Chl orination of sucrose-6-esters The present invention relates to an

i nproved nethod for the production of sucralose. In particular, the present
i nventi orwoebmr®sisho a net hod for the chlorination of arsm@Be®/00654aCcy| at e.
Sucrose-6-acylate is an inportant internmediate in the production of

sucral ose. SUCRALOSE Met hods for produci ng sucral ose internedi ates and
sucral ose froma feed stream conprising la sucrose-6-acylate in a reaction
vehi cl e are known. For exanple, EP 0409549 di scl oses a process for the
chlorination of a sucrose-6-acylate in a tertiary am de reaction vehicle to
produce a sucral ose-6-acyl ate, such as sucral ose-6-acetate. A | arge excess
of an acid chloride, such as phosgene, is used as the chlorination agent in
this process. Followi ng the chlorination reactlon t he excess chlorinating
agent is quenched using a sugChidrinationse esepestarsm ng the chloride salt
of the base. The resulting product strean1thus conprises a

sucral ose-6-acylate, the tertiary am de reaction vehicle, water, and salts.
A known5 mefThe grésent inbentionirelgtesie ealimproved mﬂtrmqo‘pbtﬂndrtro@toﬁ@ranf PP ng a
sucr al Ose'?qgéﬁ‘&i’}&re h rESér&'irWeﬁt.@rmegﬁeé £ IR I4EhE! ﬁlon Fo%fof ozl ts,

wi t hout iso Ion 0 e sucral ose-6b-acyl ate |nterne§ e, |scTosed in
EP 07081 16-acylate. @wmw@wpteuses irdpertgnt interoredistte tﬂiéeﬂ?muéil%@‘ 6-acyl ate
before or p&gL genoval of the tertiary am de reaction vehicle, and then
isolation o € sucral ose. The renoval of the tertiary amide (which is
usual ly dinmethylformam de [DMF]) is carried out by steam stri pping.
According to EP 07081 10, ko is preferred to performthe deacylation after
the renoval of the reaction Vghicle, beca se otherw se, during the

deacyl ation step, base-cgal y5 $ hosi t}on the reaction vehicle, in
this case a tertiary am de) (S subsequent isol ation
of the sucral ose, and also 8 at t@e t anid® cannot be

vehicle is renmoved from an aqueous sol uti on of sucral ose-6-acylate, and
deacyl %i on of the sucral ose-6-acyl a§gcRaLEGSE 1 ed out thereafter.

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

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

20 reaction vehicle, water, and salts.

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

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

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

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



A process for the recovery of the tertiary amde prior to deacylation is

di sclosed in US 5,530, 106. This process involves steam stripping. The steam
stri ppi ngvacewwwprsg to these prior art nethods is very @eQEmproioesIsi ve.
The di sadvant ages of the known steam stri pping process for renoval of the
reaction vehicle are discussed in WD 2005/ 090376 and WO 2005/ 090374. These
ref erences propose renoval of all liquids after quench of the chlorination
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With the above in mind, the present inventors have devised an improved process for
the production of sucralose.

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

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

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

30 sucrose-6-acylate; and

(i) guenching the product stream of (i) to produce a 4,1',6'-trichloro-4,1’,6'-
trideoxy-galactosucrose-6-acylate;

wherein before said quenching, a portion of the tertiary amide is removed.



primarily of the reaction vehicle conprising the tertiary amde along with
sone acid (typically HCl, in particular when phosgene or Arnold's reagent

i s used awotzhw/hiseri nati ng agent). Since the distillat@CraRoivmoidy t he
reaction vehicle conprising the tertiary amde, it becones possible to
purify the reaction vehicle conprising the tertiary amde in a nmuch nore
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tertiary amide is dramatically reduced. Furthermore, the stripped tertiary amide

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

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

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

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

processing, for example to remove acid, before recycling.

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



solvent in a step in the synthesis of sucral ose fromsucrose. For exanple,
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be treated with a base, and filtered if necessary, to remove hydrogen chloride before

being recycled. Suitable bases are hydroxides and carbonates of alkali and alkali earth
20 metals, such as sodium hydroxide, potassium hydroxide, calcium hydroxide, sodium
carbonate, potassium carbonate, and calcium carbonate. Ammonia can also be used.

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

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

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

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

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



of the tertiary am de, and nost preferably from50%to 60% by wei ght of the
tertiary amde. In particular, if no co-solvent (discussed further bel ow)

I s enpl oywo,20t0@9meount of tertiary am de renoved is preCeGRbw/®oh t hat
the resulting concentrated m xture contains from25%to 85% by wei ght of
the tertiary amde.lt is preferred that the residue stays warm (typically
from40 OCto 150 OC, nore typically frdm 40 0C to 125 0C and nost

typically from40 0C to, 60 0 fter it . is co d if the
concent r at &d® P ?rﬁ?eqhﬁgthSIr?%&eag}%s o styﬁ"?eﬁlgg'rp?%gédciéngo g%&éft\?’ﬁﬁ'cgrgus to

handl e easitypjcally-fomotd 1@ toctd501d arat most tgpicallydronv40 *@to 80 PO) afteit ivf t he
tertiary am de reaction vehicle according.the. ' '

process st F@%&ﬁ“if@%&uhﬁ%?ﬂﬂéa ! tﬁ%?“é%‘?ﬁ fed T '{‘Lﬁe |3%g§\§§ﬂot%o%\éﬁt%hg%bgﬁ1g%o
sucr al ose- gisacyd @timndletedstie aci d salt of the base. A nunber of different
bases y be used in the quenching. Preferred bases for quenching include
al kal i tal or alkaline earth netal hydroxides, or anmoni um hydroxi de. As
al kal i net #olidwidy ekliodestionsardi remoaal dbf paiodimi af thentpdiaok andisleaeactiparvehicld ar | y
suitable. As an. alkaline earth ' ' V. ' '
particul ar W%@ﬁ”?é%‘? Bres%téﬁ\'% ' rng%k Eoﬁg%&ﬁéaag‘gisf%r%%%ﬁie%%? OVg'(t:)ﬁd?um

hydr oxi de, bdse to provide a samtglose-8idcglatd and/thardid salt of tietbaséx her bases known to
the skilled person nay al so be used for quenching. The quench is preferably
perfornmed with an aqueous solution of the base. The aqueous sol ution may
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typically from about 8wt% to about 40 wt% of the base. Within these ranges, the
solution of the base can be either “concentrated” or “dilute”. If the solution of the base

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

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

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

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

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



takes place. This pH control is readily achievable by controlling the
addition rate of the aqueous solution of the base while nonitoring the pH
wi t hi n t woppewssostream Any nethod of pHcontroll ed adaiGB20m/dopzaon t o
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mai ntained in the range of fromabout 7.5 to about 10.5 during the
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and aqueous base are simultaneously added slowly until the desired quantity of feed
material has been added. Further aqueous base is added until the desired pH is

20 reached. Then the temperature and pH are maintained at the desired levels for the
remainder of the reaction. Preferably, the pH should not be permitted to rise above
about 10.5 during the course of the quenching reaction.

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

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

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

Following quenching, the reaction mixture may be neutralised by the addition of
35 aqueous acid, for example aqueous hydrochloric acid. The sucralose-6-acylate can
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chl orlnatlon conditions an I ssOl ves 't artlng nma
reagentl8, &AMegXRNkCcTRe FRactienyehiclp asenrdingste thetpr esﬁﬁélnvéamﬂ emprises @l e
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am de reaction vehicle i1s preferably DMF. The ratlo
tertiary ame@htobhetergarapide reactipgvekigignior exapupe DV, tt@ttqial Qﬁmthdm ate

during the d@l_hh?’fHerb?aidrﬁatlérﬁ%‘éHl&Pmﬁ?lbel&%oé‘@ﬁo abobt §9.qabout 12:1 . The
reaction vehicle may additionally Conprise one or nore co-solvents, in

addition to the tertiary am de. Suitable co-solvents are sel ected from the

group ¢ens 'T%b'r@ﬂctl@ﬁ véhidre rﬁ'éyFJé'c!id?t" d?%il)h@&ﬁprlsjef &e%r?ﬁ&@ﬁ%ﬂ%ﬂ% int RiditfRA8o

o- xyl ene, mx ene, p-xylene, chloroform dichloronmethane, and m xtures
t her eof . éﬂ!ﬁ‘ 3. MPB‘F@OC%‘V%E ayelesipddtam thearodr eansisting opil 8t ect

t he 6- hydr @iﬂﬁl@é&Hﬂ\éjHrZ HBtHoRPatRNL tdINHd, 8yleRBChLQRne! b-xyRn®SidtbRRhY an
al i phatic or carbocyclic aromatic
dichloromethane, and mixtures thereof.

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

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

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

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

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

35  (bis(trichloromethyl) carbonate). Other suitable chlorinating agents known to the skilled
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sucr ose- 6- I % §E&T1y§)| cally, the nolar ratio of the chlorinating agent to

t he sucral se e is about 7:1 to about 11:1. A nunber of reaction
condi tions can be used to achieve the chlorination according to the present

X 0 . .
nventon, ARy o ol B, 0 hapBR L S
process i nthmprehemhrh\(entmrratVVarkupsU(SilPtat er éL&80a1t63tU\EOhﬁq|¢Selr%ﬁftWhi@1ﬂ§er at ures,

o TP TS S ST o) PAaRER Yl B PR NGS St prsiest et
U. S. 2007/ ehiofidd®n is barridd sot atdwp aiftsrentiiiéroperatirés adepoetatwd not higher than
about 85°C and a temperature of at least about 100°C but not higher than about 130°C
to effect chlorination. Fry, U.S. 2007/0100139, the disclosure of which is incorporated
herein by reference, discloses a process in which the reaction mixture is heated
20  between 75°C to 100°C to effect chlorination.

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

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

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

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

tetra-chlorinated by-products.

The present invention also extends to a method of producing sucralose by deacylating
at least a portion of the 4,1’,6'-trichloro-4,1’,6'-trideoxy-galactosucrose-6-acylate to
35 form the sucralose. The deacylation can be performed before or after the removal of
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sodi um e as ?he ase iIn ases I'n er to efrect deacyl ati on,
It IS necessary to raise the pH of the stream typi cally to a

In order to effect deacylation, it is necessary to raise the pH of the stream, typically to a
level above that at which the quenching was carried out. In order to minimise
decomposition of the tertiary amide reaction vehicle (if the deacylation is performed

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

25  the lower temperature and vice versa.

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

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

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

35  reaction mixture when the reaction is complete. The pH of the reaction mixture should
be adjusted to from 6 to 8.5, preferably approximately 7.5. The reaction mixture can
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pH conditions for effecting deacylation are discussed above, and are equally applicable

here.

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

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

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

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

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

yields.
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agai nst a dwaglical with no DVF renoval . Percent weights were determ ned
after subsequent dilution to the sane nmass so that percent weights are
directly proportional to respective yields. EXAMPLES The yields when

reduci ng t Hdetheduenched chl orination mass to different |evels by stripping
DVF argsconpared. It is found that there is no significant negative inpact

on yield. Thus, an efficient and | ess energy demandi ng process for DV
renoval fr ofedeed stream comes from the acetylation of sucrose. Such a feed stream can be

produced, for example, by the methods disclosed in US 5,470,969. A typical
composition of the feed stream is as follows:

20
Description % of total, wiw

Sucrose-6-acetate 29.4

Other carbohydrates 10.4

DMF 52.7

Others 7.5

The chlorination is conducted as follows:

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

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

3. The slurry is cooled to 0-5 °C.

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

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

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



dry m xture prior to quench and m xing with caustic/water has been shown to
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quench mi xtures are diluted he same mass with water prior to analysis
SO analysis.

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

reaction yield.

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

Resulis

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

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

35  more than once on the rotary evaporator.
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2 95 % by GC. The major impurity component is determined to be HCI present at ~2-4
%. If the HCI presence at that level can be tolerated, the recovered DMF can be used
subsequently without any further purification. However, it will often be desirable to
remove HCI. Accordingly, the recovered DMF is treated with aqueous bases such as

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

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

Example 1

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

35  reading the volume in the graduated cylinder and eventually confirmed by weighing the
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DVF can bwouswdiosisbsequent |y without any further purifi eariGBriodowkver, it
will often be desirable to renmove HCl. Accordingly, the recovered DMF is
treated with aqueous bases such as 20 % NaCH and 23 % Na2CQC3.

St oi chiometric anounts of bases are used4and solids generated are filtered.
Alternativ TRV vari et of bases
under dry ?é%‘%“‘% {Hgﬂé:ﬂunﬁﬁdg)tggme qlta\%gt er " éau% rsggé'f%vﬁ%sﬂogk ci"ﬁlng tﬁﬁ’e bases
that are usnﬁldrm&@dasaldasash (Na2CB) , lime (Ca(OH)2) , dry caustic (NaOH)
and ammonia (NH3) . The operating tenperatures range fromroomtenperature
to 90 OC. Suspensions obtained are filtered. Performance of the bases vary,
with soda ddie chirdinatieroiesidugiquemch is icendheded bethel “tgal slieambbieenthdnethesahed

chl orinati d n I a ot t oned
lask. e T 92p S 20:EXSheih S udoR G e uiiaraloiagb ORI 100 L
graduat ed dWikiureseare @ilutad fo thewsache ass Wi‘tlmwataaipohn mganfalyashedlvswbmsﬁlbnt The
flask is i r C, and the solvent is

fl ashed torggﬂyﬁgééndta' g\\,/\gthg r?%ﬂ%% A)g&%‘&rrg(pedg&th he original mass) under
vacuum The anmount of solvent renoved is estimted by reading the volune in
the graduatgd,fyd 4 nder and eventual |y confirnmed by wei ghing theresidue in
t he round- b”t‘tdLo oned flask. The residue is then taken into the quench step
prior 48 yield analysis. The chlorination residue quench i s conducted by

the "dual ﬁﬁq%@ﬁ&heﬂ%mlhaw mgférlﬁf(hﬁblgzlsztghng%qrea% Q%S'diﬁdL E)umi oébREE After

t he quench, all_chlorination guenc tures are dilut 0 the sane mass
with wat er figsk Jinetflgsiaisatiashed toaa itary eyepaior emlpmww fle&mLrgradiiates. The

results ar %%/Fﬁjfb%\“’ﬂnth g rgu j'bﬁit ﬂor c@&ﬂ@lf%sﬁe(ﬁ&ﬂt it é\sﬁllé)irnilrﬁé”rrs%ﬁ? {&Eferr' al

(100 g) is transferred oun ask
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wat er
the graduated cylinder and eventually confirmed by weighing the residue in the round-

bottomed flask. The residue is then taken into the quench step prior to yield analysis.

The chlorination residue quench is conducted by the “dual stream” quench method at

20 pH9.75 and 20 °C using 11 % NaOH. After the quench, all chlorination quench
mixtures are diluted to the same mass with water prior to analysis to give consistent
analytical readings. The results are shown in Figure 2.

Example 3
25

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



bath set for ~80 C, and the solvent is flashed to renmove ~35 % of the
original mass under vacuum The anount of solvent renoved is estinmated by
readi ng twe 20m/wms9i n t he graduated cylinder and event uaCiryGBomfdoniaed by
wei ghing the residue in the roundbottoned flask. The residue is then taken
into the quench step prior to yield analysis. The chlorination residue
quench is conducted by the "dual streard quench nmethod at pH 9.75 and 20 C
using 11 % NaOH. After the quench, all chlorination quench m xtures are
diluted to the same mass with water prior to analysis to give consistent
anal yti cal CkA¥ES:ngs. The results are shown in Figure 2. Exanple 3 To 199. 5¢g
of DMF contamnated with HCl (4.35 w % is added 15.8g of Na2CO3 at 60 OC.

After addition is conpleted, heating the mxture at 60 OC is nmjntained for
6 hours. Ah al ifmethadsfieethefahintinatien elengudrese-Gragyiatedo peoduce ek b®-and t hen

anal yzed. fabest $ Bl S81810dl 085 0b-dehBtd herbitia fdtr@ToRipiséd:Al VB: 1.
A nmethod for the'chlorination of a sucroSe-6-acylate to produce a 4,1\ 6'-
trichloro-4, 1'()d' -treadingipe gurase-Sasylelnwith a ghlprigating gasnkinf ©2C¥Met hod

conpr i Ses:ve(l'\iif%l]eé f éirﬁ%a t}6ars YRTIASR-Ra@y chbbfndtkithe 3, £RhAB! Paditiohg orgRNt i N

a reaction vehi conprising a tertiary amde in order to chlorinate the
4, T and esugyess-G-peyiaieoBndhe sucrose-6-acylate ; and (ii) quenching the

product stream @f (i%uén%hm@Qﬁé‘ﬁ%dactﬂstr%émﬁc}f-(i) td GldL0Ea 4, 116-Bichioro-4,1,6'-
trideoxy-gal actoSucrose- d-acyl ate; wherein before said quenching, a
porti oY of righexyreatagtesugraser@iacylaer enoved. 2. A nethod according to claim 1,

wherein t h\ﬁhér%[ntﬂé%r)é 3 difen!cﬁin?,%é/rﬂgn BYtheitsrtibty! sMhiti® R removéd.met hod

according to claim?2, wherein the distillation is conducted under reduced
pressure. 4. A nmethod according to any preceding claim wherein the anount

of tertiary am gendifoPY¥&Srdifg fd QahP1, heBPak0 tetthey wRIABTE rétholdaebyor oduct
stream of Zilsgill'ation.
15
3. A method according to claim 2, wherein the distillation is conducted under

reduced pressure.

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

5. A method according to any preceding claim, wherein the amount of tertiary
amide removed is such that the resulting mixture contains from 5% to 90% by weight of
the tertiary amide.

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

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

8. A method according to any preceding claim, wherein the chlorinating agent is

phosgene or Arnold’s reagent.

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

sucrose-6-acetate.



5. A nethod according to any preceding claim wherein the anmount of
tertiary amde renoved is such that the resulting m xture contains from 5%
to 90% bywoenghtoosp the tertiary am de. 6. A nmethod acc®caiGrotomnoasry
preceding claim wherein the tenperature is from40 to 150 OC during the
renoval of the tertiary amde and is maintained within this range until the
quenching. 7. A method according to anylpreceding claim wherein the
tertiary amde is DMF. 8. A nethod according to any preceding claim
wherein the chlorinating agent is phosgene or Arnold's reagent. 9. A nethod
accor di ng t16. any pethoddicogrdingde any pleseding claite, whereindbe Sucroge-Gtasylate is

sucr ose- 6- Q. nmet hod according to any preceding claim wherein

t he sucros%ﬁgr-%g%élb;eg%oég' sucrose- 6-benzoate. 11. A nethod according to any
preceding claim wherein the renoved tertiary amde is recycled for further
use in the et h r.di ] i , Wherein
t he ren%veéq?er?‘ﬁg?@q%gm %@%@Q&g@@@%gg&ﬁgrcfaﬁggﬂ%(eﬁg@ tg%géprﬁfﬁvﬁ%tt%@a@gnt hesi s
of sucr al os¢ide isrecystaddorfurther usa indenvethadcording to claim 11 or claim 12,
wherein the renoved tertiary amde is treated with a base to renove
hydrogen chl ori de before being recycled. 14. A nethod according to claim
13, wher ei A2t he Arreaired @ceardingde anyuaf daimiss! Bi10; wihecein thielremore tertéssy ment wit h
the base. LiadysTBlyRRA BFERiHlaNMed R (ROX/RAEGED! rA6& fim Wibr6Re. " Ur t her
conprises the step of converting at |least a portion of sai
4,1',610trichloro-4,1',6' -tri deoxy-gal act osucrose-6- acylate to sucral ose.
16. A methag acqandingd Cordingtebibi 11/0F 6ifint 42 WIRre AP FriSR1BRaiY} SP Of

i solating and puri g ucra
amide is treated with a base to remove hydrogen chloride before being recycled.

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

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

20
16. A method according to claim 15, which further comprises the step of isolating
and purifying the sucralose.



