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(57) Abrége/Abstract:

A method Is provided for the preparation of a sucrose 6-ester by: (i) reacting sucrose with a trialkyl orthoester or with a ketene
acetal In an inert organic solvent in the presence of an acid catalyst to provide a sucrose alkyl 4, 6-orthoester, (ii) treating the
sucrose alkyl 4, 6-orthoester under mild aqueous acidic conditions to provide a mixture of sucrose 4- and 6-monoesters, (lii)
treating the mixture of esters with a base to convert the sucrose 4-ester into sucrose 6-ester, and (iv) neutralising the solution
and Isolating the sucrose 6-ester, an acidic ion exchange resin being used to catalyse preparation of the sucrose alkyl 4, 6-
orthoester and to effect its hydrolysis. Sucralose Is prepared by chlorinating the sucrose 6-esters prepared.
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A method is provided for the preparation of a sucrose
b-ester by: (1) reacting sucrogse with a trialkyl orthoester
or with a ketene acstal in an inerxt organic solvent in ﬁhe
presence of an acid catalyst to provide a sucrosea alkyl
4, 6-oxrthosster, (ii) treating the sucrose alkyl
4, 6-orthoester under mild aqueous acidic conditions to
provide a mixture of sucrose 4- and 6-monoesters,

(1i1) treating the mixture of esters with a base to convert
the sucrose 4-ester into sucross 6—estar,‘and (1v)
neutralising the solution and isolating the sucrose t-esterx,
an acidic ion egchange resin being used to catalyse
preparation of the sucrose alkyl 4, 6-orthoester and to
effect its hydrolysis. Sucraloze is prepared by

chlorinating the sucrose 6-esters prepared.
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Continuous Process for the Preparation of Sucrose 6b-estars

This invention relates to an improved process for the
preparation of sucrose 6-esters, which are key intermediates
in ona route to the production of sucralose
(1,6~dichloxo—1,6—did80xy~ﬁ-D-fructofuranosyl
4-chloro-4-deoxy-«-D-galactopyranoside). Sucralose is a
nNigh intensity sweetener having a sweetness of saveral
hundred times that of sucrose which is disclosed in our

British Patent No. 1,543, 167,

The preparation of subralose involves the introduction of
¢chlorine atoms into the 1' -and &' - positions (i;e.
displacement of two of the three primary hydroxyl groups)
and at the 4-position (i.e. displacement of a secondary
hydroxyl group). The third primary hydroxyl group, at the

b-position, must remain unaffected.

Ons important route to sucralose invoelves the preparation
and subssquent chlorination of 2,3,6,3 ,4" -penta-0O-acetyl
sucrose in which the three hydroxyl groups to be displaced
by chlorine atoms are unprotected while all tha‘other
hydroxyl groups are protected (see, for example, US Patent

No. 4,362,869 and UK Patent GB 2 065 648 B).
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An alternative, simpler route involves the preparation of a
sucrose 6b-ester which can be selectively chlorinated at the
4-, 1" - and 6’ - positions and then de-esterified to provide
sucralose,. One such method of preparing sucrose 6-esters
and converting them to sucralose is disclosed in our UK
Patent GB 2 079 749 B, but this method produces a mixture of

acylated sucrose derivatives with substituents at one or

more of the primary positions, with a major proportion of

-he 6-ester.

A more selective method of preparing sucrose 6-esters,
disclosed in our UK Patent GB 2 195 632 B, is based upon the
preparation of a sucrose alkyl 4, 6-orthoester by reacting
sucrose with a trialkyl orthoacylate in the presence.of an
acid catalyst 1n an i1nert organic solvent, followed by
hydrolysis o©of the orthoester to provide a mixture of sucrose
4- and 6-esters, which are then i1somerised to provide a high
yield of the required sucrose 6-ester. Ketene acetals, such
as 1, l1-dimethoxyethene, are useful alternatives to trialkyl
orthoacylates in the preparation of sucrose alkyl

4, 6-orthoesters, as disclosed in our UK Patent

GB 2 255 975 B entitled Process for the preparation

p—

of Sucrose 6-esters, filed on 21° May 1991.

The method of GB 2 195 632 B 1is more efficient than that of
GB 2 079 749 B, but involves several stages, each utilising

a different acid or base which must be removed.
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We have now found that the method of GB 2 195 632 B can be
operated in a semi-continuous or continuous mode, using an
acidic ion exchange resin to catalyse the preparation of the
sucrose alkyl 4,6-orthoester and to hydrolyse it to a
mixture of sucrose 4- and 6-esters, and thean tregting the
hydrolysate with a base to convert the sucroge 4fester to
sucrose 6-ester. The process can be run continudusly Lo

produce a mixturs of sucrose 4- and b-estars, without the

need to add or remove acid.

Thus, according to the present invention, there is provided
a method for the preparation of a sucrose 6-ester by: (1)
raacting sucrose with a trialkyl orthoester or with a ketene
acetal 1n an inert organic solvent in the presence of an
acid catalyst to provide a sucrose alkyl 4,6-orthoester,
(11) treating the sucrose alkyl 4, 6-orxrthoester under mild
agueous acidic conditions to provide a mixture of sucrose 4-
and 6-monoesters, (iii) treating the mixture of esters with
a base to convert the sucrose 4-ester into sucrose 6-ester,
and (iv) neutralising the solution and isolating the sucrose
b-ester, characterised in that an acidic ion exchange resin
1s used to catalyse preparation of the sucrose alkyl

4, b-orthoester and to effect its hydrolysis.

In general, the amount of trialky)l ortheoegster or ketene
acetal used in step (i) can vary from about 1 to 2 ME per ME

of sucrose, preferably from 1.1 to 1.5 ME.
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Amongst the wide range of acidic ion exchange resins

available, we have found that the most useful type to act as

catalyst for preparation of the sucrose alkyl 4, 6-orthoester

18 a macroreticular acid resin.

Choice of an acidic ion exchange resin for hydrolysis of the
mixture of sucrose 4- and 6-esters is much less critical,

and selection of the resin for this step is mainly a matter

of cost and convenience.

Stages (1) and (1ii) of the process can be run continuously
by passing a solution of sucrose and the reagent in an inert
organic solvent such as dimethylformamide through a column
of macroreticular acid resin, continuously adding water to
the eluate containing the sucrose alkyl 4, 6-orthoester, and
passing the aqueous solution through a second column of

acidic ion exchange resin to effect the hydrolysis.

We have found that Amberlyst™ 15 (H') macroreticular resin

is suitable for the first stage and that 1t 1s convenient to

use the same resin for stage (11).

Conversion of the sucrose 4-ester to sucrose b6-ester can be
carried out by adding a water soluble base such as potassium
carbonate or sodium carbconate. Alternatively, an organic

base such as tertiary butylamine can be used.

Use of a readily water soluble base such as potassium
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carbonate lends itself to continuous operation more easily
than a less soluble base such as calcium hydroxide. Thus,
the eluate from stage (ii) can be collected in a nolding
tank, into which the base is meterad to provide the
appropriate concentration for migration of the ester group

from the 4- to the 6~ position.

The base must be neutralised before concentration and
lsolation of the sucrose 6-ester, in order to prevent
degradation of the product. Neutralisation can be effacted
by addition of a suitable acid or, preferably, Dby passage
through an acidic ion exchange resin to glive a stream fres

from inorganic salts.

The sucrose 6-ester can be isolated by concentrating the
neutralised solution to a syrup, digsgolving thé SYrup 1n
methanol, seeding, and collecting the crystalline product.
After washing, e.g; wifh methanol, and drying, the sucrose

b-ester can be stored until requirsd.

sSucrose b6-esters prepared according to the present invention
can be used as intermediates for the production of
sucralosae. Thus, in a further embodiment of the present
rnvention there is provided a process for the production of
sucralose, Dby preparing a sucrose 6~ester, reacting the
sucrose 6-ester with a chlorinating agent capable of
selectively chlorinating the 4-, 1/ - and 6’ positions,

optionally peresterifying the sucralose 6-egter so formed,



Ia=-0s-21 1445 MHRKS & CLERK b/l 484 491 P.@a7

2069130

6

de-esterifying the sucralose ester, and recovaring
sucralose, in which the sucrose 6-ester is prepared by:

(1) passing a solution of sucrose and a trialkyl orxthoester
or a Ketene acetal in an inert organic solvent through a

macroreticular acid resin to provide an eluate containing a

sucrose alkyl 4, 6-orthoester,

(11) continuously adding water to the eluate and passing
the mixture through an acidie¢ ion exchange rssin to
hydrolyse ;he sucrose alkyl 4, 6-orthoester and to provide an
éluate containing a mixture of sucrose 4- and b- monoesters,
(111) treating the mixture of esters with a base to convert

the sucrose 4-ester to sucrose 6-aster and (1v) ‘nautralising

the solution and isolating the sucrose 6-ester.

The invention is further illustrated by the following

Exampl e,

A solution of sucrose (500 g) and trimesthyl orthoacetate
(225 ml; 1.2 ME) in dimethylformamide (2500 wml) was passed
down a column of Amberlyst IS(H*) resin {25 g) at ambient
temperaturs at a rate of 10 g/minute. Water was added
continuously to the eluate issuing from the basse of the
column at a rate of 0,065 g watex/g eluate and the dilutad
eluate was passed through a heat exchanger to cool the

temperature from about 40° (heat of dilution) to about 25°.
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The cooled solution from the heat exchanger was then passed
down a second column of Amberlyst 15(H") resin (25 ¢g) at a
rate of 10. 65g/minute (i.e. at a rate which allowed the two

columns to be run continuously in segquence).

A sample of the eluate from the second column (1851 g;

aquivalent to an input of 300 g of sucrose) was removed and
treated with an aqueous 2% w/v solution of potassium

carbonate (KZCO3. 1.5H20; 37 ml). After one hour the
solution was neutralised with dilute hydrochloric acid (0.5
molar; 16.2 ml) and then concentrated to a syrup {(451. 2 g )
under reduced pressure at 50°. Analysis of the syrup showed

a vield of crude sucrose 6-acetate of about 75% with sucrose

(about 15%) as the main impurity.

The syrup was dissolved in hot methanol (600 ml), allowed to

cool to 40" and then seeded with crystalline sucrose
6-acetate (1.5 g). Crystallisation was allowed to proceed
cvernight at ambient temperature and then the product was
collected, washed with methanol (300 ml) and dried in vacuo
at 40", Yield 219.4 g; 50% molar; analysis: sucrose
6-acetate 82. 8%, sucrose 4-acetate 0.5%, sucrose 4. 7%,

sucrose di-acetate 2.4%, methanol of crystalligsation 7%.

Similar results can be obtainaed by using 1, 1-dimethoxyaethena

(150 ml) in place of the trimethyl orthoacetate.
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by: (i) reacting sucrose with a trialkyl orthoester or with
a ketene acetal in an inert organic solvent in the pressance
Oof an acid catalyst to provide a sucrose alkyl

4, 6-orthoester, (ii) treating the sucrose alkyl

3, 6-orthoester under milgd agusous acidic conditions to

step (ii).

2. The method of Claim 1, in which the acidic ion exchange

resin used is a macroreticulaxr acid resin.

3. The method of Claim 1, in which the amount of trialkyl

orthoester or ketene acetal used in step (i) is from about 1

to 2 mole eguivalents (ME) per ME of sucrose.

4. The method of Claim 1, in which the amount of trialkyl
orthoester or ketene acetal used in gtep (1) is from about

1.1 to 1.5 ME per ME of sucrosa.
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5. The method of Claim 1, in which the hbase used to convert

the sucrose 4-ester into the sucreoss b6-agter is soelected

from the group consisting of water soluble bases and organlic

hases.

D. The method of Claim 1, in which the basge ig8 neutralisged

after conversion of the sucrose 4-agter into the sucrosa

b-ester by passing the basic solution through anfacidic 1on

exchange resin.

7. The method of Claim 1, in which a solution of Sucrose
and a trialkyl orthoester or a ketens acetal in én 1nart
organic solvent is passed through a column of macroreticular
acid resin to provide an eluats containing a sucrose alkyl
4, b-orthoester, water being continuously added to the eluate
before passing the aqueous solution through a second column
of acidic ion exchange resin to provide a mixture of sucrosa

4- and 6- nmonoesters.

8. The method of Claim 7, in which the amount of trialkyl

crtheoester or ketene acetal used ia from about 1 to 2 ME per

ME of sucross.

9. The method of Claim 7, in which the amount of trialkyl

orthoester or ketena acetal used is from about 1.1 to 1.5 ME

per ME of sucrosae.
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10. The method of Claim 7, in which the base used to convert

the sucrose 4-ester into the sucrose 6-ester is Selected

from the group consisting of water soluble bases and organic

bases.

11. The method of Claim 7, in which the mixture of sucrose
4- and 6- monoesters thus produced is collected in a holding
tank into which is metered a water soluble base Lo affect

conversion of the sucrose 4-ester into the sucrose 6-ester.

12. The msthod of Claim 7, in which the base is neutralisesd
aftar conversion of the sucrose 4-ester into thezsucrosa

6-ester by passing the basic solution through an acidic ion

exchange resin.

13. A method for the production of sucralosae, comprising
preparing a sucrose 6-ester, reacting the sucrose 6-ester
with a chlorinating agent capable of selectively
chlorinating the 4-, 1'- and 6' positions, optionally
persesterifying the sucralose 6-ester so formed,
de-esterifying the sucralose ester, and rac0veriég
gucralose, in which the sucrose 6-ester is prepafed by:

(1) passing a solution of sucrose and a trialkyl orthoester
Or a ketene acetal in an inert organic solvent through a
macroreticular acid resin to provide an eluate containing a

sucrose alkyl 4, 6-orthoestar,

(11) continuously adding water to the eluate and passing the
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mixture through an acidic ion exchange resin to bydrolyse
the sucrose alkyl 4, 6-orthoester and to provide én aluate
containing a mixture of sucrose 4- and 6~ monoeséars,

(111) treating the mixture of esters with a base Lo convert
the sucrxose 4-ester to sucrose 6-ester, and

(iv) neutralising the solution and isolating the sucross
o-ester.

14. The method of Claim 13, in which the amount of trialkyl

orthosster or ketens acetal used is from about 1 to 2 ME per

ME of sucrose.

15. The method of Claim 13, in which the amount of trialkyl

orthoester or ketene acetal used is from about lfl to 1.5 ME

per ME of sucrose.

16. The method of Claim 13, in which the bass used to
convert the sucrose 4-sster into the sucrose 6-aster is

salected from the group consisting of water soluble bases

and organic bases.

17. The method of Claim 13, in which the mixturs of suérose
4- and b6- monossters thus produced is collected in a holding
tank into which is metered a water soluble base to oeffect

conversion of the sucrose q4-ester into the BUCrose b~astar,.

18. The method ¢of Claim 13, in which the base is nsutralised

after conversion of tha sucrose 4-ggter into the sucross

b-ester by passing the basic solution through an acidic¢ ion

exchange resin.
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