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invention relates to a process and a novel strategy of
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i.e. 4,1, 6" trichlorogal actosucrose (TGS).
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descri bed by Mufti et ai. (1983) in US Patent no.
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by a reagent capable of chlorinating at ., 4 and 6'

posi ti oNgfkAlorination in selective less reactive positions in sucrose molecule in

competition with more reactive positions. Generally, this objective is
achieved by a procedure which involves essentially protecting the most
reactive primary 6- hydroxy group in the pyranose ring of sugar molecule
by converting it to either aromatic or aliphatic estars or orthoesters, and
the protected sucrose is then chlorinated in the desired positions 7', €'
and 4 to give the acetyl derivative of the product, whiéh is then deacylated
to give the desired  product  1’-6’-Dichloro-1'-6’-DIDEOXY-p-
Fructofuranasyl-4-chloro-4-deoxy-galactopyranoside i.é. 4.1, 6’

trichlorogalactosucrose (TGS).

Strategies of prior art methods of production described by Mufti et al.
(1983)‘in US Patent no. 4,380,476 are based on chlorinating sucrose-6-
acetate by a reagent capable of chlorinating at 1', 4 and 6’ positions to
form é trichloro derivative. For achieving ciiorination, sofution of sucrose-
6-acetate is added to the solution of chlorinating reagent. This is followed

by a schedule of regulated heating at various temperatures. The



forma trichloro derivative. For achieving c
| brination, solution of sucrose- 6-acetate is added to

wo b@edodoet i on of chlorinating reagent. This i sPEDIN200R@434
by a schedul e of regul ated heating at various
tenperatures. Thechlorinating reagents used include
sul phurgploriphfing rergeots Nsddsinelude sHiphoR/! chlagdator Vilsmeier-Haack
(Vilsneier reagent). Vilsneier reagent is an
N, N- di akagént (\Gshwiermeedgeni)ni Yilanmgierc eagérdeisof arheN,N-dialkyl-
general formula: [XCl C=N.sup.+ Rsub.2 jd .sup.- 5
wher e Rchiepmestkartimirdaomathigtideyoitthe getgpi tamluia: a net hyl
or ethyl group, and X represents a hydrogen atom or a

met hyl L reaction of an inorganic acid
chlori Jg@?ﬁ%ﬁg@f%g‘g‘?ﬁgﬁ%’h&@m pent achl ori de, phosgene
or thionyl chloride with N, N-dialkyl fornmam de or

5N, N- di avhere &crepeasiedts. arPalefl growgd typidady emagthwgr affehgroup, and X
anmongst the two is Vilsneier reagent. After I O
chl or i mapiesantstehieydiegsydtati ara ofethyhgraupi cldriged by reaction of an
derivative of the acylated sucrose is carried out in
t he r ednotrigenicracit chieridd, $redlddirn dhadphomGPargadhheite, phosgene or
purified fromthe reaction m xture by various nethods
I ncl udithignpetchiodde batie dN dhdiatdyke dbinveniext bachl Nodiaikptaoetamide.
wat er inmm scible solvent or solvents. Preferably, the
6- acet yPrefeERd ehip@ratioy lsatatdamonfsirthe ttwo ¢chMis@eier reagent. After
pent aacetate 15 (TGSPA) which can then be extracted

10 from archistireors, er geadyiaipat &MmheUBichigr@ dealatemt of the acylated
SLICH ?S ethyl acetate or toluene, crystallised, and
de _. esfceidefibadrridCbltah thE 968&BHNSTHhRAFe kel RinArthe BN then
reacti on descri bed above invol ved preparation of

Vil srei ;ﬁfriﬁé@%ﬁmhea@a@ti&eWt@*eeogﬁmwu%qﬂmw@irtohmmg methods
solution O of sucrc 3c-G eeet~ was added. Wl kup et

al . (1993bdidh sSeBRfeditrdifon 49804ARS: MRhREBINEVERAL: solvents.

sequence
Preferably, the 6-acetyl-TGS is peracylated to form trichloro pentaacetate

15 (TGSPA) which can then be extracted from an agueous work-up system,
using a solvent ei'ch-2<. ethyl acetate or toluene, crystallised, and de-...

asterified.

Actual process steps of chlorination reaction described above involved

preparation of Vilsmeier reagent as a separate step to which the solution

20 of sucrosc-S-=22=ts was added.

Walkup et al. (1990) in US Patent no. 4980463 mai’ntained that sequence
of addition of the reactants for the purpose of chlorination is materially
important. They showed that the sequence of addition of reactants for the
purpose of chiorination by Mufti et al. (1983) led to formation of copious
25 amounts of solids which made it difficult to stir the reaction. The solids in
the rieaction mixture also inhibit the heat transfér during the chlorination.

They found that the process was improved by reversing the order of the
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of chlorination in selective less reactive positions in sucrose molecule in

competition with more reactive positions. Generally, this objective is
achieved by a procedure which involves essentially protecting the most
reactive primary 6- hydroxy group in the pyranose ring of sugar molecule
by converting. it to =ither aromatic or aliphatic esters or orthoesters,.and
the protected sucrose is then chlorinated in the desired positions 1°, 6’
and 4 to give the acetyl derivative of the product, which is then deacylated
to give the desired product 1'-6™-Dichloro-1-6"-DIDEOXY-B-
Fructofuranasvl-4-chloro-4-deoxy-galactopyranoside  i.e. 4,1, &

trichicrogalactosucrose (TGS).

Strategies of prior art methods of production described by Mufti et al.
(1983) in US Patent no. 4,380,476 are based on chiorinating sucrose-6-
acetate by a reagent capable of chlorinating at 1’, 4 and 6’ positions to
form a trichloro derivative. For achieving chlorination, solution of sucrose-
6-acetate is added to the solution of chlorinéting reagent. This is followed

by a schedule of regulated heating at various temperatures. The
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al. (1983) in US Patent no.4 4,380,476 are based on
chlorinating sucrose-6- acetate by a reagent capable

of chl @yaictamtd, nige. aby Kdditbnabl ' lepQSkéicPNnddar Bguida@dnts of a
trichloro derivative. For achieving chlorination,

sol uti eo@hatigcreagent Su@c abapvdgenadfiRetly on tthethe solution  of
solution of chlorinating reagent. This is followed by

a scheglidresb-dcetd ated diteathlRdrmimi¥@r i(ONF) under controlled
tenperatures. Thereacta pts, i.e. by addition of at

| east s&RIbNAEDL AN bieelicyed| ettstq0En@ 6Nh@iHidiAbhd%he chiorinating
reagent such as phosgene directly in to the solution

of sucrRgenboarghabed tnedyval Ry o SRR idecdPMRloHdeIsmeier

controlled conditions i.e. by reversal of sequence of

addi t i Ragafd Shtndil PalEUdAI Nl HIRMIBELNY A1996) for this

directly rather than after 1tS conversion to Vil sneier

reagen V& [ u a .
(1680) S ePnr e e G JEE ot Nl Bl ofuErngroe and
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fact, with phosphorus pentachloride as chlorinating reagent, inventors of
this specification consistently received inferior yields by method of addition
disclosed by Walkup et al (1990) than even the conventional method i.e.
method of addition disclosed by Mufti et al. (1983). It seems that
improvement in the efficiency of‘the method disclosed by Walkup et al.

(1990) over conventional method is limited to use of phosgene, phosgene

iminium chloride and oxalyl chlcride as chlorinating agents.

THE PRIOR ART

Mufti et al., in U.S. Pat. No. 4,380,476, has described the preparation of
chlorinated sucrose-6-esters by the Vilsmeier Haack reagent and also
sulphury! chloride. Likewise Rathbone et al, in U.S. Pat. No. 4,617,269,

h'as disclosed. in the experiments relating to such chlorination steps.
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the efficiency of the nethod disclosed by Wal kup et
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sugar and vilsrneier reagent to obtain the non
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usi ng "@éd)@H&Oé@ﬁ?fQ@Jg%fS"' mlAWaHQe§ in (I“,arbohydrate Chemistry &
chl orof ormi m m ni um ¢hl ori de Use o sneier reagent

in preB%ﬁém%s{ZOf28@5%(ﬁug?§ﬁ yha 9el 3094 av'g?éré‘ncqs from

di scussed I n |ter A Szarek," oxy al ogeno Sugars
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28, 225- 30 0 re erenc om

ggiféﬁéﬁ‘ﬁ%ﬁ*&a@@Mﬁ’“‘ﬂ%&% e Rin-cjggtyicpiprgfogmiminium
chl ’orl e&lr'é}}gJ &]Q %%%tegloge@gy C%kag‘géoﬁy(g]ul@wgme %QdA K.
Gar bonYar s é‘z%}gm i Q%W CYBPRTE Gred e iRp . =
Toso, Wi B8y Beifer G6FC ARG Sssliet, rEreco. pp

72 ( 22%27-%%‘.,84%9(#390 al., Angew.Chem. 72 (22), 836-845 (1960),

SUMMARY OF INVENTION

This soecification disrloses a method of contact of reactants for
chlorination of sucrose-6-acetate which gives better yields and lesser
formation of difficult-to-remove impurities and, hence, a cleaner product.
than the methods known so far. An improved and highly efficient way of
producirg chlorinatéd sucrose derivatives and recovering them from
reaction mixture is described. This is accomplished by simultaneous
addition i.e. co-addition, of acid chlorides like POCI; or PCls and substrate
to be chlorinated to the reaction vessel solvent. Alternatively, even the
prepared Vilsmeiéf-Haack reagent (Vilsmeier) may be added

simultaneously to the substrate o be chiorinated to the reaction solvent

The yields of the chlorinated sucrose derivatives obtained by the above

process are better when compared to the methods of chlorination by
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formation of difficult-to-réenove inpurities and,

hence, a cleaner product than the nethods known so

far. Asonv@stionaldmathgdhidghtnbest by digtitetwaly 1883)0and the method
produci ng chl ori nated sucrose derivatives and

r ecoveresgibetdm Watknp ieeak {1999) misiaguacid edoritasonéibdidg POCls or
This is acconplished by sinultaneous addition i.e.

co- addPClen, of acid chlorides like POCI3 or PCI5 and
substrate to be chlorinated to the reaction vesse

sol vent thaAl}% & pad] é’@e!nythaﬁﬁﬁ otdrkﬁ tﬁ% %Rﬁe'hﬁ n produced product with

Vil snel er - reagent snel er
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t he reaction sol vent

sucr os ' by the above process are
betterﬁ]%gﬁjégREM%ééQ?%?i e’met hods of chlorination
byconvent i onal nethod (described by Mufti et al. 1983)
and t h@bTehiod HYCRIFGEANIY- WVENPI@NY al . (1990) using
acid chlorides including POCI 3 or PCL5. . It has also

been S?ﬁ% P-I%%@oﬁ&ggsg Ish'o?o#ﬂ?ﬁ%&é@ﬂﬁ&?@s%u%%gord ngdo an

pr oduc armu acni oro
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nethod for synthesis of chlorinated sucrose according

to an énbydiagrent defirachamofaresenentratioentf the dhiwolatieg agent and
follow ng steps: 10 A solution of desired nolar
concentolatiommfofhet hebstdakeorio Nad ichipriagexit agnchdded ubi amd mixed
of the substrate to be chlorinated are added to and

m xed simultaneously in a reaction flask containing an excess amount of tertiary

amide; conducting the addition at a controlled reduced temperature as
described below, followed by heating at various levels of elevated
temperature for a regulated period of time. The chlorinated mass is then
cooled to 70 — 85°C and neutralized with a solution containing hydroxides
of alkali metals such as sodium, potassium, etc., or alkali earth metals
such as calcium, barium, etc., wherein the efficiency of chlorination

reaction is found to be very good by this new route.

The addition of reactants for the purpose of mixing needs to be a well.
regulated flow. According to an embodiment, the regulation of flow may be
done by drop-wise addition of the reactants. The regulation of flow may
also include, but not limiting to addition of small stream of the reactants

and the like.

As a variation of this method, it is also possible to visualize no prior

addition of excess DMPF in the reaction flask and all the excess DMF that
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eithelrr t L SUCL s -6-acetate solution or to
chl or i Tt PHJ‘ FEHY¥ht solution or distributed anongst
both. The option to add DVF to the reaction flask
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and sucrose-6-acetate solution in DVF depends upon

whet h@Clanetex casls tevfiarlPMmide sutoEP Afidkegifbinnideodnd further
both of the reactants a priori or not. If it has been
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be enequghiniporisaiePIsH e teapbriS ARFingehd VisimdiBepreparation and
products of the reaction in solution.
addition of substrate plays a vital role. Further, the reaction mass is
heated to elevated temperature gradually to various levels to achieve

desired levels of chlorination.

The substrate to be chlorinated usually is a sucrose ester derivative
having ester group at 6" position of pyranose ring of sugar molecule
including sucrose-6-acetate or sucrose-6-benzoate. The substrate is
dissolved in a tertiary amide solvent free from moisture, preferably.
dimethylformamide. The chiorinating agent such as POCI3, PCls, etc., or
Vilsmeier reagent prepared from same, dissolved in DMF in desired molar
~ proportion is added simultaneously along with the sucrose derivative
dissolved in a tertiary amide such as dimethylformamide drop-wise to a
reaction flask containing volume in excess of the said tertiary amide. The
addition is carried out at a temperature between -30°C to + 20°C; more

preferably between -5°C to 0°C.
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a reaction flask containing volune in excess of the
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tenperature between -30 0C to + 200C, nore preferably

bet we C. Af t he co i ti noft
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hrs and further heated to about 110 -120 , pref erablfy
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hours. The chlorinated mass is then cooled to 70 - 85C

and neimatayioFaamide: tdhe seme Brectht aisei PRESHYRILR Sfarbwith 2

of alkali netals such as sodium
reaction mixture of a process stream derived from manufacture of TGS or

6-acetyl-TGS and chlorination of such mixture by process described in this
specification is also an example of embodiment of this invention. Such
process streams are generated in processes aiming at production of
sucrose-6-acetate itself, 6-acetyl-TGS or TGS including but not limited to
patents described by Mufti et al. (1983) in US patent no. 4,380,476,
Simpson (1989) in US patent no. 4,889,928, Neiditch , etal. (1991) in US
patent no. 5,023,3;29, Walkup et al. (1992) in US Patent no. 5,089,608,
Dordick et al. (1992) in US patent no. 5,128,248, Khan et al. (1995) in US
patent no. 5,440,026, Sankey (1995) in US patent no. 5,449,772, Sankey
et al. (1995) in US patent no. 5,470,969 and by Navia et al (1996) in US

patent no. 5,530,106.



20

25

potassium etc., or alkali earth netals such as
calcium barium etc. So far, yields up to 60% have

whoma/0z96tessful |y obtained in this way and f upCHeN2005/000434

fine-tuning and i nprovenment9is in progress. In
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Anything mentioned in singular applies fo its plural also e.g. “an organic
solvent” includes-any and every organic solvent that is applicable to the
context and more than one or a coinpination of organic solvents applicable

in the context.
Example 1:

CHLORINATION OF SUCROSE-6-ACETATE BY CO-ADDITION

85g of crude sucros2-6-acetate (82% pure, 0.18 moles) dissolved in 300
mi of dimethylformamide was taken for the chlorination reaction. 500 ml of
Dimethylformamide was taken in a reaction flask and was cooled to ~5°C.
The reaction flask was fitted with two addition funnels. POCl; 103 m (1.1
moles) was taken in one of the addition funnel and the sucrose-6-acetate
solution in the other. The addition of POCl3'and the sucrose-6-acetate

solution was stared and the temperature was controlled below 0°C. The



5,270,460 for chlorination by co-addition which shal
al so be an enbodi nent the invention disclosed in this
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to illustrate manner, of perborm ng the invention

W thout [imting the scope of reaction conditions for

t he | Cajsueiprsisiéioss ofdistth the belgtieansewss atiigsies in suclayway so that
ot her purpose. reasonabl e variation of the process
descr ﬁﬁ@ld!onrmd@mpétﬁd gibstanbiqihoaisthe samegisrson ski | | ed

in the art and anal ogous processes w th anal ogous

react affeS,Atforl RdsHdpel WeEr‘éIBmIeago%ﬂ{éetoofooW'te?mpc-frature and

speci fication. Anything mentioned in singular

to it pkdy Bl RS ErhintaifBa 95320, Yol ™ M&Q?urther heated to

i ncl udes any and every organi c sol vent that

appl i cafke 4y ‘rﬁ%ﬂnt‘é%ﬁ%‘r @W\% ﬁdtt‘&ﬂ eroﬂg?t‘éﬁ to 115°C and

a" conmb~i pat i on organi c so Vents applicabl'e’in

Egngg-&% P1 g’é]g% cr l%é}li ?l}l'cf%r;s -0~ acet m®§g/§ was

pure, tR«fr}ﬁeﬁPAiﬁga \Aﬁth%séﬁ LXrﬁ %y{;ir'?)x%eslm%?éd the a&H was adjusted to

di et hy of th orin

reactlpg 500 m of Dinethylformm de was taken in a
reaction flask and was cooled to -5C. The reaction

flask was fitted wwth two addition funnels. POCI 3 103

m (1 The probed) 6wastyt AKerd’ itnchboregalbcibbiecrash]ividldfrom sucrose-
funnel and the sucrose-6-acetate 25 solution in the :
ot her .6-dtmatddadd iorthe he BCIz8d ambstvwees feucd fisie: 85.8&€t at e

sol ution vvas st aned and the tenperature was controll ed

e A0 LR PP 1208 s
e eds%gt%%bgéqﬁo% s s b LB lF ST vas
confirmed with comparison to the USP standard TGS. ’
The reaction- mass containing 6-acetyl TGS was then passed through
ATFD. The DMF free solids obtained were then dissolved in 1:4 times of
water and then extracted into 1:1 times viv of ethyl acetate. The ethyl
acetate was then distilled off to obtain a syrup which was loaded into
Silanized silica gel. The pure fractions of 6-acetyl TGS were collected and

pooled, deacetylated and the product TGS crystallized. Recovery of TGS

with respect to sucrose-8-acetate taken for above reaction was 30%
Example 2:

COMPARISON OF CONVENTIONAL METHOD OF CHLORINATION

AND_ CO-ADDITION

Solution of sucrose-6-acetate (859 of 82% purity) was dissolved in DMF

(300 mi). POCL3 was taken in a molar proportion of 4 moles to 10 moles.



heated to 85C and mai ntained for 1.0 hr. Then it was
further heated to 100C and nmai ntai ned for 8 hours and

wo mrosloeveheat ed to 115C and mmi nt ai ned for 1. 5PGT/EN2003/000434
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frequent TLC anal ysis. Thelteacti on nmass was then

has. aajhepeerigna Be et ol %@Spﬁiad?@%;?@iéas dq%‘%gl%% molar
se- 6-acet

t hl b | d
St age %Fa"?vﬁl@n%ew?fb@%ap%éw et STRIRARE i B FOR) wes
;I' E: EEE ded 8;&@15@2@@%@ e%igwgftogmrggct?oﬂ Hek. "i"ﬂe Vilsmeier

Acetonitrile. The identity of the 0 was

confir @@%Wﬁ”%fﬁgﬁt%‘bﬁyt%a’i%“&# g sé)ﬁw‘gpd”fﬁ% flagie After
reacti on mass contai ni ng 6-ace TGS was then pass

thr ougr?omﬁﬂf‘# aﬁﬁlé DI\?E ‘?&é'@ t%Q‘\(‘%sthé@P&it‘ﬁBd’f\ﬁé‘FFé’st?ﬁeﬁcetate in
di ssolved in 1: nes of water and then extracted int
~1:1 tiM§ V‘(?ﬁ\?dSPd éfcrww'sgd@m erepgted \disHiAieTd &P was
then distilled off to obtain a syrup which was | oaded

i nto Sijhanbmed & hiscamvaation Thésiredr @ofdsast PO, {4 to 10 molar
6-acetyl TGS were col |l ected and pool ed, deacetyl at ed

and t hegahamikued) W&o mkys ikl Lirsd- arﬁeﬁﬂéf‘@é‘e\%%&fﬁ@m’\@?\# was

‘respect to sucrose-6-acetate taken for above reaction

was 30% ARl Bier iGriAdraRh b P SFMEDT VEDY: MrAHMY excess
OF CHLORI NATI ON'AND CO- ADDI TT ON' Sol uti on of

sucr oseofanaﬁew R Sk S05u R PRYPIIEY odiP b TRbvathiddh was

DMF (300 mi was taken in a 'ar proportion o

4 nol e%@g?fégog(g&getﬁaﬂ Qdcﬁ%hvgf‘ﬁ rlkg!a m%gﬁgenggé'sﬁﬁganhaﬂy at

quantity (to give r equi val ent
w th _rqﬁf)ggﬁqett%es.ucrose 6-acetate taken for the
reacti on) was

In another method, desired amount of POCI; (to give 4 to 10 molar
equivalents with respect to sucrose-6-acetate taken for the reaction) was
added drop-wise to DMF under stirring to the reaction flask. The
temperature' was controlled below 5°C. The Vilsmeier formation was
indicated by orange coloured solution in the flask. Sucrose-6-acetate in
DMF was taken in another flask and to it an addition funnel was fitted. The
prepared vilsmeier from the reaction flask was added taken in the
additional funnel and was added drop-wise to sucrose-6-acetate solution.

The temperature was controlled below 5°C.

The reac;,tion mass of all three methods of addition were then allowed to
come to room temperature aﬁd heéted over 25 min to 60°C and held at
this temperature with stirring under argon for 5 min. The solution was
heated to 83°C over 15 minutes and held at this temperature for 65 min.
The reactioﬁ temperature was then increased to 115°C over about 20 min

and held at this terﬁperature for 187 min 4frequent TLC analysis. The



added drop-wi se to DMF under stirring to the reaction
flask. The Vilsneier formation was indicated by orange

w@odoermds sol ution in the flask. After conpl et BCT/IN2005/000434
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addition of POCI3 to DMF, tlhe sol uti on of

B AT S P AR BB 0P o

i nventi esire es of POCL3 (4 to 10 nol ar

equi valpgh‘é/%ﬁa@ésrtgglttgzgn in a funnel and

sucrose-6-acetate in DVF was taken in another funnel

and addédn tle mactacthoencogaslg Gaodtal TERdgroexeassofdhe reaction
DMF and tenperature was controlled bel ow 00C. The

addi t i emswEssee gubatie h TSI h Thbatspetdive isolidobbladidn afe ATFD
sol utions ended substantially at the sane tine. In

anot hewagelidrotleddes i @deaobusater ahd PR extriaotedl v U3 /6lumes of
10 nol ar equivalents with respect to sucrose-6-acetate

t aken fettyl bbetateealid oty @@Sat@d,d@dstaﬁp@d wifsmdtiBe BYFup obtained
under stirring to the reaction flas The tenperature

was CoRfasabkerdiobelioma86n inl BitanViddsdiRizesolirah Mtk QurdVBSctions of
i ndi cated by orange col oured solution in the flask.

Sucr 0s &=4cedf T3 SothihePMasWRBcERRE] | (b RBYTIM ahd a§Ktallized by
and to it an addition funnel was fitted. The prepar ed

Vi | sneisgradis amtdyg reaction flask was added taken in

the additional funnel and was added drop-w se to
sucrose-,6- acetate solution. The tenperature was

cont r NG BENIB\FLEOMREVF SARPTBAN IS N B Tabaehﬂ@@d amount .
met hods of addi'tion were then allowed to_conme to ro

t enper & Lﬁt'@cﬁ'ﬁ&o WeRitrisigs ebEInesindha PrAUsH ECanRreHBYap 'ﬁtTame 2
this temperature with stirring under argon for 5 mn.

The solP8t9%6n was heated to 83C over 15 ninutes and

held at this tenperature for 65 mn.

Table 1. Yields of TGS achieved by three different sequences of addition

of reagents of chlorination reaction involving solutions of chlorinating

reagent and solution of sucrose-6-acetate.
Molar ratio of | Sequential Co addition of | Addition of
chlorinating agent | addition of | chlorinating agent | vilsmeier to
to substrate chlorinating agent | and sucrose-6- | sucrose-6-acetate
and sucrose-8- | ester (TGS % vyield) | solution (TGS %
ester (TGS % yield)
vield)
4.0 moles 12 % 20% 10%
5.0 moles 15.6% 26% 13% N
6.0 moles 17.4% 36% ‘ 123%
7.0 moles 21.6% 37.2% 16.6%
8.0 moles 23.0% 38.2% 18.5%
9.0 moles 23.6% 38.6% 20.8%
10 moles 23.4% 38.5% 20.6%

Table 2: Concentration of tetrachloro impurities of TGS formed in a
chlorinaticn reaction by three different sequences of addition of reagents
of chlorination reaction involving solutions of chlorinating reagent and

solution of sucrose-6-acetate
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The reaction tenperature was then increased to 115C

over about 20 mn and held at this tenperature for
womwefirmguent TLC anal ysi s.
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Ther eacti on nmass WASTANDOOS/000434

neutralized vvi th cal ci um hydroxi de slurry and the pH

adi-ust-ed L‘. Thnn 1' ha reacti nn mass nnnf;u n
\g?zdy{ T f' % g % @ of'énls heier
catbri a nn S acetate
thrdlé nt PgDT n¥§§§rkrse— %ghi %i%é %&;YSTGS %
ATFD Vs f 501 VEUaLh nﬁtﬁ:
extrnacted into {ly d)vol umes o ﬁ&l y acet at e et hyl
acetatEmyEs Str|pped of fand Theg Syrup obt gy Bgd wers ’
t akew FapiePUr i 1] €@8d,0N 1 N Si T apgZed Silical fekegm.  The |
pur ¢ slg melks ONS DP13%- acetyl "TGxgghf al ned wWas((.3%
concerd maked, deemehyl at ed angdi€iysst al 11 zedihye, -
sui t{all reoleet hods19.X5.€l S~ achi EyE8%f r om aboyV€y 5% A
experiomeoits ar e PRxe3wi n Tabl el 15.apd anmount | 24.8%
t et na0Mhatrso i npl2d.t4%s obt ai neds.dn the prodemé®s TGS are |

given in Table 2 below. Table 1: Yields of TGS

achi eved by three different sequences of addition of
reagenf < f chI orination reaction involving solutions
of chr&t r\”‘ﬁ%trng reagent and sol ution of

sucrose- 6-acetate. Table 2: Concentration of

t et r aCHLORINATION OFi SHSCROSESS HENZEBAT E 1B Ya QXhAGDIMEIN on
reaction by three different sequences of addition of

reage(?;u%eof &%Soe gbi on re%cgkggl lg%vo{(vvang sowtsl ons .

of chr'orinat ing T &nd °s
SUCYO eegvy cet at ggPéo %I.I__I:‘ ! Crtu%le chg:rmatlon reaction.

issolved in 2

3??&? ‘_ﬁm%ﬁﬁﬁﬁ’%@ﬁe’wﬁg Lt o P g 79 Has oG to -5°C.
' eact#B&B, 5.2 L, was taken in one of the dozing vessel and the sucrose-6-

benzoate solution in thé other which was connected to the reactor. The
addition of POCI; and tre sucrose-6-benzoate solution was started and
the temperature was controlled below 0°C. The rate of addition of both

the solutions was adjusted in such a way so that addition is completed

substantially at the same time.

The reaction mass was then allowed to room temperature and heated to
85°C and maintained for 1.0 hr. Then it was further heated to 120°C and
maintained for 3 % hours with frequent TLC analysis. The reaction mass
was then neutralized with calcium hydroxide slurry and the pH was

adjusted to 7.5.

The product, 8 benzoyl 4,1", 6' trichlorogalactosucrose yield from sucrose-

6-benzoate stage in the neutralized mass was found to be 36%.

Example 4:
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Di et hyl formam de, 36 L, was taken in a reactor and
was cooled to -5C. POCI3, 5.2 L, was taken in one of

wo b@edowshg vessel and the sucrose-6- benzoat ePEDIN2IZHV0434

n

in the other which was connécted to the reactor. The

addi ti epypia LBESSUSHEES: ShenzoRi tion Ao

was st

beI o 8 VEThﬁOrN% esehu g[@ idﬁ)t h _the _soI uti ons

ditionis
con‘pl eted substantially at the sanme tinme. The reaction
mass wasnathgforalahude @709, wantaker mpereacliorflarkdardesaedooled to
to 85C and maintained for 1.0 hr. Then it was further
heat ed1®°€. 1FNDC Zo6d, Wasnaddedalionibd ffask @itH. Aohsdantsstikiingy  The
frequent TLC anal ysis. The reaction mass was then
neut r aViszedenidageoialvas aovwsdliodrindehis| was seanioy theesoidhs falling
was adjusted to 7.5. The product, 6 benzoyl 4,1, 6
t ri chl ontcgairgstbles wtsrgeweitly thel alydtale mn s arngeoieeroGr belorexhs @ution
stage in the neutralized mass was found to be 36% O
Exanpl ead fGOMAARISANHEFseEGad XlilEhBieB YorGatiabotobh GO @hDberated
CONVENTI ONAL SEQUENTI AL ADDI TI ON Di et hyl f or mam de,

27Qg, e thelken dfeackorr, eaction flask and was cooled to
100C. PC 5 2669, was added to the flask with constant
stirri . Vil,s rea

Ehi 5 wale b SyoerStEh s AP R B e Vs bRe bt Brmea.
Al ong 'ththe crystals a or to br

Coruss She Mttt 1 s vas e d BTG et T gy Femeier owe
formation from 3 liherated fromthe PCI5 reaction.

The br BWV%S&?@%%%PWPV%'%?QQM ated fromthe

Vilsneier salt forned.
200 mi of DMF was taken in a reaction flask and was cooled to 5°C. The

flask was fitted with 2 addition funnels, Vilsmeier slurry was taken in one
of them and 100g of crude 6-O-acetylsucrose dissolved in 320 mi DMF

was taken in other.

The addition of the Vilsmeier slurry and the 6-O-acétyisucrose solution
was started and the temperature was controlled below 15°C. The rate of
both additions was adjusted in such a way so that addition is completed

substantially at the same time.

The reaction mass was then allowed to room temperature and heated to
85°C and maintained for 1.0 hr. Then it was further heated to 120°C and
maintained for 3 % hours with frequent TLC analysis. The reaction mass
was then quenched with calcium hydroxide slurry and the pH was

adjusted to 7.5.

The product, 6 acetyl 4,1’, 6" trichlorogalactosucrose yield from 6-O-

acetylsucrose stage in the neutralized mass was found to be 55%
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| O The Vil sneier salt was washed with excess DVMF. The
Vilsmeier DMF slurry was taken for chlorination

wo emetirs 200 nl of DMF was taken in a reactipCr/iN2063000434

and was cooled to 5C. The fifask was fitted with 2
addition funnels, Vilsneier slurry was taken in one of

t hewﬁ@@oﬂﬁggs&f oﬁ‘@§ey|éd @y%eéddltﬁ)‘r'\célﬁﬁ@orﬂ/bﬁﬁ&{a‘(%gunhtial

32 was taken in“other. The addition of

Vi | Sﬁgﬂl%n S' RééMtsaQQ SRGwR- |9tﬁ€ettabﬁlesgr\9§f? réﬁéé& 'th'P(‘L‘@Sas
started and the tenperature was control | ow 15C.
The bébtelﬂ addi tions was adj ust ed in such a way.
SO t%@%ﬁ% o?g tion is conpleted substantially at the
same tinme. O The reaction mass was then allowed to
room tenperature and heated to 85C and nmi ntai ned for
1.0 hr. Then it was further heated to 120 C and

mai ntai ned for 3 Vz hours with frequent TLC anal ysi s.
The reaction nmass was then guenched with cal ci um
hydrOX| de slurry and the pH was adjusted to 7.5. 5 The
pr odhiable % Cammnayativg, ylelds ebtaineddi corastilicact osucr ose
yield from 6- Oacetyl sucrose stage in the neutralized

masisVlaafiofsilotientbe | Ss9geméalc orasiditis on obf Cr@gdifiorel d by  of
co- [Nt P SHPHREE conveRRIPHIRAEDY s egefitht | and aeftierinelpg  agent and
Resiul ts are shown i n|E¥EotebrEen {ih r ﬂ@é‘iset%eﬁf‘iﬁl s
as le l| orl pnt: ng agent lg | e 2 (‘nmpar at_lr 1. \/ Ql rlc 5
obt a;‘g*.@\ﬂ’l'%' co—addi-ti At AL ME 1A pr eee,gro'é' :

~ chllexg i;ﬁ:zen of SHCH@%@V ester—di-ssol ‘v'eggg%;//”a sokvent
by uﬁ) m%jerég -s—solut .321'"6‘23 A ceﬁ%aet w-h B6.0% .
chl Ué’i),‘%‘ fg—t-eagent %'6%0 add+t--on—econp 552%’9 atei-ng
bot iéb:b q%IE%uI ttions H.@'zg/oegw' atet—strean ARSI at
ther 0 moles 45.2% 60.0%




5 sane tine into a reaction vessel wherein the
addition of both the streans starts and ends

waodpszyes al |y at the sane tine and, preferabl pCT/iN200I@0434
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the addition, tenperature d6 '"tie reaction is

regul ated within a range of -30 to + 200C, preferably
within a range of -5C to CI)C(‘;LMMS process of claim1l
wherein the said sucrose-6-ester is sucrose 6 IO

acetatge or ,sucrose- {Sﬁge nzoat e derived :

sol ution may®’ QF?%ﬁﬁ’ ornAliPR Of SHACER TR ‘??dersq}é?%‘é@-'@ a solvent
acet ate or suc ? 6- henzoate in substantially p

for m , Y gIngls solufiog i cantahvwiitha £hlgHNatingrreaeey bw:o addltlon

product| on. of é,l ose- 6- benzoat e, sucrose-6-aceta
6- acet%ﬂ pilsmg6a ﬁgg:gptgrtae foluiloqglrua re@nla@g@rsam of ﬂow at the

b- Fruct of ur anasyl - -chl or o- *deoxy- gai act opyr anosi de
(6-ac eWI'e ”f @ reagiomvessehybrieitthgradgitian mf botythe streams
claim |nthe sai d solvent in which

sucro @rés- AL RIS ey abthe- Sene BaSeNls psifergblyveuring the
is atertiary amde, preferably dimethylformam de. 2.4

A praSEiies. BmRaralire of Rdeattiontineegaatad orithar @ retdena —30 to
agent conprise: a. one or nore of acid chlorides
i ncl udi %@ CoReripradhyusitto adangs o6 Cphb&Phor us

pentachl oride, thionyl chloride, oxaIyI chlorlde

phosgene i W&bé@ﬁs@?lcﬁ'hdlewhérlélnothg S¥lg & Eggster is sucrose-6-

phosgene; orb. a | snei er reagent erlve m an

aci d_claban gesu@séyélb@gzme%enws oxychl ori de,

phosphorus pentachl ori thionyl  chloride, oxalyl
chl ori de, phosgene im nium chloride, sulphuryl
chl ori de, phosg@&né.solution made from the solids containing sucrose-6-

acetate or sucrose-6-benzoate in substantially pure form , or

b. as a process stream from a process of production of
sucrose-6-benzoate, sucrose-6-acetate, 6-acetyl-1-6-Dichloro-1'-
6'-Dideoxy-B-Fructofuranasyl-4-chloro-4-deoxy-galactopyranoside

(6-acetyl-TGS) or TGS.

3. A process of claim 1 or claim 2 wherein the said solvent in which
sucrose-6-acetate or sucrose-6-benzoate is dissolved is a tertiary amide,

preferably dimethylformamide.
4, A process of claim 3 wherein the said chlorinating agent comprise:

a. one or more of acid chlorides including phosphorus

oxychloride, phosphorus pentachloride, thionyl chloride, oxalyl
¥
chloride, phosgene iminium chloride, suiphury! chloride, phosgene;

or
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5. A process of claim4 wherein the said regul ated
flow i ncludes dropwi se addition of the solutions of

WG D6 03W6H- acet at e or sucrose- 6-benzoate and PCT/IN2005/000434

chlorinating reagent into da7reaction vessel, addi ti on

of both sqlutio startin nd endi_ng subst

Che same. thme. ST eadeterye ifrrﬂ%saara%ﬂf hinfias Yncﬁ*dmg

wherei n an excess of d| thyl formam de is

sai d reactﬁr@ﬁpW%eIO’%‘étﬁ ‘égcopmﬂ"f’f%n B?n ”ée

solution of sucrose-6-acetate or sucrose-6-benzoate

and the sdilfridsn ‘B‘falyérﬂh&ridﬁatﬁﬂﬁ)ﬁgﬁ%g@fﬁ'wﬁe@hlﬁgde 7sulphuryl

process of claim1l further conprising the steps of: a
Cool i ng 4¥¥ideeBlles98ACmass to room tenperature, s b.

heating the reaction mass to about 70 to 90 C,

pr ef es abl ya by cBECoPOHinTBMWNeAdiR kDS dif CoduRATBE KBk YR @ude¥ drop-
a period of tinme sufficient to maxi mum achi evabl e

nDnOC\Wls@rdd%lﬁTthﬁ’th@éﬁﬁﬁdréhi%uERfse@Qégtat% &} Eros6-6-benzoate
further heating to about 90 0 OC, preferably to

1000G; aen/BRAAYR r@bg&wtfldl Céﬁfe; 099n %séél RGBT (BfCHo%*ﬂEolutlons'

for maxi num achieva rination, preferably f

about st%rtfhg%ﬁj er@ﬂﬁ';%b é@%ﬂﬁ%thsgghﬁ%@urﬁé’ about 115 to

thlonyl

125 0C referab mai ntai ned for a
period sufficient to achi eve conplete trichlorination,
pref efabl YA f @?Ocﬁ%uﬁf Ll o clainpripcwherelt a1 ag¥pess of
further co r steps ofa. Cooling the reaction

mass €igatiod |atadfi@d tpthersaig Teagliernvemselieie® @-adwtion
mai nt ai ni ng at th| s tenperature with stirring under an

i ner t Ofgdike i yRlItigi AG sacpsa;S-acataiegen dusrasel-pgnzagte and the

solution of chlorinating reagent begins.

7. A process of claim 1 further comprising the steps of:
a. Cooling the reaction mass to room temperature, s
b. heating the reaction mass to about 70 to 90 °C, preferably to

85°C and maintaining the temperature for a period of time
sufficient to maximum achievable mo’nochlorination, preferably for

about 1.0 hr,

C. further heating to about 90 to 110 °C, preferably to 100°C
and maintaining for period of time sufficient for maximum

achievable dichlorination, preferably for about 8 hours, and

d. further heating to about 115 to 125 °C , preferably for 115°C
and maintained for a period sufficient to achieve complete

trichlorination, preferably for about 1.5 hrs.

8. A process of claim 1 further comprising steps of



about 5 mn. and then preferably for about 15 to 30
m nutes, nore 5 preferably for abou'. 25 mn, c .

wo mobloeveheat i ng the sol ution over a period of PebmNenostdo434

mnutes to about 75 to 85 @ preferably to about 83C
and nai nt ai ni ng:aog; th t tenperature for a period of
time suffiti ent"TU"NGEH ERElANBPRI ORBHIEEIHER Hifat | on
as well as initiation of I O dichlorination,

preferabl ybfor Hegiggi odimut 800TItandniibtafhdgrantii®mperature
nore preferably for about 65 min. and d. further

I ncr easi ngwhihetiriegReHat A Bef\RE iaclBdh agydH, ntt&ci@jﬁn@:ﬁitiauy for

about 20 mn to around 115sC, rmaintaining. at i's

t enper at ur god@’s MinPahd GnaretdraBly $aH Jddeit €8to BO ndBhie8YRiore
conpl etion of dichlorination and 15 further conversion

into a trigkkqaeydardpeat 29//in preferably for a period
.ct?.bout 150-to 200 m nutes, nore preferably for

about 190 min. 9. A process of claim1 further

conpri si ngca steNs R?%t'@@v@"rq FGIUSON 2@ ¥Ry P - BREDS GF nakput 15
after chlorinatien from_the reaction m xture by

ext ract i ng™M¥ % RrapeHl dOst BentC. oreferably fe @beyk 8fC and

claim9, wherein the organi.c sol vent includes net h?/,I '
tertiary bugifaigpgeat it demperaguretiar @ period of time sufficient to

achieve complete monochlorination as well as initiation of
dichlorination, preferably for a period of about 60 to 70 minutes,

more preferably for about 65 min. and

d. - further increasing the temperature over a period of time of
about 20 min fo around 115°C, maintaining. at this temperature for a
period of time sufficient to achieve completion of dichlorination and
further conversion into a trichloro derivative, preferably for a period

of about 150.t9 200 minutes, more preferably for about 190 min.

9. A process of claim 1 further comprising a step of recovering 6-
acetyl-TGS formed after chlorination from the reaction mixture by

extracting in an organic solvent.

10, A process of claim 9, wherein the organic solvent includes methyl

tertiary butyl ether or ethyl acetate.



