in the present invention.

30  According to another embodiment of the present invention, the pH in the loop is raised.
If the pH is raised, it is preferably raised by at least 0.5 pH units, more preferably by at
least 1.0 pH units. 1t may also be raised at least 1.5 pH units, or by at least 2.0 pH
units. However, the pH in the loop is preferably raised to no higher than pH 13, more
preferably to no higher than pH 12.5.
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preferably from1/5 to 1/100 of the deacyl ation reaction vessel vol une.
"Loop vol une" and "deacyl ation reaction vessel volune" are defined with

ref erencewborw/hiagidh-t ype operati on for deacyl ati on. HoweT&aB20t0®0554

deacyl ation according to the present invention can be perforned either as a
bat ch process or as a conti nuous process. If the deacyl ation is perfor rred
continuously, then "volunme" nust be undérstood as "vol ume per unit tine"

Th "

e " RO bl 98 AR B AR e B T a0 BE BRI S I
batch pr ocaxefemblyaselectﬂbﬁomﬁb@aamprbes&as dedegbéd aivoveeforeustehn dlegdeetcvlbtlbrmop is
pref er a1y SHERnATLE b LG R Tald & Rab Ui TRtre ALELBEAPlkChGm 2 To 4

vol unes, d Feact I on vesse duri atron'tine.
According to the above paranmeters, the follow ng equation can be

est abl i ghe r he
units o? vgllrhueﬁ% S%MSG?I ne;§ %@%ﬁh%st‘e%—h%easo%#%aﬂpﬁpp% oé/He%lr]t'srh%fFt
deacyl at i oris exprassed 4v D prgipottion dftkmﬁe\acydame’mn \(ﬁ$S$le@bMQ)nThﬁe|99lél vol une
L =1loop v t or
time spont \SURERrHERERERERATS ErudE o e Ariddion redRon REscsPRsNnE, 1B
conpri ses a)ref@minéan&amhﬁﬂocﬁﬂmmfthQ’IdeammonS’eleal\/E%eﬂ ¥ofoved under the
conditions of reduced pressure through the condensation colum. Preferably,

the | oop conprises a heat exchanger heated with a heati ng medi um di sposed
t o heatlOa Iloos dlome! ard sleacHationggactionrvesss yelumgs arg defiged adthirefierencrdo Roop.

Thete”perat&é&a}&[% psra'ﬂsmdrfa@a@gﬁéhoummﬁmeﬁ@@fu%a@alagraa 986cc-@nfH 1ot | ess

than the tar enperature int eferably, the | oop
conpri ses aprhwl’t Irwmmmwb%@@foémedneﬁhereﬁsoa)bﬁpfmer%%ﬁ MASR 8YPBIBEEYS 0 cool a

liquid outl ! Liforfrd cBﬁﬁr%onl LA gAO AR geessel . The
t enper at ur ﬁg?é%%hlﬂﬁ%lg%% ﬁﬁncﬁ Bnrﬁrs era S' from-30C to 5Q0C, nore
pr ef er abl y understood as volume per unit time”. The term “deacylatlon reaction vessel” is

15  construed as the apparatus in which the deacylation is performed, whether deacylation

is performed as a batch process or as a continuous process.

The flow rate through the loop is preferably such as to turn over from 1 to 5 volumes,
preferably from 2 to 4 volumes, of the deacylation reaction vessel during the

20  deacyiation time.

According to the above parameters, the following equation can be established:

R=X*V+L)/T
25  where
R = flow rate through the loop in the units of volume/time defined by V, Land T
X = number of turnovers of deacylation volume through the loop
V = deacylation reaction vessel volume
L = loop volume in the same units as V
30 T = total time for deacylation, or time spent performing the DMA removal in the loop.

The loop preferably comprises a condensation column. The DMA is usually removed

under the conditions of reduced pressure through the condensation column.

35  Preferably, the loop comprises a heat exchanger heated with a heating medium
disposed to heat a liquid outlet of the reaction vessel as it is fed into the loop. The



from 100C to 3Q0C, and still nore preferably from 150C to 250C. The

deacyl ation reaction can be conveniently nonitored by HPLC. For optinum

yi el ds, iwois1ovmpgist ant to nonitor the progress of the aeaHatl oS54
reaction, and neutralise the reaction m xture when the reaction is

conpl ete. The pH of the reaction m xture_should be adjusted to from®6 to
8.5, preferably approximately 7.5. The r@action mxture can conveni ently be
neut ral i sedtdagdergtuRIsIesIBedtn@MAsdIIANd prefthisly cREe UShitthof jek tfanahl thrgkt acetic
acid. Alterpatjvely, the reaction m xture can be neutralised with gaseous
car bon di oxh%!"%‘?%ﬁ%@&t"‘?%"héﬁo%cr ose-6-acyl ates. Sel ective protection of
the 6-hydroxyl of sucrose can be carried out by reaction of sucrose with a
carboxylic acid anhydride, such as acetic anhydride or benzoic_ anhydri de,
in an anhydFPBieapY) e logh amriises ahsat exahppaerioripdwiih a eaping MesiiMised to

prepare § eedis@ége@&%oél_@Iio%lﬁtﬁotﬂreeﬁﬁﬂﬂb lodpVRITE isFEd bASKEhRItAS FaactdiVedsal. T
presence of  an organaqti n-based acyl ati on pronoter a tenperature and for

at
a period of temRgeattir 9fithe eoRling mesh (FRICtH hsfiemost - 38E emorerpraesatiyt er
group shi el fismttec iy 80°Txuhd efill fbee SreRpably from fseond bbec.chl orination
reaction. Accordingly, any ester group that is stable to the conditions of
the chlorination reaction and whi ch can be renoved under conditions that do

not affect thedeasidtibh Reactios cah B8 cofdhiddBy uaRdoreWISTHBILE I Petoftineeyialds, i s
Ydis annoxane, for exa can be

repare 1, 3-di acetoxy-1,1,3,3-tetrabu ml e,
A IR R e A S e K S S A 0
]g:ar boxyl i f: %HgﬂbBrﬁmh&Ldéimd\%n tllgé BRetiat is%%et%ggh@§H-o_€5tf@ﬁ62dist&)niprﬁi€<djrigﬂwmd in,
or exa e brlen A . . , , . | L O... al,. .
4 656, 24b: e ALHRD 1 fra g & b e BRI el bt dHe feRtdon AUIa N
g, 8:2%?1 gé? g&ivfhiéntlﬁbinelgeélised\bsingagg%%ggdro‘éﬁﬁﬁeIacid,l.brﬁjsirEﬁéitﬂgl‘d@E 31{40 026
, , ; a e L. at . . 1y e . ; n O, al, . . ;
A ark. U, el B, Agmsigeiy S resrion Mg e heSIRe R 9ANRaY BB DAY ¢ he

di scl os1g esdiekidehi ch are all incorporated herein by reference. The
sucrose-6-acyl ate can be any acylate that serves to protect the 6-hydroxy
group during the chlorination reaction. It is preferably an aliphatic or

car bocycl i cpagparaioh ®f sucrose-6-acylates.
Selective protection of the 6-hydroxyl of sucrose can be carried out by reaction of

sucrose with a carboxylic acid anhydride, such as acetic anhydride or benzoic

20  anhydride, in an anhydrous polar aprotic solvent (typically DMF, and, when used to
prepare feed streams for the present invention, preferably DMF) in the presence of an
organotin-based acylation promoter, at a temperature and for a period of time sufficient
to produce the sucrose-6-ester. The 6-ester group shields the hydroxyl on the 6
position from the chlorination reaction. Accordingly, any ester group that is stable to

25  the conditions of the chlorination reaction and which can be removed under conditions
that do not affect the resulting sucralose can be used. When sucrose-G-acetate is
prepared, 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane, for example, can be used as
the organotin-based acylation promoter and acetic anhydride as the carboxylic acid
anhydride. Preparation of sucrose-6-esters is disclosed in, for example, O'Brien, U.S.

30 Pat. No. 4,783,526; Navia, U.S. Pat. No. 4,950,746; Simpson, U.S. Pat. No. 4,889,928;
Neiditch, U.S. Pat. No. 5,023,329; Walkup, U.S. Pat. No. 5,089,608; Vernon, U.S. Pat.
No. 5,034,551; Sankey, U.S. Pat. No. 5,470,969; Kahn, U.S. Pat. No. 5,440,026; Clark,
U.S. Pat. No. 6,939,962, and Li, U.S. Pat. Pub. 2007/0227897 A1; the disclosures of
which are all incorporated herein by reference.
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acylate, nore preferably a benzoate or acetate, and nost preferably an
acetate. Chlorination of sucrose-6-acylates The chlorination reaction to
produce tweoe 2hmwed2&8r eans of the present invention can bectaB2wdoeist by a
nunber of nmethods, such as those disclosed in EP 0043649, EP 0409549, US
2006/ 0205936, and US 2007/0100139. A nunber of chlorinating agents may be
used in order to chlorinate the 4, 1' ardd 6' positions of the

sucrose- 6- al(rg%l aﬁroéa-%':' cg/%gé ﬁ%rf é@g&( géll %gﬁ%%ﬁr\/teg%gro%& Bl &AydrbQybls 9roup

consi sting SO Kk
(chl or onet myahage)mmym reaationm It fsl meﬁemhoan aliphatic or carbocyclic aromatic

hi
o ST i Mg sl

nethanesulfonyl chl ori de, sulfuryl chl oride, diphosgene (trichloronethyl

chl or of r irdR n%fé&pgs%g@g létggs(trl chl oronmet hyl ) carbonate). O her
sui t abl to the skilled person may al so be used.

Pr ef er abl y Thehshlariniation reatiiongtoayeduceitke fredsifeams®f therpresent NVEBURTEFAN beAs used
herein, the i'r?erdr%ut bg%qﬂn%érgﬁm ﬁo%ls ﬂ%ﬁ'ﬁ%tﬁ&% Sididseatin &P GRkESIER N Whi ch

the chiori RATON A MO S termis meant to indicate that
t he vehi cl e)40854904S 2@061@2&5%@@@@%!200?/%0%%0%nt s of the reaction and
product m xture. Depending on the chlorinating agent enployed, a nunber of
types of reaction vehicles may be used, and any reaction vehicle can be
used tHat i nemhbi o chisdeatingroents WAy hatsesincsaer teichlesnatgdhe fat 28 Ssol ves

the starti \”@BSH% chosé%egt{yﬁm o A8GHOSUES Slethcl88 #lost @Rl oMt gt . The

reaction v e accor present invention conprises DVF. The
rati o by wegrghm corfisisihg of DhQS@Bae, /esrapbmya@%ntéala@knqv@ #he chlorination

reaction %hl%?on@ﬂ@éne@dn?ne&l%hﬁﬁ%% c%%n@:le or -:55'%H&%&tkgl’én‘éﬁﬂhéﬂh?laﬁﬁyomum

addi tional | nore co-solvents, in addition to the tertiary

ani de. Sui tdﬂrbreieo\..ol"@ewhpémssowmloﬁéq? ahpepharpesPariRehiRTdg pthis g dsg ORI 1 2-
di chl or1§et h&Pdt?qu?lm%ﬂ@n@ ln%yleél-hgﬂi% sdlﬂW%ﬂ@rnd@ -dipHo8H6ne Michidremethyp- Xyl ene,

chl or of I oronet hane m xt ures thereo
chloroformate) and trlphosgene (bis(trichloromethyl) carbonate). Other suitable
chiorinating agents known to the skilled person may also be used. Preferably, the

chlorinating agent is phosgene or Arnold’s reagent.

20  As used herein, the term “reaction vehicle” means the diluent or solvent in which the
chlorination reaction is performed. The term is meant to indicate that the vehicle may
not fully dissolve all the components of the reaction and product mixture. Depending
on the chiorinating agent employed, a number of types of reaction vehicles may be
used, and any reaction vehicle can be used that is stable under the chlorination

75  conditions and that dissolves the starting materials, reagents, and products at least to
some extent. The reaction vehicle according to the present invention comprises DMF.
The ratio by weight of DMF to total carbohydrate during the chlorination reaction may
be about 5:1 to about 12:1.

30 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.

35  The chlorinating agent is preferably added in excess with respect to the sucrose-6-
acylate, and preferably in large excess. At least three molar equivalents of chlorinating
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al kali metal or alkaline earth netal hydroxides, or ammoni um

In general, the reaction temperature for the chiorination reaction is typically from 85 °C
to 130 °C.

20  The reaction time for the chlorination 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. If the reaction time is too long, over-

25  chlorination will occur, resulting in increased levels of tetra-chlorinated by-products.

Following chlorination, the process stream is quenched, for example with a base, to

provide a sucralose-6-acylate and the acid salt of the base.

30 A number of different bases may be used in the quenching. Preferred bases for
quenching include alkali metal or alkaline earth metal hydroxides, or ammonium
hydroxide. As alkali metal hydroxides, sodium and potassium hydroxide are
particularly suitable. As an alkaline earth metal hydroxide, calcium hydroxide is
particularly suitable. The most preferred base for quenching is sodium hydroxide, due

35 toits 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



hydr oxi de. As al kali metal hydroxi des, sodium and potassi um hydroxi de are
particularly suitable. As an al kaline earth netal hydroxide, calcium

hydr oxi dewp=0pariedidul arly suitable. The nost preferred pa¥aH20r0/000%58Chi ng
i s sodium hydroxide, due to its ready availability and | ow cost. O her
bases known to the skilled person may al so be used for quenching. The
quench is preferably performed with an a%ueous sol utionof the base. The

agueous sol HFthQ'BaQ@yTE@Q&@éd”' sBﬁlﬂbﬁpﬁZtcoﬁﬁéﬁ ﬂénqagmt&mw\eﬂa%mt gally from

about 8wt % to about |n these ranges, t soI ution

of the basety&?&ﬁ'%@o‘@ﬁbﬁé?swﬁ’d‘?@?mé(ﬂ\é’t% opthe hgseyidthin ﬂhﬁs? FRNOES) tb@l on of
the base i ssQoGFRtth@bssh cddeieP SRk %rﬂ?dté’d* o?f‘dlﬁl?é”t ﬁthésanwarﬁafqﬁgb?@d in

this case suitable concentrations are frrom1l preferab rom 25
to 45w % niSrcenperasedpngn piseinitationf salty i mw&am\ amﬂ tshthtsfcaﬁﬁéu'b%@,% is

dilute, fr eearwehﬁtaﬁd?@ HE o ‘Fasto'@mﬁ%t p@%@g%& z%%w/ h@?e @%?&a@ yitable

concentrations are from5 to 15wt refera from8 Y9 nore
preferably 2PQH390t%0 lfﬂl:ms%mmﬁth@ b@ws@d@tﬁcwﬁ@ﬂa&qﬁl@f ﬁpita)lﬁ nohenyivageds s

stream shoupgly mﬁéteéa@elsmme e&%&%ﬁ&é,ar@ FrBfs fot1M%9 Ffé?érﬁblkl)froﬁ{ gigrred
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stream_Any nethod of pH-controlled addition known to the skilled person
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mai ntai ned in the
from about 9.5 to about 10, more preferably from about 9.5 to about 9.75. Optionally,
the pH may be maintained at a lower level, for example about 4.5, during the addition,
20 and then raised to the preferred pH when all of the base has been added. If
deacylation is to be carried out as a separate step, a pH of more than about 10 shouid
generally be avoided during quenching, though, since deacylation may then occur. In
order to avoid local extremes of pH, the reaction mixture should be adequately mixed
throughout the quenching procedure.
25
The temperature of the stream during quenching may suitably be maintained in the
range of from above 0 °C to about 80 °C, for example, in the range of from 10 °C to 60

°C, with a range of from about 12 °C to about 35 °C being preferred.

30  The quench is preferably conducted by the “dual stream quench” method, which is
described in US 5,530,106 and 5,498,709.

In the dual stream process, the quenching conditions are attained by slow addition of
the aqueous base with simultaneous slow addition of feed material into a reaction

35 vessel. The reaction vessel can contain an initial charge of an aqueous solution of the
tertiary amide such as DMF. Slow addition of agueous base and feed material allows
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Following quenching, the reaction mixture may be neutralised by the addition of
aqueous acid, for example agueous hydrochloric acid. Alternatively, the reaction

20 mixture can be taken to deacylation without prior neutralisation.

DMF removal

The combined deacylation/DMA removal according to the present invention can be

performed directly on the quenched chlorination reaction mixture, or DMF can be
25  removed before the deacylation/DMA removal.

DMF can, if desired, be removed from the quenched chlorination reaction mixture prior
to deacylation. This DMF removal can be carried out by means known in the art, such
as distillation, distillation under reduced pressure, steam distillation, steam stripping, or
30 by use of an agitated thin film drier or spray drier. It is preferred that the removal of the
DMF is carried out by steam stripping. Such steam stripping can be carried out as
described in EP 0708110, the disclosure of which is incorporated herein by reference.

Alternatively, DMF can be removed prior to chlorination quench. This procedure is
35  described in co-pending US provisional application numbers 61/164,075 filed 27 March
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Purification methods include liquid/liquid extraction, crystallisation, chromatography,

20 and combinations of these.

The present invention will now be explained in more detail by way of the following
description of preferred embodiments and examples and with reference to the
accompanying drawings, in which:
25
Figure 1 of the accompanying drawings show the effect of flow rate on impurity
formation at different pH values.
Figure 2 of the accompanying drawings is a schematic diagram showing an
apparatus for use in one embodiment of the present invention
30
A main purpose of carrying out the process of the invention is to convert the DMA
removed from the stripping vessel to DMF. This can be achieved by reaction with CO
under non-aqueous conditions using a sodium methoxide catalyst, as is known in the
art. Preferably then, the DMF is recycled to be used in at least one earlier process

35  stage, especially an earlier process stage which comprises the chlorination of the
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2) Preferably, the removal process is completed in the presence of sucralose or
20 sucralose-6-acylate. Thus, one notable advantage of the process of the
present invention is that it has minimal negative impact on yield. Partial removal
of DMA is possible by applying reduced pressure during high pH deacylation
conditions at a temperature designed primarily to maximize sucralose yield.
The remainder of the DMA must be removed by other means, such as
25 liquid/liquid extraction followed by high pH distillation. However, if a side stream
from a deacylation is looped through a brief heating and low pressure treatment
in a stripping vessel (e.g. a condensation column), the efficiency of DMA
removal is optimized while maintaining optimum carbohydrate deacylation
conditions in the bulk solution.
30
3) A combination of at least one of pressure, temperature, flow rate and optionally
also pH has been found during the deacylation of sticralose-6-acylate that gives
high yield and high DMA removal. Surprisingly, according to one embodiment of
the present invention, it has been found that it is possible to successfully strip
35 DMA even at temperatures over 50°C, for example 53°C, so long as the
residence time in the stripping column is kept to a minimum. The yield loss is
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directly for reuse.

A very wide range of deacetylation conditions have been explored, with an inverse
relationship between temperature and pH. Deacetylations have been run with near

20  0°C with pH as high as 13.0. Conversely, warm temperatures (40°C) at moderate pH 2
10.0 were used to achieve successful deacetylations. With a loop configuration
whereby a portion of the deacetylating solution is circulated to a heated, reduced
pressure loop, conditions can be obtained which will allow both good deacetylation
yield and DMA removal. Lower temperatures at high pH for deacetylation give best

25  DMA removal when briefly heated to high temperature and subjected to low pressure
following return to the cooled deacetylation pot. This is due to the freeing of DMA from
salts at higher pH. 1t is found that 50°C is a useful temperature for the DMA strip loop.
It is expected that lower temperatures (as low as 20°C) may be employed, though
requiring more aggressive vacuum and condensation. Higher temperatures are also

30  possible, easily up to 60°C. It may be possible that even higher temperatures are

possible with very brief exposure times.

Lower pressure at the DMA stripping vessel is preferable to impart impetus to remove
DMA. 30-50 torr has proven to be successful, but even lower pressure, where
35  practicable, would be helpful. Higher pressures are possible, especially if the

deacetylation vessel could be pressurized.
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20 The present invention will now be explained in more detail with reference to the
following non-limiting examples.

EXAMPLES:

25 Example 1

The feed stream came from the chlorination of sucrose-6-acetate with
phosgene/dimethylformamide, after quenching with sodium hydroxide solution. Such a
feed stream can be produced, for example, by the methods disclosed in EP 0 409 549,

30
A typical composition of the feed stream from the quenched chlorination reaction is as
follows:
Description % of total
Water 49%
Dimethylformamide 32%




tenperature controlled. This can be achi eved using a heating/cooling jacket
(not shown), and/or by cooling the returning streamentering the reaction
vessel 3 weizng/d2818at exchanger (not shown). The pressuP€eTIGB20tv005H UM 11
is reduced by neans of vacuum punp 13. The volatilised DVA is condensed
usi ng condenser 14, and collected via scrubber 15. The present invention

wi Il now be explained in nore detail witlh reference to the follow ng

non- | i m t img—exarples—EXAMPLES—Exanpte—1—The—feed——stt e
chl or i nat ilgdymehlonde. o - L abieomiHi—phosgene/-dimet hyblormami-de —after
quenchi ng t@é@?‘lﬂl&m“@v FQEhIOHRR, | onl—Such—a—feed Spieam-ean—be
produced, f;”?f%!;gé,.},. WetPY + he nethods—di-belosed—inrEP-QA09-540—A-typilcal
conposi ti aoHuNAcetalBy st oam from the Quenched—chl-oriy /?i{ on—reactiendi s
as foll ows: r ' i s—was—deacetyloA edover—6-hours
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col um and punped back to the reactor. thro a t exc r (an.,8" |ong
G5 di aar /oG BRECLIOS IBTAIBL 41 & Bl poth by R e e U BN A RSB g rmed urm
at 100C. 10f4meter EhiemPWA1 Y&t Irfisesd toltRedsdtar Thamateral wde calkpiesiizt iren
products plus unreacted suc&g}ﬁfose

-6-acetate to total teptial vield.,,
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should approach 0 as better deacetylations are achieved. This achieved 2.66%.

Example 2

15
600 g quenched chlorination mass was deacetylated over 6 hours using 10% NaOH.
The reactor was jacketed and maintained at 20°C pH 11.8 while 5 g/min was pumped
through a heat exchanger having a heating medium at 53°C (1/4” diameter stainless
steel coiled tube immersed in an oil bath controlled to 53°C) and into the top of a 1"

20  diameter column of 1 foot length at 40 torr pressure. The material was collected at the
bottom of the column and pumped back to the reactor through a heat exchanger (an 8"
long %" diameter jacketed stainless steel tube) maintained with a cooling medium at
10°C. 94% of the DMA was removed. The molar loss ratio (as defined above) was
4.3%.

25



steel coiled tube imersed in an oil bath controlled to 530C) and into the
top of a 1" dianmeter colum of 1 foot length at 40 torr pressure. The

mat eri al wea0noliksst ed at t he bottom of the col unm and porGERotAOBSSHO t he
reactor through a heat exchanger (an 8" long V dianeter jacketed stainless
steel tube) maintained with a cooling nediumat 100C. 94% of the DMA was
renmoved. The nolar loss ratio (as defi ne® above) was 4.3% CLAIMS: 1. A
process for renoving dinethylamne (DMA) before and/or during and/or after
deacylation in a reaction vessel of a feed stream conprising a sucral ose-6-
acyl ate resGLAIME: from the chlorination of a sucrose-6-acylate in the
presence of dinethyl formam de (DMF), wherein the deacylation is conducted
at a first set of conditions of tenperature, pH and pressure, the process
conprising: (&) prooedassife ramovidg dsmtbﬂwmmd@MAr)chﬁqﬁ@nﬂ/@rﬂh@g@ﬁmracﬁher

vessel ; $) ad] Usbldfrbnt: SO0MLbA SePdr SR eRIcBr B H IREAIGGSs. PHL and

pressure in the setting |'ow rate throu he 1 oop, to renove
DMA whi l e mi ni ni gpﬁ@%@?b&ﬂ@jmﬂ@ ahégginatien bfomsuczosae@-@r:yi@@s@tf@c@@wwﬁ@f to

claim1, wherein Fﬁrﬁbghﬁ Vﬁl%%%@e Cﬁ\é FOWRE RS {HR. &eggylét%?ﬂs cgndLﬁtéH SRSt set of

according to clai erein pressure is [owered rom 20 to 600
torr (2.7 to 80. G]lltht)OﬂSmftﬁri@qu@f@tﬁ phi and preesee dhebasess pyNesingy of clai ns

1 to 3, wherein the t%%\%lfﬁssh% dRbRAop Romhd B redctidh WsQ8IESS

according to claim4 erel n nmperature is raised to from20 to 500C
in the 1Gop. 6. A pr o@@l%ﬁ@ﬁbﬁ"@lQﬁ’gdl@@n%mfyor@for@ﬂ%(ﬁr?ételn@%a@e whiePed n t he pH

Ln the 100p is not. adpustadin he Bop!hASSRpBTGSTE Ao tRoany Rllod) 8> 1 1O

5, wherein the pHis ﬁrocess according to any
precedi ng claim wher éﬁmp\teHéMf\lvﬁweﬂ"@m@wng eawohysite; degradation.

2. A process according to claim 1, wherein the pressure is lowered in the loop.
15
3. A process according to claim 2, wherein the pressure is lowered to from 20 to
600 torr (2.7 to 80.0kPa) in the loop.

4. A process according to any of claims 1 to 3, wherein the temperature is raised

20 in the loop.

5. A process according to claim 4, wherein the temperature is raised to from 20 to
50°C in the loop.

25 6. A process according to any of claims 1 to 5, wherein the pH in the loop is not

adjusted.

7. A process according to any of claims 1 to 5, wherein the pH is raised in the
loop.
30
8. A process according to any preceding claim, wherein the flow rate in the loop is

set to turn over the deacylation volume from one to five times.

9. A process according to any preceding claim wherein the loop comprises a

35 condensation column.



set to turn over the deacylation volune fromone to five tines. 9. A
process according to any precedi ng claimwherein the |oop conprises a
condensatworzonoliesm. 10. A process according to any precedirmgp20i0ions4wher ei n
the | oop conprises a heat exchanger heated with a heating medi um di sposed
to heat a liquid outlet of the reaction vessel as it is fed into the | oop.
11. A process according to any preceding t@aim wherein the | oop conprises

a heat exchanggp Gp j 0l i medi um.di sposed_tq cool a liquid
outl et of the Ioop g’?%lg?g\%ésclalmgnogc g’aécwr}‘?ﬁ?eﬁ'}%cgé'%&@Ff%”\?@%‘%ﬂe@mﬁ@%R
process accor di ng heet exchiangarheatdvewi¢h a hedtingtresgiemalispoge®to hidit adiogidi i@t

medi umis from - 3Q) fer fro DC to 3Q0C, nore preferably
from 150C t o 250C. %I‘georeg%bﬁo\eegéé a%(:xfgigllfé{ﬂ 'HBO tFS}Oaﬂ*?y precedi ng claim wherein
the DVA renpved fromthe stripping vessel is converted to DMF. 14. A
process gccording A ' : [ - is recycled to be used in at
| east one earlier p@*gg%%'séﬁgga gférﬁ\éa%s pgeépelra%gec aémaWES'FeH?/ %6??%3 AAriFFe 2,
wherein the at | e&68t @fvbaegaricoeledyrihcesmling apeiunodisposeitochel Lijurf buRti on
of the sucrose-6- aeWabs, ad fi I rding to claim 14, wherein the
at | east one earlier egrg%gsg155?%%3%g)?r%trhlggéé)c’“toﬂé'ga%ey?’l ation of the 6-hydroxy
group of sucrose. 17. A process according to any preceding claim wherein
the acylate isqacatgabs rcte,%%at ar.af etate 18 .. A process

accor di na to any pr%(;e "o gl al mBeC‘va%@r1§rﬁ@%‘é’\/ﬁ%g@y%{ﬂ“&%°¥@e§B?'&9t ed in
the predBnce of  oMedBim jdfam hydr o006 spreferaidy fomf1I0BENt@ATAE) imane byetsranliyde and
met al hydroxi des, srefsEalbye@l kali nmetal or al kaline earth netal

hydr oxi des, especially sodi umhydroxi de, and mnixtures thereof. 19. A
process according to any preceding claim wherein the first set of

conditions of {£MAgHatdssechdirdNd ARy BRREERg MR WSS e thE TREL A& qGlf Fom

-50C to 2Q0C, _
the stripping vessel is converted to DMF.
15
14. A process according to claim 13, wherein the DMF is recycled to be used in at
least one earlier process stage.
15. A process according to claim 14, wherein the at least one earlier process
20 stage comprises the chlorination of the sucrose-6-acylate.

16. A process according to ciaim 14, wherein the at least one earlier process
stage comprises the acylation of the 6-hydroxy group of sucrose.

25 17. A process according to any preceding claim, wherein the acylate is acetate or
benzoate, preferably acetate.

18. A process according to any preceding claim, wherein the deacylation is
effected in the presence of one or more hydroxides selected from ammonium
30 hydroxide and metal hydroxides, preferably alkali metal or alkaline earth metal
hydroxides, especially sodium hydroxide, and mixtures thereof.

19. A process according to any preceding claim, wherein the first set of conditions
of temperature, pH and pressure comprise a temperature of from -5°C to 20°C
35 and/or a pressure of 760 % 100 torr, and/or a pH of from 9.5 to 12.5.



and/or a pressure of 760 100 torr, and/or a pHof from9.5 to 12.5.20. A
process of making sucral ose conprising (i) a step of renoving di nethylam ne
(DMVA) befwoeomnd2sis during and/ or after deacyl ation in acreEs2bicowossessel of
a feed stream conprising a sucral ose-6- acylate resulting fromthe
chlorination of a sucrose-6-acylate in the presence of dinethyl formam de
(DVMF), wherein the deacylation is conduct®d at a first set of conditions of

R P RN e e A SN b A
of one or nore of tenperat ur e, pH and pressure in the loop, and setting
e [how Tate, " eehhF e Ahg SRS EALBULE S ahp gt gy et e
reacti on vessel adehcylafion ovatdagtion vassel o asﬂee@siméarpuomfayﬁr@atshg“alose+6at ed
sucral 0SE- acylate resulting from the chiorination of a sucrose-6-acylate in the presence
of dimethyl formamide (DMF), wherein the deacylation is conducted at a first
set of conditions of temperature, pH and pressure, the step comprising:

(a) providing a side stream loop from and to the reaction vessel;

(b) adjusting the conditions of one or more of temperature, pH, and
10 pressure in the loop, and setting the flow rate through the loop, to

remove DMA while minimising carbohydrate degradation.

(i) a step of isolating sucralose from the content of the reaction vessel
and, optionally,
15
(iii) a step of purifying the isolated sucralose.



