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TITLE

NOVEL PREPARATION OF 6-O-ACYL CHLOROSUCROSE FROM ANHYDROUS

CHLORINATED REACTION MASS.

TECHNICAL FIELD

The present invention relates to a novel process and a novel strategy for
production of 1’-6’-Dichloro-1 ’-6’-DI DEOXY-B-Fructofuranasyl-4-chloro-4-deoxy-
galactopyranoside (TGS) Involving preparation of a chlorinated reaction mass
éxclusively In 6-O-protected form and no residual TGS. TGS in its 6-Ofprotected

form can be extracted and isolated in a easier way compared to TGS.

BECKGROUND OF THE INVENTION

Strategies of prior art methods of production of TGS predominantly involve
chlorination of 6-O-protected sucrose by use of Vilsmeier Haack reagent derived
from various chlorinating agents such as phosphorus oxychloride, oxalyl chloride,
phosphorus pentachloride etc, and a tertiary amide such as dimethyl formamide
(DMF) fo chlorinate 6-O-protected Sucrose, to form 6 acetyl 4,1,

6'{richlorogalactosucrose. After the said chlorination reaction, the reaction mass

: IS neutralized to pH 7.0 - 7.5 using appropriate alkali hydroxides of calcium,

 sodium, etc. and pH increased further to 9.5 or above to deacylate / deacetylate

the - b-acetyl 4 1, o'trichlorogailactosucrose to form 4.1, o)

trichlorogalactosucrose, the TGS.

In above scheme, purification of TGS from the final reaction mixture is a more

difficult job than an alternative process wherein 6-O-proetcted TGS is extracted
iIn an organic solvent from the reaction mass, isolated, purified and then
subjected to deacylation. Hdwever, in this option, inprior ar't" "process, during the
chiorination, the reaction mixture is undergoing, slow deacylation of 6-O-

proetcted TGS continues to progress to form a significant quantity of TGS. This

1
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TGS formed during the reaction after neutralization and filtration requires a very
high quantity of a solvent for its extraction. Thus the neutralized mass after

chlorination should contain almost no TGS to facilitate better extraction and no

- loss of TGS.

SUMMARY OF THE INVENTION

A process is described for production of a chlorinated sucrose compound from &
process stream containing a 6-O-protected chlorinated sucrose derived from
chlorination of 6-O-protected sucrose wherein the process stream is neutralized
by a mild alkali, preferably by gaseous ammonia, maintaining pH to about 5-6,
acylating the TGS formed during the process of neut(alization by adding acetic
anhydride and holding for a period enough for disappearence of most of the TGS
thus formed, extracting the 6-0-proetcted sucrose in a solvent, washing DMF free
from the process stream by repeated washing with saturated sodium chioride
solution, isolating the 6-O-proetctetd sucrose as a pure fraction and obtaining a

chlorinated sucrose by deacylating the same.

DETAILED DESCRIPTION OF THE INVENTION

TGS, in its 6-O-protected form, is easier to extract in water immiscible solvents
such as ethyl acetate, chloroform, methyl ethyl ketone, etc. This makes It
Strategically more reasonable if its deblocking is not done at the neutralization
step. It is also more useful to make the removal of DMF further down during the
processing which means that it is advantageous 10 maintain TGS presence in 6-
O-acyl form. In the invented process, the deblocking of 6-O-acyl TGS is carried .
out after it is totally isolated from the reaction mixture / process stream by a

process step including solvent extraction.
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However, during the chlorination reaction, due to the elevated temperatures and

“highly acidic nature of the reaction mass. the deacylation at the 6™ position does

~proceed siowly, nevertheless. This deacylated product appears as TGS directly

after neutralization. Amount of such prematurely deacylated product, however, is

below 10% of the total reaction mass.

The chlorinated reaction mass is then neutralized with a suitable base. The
neuiralization has to be in a well controlled manner if the compound TGS should
be in its. 6-O-protected form. If the pH of the neutralized mass crosses 7.0, the

deacylation takes place slowly and the TGS gets formed.

Use of the mild alkali during the neutralization and maintaining the pH below 5.5
results helps in achieving and in maintaining majority of the product as 6-O-acy!
TGS. waever, 10% to 25% of the TGS, despite these precautions, slowly gets
inevitably deacylated during the neutralization sitep. This much amount of the
deacylated compound present in the neutralized reaction mass does not get
completely extracted from the mass and results in enormous consumption of the

extraction solvent such as ethyl acetate, butyl acetate, etc.

This invention describes an innovative process wherein neutralization of the
reaction mass is done under anhydrous conditions and the reaction mass is
further mildly acylated with an acylating agent to protect again the reactive 6"
position. This enables the acylation of any residual TGS formed during the

neutralization of the chiorinated reaction mass.

After the chlorination reaction using the Vilsmeier reaction using the tertiary
amide, the chlorination-is terminated by sparging ammonia gas in the reaction

flask. This is accompanied by addition of 0.1 to 0.5 volumes of the terflary amide
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such as dimethyl formamide into the reaction mass optionally butfered with

- ammonium acetate. The pH of the reaction mass was adjusted to 5 — 6.

The reaction mass is then cooled with stirring up to 0°C. An acid anhydride such
as acetic anhydride, diluted 1:2 to 1:4 times using the tertiary amide such as

Dimethylformamide is added dropwise to the reaction mass and temperature is

controlled below 8°C.

The absence of TGS fqrmed during the anhydrous neutralization using ammonia
can be checked by TLC. During neutralization due to some spot heat generation
some of the 6-O-Acyl derivative is converied to TGS, which is converted back to
the 6-O-acy! derivative by adding limited quantity of an acylaﬁng agent like acetic

anhydride and this acylating reaction is terminated by adding 1:1 volume‘”of

demineralized water.

The reaction mass containing the 6-O-acyl TGS can be taken up for further

purification by solvent extraction and isolation.

Solvents tha{ can be used for extraction of 6-O-protected chlorinated sucrose
include one or more of an organic solvent comprising ethyl acetate, butyl acetate,
methyl ethyl ketone, methylene chloride, ethylene dichloride, toluene and the like.
A significant quantity of DMF gets exiracted in the solvent extract in this way,
which needs to be washed away by a suitable method. Preferred method used
here for this purpose includes repeated washing of the solvent extract with
saturated salt solution, the salt preferably being a sodium chioride, until content
of DMF gets reduced. considerably, preferably to 0.5% or less. Of course, any
other method of DMF removal can potentially be used within the scope of this

Invention.
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The purified extract in the solvent can then be subjected to isolation of the 6-O-
protected chiorinated sucrose to be used further for deacylation by a method of
choice for production of a chlorinated sucrose. The chlorinated sucrose of the
preferred invention is trichlorogalactosucrose and the preferred 6-O-protecteo
chlorinated sucrose is 6-O-acety TGS or 6-O-benzoyl TGS. The invention,
however, covers within its scope one or more of other chiorinated sucrose too

and one or more of an other protecting acyl group too.

Embodiments of a proCess stream / a chlorination reaction mixture which can
be subjected to thé process described in this invention include, a process
stream generated after chlorination step described in Mufti et al. (1983) US
patent no 4380476, Walkup et al. (1990 No0.4980463), Jenner et al. (1982) US
patent no. 4,362,869, Tulley et al. (1989) US pat no. 4,801,700, Rathbone et al.
(1989) US pat no. 4,826,962, Bornemann et al. (1992) US pat no. 5,141,860,
Navia et al. (19968) US Pat no. 5,498,709, Simpson (1989) US Pat no.
4,889,928, Navia (1990) US Pat no. 4,950,746, Neiditch et al. (1991) US Pat
no. 5,023,329, Walkup et al. (1992) 5,089,608, Dordick et al. (1992) US pat no.
5.128.248, Khan et al. (1995) US Pat no. 5,440,026, Palmer et al. (1995) US
Pat no. 5.445,951, Sankey et al. (1995) US Pat no. 5,449,772, Sankey et al.
(1995) US Pat no. 5,470,969, Navia et al. (1996) US Pat no. 5,498,709, Navia

et al.(1996) US Pat no. 5,530,106

Described in the following are examples, which illustrate Wbrking of this
invention without limiting the scope of this invention in any manner. Reactants,
proportion of reactants used, range of reaction conditions described, and the
like are only illustrative and the scope extends to their analogous reactants,

reaction conditions and reactions of analogous generic nature. In general, any

~ equivalent alternative which is obvious to a person skilled in art of chlorinated

S
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sucrose production is covered within the scope of this specification. Thus,
- mention of “an acetate” covers any equivalent acyl group which can perform
the same function in the contest of this invention. A mention of “a chlorinated

sucrose compound” includes, in addition to. preferred embodiments of
trichlorogalactosucose and sucrose-6-acetate or benzoate, any of the
chlorinated sucrose or an acyl derivative of sucrose to which the process of
invention is applicable, and all of them are included in the claim. Several other
adéptations of the embodiments will be easily anticipated by those skilled in
this art and they are also included within the scope of this specification.
Mention in singular is construed to cover its plural also, unless the context does
not permit so, viz: use of “an organic solvent” for extracti;)n covers use of one

or more of an organic solvent in succession or in a combination as a mixture.
EXAMPLE 1
Preparation of TGS by Prior Art process

‘In a 5L reaction flask, placed 1280ml of Dimethylformamide and cooled to 0 —
5°C. Then added 635g of Phosphorous pentachloride (5.4 moles) slowly under
| stirring, maintaining the temperature of the reaction mass below 30°C. The
Vilsmeier was allowed to form and the mass is further cooled to below 0°C and
the sucose-6-acetate (200g equivalent) jn DMF solution is added slowly at 0 —
5°C. Then the reaction mass is allowed to attain 25 — 30°C and stirred for 60
minutes and is heated to 80°C and held f.or 1 hour, further heated to 100°C and
held for 6 hours and finally at 110 —115°C and held for 2 — 3 hours. The progress
of the reaction is monitored by HPLC analysis. The TGS content obtained was

42% of sucrose-6-acetate input.
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EXAMPLE 2

'Quenching of chlorinated reaction mass using ammonia gas

In an experiment, 2.2L of chlorinated reaction mass containing 75g of TGS
equivalent was taken for quenching using ammonia gas under anhydrous
conditions. The reaction mass was cooled to 0 — 5°C temperature. Ammonia gas
was connected to the sparger line of the reaction flask and slowly bubbled
through the reaction mass. 150 ml of DMF was added slowly to the reaction
coﬁtents. The mass was kept under stirring and pH was adjusted up o 5.8.

Approximately 185g of ammonia gas was consumed for carrying out the process.

The amount of deacylated TGS was found to be 15% by HPLC in the reaction

mass after the above said quenching process.
EXAMPLE 3

Acetylation of deacetylated residues of TGS in guenched mass

The mass from Example 2 was then held cold at 0°C and 35.8g of acetic
anhydride diluted with 1:2 times v/v with DMF was added dropwisé with
continuous stirring. The acylation reaction was continued for a perio‘d of 3.0 hrs.
The disappearance of deacylated TGS was monitored by TLC. Also the

formation of other acetates was also conirolled.

The reaction mass after 3.0 hrs showed TGS content of less than 1%. The
reaction was terminated by adding 1.8 L of demineralized water below 8°C. The

final pH of the reaction masé was found to be 6.0.

EXAMPLE 4
Extraction of 6-O-acetyl TGS and further isolation of TGS.
The 6-O-acetyl TGS from the reaction mass (volume - 4 1) obtained from

example 3 was extracted with 1:3 times of ethyl acetate and the layers were

7
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separated. The ethyl acetate extract was then concentrated to 50% of its initial

volume and was washed with 1:0.1 times of saturated sodium chloride solution to

remove the DMF from the solution. | This washing was repeated up to 15 times
for reducing the DMF content to less than 0.5%. "

The ethyl acetate layer was then concentrated to thick syrup and then loaded on
to silanized silica gel. The pure 6-O-acetylﬂTGS was eluted out using pH 10.5 —
11.0 aqueous buffer solution and was concentraied by reverse osmosis
membrane.

The qoncentrated aqueous solution was treated with 20% sodium hydroxide
solution till pH 9.0 79.5 was attained and the deacetylation was monitored by
TLC. After complete deacetylation, the pH of the solution was adjusted to 7.0
using dilute HCl. The aqueous solution containing 15% TGS was extracted into
1:3.5 times of ethyl acetate.

The ethyl acetate layer was separated, concentrated and TGS crystallized from
the solution was filtered and dried. The purity of TGS obtained was 96.3% and
the overall yield was found to be 22% of sucrose input.

EXAMPLE 5

Isolation of TGS by prior art process

In a 10 L reaction flask, 2.5Lof Dimethyiformamide was taken and cooled to 0 —
5°C. Then added 1270 g of Phosphorous pentachloride (5.4 moles) slowly under
sztirring, maintaining the temperature of the reaction mass below 30°C a_nd the
Vilsmeier reagent was allowed to form. The mass was then further cooled to
below 0°C and 400g of sucose-6-acetate solution in DMF was added slowly at 0
—-5°C. Then the reaction mass was allowed to attain 25 — 30°C and stirred for 60
minutes and heated to 80°C, held for 60 minutes, furthef heated to 100°C and

held for 6 hours and finally at 110 —115°C and held for 2 — 3 hours. The progress



10

15

20

CA 02623071 2008-03-19
WO 2007/057920 PCT/IN2006/000386

of the reaction is monitored by HPLC analysis. The TGS content obtained was
43.6% of sucrose-6-acetate input. -

The chlorinated reaction mass was then neutralized using calcium hydroxide
slurry in water up fo pH 7.0 - 7.5. Then the pH was further raised to 9.5 and
was kept stirring for 5 hours to complete the deacetylation of 6-acetyl TGS {o
TGS. The deacetylation was confirmed by TLC analysis. The pH of the mass
was then adjusted to neutral by addition of dilute HCI solution. The total volume
of the neutralized mass was found to be 18.5 L

The mass was then extracted into 1:3.5 times of ethyl acetate and the layers

were separated. The ethyl acetate extract was then concentrated to 50% of its

: initial volume and was washed with 1:0.1 times of saturated sodium chioride

solution to remove the DMF from tﬁe solution. This washing was repeated up 1o
15 times for reducing the DMF content to less than 0.5%.

The ethyl acetate layer was then concentrated to thick syrup and then loaded on
to silanized silica gel. The pure TGS was eluted out using pH 10.5 -11.0
aqueous buffer solution and was concentrated by reverse osmosis membrane.
The aqueous solution containing 15% TGS was extracted into 1:3.5 times of
ethyl acetaie. -

The ethyl acetate layer was separated, concentrated and TGS crystallized from
the solution was filtered and dried. The purity of TGS obtained was 97.0% and

the i
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AMENDED CLAIMS
received by the International Bureau on 28 June 2007 (28.06.07).

1. A process of production of a chlorinated sucrose from a process stream
co.mprising pu}ifica'tion of 6-O-protected chlorinated sucrose from a
solution and its subsequent deacylatidn and isolation of the chlorinated
suérose wherein the said solution is substantially anhydrous and the said
process comprising one or more of following steps:

a. an acldic process stream containing 6-O-protected sucrose having
pH below 5 is neutralized under anhydrous condition by a mild
alkali preventing the pH to go beyond 7, more preferably between 5
to 6,

b. preferably chlorinated sucrose formed in a process prior to
purification of the said anhydrous solution of 6-O-protected
chlorinated sucrose, including a process of neutralization of an
acidic solution havjng pH beIO\;v 5, IS acylated by treating with an
acylating agent to produce 6-acyl chlorinated sucrose.

2. A process of claim 1 wherein

a. the said chlorinated sucrose compound comprises a chlorinated
sucrose Including trichlorogalacrosucrose, a dichlorosucrose, a
tetrachlorosucrose and the like,

b. the said chlorination réaction comprises reacting sucrose or
sucrose derivative with one or more of a chlorinating reagent by
one or mbre of a process including:

. a reaction of sucrose dissolved in pyridine with

sulphuryl chloride, or

13
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. a reaction of sucrose with thionyl chloride in a
nitrogenous base of free hydroxyl and in presence of
non-reactive moderately polar organic solvent, or

Iii. a reaction of a 6-O-protected sucrose with a Vilsmeier
reagent of a general formula [HCIC=N.sup.+ R.sub.2
]Cl.sup.-, or [HPOCI.sub.2.0.C.sup+=N.sup+.R.sub.2]
Cl.sup.-, where R represents an alkyl group preferably

a methyl or ethyl group,

the said mild alkali comprises one or more of an alkali which shall

‘'not lead to increase in pH above 7 when added to a solution,

d.

e.

including ammonia, preferably in a gaseous form, and the like,

the said acylating agent includes acetic anhydride and the like,

the said purification of 6-O-prote§ted chiorinated sucrose is
preferably done by extraction in a solvent capable of extracting 6-
O-protected chlorinated sucrose comprises use of one or more of a
partly miscible or immiscible organic solvent including ethyl acetaté,
butyl acetate, methyl ethyl ketone, methylene dichloride, ethylene
dichloride, toluene, and the like,

6-O-protected chlorinated sucrose extracted in one or more of a
partly miscible or immiscible organic solvent, is preferably washed

with saturated salt solution, preferably a sodium chloride solution to

remove dimethylformamide.

3. A process of claim 2 comprising steps of:

a.

sparging ammonia gas, as a mild alkali, under anhydrous condition
by bubbling through the process stream obtained after a

chlorination reaction to achieve its neutralization maintaining pH of

14
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the process stream to around 5.8 throughout the neutralization
process, preferably with an optional addition of an ammonum
acetate buffer,

b. cooling to around O degrees ceicius and adding acetic anhydride in
a quantity and allowing acetylation to occur for a period of time
enough to acetylate back most éf the TGS formed in the process
stream until the end of step (a.) of this claim,

c. terminating the acetylation reaction, preferably by adding
demineralized water in 1:1 proportion,

d. extracting 6-O-protected TGS from process stream of step (b.) of
this claim by extraction in a solvent, preferably ethyl acetate, and

e. 1solating 6-O-proetcted TGS from the process stream of step (d.) of
this claim free from one or more of other extracted constituents by a
step of purification and isolation.

4. A process of claim 3 where the said purification in step (d.) comprises
removal of dimethyiformamide, abbreviated as DMF, by one or more of a
step of its removal including repeated washing by saturated salt solution,
preferably a sodium chloride solution, until level of DMF in the Process

Stream decreases significantly, preferably up to 0.5% or less.

15
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