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WO 2007/069269 PCT/IN2006/000424 TITLE ACID MEDIATED
W()?gf%ﬁ:g} TION OF 6-O-TRICHLOROGALACTOSUCROSE_TO 00424
ICH T OROGALACTOSUCROSE. TECHNICAL FIELD 5 The Bredeit
invention relates to acid mediated deacylation of 6-0-
I%Iorogalactosucrose (TGS) to TGS during the process of production of
TGS (1'-6'-D ichloro-1'-6'-DI DEOXY-(3-Fructofuranasyl-4-chloro-4-deoxy-

I ide). OUND OF THE INVENTION 10 Strategies
A B B A ST OF 4T 06 AP GUEREIsh GBS (RBESE
Doﬁﬂ inantly. jayol lQrinati f sucrose-6-ester by use of Vilsmeier-
T Haa%é%%é%%fﬁgﬁ%%%gchIorinating agents such as
phosphorus oxychloride, oxalyl chloride, phosphorus pentachloride etc,
TERNAGALIgEppide such as dimethyl formamide (DMF) or dimethyl
acefamide to chlorinate Sucrose 15 6-ester, to form 6 acetyl 4,1',
6'trichlorogalactosucrose. After the said chlorination reaction, the reaction
Thenapedsarutiplienddn PrelaRs7 30isiagidapRisarate alkahlyEiddesofs.o-
calcium, sodium, etc. The pH of the neuttalized reaction mass is then
trichidhegaiaisedupdesd (TG S)5t0 TBESERIHY daagrbiate the pfoaceblt & TGS
6'trichlorogalactosucrose to form 4,1', 6' trichlorogalactosucrose 20
(10 ERhiblidn b NDECKYPPOERRsBRIANLARYARLR IS G-gauejected TGS
in a solution in an organic or and aqueous condition before and after
galsclapyanaddlaesaid compound use a base as the deacylating agent and
the pH condition is '

BACKGROUND OF THE NVENT!ON

Strategiés of prior art methods of production of 4,1, 6' trichlorogalactosucrose
(TGS) predominantly involve chlorination of sucrose-6-ester by use of Vilsmeier-
Haack reagent derived from various chlorinating agents such as phosphorus
oxychloride, oxalyl chloride, phosphoru_s; pentachloride efc, and a tertiary amide
such as dimethyt fqrmamide (DMF) or dimethyl acetamide to chlorinate Sucrose-
B-ester, to form 6 acefyl 4,1 G'trichiorogalactosucrose.  After the said
chlorination reaction, the reaction mass is neutfralized to pH 7.0 7.5 using
appropriate alkali hydroxides of caicium, sodium, etc. The pH of the neu%ralized
reaction mass is then further raised up to 9.0 - 9.5 to deesterify / deacetylate the
6 acetyl 4,1, _G'trichibrogalactosucrose to fofm 4,1, & trichlorogalactosucrose

(TGS).

All known prior art processes to deacylate the 6-O-protected TGS in a solution in
an organic or and agueous condition before and after isolation of the said

compound use a base as the deacylating agent and the pH condition is



I maintained in.the alkaline range, usually above 9.5 toil.5. During the
process of this deacylation, it has been noticed that TGS formed is not
very stable at the said pH and starts to decompose. So it is mandatory to

maieainaize iR BRaSnE AR AlIGrARReY RERINAM RIS ocess of

processes. Yet some loss Is unavoidable. Also if the tertiaryamide is

thisPieseiaiei) gt tha ey akiicdls trxp st alkalinendi vBaKesdbie at the

vulnerable to hydrolysis to dialkyl amine and carboxylic acid. In the

saidngHstiRd pReasIotsdesiplsin regueqd manvanssf tBenirialy&tHdemass
and affects the economics of the process. An alternative process is

imnhedidesywhitir stedcgieidrioss afy GEthe walbiasiobésseyringtheome loss is
deacylation process. SUMMARY OF THE INVENTION The embodiments
unatisiclablsl Wdseinfptheidestianyrersiistigdpasylaie theibd A& Jautyestion, its
acidic conditions. Under acidic conditions a tertiary amide particularly
expDéiliFe s stalilaiaadoht ntakiasr dactie rabitu tesryaintaysisot O Mblikfliamine and
reaction will carry out deacylation without destruction of any DMF. The
caripeaybssaiisdiogbd mndysinallyededssetitinggmeltnininadtigaigaciovehass the
in the reaction mixture but yet containing water sufficient to participate in
tertianyaroigsisnd=affierts byenssonaimicg whihe weweessentent of the reaction
mixture to a low level, preferably at or below 5% but above about 0.5%(b)
adding an alcoholic solvent including but not limited to methanol, ethanol,
An gligIRtNR PIRESH® ith ResRad whie Ak it ayeitl dasst pédCaSramweli@sDMF
alcoholic solvent as 1:1 or above; (c) acidifying, preferably by adding acyl

duringitfe’ deRAVIRNIQPRIPERRFide, acetyl bromide, Propionyf chloride, Oxalyl
chloride, Chloroacetyl chloride and the like

SUMMARY OF THE INVENTION

The embodiments disclosed herein provides a process to deacylate the 6-O-
TGS under acidic conditions. Under acidic conditions a tertiary amide
particularly DMF is stable and hence in reaction mixtures containing DMF, this
reaction will carry out deacyiéﬁon without destruction of any DMF. The process
disclosed may involve (a) creating predominantly organic phase in the reaction
mixture but yet containing water sufficient to participate in a hydrolysis reaction;
by maintaining when water content of the reaction mixture to a low level,
preferably at or below 5% but above about 0.5%(b) adding an alcoholic solvent
including but not limited to methanol, ethanol, butanol and the like in a preferable
VIV proportion of reaction mixture to alcoholic solvent as 1:1 or above; (c)
acidifying, preferably by adding acyl halides such as acetyl chloride, acetyl
bromide, Propionyf chloride, Oxaly! chloride, Chloroacetyl chloride and the like
(d) adjusting the pH to about 4 preferably aided by addition of a buffer,
preferably an acetate buffer in an alcoholic solvent and (e) stirring the reaction

mixture until deacylation is over.



(d) adjusting the pH to about 4 preferably aided by addition of a buffer,
preferably an acetate buffer in an alcoholic solvent and (e) stirring the
reaction mixture until deacylation is over. 2 This deacylation is achieved
in a reaction mixture containing 6-O-TGS as well as in a solution
containing the same purified at various extent and stages. In a reaction

Thidbées eaninisineHiiViEd this reeihrshehpeaey diaBaimay 612 PGS as well as

advantage that there is practically no decomposition of DMF as well as

in 4 @Sluiaringodeaieiialians axsrnisasiRstiasigalinanidesmolairneraiien of o
the both during conventional process of deacylation under alkaline
reskfibditiongute acirsaasingCOMETetisiprmadastia o agessyiatipnodnsiiogias aan
chlorinated sucrose compound comprising a step of deacylation of a
adaniittign tifatrtiaed- ideshaatiioalbf the daboipasitaiedo$ UDMBeazompbwzd TGS
wherein the said step of deacylation is achieved under an acidic condition
duiimgrdsaogaiifaresl cundiastsolensignditaat dJoastidy déagtationocoigthéoboth
hydrolysis but low enough to prevent acid hydrolysis of TGS. In a second
durinpecn theteisipndded of pieradatsipuodeac tidikatifg gorglitions.

SRS SRS sl B SRR £ SRR
S RO AL TOL e DT SIS B By BRYLTe b S el g ey
deﬁﬁgﬁﬂé" PREUSR CRISIANER0PSRE Sp TR RAMRE d B8 of
deacylation is achieved under an acidic condition in presence of an alcoholic
solvent énd in a quantity of water enough for hydrolysis but low enough to
prevent acid hydrolysis of TGS.

In a second aspect, there is provided a process of production of 4,1°, &
trichlorogalactosucrose comprising the steps of:

a. Obtaining:

i. a reaction mixture as a process stream of a process of
production of 4,1°, 6’ trichlorogalactosucrose, the said process stream
comprising one or more of 6-O-acetyl, 4,16’ trichlorogalactosucrose,
inorganic salts, related organic impurities, caramelization products,

dimethylformamide, and the like,

ii. neutralizing the said process stream with an alkali, preferably
by ammonia gas to obtain a process stream and subjecting the

process stream to step (b), or,

iii. subjecting the said process stream of step (ii) to extraction of



ii. neutralizing the said process stream with an alkali, preferably by
ammonia gas to obtain a process stream and subjecting the process
stream to step (b), or, iii. subjecting the said process stream of step (ii) to
extraction of 3 6-0-acetyl 4,1'6" trichlorogalactosucrose in an organic

solvers,(perfetgblyv im@thytiekririgapiefesablpsencentaiingren@rganivent,
solvent extract further preferably to about 50% of its original volume,

removingftgeiayy rmigeyardcelatly, dipnetdydisiymanndentpiesgnttie tbeyanic
process stream by washing the organic solvent extract with saturated salt

soluticid remtmbgiradttifnes ar glefabbbab it bo tisesuskilts original volume,
dimethylformamide is substantially reduced preferably to about 0.5% in

the orgamic\saly eattiaxy astidsticatievntyadirgaityitsoaainidevepresent in
completely to get an essentially solvent free syrup, adding methanol

prefergidy protedyedireamvalymeaafiting ottginalrg@iddint bhibatswxtpacindvith
subjecting this process stream to step (b), or iv. loading the said
essengatlyrsiidesaireeisyiom of stepk@h) oh tismekrpmdtoghap Eboaolutontines
separate 6-acetyl-4,1'6" trichlorogalactosucrose preferably on a silanized
silica geltitalimethydfomyiaghld separbstmbyilysieg acedata diefiablin fn about
alkaline pH preferably at a preferred pH of 10.5, concentrating the pure
fractions %f ib-dcetyirddhi@ tsiclientd gataeicstrakdim , cattmudirzdingthree organic
solvent preferably by about 1:3.5 times of ethyl acetate, concentrating by
removsadytre ettyhpdetsiie wompeletelydssehtialya sylugntaiildeng wapal adding
methanol preferably up to five times volume of the original weight of

the syrup, and subjecting this process stream 1o step (b), or
iv. loading the said essentially solvent free syrup of step (iii) on

a  chromatographic  column to  separate  6-acetyl-4,1'6’
trichlorogalactosucrose preferably on a silanized silica gel column,
carrying out separation by using acetate buffer in an alkaline pH
preferably at a preferred pH of 10.5, concentrating the pure fractions
of B-acetyl 4,16’ trichlorogalactosucrose, extracting with a solvent
preferably by about 1:3.5 times of ethyl acetate, concentrating by
removing the ethyl acetate completely to obtain a syrup, adding equal
volume of methanol to the syrup and subjecting this process stream to

step (b),

b.  adding to the said process stream obtained at the end of a step
(i), or (ili) or {iv) an acidifying agent preferably an acid halide further

preferably acetyl chioride, preferably maintaining temperature to
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volume of methanol to the syrup and subjecting this process stream to
step (b), b. adding to the said process stream obtained at the end of a
step (i), or (iii) or (iv) an acidifying agent preferably an acid halide further
preferably acetyl chloride, preferably maintaining temperature to 3a below
400 Cglsitis: £00digistiing the pH as close as possible to 4 preferably by
addition of a buffer further preferably an acetate buffer preferably

prepared in ap algcohqlic solution further preferaply comprisin .
ethatholic SOUALHOATA BYAS RRRcRs BRSVbR 1od fOP PPN
till deacylation.is complete, e. the alcoholic solvent is stripped off b )
distirabf, BHE CHERRH ATG ok aiE 2 S RER o Ebpaeed i
isolation. DE&%ED DESCRI g#ON OF FH?% NVENTION This inveption
disclod&s & 5 SPUURYIAHENGE SRR RS s 6 s g Ranolic
chlorinat (g.sucros compound in acidic condition. The process is

applicﬁBF@ '?J'd@ggillate 6-0-protected chlorinated sucrose in a process of
production of the high intensity sweetener TGS. It has been found that
hydrolgisis otfezykdetivatigekepichlvrevhfed aupeome isipiselii@ dedeyiation is
acidic conditions, around pH 4 in presence of low to trace amounts of

water anchpletcoholic solvent and it was surprising to note that in such
conditions there is no destruction of TGS formed as well as that of DMF.

e.  the alcoholic solvent is stripped off by distillation, and

f. the solution is taken for 4,1, &' trichiorogalactosucrose isolation.

DETAILED DESCRIPTION OF THE INVENTION

This invention discloses a process of deacylation of acyl! derivatives / precursors
of a chlorinated sucrose compound in acidic condition. The process is applicable
to deacylate 6-O-protected chiorinated sucrose in a process of production of the
high intensity sweetener TGS. It has been found that hydrolysis of acyl derivative
of chlorinated sucrose is possible under acidic conditions, around pH 4 in
presence of low to trace amounts of water and an alcoholic solvent and it was
surprising to note that in such conditions there is no destruction of TGS formed

as well as that of DMF.

Mechanism of acid mediated deacylation is likely to be following: One mole of an
acid chloride is required for deacylation of 1 mole of TGS-6-acetate wherein the
acid chioride reacts with the methanol, HCI is liberated. The liberated HCI

cleaves the acyl group in TGS-6-acetate to form TGS. This also requires

3b



Mechanism of acid mediated deacylation is likely to be following: One
mole of an acid chloride is required for deacylation of 1 mole of
TGS-6-acetate wherein the acid chloride reacts with the methanol, HCI is
liberated. The liberated HCI cleaves the acyl group in TGS-6-acetate to
form TGS. This also requires 3b presence of water in traces for the
reaction to happen but in trace amounts. In actual practice, a water

Presanss: SrupisiiBsRees BYdhe IREGHRN (o hARReR PELIBAGR RINAYAIS

addition of methanol are found to be critical factors besides maintaining

T e
re%ﬁ!ﬁ?tﬁqfﬁl Riregt RCigh BYErPIFIHBthEMO P& 60 Wa eI iRieai0 akbors

but in absence of methanol results in incomplete deacylation. The reason
bdgita rpastiRiviag et fEeBalfsbrgriciavhish:{astlisates protonation.

5 The experiment with excess water above 5% results in incomplete or
slow deacylation. Also at acidic pH under aqueous conditions, the TGS
formed will degrade due to the breakage of the glycosidic link. In this
process, volume of alcoholic solvent required shall get reduced to the
extent to which water production / addition during various steps of the
process 10 prior to the addition of the said alcoholic solvents could be
restricted. This is achieved by use of ammonia gas for neutralization of the
chlorination reaction mixture, which again is one of the embodiments of
this invention, instead of conventional process of using solution / slurry of
alkali hydroxides.

3¢



The acid mediated deacylation of 6-O-TGS can be performed during any
part of 15 the extraction and purification process of TGS from the

WO AIGHIAEEY mass. It can be used, a) After neutralization of tA& EANAINE A2

mass. b) As a crude compound along with other chlorinated sucrose o
A AR RN I TeReaSaigiaoN T SuBiats 50 ETRRAechipRalySis
isolation of 6-0-TGS. In the embodiment (a), the chlorination of the 6-acyl

e RREDREC A BEEh W% T8RS M RRRHFAGR, Ao BrRthanal esults in

. Phosphorus oxychloride, phosphorus pentachloride, Triphosgene, etc., -
NGB e JRe EASCR B CEBEIRN AR Bsmede solvert,

P%Téerﬁ‘%?G/OOMM .The solution is then cooled to -5 to 10C more
whighdag

8@@\?85?96“% and 'tFre 6-acyl sucrose dissolved in DMF is
added dropwise with constant stirring. After the addition of the 6-acyl

s TRUGgsSRRlioRrihe seactiopmassis slowd, alowrd %émg%% or slow

temperature and stirred for 60 minutes. Then the mass is 5 he

deBlSNaiRM temperaiueite.8oH %Q@e‘?@%ﬂé@bét%%itﬁg 3hd mgadr@g% will

minutes and further heated to 90 - 110C preferably to 100C a

degfaheWsARaAn Bl Arelg oF %@i%&@gﬁﬂg #45C. The chlorinated reaction

mass is then neutralized under anhydrous conditions by bubbling
ammonia gas in to the reaction mass till the pH of the reaction mass

in redsheddes8, pvefanablpfabitShtlic oivehe capdyiatiehaagybde eatiesHotd the
at this stage wherein 1:1 to 1:3 v/v of methanol is added to the reaction

exipabscandiiah acitehaiddstiicin asaatchtivin oiiloideyadetd btepsdsf, the process
Propionyl chloride, Oxalyl chloride is added and the pH

10 prior to the addition of the said alcoholic solvents could be restricted. This is

achieved by use of ammonia gas for neutralization of the chlorination reaction

mixture, which again is one of the embodiments of this invention, instead of

conventional process of using solution / slurry of alkali hydroxides.

The acid mediated deacylation of 68-O-TGS can be performed during any part of
15  the exiraction and purification process of TGS from the chlorinated mass. i can

be used,
a) After neutralization of the chlorinated mass.

b) As a crude compound along with other chlorinated sucrose

derivatives at intermediate stage of TGS isolation.
20 c) - After complete isolation of 6-O-TGS.

In the embodiment (a), the chlorination of the 6-acyl sucrose is carried out by first
reacting the chlorinating agenis such as Phosphorus oxychloride, phosphorus

pentachloride, Triphosgene, efc., with DMF to form the Viismeier-Haack reagent,
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is controlled at preferably 3.5 to 4.0 using an appropriate buffer solution.
The reaction was stirred continuously for 3 - 24 hours more preferably 15
WO 2073l 15 more preferably 5 -10 hrs wherein the deacylaoTyWam6/600424
completed. Embodiments of a chlorination reaction mixture to which this
Thavenititorcin therappbiestinslugen HrcaloeyaieRIAING pRtERAUGHOSREf and
chlorinated sucrose wherein an acylated chlorinated sucrose compound
thadbdsyb shee e ylitenivéckam DI ofss ok c8l tdpipRts B QlitHe R NERARSStirring.
stream obtained as a chlorination reaction mass as 20 descried by,
- Aftactisingduitiont tifnited 8eaoyiesacrosee sylfaltaving: asstraribagsén iV ¢ibwly
et al. (1983) US patent no 4380476, Walkup et al. (1990.N0.4980463),
allgwasktceatitin1oee) WhpatehinecrtagR186X0T Glemittbs(1 TBRnURepabss is
no. 4,801,700, Rathbone et al. (1989) US pat no. 4,826,962, Bornemann
hegied to19ovaied tenpryal) et igsED -NEA prefiedd9a) 85-PATHD.and held for
5,498,709, Simpson 25 (1989) US Pat no. 4,889,928, Navia (1990) US
S0pgimies e frubex Brater & 80 (1991 CUBatamaty 0202 and/adfet5 —
al. (1992) 5,089,608, Dordick et at. 5 WO 2007/069269
6 reursiRDEdERbOISW b8 misviee Ab195°M, 2T khigiisted (E9etpSiass
. Pat no. 5,440,026, Palmer et a. (1995) US Pat no. 5,445,951, Sankey et
's fhen auiakrpd iinses anbyrrousseandiliensibylbgshliog parmenia gas in fo
th 5,470,969, Naviag ﬁt at. (1996) US Pat no. 5,498,709, Navia et al.(1996)
RN B B PEREGRRIRN B3R Rache R utisierably at 7.0

tajning 6-acy|. TGS tracted in to 1:3 ti f water immiscibl
v PR IR b SIS SCB o BFRGR HARHRRe T APy of
traci was ¢cqncentrated to 50% of its initial volume, The DMF which is
e B R e craRERSI e 71 Qi halide such ss  acetyl

co-extracte
chioride, acetyl bromide, Propiony! chloride, Oxaly! chioride is added and the pH

is co_ntrol!ed at preferably 3.5 to 4.0 using an appropriate buffer solution. The

reaction was stirred continuously for 3 — 24 hours more preferably 15 —20 hrs still
more preferably 5 —~10 hrs wherein the deacylation was completed. Embodiments
of a chiorination reaction mixture to which this invention cén be appiied includes
typically every process of production of chlorinated sucrose wherein an acylated
chlorinated sucrose compound needs to be deacylated. Examples of such
situations include a process stream obtained as a chiorination réaction mass as
desclried by, including but not limited to, one or more of following: as described
in quti et al. (1983) US patent no 4380476, Walkup et al. (1890 _No.4§380463),
Jenner et al. (1982) US patent no. 4,362,869, Tulley et al. (1989) us ﬁat no.
4,801,700, Rathbone et al. (1989) US pat no. 4,826,962, Bomea"nann et al,
(1992) US pat no. §,141,860, Navia et al. (1996) US Pat no. 5,498,709, Simpson
(1989) US Pat no. 4,889,828, Navia (1890) US Pat no. 4,950,748, Neiditch et al,

(1291) US Pat no. 5,023,329, Walkup et al. (1992) 5,089,608, Dordick et al.
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was removed by washing the organic extract with saturated sodium
chloride 10 solution for a number of times till the DMF in the organic
WO 2047468203 s less than 0.1 - 0.5%. Then after complete concdl${FARNGRH000424
the organic layer, diluting the syrup obtained with a suitable alcoholic
(1988VehtRatdthd dddiitB oKhameiueha(itRE %D W& b Maihe 406 dRalder et
deacylation. In the embodiment (c), the 6-acetyl TGS after the removal of
ngéfﬁc Ralvent 34458 DMankevvall B <ARABLIS StrlimanibAds, 772,
washing was subjected to further purification by column chromato%ra}ghty,
Saniigy 16loBtain! 89U rd Rl e @sﬁz&ﬁ%§aﬁfﬁs%a€hoﬂ gaRLES Pat no.
concentrated. and extracted into water immiscible solvents such as ethyl

5’4%%(;@%% @&t @8icHe BAldRare ™ Uhd the subjected to

concentration and the pure 6-acetyl TGS obtained free from 20 water can

in B BHBISEGCS 3ri medisied feacdation byaddiion ot AROORHAIE. i

alco acid halide. Further, , ON€ or more or an

o RISV 062 ARIRATIED Socgee camanuad cra e deasylaed B

his process including butnot limited to loro and’tetrachloro

d:c@%%@%ggaéigsgdfgﬁf@%:g%ﬁa%ﬁ%éitecgﬁégﬁrg%%7%6%6/g of its initial

orosucrose-o-acetate,

voldrle > THEMHRIRIACIPRHEMSEHEAEE RIS A (e &1 esGEPRAL B S olvent

following are examples, which illustrate working of this’invention without

wad MEIRGVES $HONRNKHS tVeRRiniR @XrIenNBh BRRCHREES sBERRRT IR oRde

of reactants used, range of reaction conditions described are only

soliftisrirasive ﬂBFhBE? HARR HNSHBVEMICN PRI IR KPR Qe fess than
reactants, reaction

0.1 — 0.5%. Then after complete concentration of the organic layer, diluting the

syrup obtained with a suitable alcoholic solvent and the addition of an acid halide

to carry out the acid mediated deacyliation.

in the embodiment (¢}, the 6-acetyl TGS after the removal of the organic solvent
after DMF removal by saturated sodium chloride washing was subjected fo
further purification by column chrc;matography, etc. to obtain a pure fraction of 6-
acetyl TGS. This fraction can be 'concentratedl and- exiracted into water
immiscible solvents such aé ethyl acetate, butyl acetate, dichloromethane, etc
and the subjected to concentration and the pure 6-acetyl TGS obtained free from
water can be subjecied to a_cid mediated deacylation by addition of an

appropriate alcohol and the acid halide.

Further, besides 8-O-TGS, one or more of an acyl derivative of a chiorinated
sucrose compound can be deacylated by this process including but not limited fo

different dichloro and tefrachloro derivatives, 4,1 dichlorosucrose-6-acetate,
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conditions and reactions of analogous generic nature. In general, any

equivalent alternative, which is obvious to a person skilled in art of
woctloTiowtsd sucrose production is covered within the scope afthignzo06/000424

specification. Mention in singular is 10 construed to cover its plural also, '

- 1'éhdligtiogpalicgsivalentate;ndves -Fintdorpgataidey thadeBpestidn and the

unless the context does not permit so, viz: use  of "a chlorinated sucrose"
fikéncludes all chlorinated sucrose compounds individually as well as

‘mixtures thereof or an alternative chlorinated sucrose compound that may

perform same function in-a relevant context. A mention of 15 "an organic
Deassiibat ibihe ioliswibavere exancklse whishibustrateongaringselbis ivention

succession or in a combination as a mixture or any one of the several

 withefRaCSaBRoRS 196 KIS BRR: I ABEOM e eaciaBiriprapRition

the description or illustrated in one or more of an example. Example | 20
of FqAGHRMRJIF8Y 6LaReR) PEIRIGURL G Bl a HanciiRrraToguY PR ftie and
added to 320 ml of DMFE taken . in a%e?ction flask under constant stirring
they $ermser HuliBeliEidD B5eNgH P 08NN ANRIRUE &7 r gaction

Comé%utes for the ViLsmeie{ e formed and then the contents were cooled

j(e]

N8 A8 8AREET Qi @BRLLBHRIRMT TMIE R JugenuApii¥sq yalent
al V\;O §907/0 % 6? P%T/IN% 06/000424n thg.@eaction gasF ﬁﬂd the
R (WA e R e db AT S it ey 28T HILCENANRSh SHgose

rature w. llowed to RT and stirred for 6Q. minutes, The . . - .
ProaA 1 SR S e SoPRe A T e em W cBetlia wnguaer
cofEAEY ROGMANtRNegionS Luys apALHET BFAELILRC AR matives
encompassed by that expression, unless the context does not permit so, viz: use
of “a chlorinated sucrose” inciudes all chlorinated sucrose compounds
individuaﬂy as well as mixtures thereof or an alternative chlorinated sucrose
compound that may perform same function in a relevant coniext. A mention of
“an organic solvent” for solution covers use of one or more of an organic soivent
in succession or in a combination as a mixture or any one of the several
alternatives capable of performing same function as claimed, described in the

. J
description or illustrated in one or more of an example.

Example 1
Chlorination of 6-acety! sucrose by a prior art method

25.2g of PCI5 was added {o 320 m! of DMF taken in a reaction flask under
constant stirring at temperature between 30 -35°C. The reaction mass was
stirred for 30 minutes for the Vilsmeier to be formed and then tbe contents were

cooled to 0°C. 63g of 6-acetyl sucrose solution in DMF was added dropwise fo
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5 maintained for 2 hrs. The reaction mass was then neutralized using
ammonia gas by bubbling the gas through the reaction mixture till the /pH
WO G886 Example 2 Acid mediated deacylation of neutraliZBgTREEY6/000424

250m| of the neutralized mass from example 1 was taken for deacylation. -
tho SBAMID HaRkaRIAgtOdBNBaTiHRWRY TEiale thhelawBiQsutmistring.
mihBano .12 ml of acetyl chloride was added dropwise to the reaction
"R mrtéﬁriﬁ{epﬁfﬁ@f@m&@rﬁlﬂw%@éaﬁtmatwasv@ogeﬁ@. retes.
additio? of the agetyl, chloride %hegglj was adjusted to 4.0 usin
T 0

THE TSR MBS HE SRR, Eoua DR N BRa oy S0 S Ygs: heated

stirrin J1.C was checked every one hour tq 15 manitor deacylation.
515 AR

agR NS HaaRiainee 8 ba0HcAuieoPrasd e 1Hd5°C and
i 1 . lete.d lati fi by HPLC. Th i

R % T A R L e e e s aronie
i d i f be nil. le 3:

gag H, U GACUANIAE reuf B RS 7.0 added

to 320 ml of DMF taken in a reaction flask under constant stirring at
Exiampryature between 30 -35C. The reaction mass was stirred for 30

minutes for the Vilsmeier to be formed and then the contents were 8 WO

2007/069269 PCT/IN2006/000424 cooled to OC. 63g of 6-acetyl sucrose
Adidlntiedi atdo\ie acydatitae dfonentvisized raeeseaction flask and the

temperature was maintained below 5C with stirring. After the addition, the
temperature was allowed to RT and stirred for 60 minutes.
250mti of the neutralized mass from example 1 was taken for deacylation. 250mi
containing 70g of 6-O-protected TGS was mixed with 250 ml of methanol. 12 mi
of acetyl chioride was added dropwise to the reaction flask kept under stirring.
The temperature was controlled below 35°C. After the addition of the acetyl
chioride, the pH was adjusted to 4.0 using acetate buffer prepared in methanolic

solution. The reaction was kept stirring and TLC was checked every one hour fo

monitor deacylation.

At the end of 5 hours, the TLC showed absence of 6-O-TGS and the conversion
to TGS. Complete deacylation was confirmed by HPLC. The overall yield loss
during deacylation was less than 0.05%. The loss of DMF during the deacylation

was found to be nil.
Example 3 : Chiorination and deacylation by prior art method

25.2g of PCI5 was added to 320 ml of DMF taken in a reaction flask under
constant stirring at temperature between 30 -35°C. The reaction mass was

stirred for 30 minutes for the Vilsmeier to be formed and then the contents were
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The temperature was then increased to 85C maintained for 60 minutes,
heated 5 again to 100C, maintained for 6 hours and further heated to
WORIBIER?E9 maintained for 2 hrs. The reaction mass was thenpaauitraliae0oo424
using ammonia gas by bubbling the gas through the reaction mixture till
cabletb\0aS 7.8335F Branbthesuentelizetuiassn\DF ke faH 83 BHRe to
Calcium hydroxide slurry in water was added to the mass and the pH was
Thadrattidnoiagkantivhs tbthptirsdriomkbaneniEecdeberiviaian @fth stirring.
6-acetyl TGS to TGS was monitored by TLC system every hour. After the

- Aftentipseddgitiinh thedaomplaiion Wes alSwedsicaRT teiDiiFddFoneBminutes.

found to be 3.5% and 8% respectively. Example 4 Acid mediated

TheetypaigiLagovasieaceereaestt40t05° 6f maintaiized fA560anmated, héated

neutralized mass generated after chlorination by prior art method _
aggéiscibelPth Exdnaindaingds fakén fotse argefiiribat. Tlat8dD{OGRI5°C and

(280g) in the neutralized mass was extracted into 1:3.0 times v/v of ethyl
mapéainediRe Adysrs Whrerarstiondnesstyas dhencnendraizast gminglayemonia
93\\%’%3 concentrated up 20 to 50% of its original volume and was washed

|

bupbling thesgas dheerehdhpreasiivmaisiusaidbeipthwan-Ovas

reduced to less than 0.5% in the solution. Then the ethyl acetate layer
letel d btained. 9 WO | )
2 R R o0 s e SRR oAl pdzoxide
IR W WSLanglang Al eR oL el 1A SE W TRRE R 6% and was

added slowly dropwise to the mixture
stirred for 8 hours. The deacetylation of 6-acetyl TGS to TGS was monitored by

TLC system every hour. After the completion of the deacetylation, the TGS loss

and the DMF loss was found to be 3.5% and 8% respectively.
Example 4

Acid mediated deacylation after ethyl acetate extraction of neutralized

mass

8.0 L of neutralized mass generated after chiorination by prior art method
described in Example 1 was taken for the experiment. The S-O—TGS (280g) in
the neutralized mass was extracted into 1:3.0 times v/v of ethyl acetate, The
layers were then allowed to separate and the organic layer was f:oncentrated up
to 50% of its original volume and was washed with 1:0.1 .v/v of saturated sodium
chloride for 8 times till the DMF was reduced to less than 0.5% in the solution.
Then the ethyl acetate layer was concentrated completely and syrup was

obtained.
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temperature was maintained below 40C. After the addition of the acetyl
chloride, the pH of the reaction mass was controlled to 4.0 by addition of S

WO 014088 fer. The reaction was stirred continuously and theP§aAXAAIP0424
was monitored by TLC. The deacylation time taken was 16 hrs. After the
Thaeapiraivratthwasclilaies Wil stibbistestinly aismeihendmnthetinsstueil. 65
mass was neutralized and taken for TGS isolation. The pH of the reaction
el Aralylaghisiideovrsursidasinglondy Nemyisstulienthe ormixdueprignd the
was then loaded on to silanized silica ﬁél column and the mobile phase
temRetpiiue Aetanirired higlews49He. purd\iterstha Berlionref phwmeacety!
together and congentrated. The concentrate was then extracted into 1:3.5
chigHie oMUl AP ol HIRD dBAEEnaBFRRTIER AN e aifign of
jeld of TGS obtained hy the process 15 was 28% of 6-acetyl sucrose
o7 PRl BeSaCHR N SIS SR H B L A gnas
L of nepiral ss generated after chlorinatio rior art method
me e&socrﬁé:acy i@aﬁ?f) ec_‘%\%/%?é{%%rﬁ%? fﬁ%%@(ﬁv@rﬁﬁéjr‘% he 6-acetyl TGS
content 20 in the mass was 2.43% w/v. The 6-acetyl TGS was then

Afrtragteddats bibHmasohalivi Ase iRiesanth dSHﬁngde V&%‘%}lé%")é’gv and the

concentration. The ethyl acetate extract was then was

reRIRHORILENRSTINARRH NGB ALA Rl e ey pirsaturated sodium

chloride solution to remove the DMF and was repeated 10 times.
The pH of the reaction mass was adjusted to neutral using 20% NaOH solution.
The syrup was then loaded on to silanized silica gel column and the mobile

phase used was acetate buffer at pH 10.5. The pure TGS fractions were pooled

together and concentrated.

The concentrate was then extracted into 1:3.5 times of ethyl acetate and was
concentrated and crystallized. The overall yield of TGS obtained by the process

was 28% of 6-acetyl sucrose input.
Example &
Acid mediated deacylation of isolated 6-acetyl TGS

12.0 L of neutralized mass generated after chlorination by prior art method
described in Example 1 was taken for the experiment. The 6-acety! TGS content

in the mass was 2.43% wiv.

The 6-acetyl TGS was then extracted into 1:3 times of ethyl acefate and was

subjected to 50% concentration, The ethyl acetate extract was then washed with |

10
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The ethyl acetate was then completely removed and a syrup was obtained
which was loaded on to a silanized silica gel column. The separation was
WORAHER 5 by using acetate buffer at pH 10.5. The pure frRETIM2@k6/000424

6-acetyl TGS was then concentrated and extracted with 1:3.5 times of

1:0ethitresipiof Baairid acataln chibngk worithenteoaariviecties DbiRpieevas
and taken for deacylation. 500m1 containing 30 g of 6-0-protected TGS

~repaaietin@dmad S00 ml of methanol. 7 ml of acetyl chloride was added

dropwise to the reaction flask kept under 10 stirring. The temperature was
controlled below 35C. After the addition of the acetyl chloride, the pH was
Thadjthyteaceids wenthatsempiriEl [eanyed andraciBHOIES AatRIRew vehich
reaction was kept stirring and TLC was checked every one hour to
wafhiratdrdiendpaisianzasesding gl catum. thEle SRpGHeY WEScrRBIH out
6-0-TGS and the conversion 15 to TGS. Complete deacylation was ~
by singracataieibpiier atiHbihet)hr oy dastinas aiénasebibdied was then
methanol removal and then TGS was crystallized. The purity was found
congeirgtedoand 1PEieR MiBob P PMeENl BID AR CLARMENY! Aacetate
rocess for production of a chlorinated sucrose compoun cyomprising a

exipg) WA dBRSISABRASNAEH COSRPT G RSA- R RMIRERRY

chlorinated sucrose compound wherein the said step of deacylation is

: : o N f an. ) |
SO o 0 e B L LS o Wthano
7 RIEYEEAGH AHAOASIR2E Tiaged- GPRIESIOTHE TN B K kept under
stirring. The temperature was controlied below 35°C. After the addition of the
acetyl chloride, the pH was adjusted to 3.5 using acetate buffer prepared in

methanolic solution. - The reaction was kept stiring and TLC was checked every

one hour to monitor deacylation.

At the end of 12 hours, the TLC showed absence of 8-0-TGS and the conversipn ‘

to TGS. Complete deacylation was confirmed by HPLC.

The Deacetylated product was then subjected to methanol removal and then

TGS was crystaliized. The purity was found to be 96.8%.

1
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a. the said solution is a solution at neutral pH, preferably around pH 7, of

wo BRflspigee or a substantially pure solution of an acylated chigeiR{86ockébos24
sucrose compound dissolved in a liquid or is a process stream obtained in

a process of production of a chlorinated sucrose comprising chlorination of
acyl-derivative of the chlorinated Mcompound, b. the acyl derivative
of the said chlorinated sucrose compound comprises one or more of

-, mong chloro, dichloro and tetrachloro derivative 15 and the like, c. adding
1o BTSS0I 0L S L ECTABTFISH SEEa SNBERHE SeRReRnG =

Crt e e TR
i idifyi ' ferabl i id af
o AR S ARl s o
<SS IR IR o o

ferabl y eie, 158 7 ©
o e A S AR

under stirring conditions for a period of time enough for complete

2. deagyiatieess. oA geneess ahelain: 3 wherein: a. the said chlorinated
sucrose compound comprises one or more of, 4-

monochlorosucrose-6-acetate, 1'monochlorosucrose-6-acetate,
a. the said solution is a solution at neutral pH, preferably around pH 7,
of partly pure or a substantially pure solution of an acylated chlorinated
sucrose compound dissolved in a liquid or is a process stream obtained in

a process of production of a chlorinated sucrose comprising chiorination of

acyl-derivative of the chiorinated sucrose compound,

b. the acyl derivative of the said chlorinated sucrose compound
comprises one or more of mono chloro, dichiaro and tetrachioro derivative

and the like,

c. adding an alcoholic solvent to the said solution in an amount
enough to achieve water content of the final reaction mixture remains low,

preferably within a range of 5 % to 0.5%,

d. achieving an acidic condition, brefereably by adding an acidifying
agent further preferably generatirng an acid after its addition by reaction
with alcoholic solvent present in the process stream at the end of step {¢),
the said step of generating acid being preferably achieved by addition of

an acid halide or the like,

12



6'monochlorosucrose-6-acetate, 4,1' dichlorosucrose-6-acetate, 1'6'
dichlorosucrose-6-acetate, 4, 1', 5'-trichlorogalactosucrose-6-acetate,
4,1'5',6'tetrachlorogalactosucrose-6-acetate and the like, b. the said
alcoholic solvent comprising one or more of methanol, ethanol, butanol
and the like, c. the said acid halide comprises one or more of acetyl
chloride, acetyl bromide, Propionyl chloride, Oxalyl chloride, Chloroacetyl
chloride and the like, d. the said buffer is preferabg/aan acetate buffer of

pH &. 4. ATTRBERIEESf fotLEBEHSHE JPAIP, RSREHB O ARUBI LA Bgiker preferably
comprising the steps f:! a, ining;, i. a reaction mixture as a process
stream SF%egroog(tag sf'dc()]P E‘r%&?cbfi%% 4,1', 6' trichlorogalactosucrose, the

said process stream comprising one or more of 6-0-acetyl, 4,1'6'

triciorogdiaBRssLIEIE S O%FS BOYN5E5 SHYRE §91181608, 0% pgriod of time
inorgani Its, related organic impurities, caramelization products,
dim%ﬁ?@ér%g%?ﬁ?%n£%¥pﬁI(Oer,}'it. neutralizing the said process stream

with an alkali, preferably by ammonia gas to obtain a process stream and

- S sOfERGHSS BAE' B YEEEam to step (b), or, iii. subjecting the said

process stream of step (ii) to extraction of 6-0-acetyl 4,1'6'
tricillorogf2gaseiduchissivatednorjastic suirmndorIERIISGS nosthydraceetgeof. 4-
preferably concentrating the organic solvent extract further preferably to

ab dapgcb%qupﬁgcg?ﬁﬁ%ﬁm e 1'monochlorosucrose-6-acetate,
6'monochlorosucrose-6-acetate, 4.1 dichlorosucrose-6-acetate, 18
dichlorosucrose-8-acetate, 41", 5'-trichlorogalactosucrose-6-acetate,

41" 5 B'tetrachlorogalactosucrose-6-acetate and the like,

b. the said alcoholic solvent comprising one or more of methanol, ethanol,

butanol and the like,

¢. the said acid halide comprises one or more of acetyl chioride, acetyl bromide,

Propicnyl chioride, Oxalyl chioride, Chioroacetyl chioride and the Iiket

d. the said buffer is preferably an acetate buffer of pH 4.

A process of production of 4,1°, &' trichlorogalactosucrose comprising the steps of:
a. Obtaining:

i a reaction mixture as a process stream of a process of production of
4,1, 6 trichlorogalactosucrose, the said process stream comprising one or

more of 8-O-acetyl, 4,1°8 trichlorogalactosucrose |

13
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10 removing tertiary amide particularly dimethylformamide if present in
the process stream by washing the organic solvent extract with saturated

WOl seridn a number of times preferably about 10 times unBCT/IN20666/000424

dimethylformamide is substantially reduced preferably to about .0.5% in
the orgarimsgdvestseit actlstetioorgavapdrapudiibs, amanie!iZagolventducts,

- completely to get an essentially solvent free syrup, adding methanol

preferablditpethyifeentiansidechmaddhef ke, original weight of the syrup, and
subjecting this process stream to step (b), or iv. loading the said

essentially solvent free syrup of step (iii) on a chromatographic column to
separate b-acetyngutf@liziogridfierosaidctosoessse pleambiydh aan alkal,
silanized silica gel column, carrying out separation by using acetate buffer

in an alkdMeaRRPhyrdter A MRA BRSfetRdQRREY 18, IEGREENFHERG thand
pure fractions of 6-acetyl 4,1'6" trichlorogalactosucrose, extracting with a
solvent pRRIEFINDLIa FREeSS BUERRY I9rtaR (Redfate, 25 concentrating

by removing the ethyl acetate completely to obtain a 14 WO 2007/069269

COTING RS B OO L SR e Wil
s A O RSN o e soven
chioride, greferaly MalBiRINGIRARC BItEbRAIBHERSFIG e organic
solvent extract further preferably to about 50% of its original volume,
removing ’tertiary amide pariicularly dimethyiformamide if present in
the process stream by washing the organic solvent exiract with
safurated salt solution a number of times preferably about 10 times
untirt dimethylformamide is substantially reduced preferably to about
0.5% in the organic solvent extract fraction, evaporating the organic
solvent completely to get an essentially solvent free syrup, adding

methanol preferably up to five times volume of the original weight of

the syrup, and subjecting this process stream to step (b}, or

iv. loading the said essentially solvent free syrup of step (ili) on
a chromatographic  column fo  separate  6-acetyl-4,16
trichlorogalactosucrose preferably on a silanized silica gel column,
carrying out separation by using acetate buffer in an alkaline pH
preferably at at a preferred pH of 10.5, concenirafing the pure
fractions of 6-acety! 4,1'6" trichlorogalactosucrose, extrgcti_ng with a
solvent preferably by about 1:.3.5 times of ethyl acetate,

concentrating by removing the ethyl acetate completely to obtain a

14



c. adjusting the pH as close as possible to 4 preferably by addition of a
buffer further preferably an acetate buffer preferably prepared in an

wodeahaessolution further preferably comprising a methanolic potiioiesn6h124
10 d. the reaction is kept stirred for a period of time till deacylation is

completes@ui)eagtanlcdigueniveninsestinnathatdslindajiam and fdBfecting

solution is taken for 4,1', 6' trichlorogalactosucrose isolation. 15 is
this process stream fo step (b),
b. adding to the said process stream obtained at the end of a step (i),
or (i) or (iv) an acidifying agent preferably an acid halide further
5 preferably acetyl chloride, preferably maintaining temperature to below 40°

Celcius,

c. adjusting the pH as close as possible to 4 preferably by addition of
a buffer further preferably an acetate buffer preferably prepared in an

alcoholic solution further preferably comprising a methanolic solution, and

10 d. the reaction is kept stirréd for a period of time fill deacylation is -
complete,
e. the alcoholic solvent is stripped off by distillation, and
f. _.the solution is taken for 4,1', 6' trichiorbga!actésucrose isolation.
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