PROCESS FOR REMOVING DIMETHYLAMINE DURING SUCRALOSE PRODUCTION The present
invention relates to a process for removal and preferably also recovery of dimethyl amine (DMA)
during the manufacture of sucralose, SUCRALOSE Sucralose is conventionally 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',64richloro-4,1',6'-trideoxygalactosucrose-6-ester, followed by quenching at high pH, after which
the 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 streams, even when it has decomposed
directly or indirectly to DMA. This recovery is economlcally |mportant because of the cost of DMF and
the fact tiRR QB ES@ iyOROREMSMOXGJIRBTEdVEAN] R D URING UL onidyted to DMA.
Therefore, recovery of the solvent is very important to the economics of the process. It is also

undesirabig e AU ROk GHHIOn0lcR] WaRle UeRIMERI-RKPa ML RIRASUIBEBIARIISS (o high levels

of DMA. It is known art to react DMA with CO under non-aqueous conditions with sodium methoxide
catalyst t8FeR¥BARHNE @%b%F@%@%%ﬁH“&%HMEWB\?@@ of DMA can be used to replace costly
DMF destroyed in sucralose manufacture. WO 20101 12813PCT/G132010/000554 2 The DMA is
purified and concentrated by distillatien_and reacted with CO to reform DMF for recycle to main DMF
purification systems. The separate . solvemi[ee carkfﬁhydrate waste streams can then be neutralized
and treated biologically without mterfereppe by jlvenﬂs S’Ingye ctase where DMA contaminates
desired carbohydrate streams, carefu “must be Wade. i pregerve the carbohydrate while still
freeing volatile DMA by addition of strong baee thus allewing distillation of the DMA, Where the DMA
is in the presence of desirable carbohydrate, reactions can occur such as the preferable 10
deacylation as well as undesirable decomposi§gpghseaiglose. It is thus desirable to remove and
recover DMA but at the same time it is desirable to maximize the yield of sucralose by minimizing the
formation of side products. An object of the invention is to remove and preferably also recover at least
part of th@EﬂW@ﬁ%#ﬁw@oﬁé@&W&‘ﬁgﬁ PERASERSr BYT AR S AtRAT R RSy SRy RiBIP ¥t s either
prior to 0F0M|WMQMB§%W@Q dimeswéaditstaspe(bhifthe presenhinveatidnmowgirvides a process

for removing duneiiviamine (PMAL SIS A0NS dHingand/ar AR Aeaclalipndg.g.reaction vessel

200f a feed Seam comphsmg Stcralo acylate resultlng from e chidrination of a

sucrose- &a@ﬂ@wm%%&%@nM|©W§Wtﬁypmﬂﬂequ)a%ﬁ%ﬁﬁ‘ fihe BMfciRdaBIPY§ Conducted
at a first sgi PiORIIAB S @Rpesatisr R tankd BIRSSER Sherpsaneseemnprising:

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



(a) providing a side stream loop from and to the reaction vessel; (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 mlnlmlsmg carbohydrate degradation. A second aspe nt invention
provides a pr8¥8§‘§ 18 Mg]rgng sucralose 30comprising (i) a step of removin %/r%%%ﬁ?@{riﬁﬁi (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 a2sucrose-6-acylate in the presence of dimethyl

3stormamide (DME) herels heiarryletion sconduaiaiataiistostial sandiiops ghfemperature,

pH and pressure,_the step comprising: WO 2010/112813PC1/GB2010/000554 3 (a) providing a side
stream loop from2ia &5 fﬁ@’?@aﬁ&i’@ﬁ"\‘/@%@I‘”U(ﬁ)‘%ﬁ?ﬂﬁYﬁE% JORREBREEIHEGriteore of
temperature, pH,caribipréssel reestcthizdanp candnsettingdhesdiosd raid tleded bitheicop vidthemove DMA
while minimising ﬁ@g@g@xgéagg Aegradation, (ii) a step of isolating sucralose from the content of the
reaction vessel and, optionally, (iii) a step of purifying the isolated sucralose. According to one
embodiment-of the present invention, the DMA removal in the side stream loop occurs substantially
during the deacylatiba sasrtibareHI/Ae venidhinBiet desirrolvetrhrdny dretyisttrefivee sigpiifichnicdeacylation

has begun, and aﬁﬁétftkl@rﬁl&&é:bd %F@@MF&%M%M@'%W@@%&%I%M f sameions for

the d lati t Il f II .Th to 20C. 20Th
pressure s ypichy DS SRS IBCLAIE o B She J50 10D (01 15,3 ey, The

pH is typically fropresemee qud%‘slml’b@‘dlétﬁé%ufemﬁmé m@@@@@@«‘@h gethpeseigtabigention is
prepared by gcylatigayRlisheOasl andiliarHndiaacangapibanalluHiliseemavnusissamsasedures are

described in more. el DO TN BALPIHEERETRL ¥HRaasR REHRIRRL L e qupnehed

chlorination reaction mix
sucralose by minimizing the formation of side products.

An object of the invention is to remove and preferably also recover at least part of the
15 DMA during deacylation, or before or after deacylation, whereby deacylation occurs
gither 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 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 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:



30In 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 suitabIePbcaTs/%% are /;[)Q(%%e described
below as the We%éo?g/llfﬁ%lﬁuenching of the chlorination reaction. For convenience, it Is pre4ferred to use

the same base for 35deacylation and quenching. It is particularly preferred to use sodium hydroxide as
the base in both cases. WO 2010/112813PCT/G82018/000554 4 In general, the applicant has found
that deacylations at higher pH( v&l’ues work gEgts%t r%altéveI%A%V\é%t%q}peegggéﬁes and !ower pH values

: . a ’ N :
work best at relatively higher te 68‘{%%3%%. ccording y??n SOme embodiments of the invention, the

temperature 5and pressure e RAEE RS HirecaadgrgishreaRade etiRaneebigind e following
equation: T(*C) = (-14.724)(pl)esslOS ib2n&160b, anths2fing asimdiare mispudiOnelospnere of the

conditions of temperature, pressie. ,@Wh‘ﬁg]%lﬂ}fﬁg%%rc@%o%?@%@g8&&%&%H.Sted in the side

stream loop, generally to achieve harsher conditions, for examp gher temperature and/or higher
pH. These harsher conditions aid DMA removal, but also may result in carbohydrate degradation, and
in particular formatidii) af siephy thabtingsmelyaBs6' feorh yias @chtanidit e regalmotosssziose. The harsher
conditions 15may also @rﬁ:d 5&{&@{] r DMA formation. This effect is mitigated by reducing the exposure
of the material to the conditions in the side stream loop. This can be achieved by setting the loop
volume and the flow rate through the loop at any one time. The temperature in the loop may be
raised, for example, (b & <50 preiyiad Wiz dBied®G40@]asre preferably by 15-20C. The temperature
may be raisggd, for example, to from 20 to 50C, preferably to from 30 to 50C, more preferably to from

40 to 50C. The pressure.in the lopp may be. lowered, for examplg, t m_ 20 to, 600 torr, (2.7 to
30.0kpa), prefer A O 2 BB (S L1 L) A e ol LB 9 rom 25 tor
to 60 torr (3.3 to SBKP NI AgbRianielyAbdwineriastial presasiianyéinsyemip RN the loop is
not adjusted. ThygrRdHSHEERAN BorskigHiRedaQR iz PRt dbEiease albr ventiessyation
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 8.5 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 chiorination 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 chiorination reaction. For convenience, it is preferred to use the same base for

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

base in both cases.



30According 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. It may

also be raised at least 1.5 pH units, or by at least 2.0 pH units. However, t in the | is
preferably raised %Ool(r’{(l)lﬁfféﬁer than pH 13, more preferably to no higher thz:l?)r(iE gglﬁsﬁﬁ“{%ﬁ)

2010/112813PCT/G132010/000554 5 The pH may be adjusted by adding more base. The base that
can be added is preferably selected from the same bages as described above for use in the

deacylation reaction. The base is preferably the same as that used in the deacylation reaction. 5The
loop volume is the volume of the stream in the side stream loop at any one time. It is expressed as a

proportion of the'B&88§IaldreaRimBRNRSRHE iificlerReaiRsls FbRiaherieth MRS R &S to 1/500
of the deacylatiorelaineticiowessehohiones, o doprafpraEivéowodd bast hiYbRtokthdidescylation

reaction vessel valyme, L ORDNVAINAIR iR dLARIARR S BEIR R EEhV Rl RRpRIR g8 fined with
reference to a batch-type operation for deacylation. However, the dea(t%/latgzn %%ﬁédtlr@ to the present

invention can be PEHRSATRPSRRPKRI IB A8 BReYaLANFRALS SRt QIS HINL SR B WS ylation is

performed contiregasign:then "volume" must be understood as "volume per unit time". The term
"deacylation reaction vessel" is 15construed as the apparatus in which the deacylation is performed,
whether deacylation is performed as a}%%tg +p%)cess or as a continyous process. The flow rate

through the IoopT§°§Pe?é?$%KZ§UBF‘ 25 o) é‘?@o%n'ﬁ%? I @QB ferably from 2 to 4 volumes,

of the deacylation reaction vessel during the 20deacylation time. According to the above parameters,

the followingpequgtign,caBrae ARl RN LIRS whrieRardiowdatadisexshihe loop in the

units of VOIUme/tldn;gc?/%];llgg(?sba)éj\détlédﬁp\(%h-le; side stream loop, generally to achieve harsher conditions,

for example higher temperature and/or higher pH. These harsher conditions aid DMA
removal, but also may result in carbohydrate degradation, and in patticular formation of
“anhydro”, namely 3',6"-anhydro-4,1-dichlorogalactosucrose. The harsher conditions
15 may also lead to further DMA formation. This effect is mitigated by reducing the
exposure of the material to the conditions in the side stream loop. This can be
achieved by setting the loop volume and the flow rate through the loop at any one time.

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 still 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. It 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.

35 ‘



X = number of turnovers of deacylation volume through the loop = deacylation reaction vessel volume
L = loop volume in the same units as V 30T = 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 undel &8s of reduced pressure through the condensation €8 uzror}ﬁ/.og(gﬁeferably,

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 WO 8010/112813PCT/G1320101000554 6

temperature of the heating medium is preferably close to but naot less than the target heating
temperature in tﬁgﬁc?opwﬁq{qur%ﬁﬁt?ﬁgj ¥oaod€a!‘ ggnalw&'%ggsae 'hea?%%ﬁz%%é:ra r&g&%‘%‘%ﬁthga cooling

medium 5dispos¥efasabbotelarieddromtibeciane respsaasitesebrr Lo YRt tHes EblbFoPIe48dtnThe

temperature of thgsemalinghBedisTs isrerateialihe Eame -RCHe D06 impeedemipsablyréaioa0C to 30C,
and still more preferably from 15C to 25C. The deacylation reaction can be conveniently monitored by

HPLC. For optimum yields, 10it is important to monitor the géogress of the deacylation reaction, and
neutralise the reABARPRTRILIREIER Hobiraaetiths RreamBIdte. sTifeSHRABT 08P R AW ANFIRGrdtshould
be adjusted to fremxpita 88 aerefataalyiapprtdneatelyTid fEhetiteactisal mikiuee Taa copveniently be

neutalised using aqueqys BRJLRRNOHS AS1E, 055G AAY ALelio ARl AlRIaREYRly e

reaction mixture can be neutraliséd with gaseous carbon 15digxide. Preparation of sucrose-6-acylates.
Selective protechEHSRRHETBRYER SN HPEGEHRR AN FOR APACIPBYEESPHYBLISH of sucrose with a

carboxylic acid anhydride, such as acetic anhydride or benzoic 20anhydride, in an anhydrous polar

aprotic solvgnt (WRIGH %I B 2 A9 M4RABHERGE 4 tion vessel volume” are defined with reference to a

batch-type operation for deacylation. However, the deacylation according fo the
present invention can be performed either as a batch process or as a continuous
process. If the deacylation is performed continuously, then “volume” must be
understood as “volume per unit time”. The term "deacylation 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 deacylation 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, L and 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



prepare feed streams for the present invention, preferably DMF) in the presence of an organotin-based
acytation 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 groﬁ%qﬁ%ft()@l%?éﬁle to 25the conditions of the chlorination reaction and ahich Eah be
removed under conditions that do not affect the resulting sucralose can be used. When
sucrose-6-acetate is prepared, 1,3-diacetoxy-1,1,3,3-tétrabutyldistannoxane, for example, can be used
as the organotinAss-AGY afien YA ACSEaABIINS 35 erRibauin aldaplydride.
Preparation of s crose-6-ester§ is disclosed in, for example, O'Brien, U.S. 30Pat. No. 4,783,526;
Navia, U.S. Pat. R 088 a8 ERibEsHO%Ps. Pat. No. 4,889,928; Neiditch, U.S. Pat. No. 5,023,329;
Walkup, U.S. Pat. No. 5,069,608; Vernon, U.S. Pat. No. 5,034,551; Sankey, U.S. Pat. No. 5,470,969;

Kahn, U.S. Pat. iu548, 825ic5iAkmbhiSed 2hdiOe: 31238620t b SoR@nRuRn2007/0227897

Al; the disclosures of whjch are all incorporated herein by reference.. W :

20101115813 BT TGS TGP SSEE B s deE B Ty B B SEhTLo protec
the 6-hydroxy gré@ipraRiH tidhshtonlinginedbaeifoprefers pydferatifCae afphaneremeeiasadyclic
aromatic acylate sigareopratesaity anaesmreairsQraeaiBlerand snosbpreterably an acetate.
5Chlorination of sucrose-6-acylates The chlorination reaction to produce the feed streams of the
present invention can be carried out by a number of methods, such as those disclosed in EP 0043649,
EP 0409549, US PG06eatHDageari U p e £ ety monteighbereichisiohanfe dasistedsmay be
used in ordeo to chitomnaitaiedmdhAanctie pagitesobhthesadgmbe-feaaidaianduiaiisexamnples

include th I . ISt '
(ehorometyene e T R R e TR GO

: romethylen % imethylammonium chloride),
phosphorous oxﬁfhRﬂ%ﬁé‘?%%@ﬁ’ﬁo%%é5%@8@8%%?(?‘??6‘??9?%%% de NeXaRAIALRbBEEaN
methanesulfonyi edvesidenisutfendtbside diphaggens fidotdolain ety chishajaitriate)dond
triphosgene (bis(trichloramenpd)-CalRRNAEX QLRS! Siatie AN NaHAYRASNAT showte-fBe skilled
person may also be used. Preferably, the chlorinating agent is phosgene or Arnold's reagent. 20As
used hereinl,sthe fioKiPeeaction 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 ansl Qyadyst Bixtike-L6Repdiag on the chlorinating agent employed, a number of types

of reaction vehicles may be . .
Seiecti%le protection of the 8-hydroxy! 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 B-ester group shields the hydroxy! 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-6-acetate is
prepared, 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane, for examyple, 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. 8,939,962, and Li, U.S. Pat. Pub. 2007/0227897 A1, the disclosures of
which are all incorporated herein by reference.

35



Ufsed, and any reaction vehicle can be used that is stable under the chlorination 25 conditions and that
dlssolv_es 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 chiSYhAt8A 8L tion may be about 5:1 to about 12:1. 30The rea’t’:ﬁ&?%ﬂi(gpé)%ﬁy
additionally comprise one or more co-solvents, in addition to the tertiary amide. Suitable co-solvents
are slelected frcl)m the group consisting of 1,2- dichlorogthane, 1.2-diethoxyethane, toluene. o-xylene,
m-xylene, p-xylene, chloroform, dichlocomethane, and mixtures therepf.

2010/112813PCT/8 B‘ﬁﬁim%ﬁeéj%gﬁta&yea@a%ﬁiﬁﬁwﬁgIé) &f %%S?E‘ﬁ/e%éﬁé%ﬂﬂ’é‘feqﬁﬁu&der to
chlorinate the 4, durinyité: positietisn teasfien diisausTaraouian siiehibigrmamaerageic @ramgtitmount above
three molar equiyalents RefpRiRraBIRPERIIEEE sMiedipesid the pefinabiynmagestis added in an
amount of at least seven molar equivalents per mole of the sucrose-B- 5acylate. Typically, the molar
ratio .o.f the chlorinatin_g agent to the sucrose-6-acylate is about 7:1 to about 11:1. A number of reaction
cor)dltlprm_s can bghlesnptimehicowspddEdnaiestion. Walkup, U.S. Pat. No. 4,980,463, the disclosure of
which is incorporpig@hisreindireatatenecsianitoenarsplestadisciosttha prsatapesptovesmibavhich

chlorination is carried out at two differe [ : i t 85 C and
2 temperature ofcgmsa"sotuaa%atﬂfaéefgﬁE*L%?ﬁfﬁg%%%%ﬁﬁ%%‘%‘%@%%%?e%?%%%?ﬁ?a?%%‘f Fry, US,

200710100139, ﬂ@%@ldé@l@@ﬁfméﬁ?ﬂ@’ ifed o rHeH HAE R by reference, discloses a process in
Whlch the reaction mixture is heatgd between 75 C to 100 '0 to effect 15chlorination. In general, the
reaction teperajure for e chigrnatipn IeRcHo iSRRI B3 20T hadeaction time for

the chlorination dAepen son tﬁe temperature emglo ed, with .
positions of the sucrose-6-acylate. Suifable examples include those selected from the

group consisting of phosgene, Arnold’s reagent (also known as
(chloromethylene)dimethyliminium chioride or as (chloromethylene)dimethylammonium
chioride), phosphorous oxychloride, phosphorous pentachloride, thionyl chloride, oxalyl
15  chloride, methanesulfonyl chioride, sulfuryl chloride, diphosgene (trichloromethy!
chloroformate) and triphosgene (bis(trichloromethyl) carbonate). Other suitable
chlorinating agents known to the skilled person may also be used. Preferably, the

chlorinating agent is phosgene or Arnold’s reagent.

70  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



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'-trichloro4,1,61-trideoxy-galactosucrose-6-acylate
occurs. If the YERAENHHE is too long, over- 25chlorination will occur, resuﬁﬁ%réqmw(?(%ﬂé)g% 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 &cid salt of the base. 30A number of different

bases may be used in the ching, Prefer. SE:! ing.ing lkali metgl or.alkaline
earth metal hydrggle etsa,r %F%mg}%%grw %rée ‘r?o%gre&%sga%{% |t% #ggi%g%gﬁgﬁf %(lﬂd?%ulr{nngr% 8p%tassium

hydroxide are paPRelirify uReHIEXaesaRHMANE P ABYAIRY /S AL BRI APRYRIFYGEe is
particularly suitabeiaf bgumeishpreteretkbase forigredenibgdisnsat it dhyolioxide, sdieet35to its ready

availabity and Iy gash QIBIRESEKANILIAA SKed RRTHN Mk lacbeu ok uenching.

The quenchis p erformed with an aqueous solution

2010/112813PCRREZE IGRIE 818 §GlRiHE e AR AR 2SS T4 EB AR Bbout
5wt% to about 5@t tyiptcabbpdtdmiabout 8wt"A 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 is

concentrated, then precipitation of salts is envisaged, and in this case suitable cconcentratiqns are
from 13 to 50Wtoh: %?%?58‘137??8?5‘?”2%0{39'3%0\70?5???160?88 riofgroﬁajl':)efyea Sﬁ‘@'lﬁﬁ 5. 'ﬁ%éj %?)IIIJU lon of the
base is dilute, prétipitatidrbap éits the mtrchsusagied)ishts incgiapiiesd RREDY ESAESEERbNs are from

5 to 15wit%,pprefgrabiidrenscR 40 3midatage s duaie ralbydiam dhdacklivtérid@buringuibe quenching,
the pH of the process stream should preferably be controlled, singe it Il that
deacylation shou%i%ée IRREEIIE qetﬂn A FHrget%?%gég% gc?g?#ﬁls? \bf‘_?fg?m?oﬁl@lé’ F%ﬁféﬁéi%gﬁi%?/able by

controlling the adefitrmsirabousf PR adusoasighetidirb PR HHReHeshRYRHBRAHM pENithth the

process stream. Apy7methadoinbiicentiatest addiientmeyeratodherskillgorgfersoremieibesased. 15
Suitably, the pH of the stream is maintai ' (&fgg gbout Z.5 thabeut, Lenduring the
guenching, prefePéBﬁ? ?d’?nwa’%u&%.??é&%%%&%%@rﬂ%ﬁee pre?gréably from about 9.5 to about 10, more
preferably fidm apdofimeEod about 9.75. Optionally, the pH may be maintained at a lower level, for
example about 4.5, during the addition,

In general, the reaction temperature for the chlorination 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, resuliing in increased levels of tetra-chlorinated by-products.

Following chiorination, 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
guenching 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 agueous solution



20and 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 should generally be avoided during

guenching, though, since deacylation may then occur. In order to avoid local extrenl}e/-s Of;QH, the
reaction mixtute ABUEHE adequately mixed throughout the quenching prggéréﬁfﬁ%q 8%

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 10CGto 60 C, with a range of from about 12 'C to

about 35C being prgferred. 30T quendhispreieizblycondieteddy dieiduaatieag gench”

method, which is described in U 5%0,10 and S ual stream process, the quenching
conditions are att4¥EIVNPSIRR A GHER GraheH bR s ELhRsPRRh IHTRARRRA /ISR Hifdition of feed
material into a reguititonIBvesbakeldumn teastien ‘wessehcaeantaliuasi. initied shiaipe of te Bapteous

solution of the teréi@&a@ém&%eaue{é@g,@%ﬁm%w @9@@9Ms%%%%%ahm%%é%ﬁmwﬂa' allows
WO 2010/112813PCT/G132010/000554 10 both the pH and the temperature to be controlled during

: P peratt
addition. The feetPRPSIEIRICAR G EJIRBE Bk iR RANIRRIT LR SIS B HE N sired
guantity of feed raiatetiabhids. béthe aduddn Blihh dasg isadusehaseiigtaiiied saltd thaciesiviedoetl is

reached. Then the,iemperaiie and Mkl BHRIRRARD ek 3RS desirmbieyrirfasiroriemainder of the
reaction. Preferagl . the pH sho%d !Ot be q(??\r}m t%ci}g}) rise above about 10.5 during the course of the
guenching reacti \“’6‘0 %rﬁi%e [’%E%{@mat Slf} Carried out by a circulated process. In the

circulated process, the quenching conditions are attained by circulating feed mixture from a 10vessel
through a cirgulatipRdger: FeaRNYIURR BRGRALMIERASE-are addadsiawhpinke tysteinedlation loop.
Slow addition of aguequs base and feed material allows bagth H and the temperature to be
controlled duringgﬁa‘:&t%dﬁggﬁ fjllc\éﬁtr%HS%&saﬁgg%cyg%%%gﬁoﬁﬁwgt??%rg%‘es‘,lsr%%\!\bﬁ-qg_ig%gag%ﬁé . Then the
temperature and ipkpariantairtameld eentie! sty RYdRyMblethy senvaifitrtsraddtienaian! s

process may be BHuéd@ solution of the base while monitoring the pH within the process stream. Any

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

15
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,
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 should
generally be avoided during guenching, 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



15batch 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  aqueous acid, for example aqueous hydrochloric acid. Alternatively,
the reaction 2%:913&[%1%%}8 be taken to deacylation without prior neutralisafion TR ROYal The
combined deacylation/DMA removal according to the present invention can be  performed directly
on the quenched chlorination reaction mixture, or DMK gan be 25removed before the deacylation/DMA

removal. DMF can, if desired removed from the quenched chlorination reaction, mixture prior to
deacylation. Thi;% E;R/ngr hoa%ﬁ)t%gﬁegnep graartrl‘l’é% %IB? Bgnrﬁcél%ndg kho ﬁdlﬁ}{iﬂré ﬁesﬁg 'géi 8|”sﬁlllation,

distillation underaediageePpecaisarsaamitensanaticidsbalnystipbites eesicryoyantibf eifessitated thin
film drier or spray,giigil ii4s peefesRib dhatinrreasid6eiOMBds aairiag uiley steam stripping.

Such steam stripping can.be carried out escfi in EP he di § ich is
incorporated hererpﬁ%(%ﬁa?efeﬁgﬁ?é??m%igt%%lﬁiéﬁ? ed? ?8%5’8%1)%6%%&5 %gﬁqg%glg 28&3% %1/164,703,
filed 30 Maréh, 2B0RitHEr KB saretias: iirieraik ihedbcraael Retemnsymiieddndse BRASan also be
removed after therdeacylatiunfiaA temeral #ecqudinite heqgiiresent 5 invention. Processes where
DMF removal is performed after deacylation are disclosed in co-pending US provisional application
serial no 61/039,616 and PCT application no. PCT/GB20091000006, the disclosures of which are
incorporated herGHERGBETENCRSHIAIHENBR GFRRPAIJRE2 FEAHREIME R oM E B RESIRRENts of the
present inventiomprstes|teegsaischate ddotitwin grdedizjtatidry Ddating e aipdoreingt@ the present

invention. Methogs o inplatina endiciBHiing: sugralass. afe disrlesedded LR GRARATRIIP 5077349
US6943248, US 6998480, US 7049435, US 6809198, US 6646121 U§ .
into this circulation loop. Slow addition of ‘agqueous 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
at the desired levels for the remainder of the reaction. This process may be runin a

15 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
aqueous acid, for example aqueous 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 chiorination 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. lt 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



155298611, US 5498709, US2006/0188629, US2006/0276639, US2007/00159161 US200710160732,
and U82007/0270583, the disclosures of which are all incorporated herein by reference. Purification
methods include liquid/iiquid extraction, crystallisation, chromatography, 20and combinations of these.
The present im(éﬁﬁld)ﬁlwgf%ow be explained in more detail by way of the fo]I)E)r\r/\//ﬁ}%ZO é)g)g%iﬁon of
preferred embodiments and examples and with reference to the accompanying drawings, in which: 25

Figure 1 of the accompanying drawings show the effegt of flow rate on impurity formation at different
pH values. Figure 2 of the accompanying drawings i chematic diagram showing an ratus for
use in one emb@@ﬁﬁeﬂ?@)ﬁfﬁ@ﬁr&?@ﬁ}flqﬂ%gﬂwﬁﬁ%@@%%ﬁ 'ﬁﬁ%’ géegig fzé’l\@?ﬁﬁs Sut the ?)?r%%gss of the
invention is to cowrvan thecBEéAsmoved 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 o be used in at / on (i frstage, especially
an earlier procest"stag8 ﬁ}ﬁ?c%ecfgm%f?geas ré%c Sﬁ%ﬁ%nnmemﬁ%‘c%%%@gf ?:?/Iate.ﬁPrePerably
also, the at feastroretearliBronessessvsrig Obimpriews ineaiioymaas AT FRABYIJAREF GRAUFSF sucrose.
Preferred acylatgs £osREsg the gestataaaghathenzoriaFoesabhs tne ecacytaticatiselected in
the presence of I ides selected from ammonium hygdroxide and meial iydroxides,
preferably alkali gﬁr}jigf %?@qgé%%{%é;r her?%?g sﬁ?/%grcg)i?g%s, espc‘acialfi});odium ﬁyd?g)xide and mixtures
thereof. Generally speaking, a non-limiting outline of the DMA removal is as follows: 10 1) DMAHCI is
the salt form: as phasekieh tiemediys is increased the % DMA increases. DMA may be removed by
inereasing e pﬂa%%?&ﬁﬁpj}%{s%ﬁbé’&%o%]ﬁ%%@ ahaue,which Hhersids Ritipsdg fegrdiym is possible,

ie: above pH 8. However, the amount of DMA removal as theepH falls below about pH 10
following deacylation/DMA removal according to the present invention.

Methods for isolating and/or purifying sucralose, are disclosed in US 6890581 US
5077349, US6943248, US 6998480, US 7049435, US 6809198, US 6646121, us

15 5208811, US 5498709, US2006/0188629, US2006/0276639, US2007/0015916,
US2007/01680732, and US2007/0270583, the disclosures of which are all incorporated

herein by reference.

Purification methods include liquid/iquid 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



15diminishes progressively, A vacuum is applied to the medium in the side stream loop to strip off the
DMA, and preferably the temperature is also raised to volatilise the DMA . 2) Preferably, the removal
process is completed in the presence of sucralose or 20sucralose-6-acylate. Thus, one notable
advantage of %i?ﬂ(?@é%%l%)f the present invention is that it has minimal ne&gﬁ%%%)g)gg o yield.
Partial removal of DMA is possible by applying reduced pressure during high pH deacylation
conditions at a temperature designed primarily to maxin®ze sucralose yield. The remainder of the DMA

must be removed by other means uen a8 2nliuideyid.extraction fallowed by bigl g distlation.
However, if a side resm iom & eacyla 1A 1S looped ?ﬁroug a brie eaﬁng OW pressure

treatment in a stiipprrylobezef feef-BVEFMUIEHSEREhEBIGR), the efficiency of DMA removal is
optimized while maintaining optimum carbohydrate deacylation conditions in the bulk solution. 30 3) A

combination of alegst ans.QLALE S dempsiae lpthiae and opinnalicalsp iR feen found

during the deacylation of sl ose-6-acylate that gives high yield and hi?h DMA removal, Surprisingly,
according to’onelefisHmEIte PiREEHREE MM OB RS Mt hRddssse RAFRIMAREANE BYLSible to
successfully striph38NIs ene matdenresdiase srefeeatd0 ki mextanopleiaBe, swttomgtals the residence

time in the Stripping, COMEIN I8 %&ﬁ%@dﬂiﬂ@ﬁ%m&@%ﬁ&%&%&%éﬁé&
2010/112813PCT/G132010/000554 13 greatést at higher pHs, but pHs between 11 and 13 are

especially preferred for stripping the DMA, provided the residence time is kept short. ~ Figure 1 of the
accompanying dr@anags!\sbosesitige efisctoftioveutite of theBdfo¢dieval is as follows:
Sanhydro-4;}-dichlorogalactosucrose) formation at different pH values. The experiments were run

using quenched chlorination mass from the chlorjpati sucrose-6-acetate, in whj t?
deacetylation conditi%i\ﬁé\%ﬂ ﬁi%ﬁ?gcﬂﬂ%%éﬁ%t%%%hee Mam a{gén\‘?\yﬁﬁséégp g}%e)g’:s r@agm was

circulated briefly througherdrsater RigHlyiay Lo aroersB0T nsteasipedbe rb ahevrii ialGRISN®Strip the

DMA. DMA removals of 0= 8R%wrase ashieyethwitiess<f tass ithassdbte ok patentiaH s.

sucralose-forming Carb%yv%%ﬁsﬂgg 9;%%8%@ %?Bi | nré)rq‘w%c\l/g%sé'the pH falls below about pH 10
15 diminishes progressively. A vacuum is applied to the medium in the side stream

loop to strip off the DMA, and preferably the temperature is also raised fo

volatilise the DMA .

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 sucralose-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 io 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



The DMF/DMAlwater streams so obtained were distilled to concentrate the DMA 15stream for
reconversion to DMF. DMF may be similarly separated and concentrated directly for reuse. A very

wide range of deacet%ation conditions have been explored, with an inverse J%)(afggr}%%l(g) %gtween
temperature and qulf) é%}éetylationshave been run with near 200C with pIE| as |g?1 2830,

Conversely, warm temperatures (40C) at moderate pH 10.0 were used to achieve successful
deacetylations. With a loop configuration whereby a pdiion of the deacetylating solution is circulated

0 @ heated,reduced pigssits AR-ePRYLON 6A0 s oliAned s oot angdo

deacetylation yield and DMA remo Lowel peratures at high pH for deacetylation give best
25DMA removal when BFeRipa e Righidemibersasirenasd i talserrbw pressure following

return to the cooled deacetylation pot. This is due to the freeing of DMA from salts at higher pH. It is

found that 50 C iéi%rg?w {RMBESAIE R0 the VARSI aRn.ALE SRSEIGTL iRkt @mperatures

(aslowas 20C) m e em,plgg/gd, hmgh requiring more aggressive vacuum and condensation.
Higher temperat@r¥ dRs‘hisE SUp0SEIBROBEESUPIEBHE 3t FHIEBE PO LElBRE that even higher

temperatures are possible with very brief exposure times. Lower pressure at the DMA stripping vessel

is preferable to iRpAL,KARRRISIQLRMONEGMALSHAOHRRSRIPHRBLHH] Blecaasiutidsreven lower
pressure, where 35practicable, would be helpful. Higher pressures are possiple, es emallxtlf the
deacetylation ve§§87(i§?0?636%t%?e%WH?Z‘&PW@%%@TM&W/@?@ZBTW %gggpﬂpﬁgﬁre 2 of the
accompanying diatiagsis aachematcsitiagicaans hawisity dateppéefyusrevah asesteoarpinBodiment of
thg prese”tﬂlﬁlve%z%ﬂ% %*Eérﬁf@?@éﬁ@&%ty&ﬁﬁmp&%wgéﬁw@dmd mpﬂr@gsv&@ l'tsr teduced in the
side stream loop 2. The is. not, aceqrding.to this e iment, adjusted. The deacylation reaction
takes place in th& HRAL I%ﬁSE'EPéeach%%q\%is%Iﬁ%s,sv%/ﬁrﬁgrr?@giiPPz%n‘lgya/%gﬁ%}%rs %.QI[Wén%H in the
deacylation reactierbobydielss io deperolesitiop &rHHSE: of sodium hydroxide solution from vessel 5, via

pump 6. The addition of sodium hydroxide is controlled in response to the measured pH 7 inside the

reaction vessel 3 RO PSRRI ISR UARRIBAS RSB LRIRS 8 2nd

through the side ,
15 stream for reconversion to DMF. DMF may be similarly separated and concentrated

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. It 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 80°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 fo 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.



entering the loop via pump 8, the stream is heated via heat exchanger 10, and then fed into column
11. The falling stream is captured in sump 12, and fed back into the deacylation reaction vessel 3 via
pump 9. The deacylation reaction vessel 3 is temperature controlled, This can be achieved using a
heating/coolin‘ﬁ? R%{Hﬁ‘dt” 15shown), and/or by cooling the returning strea?ﬁyﬁl%?r%‘aﬂﬂ!\)ésf’eaction
vessel 3 using a heat exchanger (not shown). The pressure in the column 11 is reduced by means of
vacuum pump 13. The volatilised DMA is condensed uging condenser 14, and collected via scrubber
15. 20The 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-acetat€ightR phbtifcrrselirathifitorraaingsds aftshguetichiagravitshsodigrarseiredds solution.
Such a feed streamogasdin BreduardifnespmPItcnthe BRI dS dircdasediidE 1409 649. 30 A

typical compositign of the feed stream frgm the quenched chlarination reaction is ags follows: 15 600g
quenched choring?%ﬁer%algs WASE ega%réc{)%)ﬁgae (S)%LérF 6 HEOPET s‘l’ﬁg“ié&e g r&‘f‘ﬂ% ei@ﬁ)f’%?s

jacketed andmainehineePEting to ifis epbrdinatgtiviiasad mmwaﬁmmgapa’ohéammaa@ger having a
heating medium a#ib3&dlidtictOrbacivltiaretey, statiesststeghoailndibiiae immsrsadda an oil bath
controlled to 53C inpto. t " §2.5 iameter column of.1 foot {30.5cm} length at 40 torr
(5.3kPa) pressurggrﬁég?r{%tg}%aﬁﬁ\%%qsfegg laﬁgc? gaﬁ?gﬁie%rg géc%]p %‘%8 lﬂl#ﬂ]r?q ra]{rao ﬁﬂS?nSpoiL&'%rgck to the
reactor through aREAYES&hEnYaPumred: (20eR98HgMeh seaie e hyPEndAtdfersatRIZE dNIRARRDSS steel
tube) maintained twitfeaneaelireg pie diinsidat the G LA vedshies DMAowias semevedeyldrmolar ratio of

decompositign Pradugts s nERclEd PUCKAORRBSAPEIRS fo-Jolal 'aNlaldgld feflopts,g loss ratio

which should approach 0 as better deacetylations are achieve is achi xample 2 600

g quenched chlofRIRBIY 8420 ¥& GUIPy RRe8i"60RY 8 MRiiPS Y&igat 6o haaeny 18 anddherdPivas
jacketed and maiintaineldran 20CTie fRlligwheend igapunasipsumpet2t moditga adekattexicbanger having

a heating mediumat HRGoFL4a R0 @@éﬁ@@)@ﬁﬂ%n@ﬁé glagleaurduleimaagrped in an oil bath

controlled to 53cC) and into the toE of 2 iameter column of 1 foot {30.5} length at 40 torr

1" | of 1 f
(5.3kPa) pressureS Y HHLErRIw cgmé% BEARDBRDHPBEROTRITFP AR RS &Pback to the

reactor throligh asheatpyatidergor eoiig fRorgomiriontcbia sf0binpipdisracton dimsw @ pjicketed

stainless steel tubghnaain@igedMitheaRlinadReitimah 1CoAYE 9f theddAqwasremoyed. The

molar loss ratio (g defined eboye) s 4.2, WO, 201011281 3P GTIC1 2201000054 16
collected via scrubber 15.

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 45%
Dimethylformamide 32%




CLAIMS:

1,510 2. 15 3. 4. 20 5.

15

| Sodium chioride B
Dimethylamroonium hydrochlordds
Sucralose-b-acetats

Sodim acetate

Others

600g qguenched chorination mass was deacetylated over 6 hours using 15% NaOH. The
reactor was jacketed and maintained at 11°C pH 12.4 while 5g/min was pumped through a
heat exchanger having a heating medium at 53°C (1/4" {0.6 cm}diameter stainless steel
coiled tube immersed in an oil bath controlled to 53°C) and into the top of a 1" {2.5 cm}
diameter column of 1 foot {30.5cm} length at 40 torr (5.3kPa) pressure. The material was
collected at the bottom of the column and pumped back to the reactor through a heat
exchanger (an 8" {20.3} long 1/4" {0.6 cm} diameter jacketed stainless steel tube)
maintained with a cooling medium at 10°C. 100% of the DMA was removed. The molar ratio
of decomposition products plus unreacted sucralose-6-acetate to total potential yield reflects
a loss ratio which should approach 0 as better deacetylations are achieved. This achieved
2.66%.

Example 2

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" {0.6 cm} diameter stainless steel
coiled tube immersed in an oil bath controlled to 53°C)”and into the top of a 1" {2.5 cm}
diameter column of 1 foot {30.5} length at 40 torr (5.3kPa) pressure. The material was
collected at the bottom of the column and pumped back to the reactor through a heat
exchanger (an 8" {20.3cm} long 1/4" {0.6 cm}diameter 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%.



256. 7. 30 8. 9. 35 17 13. A process accorcing to any preceding claim, wherein 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. 11. A process according tc any precedi ' herein the
loop comprise‘g%z%oé{%%anger cooled with a cooling medium disposed {0 c%ggill}?}dl{}% %g{utlet of the

loop as it is fed back into the reaction vessel. 12. A process according to claim 11, wherein the
temperature of tne cooling 10medium is from -3C to 50@. 13. A process according to claim 12, wherein
the temperature of the cooling medium is from 10C to 30C 14. A process according to claim 13,
wherein the temperature of the cooling medium is from 15C to 25C. 15. A process according to any
preceding claim, Sl the DMA removed from the stripping vessel is converted to DME

1. A process for removing dimethylamine (DMA) before and/or during and/or after
5 deacylation in a reaction vessel of a feed stream comprising a sucralose-6-
acylate resulting from the chlorination of a sucrose-8-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,
10 (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.

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
joop.
30
8. A process according to any preceding claim, wherein the flow rate inthe loop is
set fo 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,



20 16. A process according to claim 15, wherein the DMF is recycled to be used in at least;one earlier
process stage. 17. A prgcess according to claim 16, wherein the at least one earlier process
25"stage comprises the chlorination of the sucrose-6-aCylate. 18. A process according to claim 16,
wherein the at least one earlier process stage comprises the acylation of the 6-hydroxy group of
sucrose. 3019. A process according to any preceding claim, wherein the acylate is acetate or
benzoate. 20. A process according to claim 19, whergin the acylate is acetate. fV1(181 jLip 18 21 A
process according to any preceding claim, wherein the d?aﬁla%on ist ff(?cted in tmeeps)raeﬁggtce of one
or more ‘nyeroxicieLsBiBtAERFFBRTEANALA R Myara s &R W ?raﬁ'%%rooﬁecgw Bhdmixtures thereof.
22. A process accordiegctmotainn@tsaivhigreimeatnmetad bydetsrdess dpdeal édteddrie btk diemetal or

alkaline earth metal hydraxides 23, AQrecessas¢reding to claim 22, wherein the alkali metal
hydroxide is sodium hydroxide. 10 24. A process according to any preceding claim, wherein the first

set of conditions of temperature, pH and pressure comprise a temperature of from -5C to 20C, andlor
a pressure 6f 760 100AtPro¢aexladc@kiPa)ty and e segdidot! HomvaE ¢ 172 5 ICHN iR a< Bfimaking

sucralose comprising 4025165 ehsRMAMING siBRtaENiRe (BIdAdhetare amdiar eukng amad/or after

deacylation in a reactizn vesse| of a feed.strggénrgggngrisin a sucralose-6-acylate 20resulting from the

chiorination of a sucrof°BAVI&IEIPTRE BraSEncE ot dimethyl formamide (DMF), wherein the

deacylation is conducted at a first set of conditions of temperature, pH and pressure, the step
comprising: (a) proyiding #ige sisestingapdenm andtethe trenetiarerassealf the cooling
10 medium is from -3°C to 50°C.

13. A process according to claim 12, wherein the temperature of the cooling
medium is from 10°C to 30°C.

13 14. A process according to claim 13, wherein the temperature of the cooling
medium is from 15°C to 25°C.

15. A process according to any preceding claim, wherein the DMA removed from
the stripping vessel is converted to DMF.
20
16. A process according to claim 15, wherein the DMF is recycled to be used in at

least one earlier process stage.

17. A process according to claim 16, wherein the at least one earlier process

25 stage comprises the chlorination of the sucrose-6-acylate.

18. A process according to claim 16, wherein the at least one earlier process

stage comprises the acylation of the 8-hydroxy group of sucrose.

30 19. A process according to any preceding claim, wherein the acylate is acetate or

benzoate.

20. A process according to claim 18, wherein the acylate is acetate.



(b) adjusting the conditions of one Or more of temperature, pH, and pressure in the loop, apd: setting
the flow rate through the loop, to remove DMA while minimising carbohydrate degradation. (ii) émétep

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

18
21. A process according to any preceding claim, wherein the deacylation is
effected in the presence of one or more hydroxides selected from ammonium
hydroxide and metal hydroxides, and mixtures thereof.

i
N
8]

. A process according to claim 21, wherein the metal hydroxides are selected
from alkali metal or alkaline earth metal hydroxides.

23. A process according to claim 22, wherein the alkali metal hydroxide is sodium
hydroxide.
10
24. A process according to any preceding claim, wherein the first set of conditions
of temperature, pH and pressure comprise & temperature of from -5°C to 20°C,
and/or a pressure of 760 = 100 torr (101 £ 13 kPa) , and/or a pH of from 9.5 to
12.5.

25. A process of making sucratose 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
20 resulting from the chlorination of a éucrose~6-acy!ate in the presence of dimethy!
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

S
wh

pressure in the loop, and setting the flow rate through the loop, 1o

remove DMA while minimising carbohydrate degradation.

(i) a step of isolating sucralose from the content of the reaction vessel
and, optionaily,
30

(iii) a step of purifying the isolated sucralose.



