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METHOD FOR PURI FI CATI ON OF CHLORI NATED SUCROSE
DERI VATI VES FROM REACTI ON M XTURE BY CHROVATOGRAPHY.

wQaBiOHmki3ed. Fl ELD The present invention rel at esSPCDIN2006/000187

process and a novel strategy for isolation and
purification of 1'-6'-Di chloro-1'-6"-D DEOXY- b-

Fruct of ur anasyl *- chl or o*- deoxy- gal act opyr anosi de (TGS)
and other chlorinated sucrose derivatives froma
reacti on m xture. BACKGROUND CF | NVENTI ON Chl ori nat ed
sucrMEEHRRpaF@RI oRURIFICATHAN eQlfi nChitOBEYATHIDe BUCROSE
the need of chlorination in selective |l ess reactive
poSiERNEATINESIEROSA REAIGTIONEMIXT UREBN CHROMATOGRAPEY .
reactive positions. Cenerally, this objective is

achi eved by a procedure which involves essentially
protEEt HRUCADFIBYDr oxy group in the pyranose ring of
sugar nolecule by using various protecting agents

al ky/ aryl anhydride, acid chlorides, orthoesters etc.

and e p‘?éé&rﬁch%nt%fﬁ fr@lé%s' %) tahf'p'ﬁoé‘é%lsoéhwaé atbvien s‘tr’@ﬁegy for
desired positions (1 & 4) to give the acetyl

d f whi Gh h

G gHIAE o oI gy g 5 Biopsanib b pstones,
b L AR oo L e L OBETORE° ot
S Tacacs o por ari ors of potieion of T

chlorinated by Vil sneier-Haack reagent to
BACKGROUND OF INVENTION

Chlorinated sucrose preparation is a challenging process due to the need
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 hydroxy
group in the pyranose ring of sugar molecule by using various protecting
agents alky/aryl  anhydride, acid chlorides, orthoesters etc., and the
‘protected sucrose is then chlorinated in the desired positions (16’ &, 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-Fructofuranasyl-4-
chloro-4-deoxy-galactopyranoside ie. 4,1, € trichlorogalactosucrose

(TGS).

Strategies of prior art methods of production of TGS are based on
following: Sucrose-6-acetate is chlorinated by Vilsmeier-Haack reagent to

form TGS-6-acetate. After chlorination, the deacetylation of TGS-6-acetate
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form TGS- 6-acetate. After chlorination, the
deacetyl ati on of TGS-6-acetateto TGS is carried out in

W b@70z3e3 i on mi xture itself. The process is dBGDIN20&@000187

in greater details in several patents and patent

WeboBs 0637 A datttan G IR lenot E eelibagso s
var s AF i BF eulip o RBreD Y PaOi Brd Rl apptications
o1 nancGBBA et 3 agait i LUOROTRT 4ng, Rainant et 4 Eoos)

extraction is usually a daunting task due to affinit
of tIREV2R050P08 6.niar apinevitables PRI 9 8ROYR §YBHRSS %%a
sol vents. Renoval of N Ndinethylformam de (DMF) in
suchvarisgist dther ehloresebsiitstion pooduicts @& edsa Rroduced in varying
i mportant job which is usually done by adopting
sevegrabume! lsotidion VA G & fmnatheethensabstituiidre gnpaitieg by liquid-
IFmportant because its traces interfere with isolation

of clijuid exipdidnSiH TIsOSRy rdauREhg tabkrdueatd afeinity bbthel preduct to
reaction mxture by the known met hods of separation

suchpagosilivent axdir agsi dydaphobicy SdaidrtZat Refmoval of N,N-
Renmoval of DM- is an equally difficult task because it
IS 8, 1!:]1%@%%1{5% gglkslﬂfgiﬂ a}gﬁ Vﬁchoﬁ%i%?eéoi%rélééltasstrategicaIIy

solu I n aque as organic solvents.

Hi gh. boi i natune. r 0 ay i.sflll.ati L gh
t ﬁp’p'@?pé{r{?lng?og)s wéhs l?aﬁ%‘?qﬁlg a%gr{eogg haglroﬁl 'lﬁ% S%#'é%m kBl DMF
chl ori nat sucr os r.its.pre / . _To. .
conpemes DeRnes aateciray 1eSAHE Badus s aser pigtferg with
well as water. DMF has been rempved by Navia et al :
(199@Ylatian 1 ghlcERAteAoSUG0R 7 HPITa g 'w'wqgvframe?h%lreachon
(1996b) in US patent no. 5,530,106 by steam )
di st miftanei loy) tha-bsnewermethieds afesematptiodagicht as selengextraction
fold

and crystallization. Removal of DMF is an equally difficult task because it

tegy,

is a high boiling solvent as well as has partial solubility in aqueous as well
as organic solvents. High boiling nature rules out any distillation at high
temperature as it shall lead to charring of a chlorinated sucrose or its
precursor / ester. To complicate the situation, TGS has solubility in DMF
as well as water. DMF has been removed by Navia et al (1996) in US
patent no. 5,498,709 and by Navia et al (1996b) in US patent no.
5,530,106 by steam distillation. However, this method leads to several fold
increase in the volume of the reactants due to condensation of the steam.
In this context, application of column chromatography on silanized silica
gel or an appropriate resin followed by elution by an alkaline 4buffer is
found in this invention to be a far m6re efficient and simpler option than

other options in achieving removal of DMF as well as isolation of
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increase in the volume of the reactants due to
condensation of the steam In this context,

wa@ppiiozmds on of col umm chromat ography on si | anP@BiN2006/000187

silica gel or an appropriate resin followed by elution

by %ﬂlo"i‘in%?éd f?lcméfef %fmdl%n&@h‘él? bli'?eét{} ?roh{]vc%rgr@%ﬁofp OrRtion

nmore efticient an er option than

?ELI"Z?R# T 3R A B i ginet as withou

dlrecxl fro nation,reaction m xt bef re as
el PrigtFernp T of BB biBhe B it et Sthoehs abisermon

wi t hout prior renoval of DMF by one or the other
process of its renmoval. PRIOR ART TGS was i sol ated by
Mufti et al (1983) in US patent no. 4,380,476 w thout
undue difficulty from deacyl ated m xture of

chl grinated_sucrose derivatives obtained by
chréﬁﬂﬂﬁ@ﬁﬁﬁhy on silica gel by using chloroform:

acet one nixture as el uent, a 2 1 nixture fol | oned by
1:1_m xture, eluted i n ture. Khan et

(199535 “@SLﬁolatﬁdew My et@'ié%S@sm U%pat%\ﬁ AP ck.380,44P Without
(1992) in US patent no. 5,128,248, Wl kup et al (1990)

in usdpatdefﬁt:ulg'ofrom dgs0ylats, mixtureef cétoriablqdg8PYsd deti@tives
patent no. 4,362,869 and Catani et al (1999) in US

pat ebtained by, &FFmatgrageydon ledicaaga byetsind dhioroform : acetone
isolating TGS fromtheir reaction mxture. Mufti et al

(1982iktiund 30 a@lepa) hec uigurd fdlewed By01:X Mixturd0TGS 8 Muted in
mesh (dry), a polystyrene sul phonic acid cation

exchangfxtuRsS IKha®l Q2% (1992k ey 5aheﬁ!ﬂ . By 3EDERTE BYED brdick et al
above purpose. Catani et al. (1999) in US'patent no.

5, 9¢ 79@%%%9 a‘{’érﬁqoo%e@é@@a %a%b%f%lQ‘FéQ(ﬁ%'L%‘ patent no.
exchan r eS|
4,980,463, Jenner et al (1982) in US patent no. 4,362,869 and Catani et al
(1999) in US patent no. 5,977,349 used the same method for isolating

TGS from their reaction mixiure.

Mufti et al (1982) also reported use of Dowex 50 X 4, 50 to 100 mesh
(dry), a polystyrene sulphonic acid cation exchange resin cross linked with
divinyl benzene for above purpose. Catani et al. (1999) in US patent no.
5,977,349 also disclosed use of porous gel cation exchange resins as
adsorbent, particularly polystyrene-based sodium sulphonic resin

crosslinked with 4% divinylbenzene as adsorbent and water as desorbent.

These were however, cumbersome, inconvenient and expensive in actual
practice. A need for chromatographic methods with more convenience,

better efficiency combined with relatively low cost of operation was felt.
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adsorbent, particularly polystyrene-based sodi um
sul phonic resin crosslinked with 4% di vi nyl benzene as

wadmenssnt and water as desorbent. These wer e POIEN2006/000187

cunber sonme, inconveni ent and expensive in actual
pracgUwAﬁigqung@ﬂomt ographi ¢ nethods with nore
con CE, er eftrciency conbined with
relatively | ow cost of operation was felt.SUMVARY OF

| NVERTHED! folindeihal eVt | MPEAKRIED ahd I6hEHiRY SCost of

weri ng of cost separ ati on DM- from T qui

conposi tions Nl ne 0 e 0
compestiet eb ER Rk cfio e bR R, and one or
precursors / derivatives.i.ncluding esters, inpurities

ol TGt saaraanent oERenE sHy RO R ase BRRRbyraRipors
when hydr ophobi ¢ adsorbents, which jncluded sil anated

si | i ganvatives dnglaging gsterspdNpiies Peludinde galis viere ABBSYEd by
and the like, were used as fixed bed adsorbents and

al katolnenb ghfosnatography avherd dyeeaphebist agserbents) wdliey included
9.5 to 11.5, were used as eluents. Water, preferably

denmi sitarmted silicacsgedra nahsonigipobyscsibisapageidoreson ARISHPE and the
nmenti oned adsorbents to enabl e renpoval of DV,

al t hiweg lwerkkadddnes Hixéd bed adserbehts dred afl@ding thsiffass over a wide
el uent. DETAILS OF THE | NVENTI ON Thr oughout this

specidrigeadiigh iRd1Gdifh @ 31 15 REkd @sbd 4 SluBBte!l Watks preferably
al so deened to cover its plural, unless context

Squ@éhﬁwe%ﬁ%fd\M \)%I%elr,-rhé@o gRAEL! %_pgfa}ti'lg)?erﬁﬂ hgeowf mentioned

i solation a pur catron™ also inc s nore than

one ggéjor%htsm?& ré?\gﬁlemrerjng\%la{)fj Brﬂﬂl-a,ngltlﬁ’&u&hf iaﬁ(%‘ili\é’rbuffer gives

better results as eluent.

DETAILS OF THE INVENTION

Throughout this specification and claims, a mention in singular is also
deemed to cover its plural, unless context suggests otherwise. Thus,
mention of “a method of isolation and purificétion” also includes more than

one and all methods of isolation and purification.

Furthér, the examples, techniques used, chemicals used are meant to
illustrate how the invention works and they do not constitute limitations of
the invention. Any modification, adaptation or equivalent of the same
obvious to an average person skilled in the art is also included within the

scope of this invention if the same is covered by the scope of the claims.

The strategy of various processes for production of TGS based on

chlorination of sucrose-6-ester, as described earlier, invariably included
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Further, the exanples, techniques used, chem cals used
are neant to illustrate how the i nventi on wor ks and

W0 bay/ozBsoshot constitute limtations of the i nvRCI/IN2006/000187

Any nodi fication, adapt ation or equivalent of the sane

o0 g AR B % R SR LR b Pt an

St al B 'sfreéé’.%e%%gxﬂﬁ%a%%ss@ééﬁ RGit%05b B BE nddgblation of
based on_chlorinatjion of sucrose-6-ester, as descrijbed

ear | il &O-61a¢0kate £ yCPnBY LRI 6B9E obfa mthed qfhisolatign and
or before deacylation by a suitable nmethod and then

t he pufiqation. m xt ure was taken further for

purification and isolation of TGS-6-acetate or TGS by

one or nore of a nethod of isolation and purification.

I n t Imingi with thedt if wies folerd theliadl GHdi-acetaieoBT @Satamicebe very
or TGS could be very efficiently separated by

adsoefliciently separdtec &y ddsdrpdide ambe fitked \bledcddsochdrd, Wwhich could
subsequently eluted out by al kaline buffers when a

r eache WubdeyleHity RMRLNE By AIReiRe N didis avRani dBaéldn mixture
was renmoved was | oaded on the fixed bed. This

I nvepbhtaming tifamR] Sl froMt weith ADME w8s RERDVEE was Ioaded on the
I nt ernati onal appl i cation no. PCT/1NO5/00409 with

I nt t 0
pri ey BRaETns InySRkSs Hiect f"f‘s@%“ Fosr By @?ﬁfﬁ%“ma'
pet e Bba@foh B A5 e AR Y G091 a50 RaSREE oron pec
sucodd obhﬁﬁ%‘a%»?rgorﬁ\“ﬂvefﬂseﬂ A eERseap S A —
until then considered such an I ntegral and

patent application no. 1317/MUM/2004 ™ and the same is expressely

incorporated here by way of reference. Silanated silica gel was used as an

adsorbent very successfully in this invention.

Removal of DMF was until then considered such an integral and
inseparable part of the process of production of TGS that in initial work,
only those mixtures were loaded from which substantial portion of DMF

was removed by applying one or another method of DMF removal.

It was very soon invented, however, contrary to the established concepts
by then, that hydrophobic adsorbents for adsorption of TGS-6-acetate or
TGS and elution of the same by alkaline buffers is equally possible even if
DMF was not removed. Thus, the method invented for isolation of TGS-6-
acetate and/or TGS could be very efficiently used as a primary method for
DMF removal too. Since DMF is a medium for reactions in several organic

reactions and its removal could pose as vital a problem as in case of TGS
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i nseparabl e part of the process of production of TGS
that ininitial work, only those m xtures were | oaded

wo e@moxds)Th substantial portion of DVF was renpWEIN20§6/000187

appl yi ng one or anot her method of DMF renoval . It was

cct AR OREbM RIS fve N YT I bne T R, st ether than TaS

adsorbent s for adsor cetate or

o) BRI VASREST @@?w&mw@sﬁ%#ﬁ%r@m@ve&wg% B the
possible even i f DVF was not re Thu t he net hod

i nveigaelien prXtUEL MaY ot Qﬂ‘ntﬁf@ -0 ? iﬁ@/%‘? d fgy contain
could be very efficiently used as a r|mar%/ nmet hod for
DVF amhethar ofgamic Smpeurdivi hius, emkedinants of thisiyeniinisapplied
in several organic reactions and its renoval could

pos etoasagiidramidumsoddntamiag TGS Gaaeetate ar(Ba8rare aisailgstrative
this invention is useful even for reactions other than

TGS g pfesistiof DWME renpivabVhichesadvisd appliddhtd mam PMF from
obj ective and the reaction mxture may not contain

TGS @a@ﬁérﬁhﬁxtgfesﬁ’%l?‘Qnﬁ&b@a‘h%@hpﬁbmotﬂbhﬁfanw ©8'8-§cetate
compound. Thus nments of this invention applied

to r@@?@soﬁ?ﬁlsﬁg tpjﬁgslﬁgln&abnéﬂégmgﬁ’spl%p%h/gtaﬁa%dﬁus-r@& GS-6-

\fj\l’{rqe ﬁl SO | e of rocess of r enov

IC p t

'T(;ét Eﬁ?eggﬂh‘g'e[ﬁg iC{LWS %grsﬁggﬁgeoﬁ%/grcgeg?hfﬁg n'n%ﬁtlon i.e. use
- 6- acet at vnga% asmal

pr op@h ¢ ;fﬂ 5%% %06 a gg eaq,sror cﬁ"kﬁf‘%e buffer

perspect|ve t he process of this |nven£|on F §M§F

of adhBebibE B Tl e RTesivaPacREs O W%\@ée bafit from any

and al kaline buffer as an eluent is in fact a very

ef f ettquid enidiuse egrtasing SMFy ahesrotipFrcemBeReiy of il mjxture are

m xt ure contai ni ng DM when ot her conponents of the
m xt sueh Hrae they adsorb or retard substantially on the fixed bed adsorbent

used and allow DMF to pass through with the alkaline elution buffer.

Adsorbents useful as fixed bed adsorbents for above purpose include
silanated silica gel, a special resin called ADS600 which is polyacrylic

based' one and the like.

Embodiment of this invention lies in a process involving use of one or
more of a hydrophobic adsorbents as a fixed bed adsorbent, loading of the
neutralized liquid solution of reactants comprising one or more of
components capable fo adsorbing on a hydrophobic fixed bed adsorbent
including TGS, salts, impurities and DMF on to the fixed bed and capable
of getting eluted with an alkaline buffer such as to get most of the DMF
washed out of the column with the alkaline eluent earlier than the chemical

constituents adsorbed or retarded on the said hydrophobic fixed bed
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such that they adsorb or retard substantially on the
fi xed bed adsorbent used and all ow DVMF to pass through

wardo/oedses al kal i ne el uti on buffer. Adsorbents PCBEINH0GE®0187

fi xed bed adsorbents for above purpose include

si lapatefe & bh§ athlgflsa%ia a%ISSFHeﬂl of er%itzﬁdéé‘! R R stituents
| ase e |ike.

whi ch™1's™ pol yacryli ¢ one and t

Enbodi nent , of is. knventiaon.|i i . PF ;
Mvorigedds i YE N i rSardlafish iRl Ba adsorvent is
adsorbents as a fjxed b adsorbent, l.oading of the

eut It 86 11 ah b EHIEDE TSRO WOtk AL B gF ionhig trace of
one or nore of conponents capable fo adsorbing on a )
hy dr BMFebius; jusedo Msad%@%*é?ﬂtsiﬁﬂﬂ“u‘ﬂ?%ga’?@fﬁs ygm gffective
inmpurities and DMF on to the fixed bed and capabl e of

get t mathaslsifoeenmaviahobldMid teal i ne buffer such as to get

nost of the DMF washed out of the colum with the

al kaline eluent earlier than the chenmi cal constituents
adsolrbés avorkesitanatztl sitica hgel seasl ungdiraspadixed ek dydrophobic
bedadsorbent and the said adsorbed or retarded

chenagsdrbentn$id heetrdlzeddeactiad nass riednavedch OMFE veass sgndoved
hydr ophobi ¢ fixed bed adsorbent is eluted out in a

subsggudattidily awbs OdadBl Cht GHvLRI BIs NG @nhdoahy alkalige ebuffer,
of DMF. Thus, use of these adsorbents shall work al so

as Vsr@fer%fofy%ltdW%rfshbssi@aé%eeli gy @lonof DMF too. In

this work, “silanated silica gel was used as a fixed
bed hydrophobi c adsorbent, the neutralized reaction

SRR B SEFBNET 5N (ot mcting.
pr.ef gﬂt?]gét}’ngo@heo 'ﬁ'eatrgﬁfe% }L&ac%o}q’al%aé'sc‘qg A&fat@él ufﬂil"?nFilm Drying
(Ratnam et al (2005) WO 2005090374) wherein all the liquid reaction
mixture is dried under mild and quick drying conditions and solids are
obtained. The solids can then be dissolved in water, extracted into a
water immiscible solveht such as ethyl acetate, etc and then subjected to
concentration till a final syrup containing TGS and a mixture of chlorinated
suérose derivatives are obtained. This syrup was then loaded on to
silanized silica gel packed in an appropriate column where the TGS is

purified.

The liquid compositions which can be subjected to removal of DMF by
column chromatography can also originate as a solution of 6-acetyl-TGS
or TGS prepared in water or suitable solvents or as a process stream from
a process of production of 6-acetyl-TGS or TGS. The said process of
production of TGS-6-acetate or TGS includes a process described by

Mufti et al. (1983) US patent no 4380476, Walkup et al. (1990) US patent
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DMF renpval can al so be achieved by several other
nmet hods i ncl udi ng subjecting the neutralized reaction

wore®3/02330Agi tated Thin Film Dryi ng (Rat nam et BCT/(N2005000187

WO 3005090374) wherein all the liquid reaction mxture :
s rﬁjés RE50UMST JER A éﬁ.eﬁgggréﬁ ééfé@\t ¢8Ndidgoad, afley et al.

sol i are obt al ned. an t hen be dissol ved

I

1 PGS 050 HAE LS, A5 R0 AL O B8 oot .

till f .
&ZQ?%E%%@' 2 Rosiaat Sl SR Bt Bahibyegtq HE0. M et al

t Thi s

o1 | | G30GHIUD dEAtRD ] B AHR 788 CUPPRGR 4 |SBTUHS BAbAG. (hgee.928,
TGS is purified. The liquid conpositions which can be
subj Haviad(1980) e \Pat not 4RFO,B96.c Deiditah @irdmkt WYy dpByPat no.

can also originate as a solution of 6-acetyl-TGS or
TGS p0epa2ed Walkwaketal. di992) 588D608oDosticks ebal.ad982) US pat
process stream from a process of production of

6- acgb.yb 1262481 Khah. efThle (3995} pBoRas 8006, 4a006¢ t(Radmeofet al.
TGS- 6-acetate or TGS includes a process described by

'VUf t %1 9@*56@Js P&ILAS D 4455084t s@ﬁkégfoet@%%@ U Kt 65 449,772,
. US pat ent no. 4980463) Jenner et al . (1982)

US p%@g@l é‘g%oﬁ Qéang‘ﬁQat r@'é ?@ vi £0819)1998) RS Pat no.

4 - 2 Lo botne et 4 ;JS pat no.

860g g el“g@?a@F il 9@%’?6%3%61%33#5“8 5558 17%9%}UI patent
S A0 PTG i
> 025’9329 mQV,\gioggﬁvStzoS‘é/ogS%%g Ry anaQRY 3(905/059%%' A e

In the following description are given some examples to illustrate basic
workihg of this invention. The reactants used, proportions of reactants
used and conditions of chromatography given in the example are only
illustrative and are not to be construed to limit the scope of this
specification in any way. Any reasonable modifications in the methods
described which is obvious to a person skilled in the art, are of analogous
and generic in _nature, are construed to be within the scope of this

invention.

The said liquid compositions could be applied to column either directly
without any further processing or modification in them, or after one or
more of a process step applied to them to modify their nature including
concentration, partial removal of DMF by distillation under reduced

pressure, by solvent extraction, molecular separation and the like.
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no. 5,128,248, Khan et al. (1995) US Pat no.
5,440,026, Palnmer et al. (1995) US Pat no. 5,445,951 ,

w®@2Reg3ses al . (1995) US Pat no. 5,449,772, SaPKBEIN2606/000187

aI (1995) US Pat no. 5,470,969, Navia et al. (1996)

ggt oB8 &n 8§“gf990f érﬂ‘ioﬁt efMbodchOA8)ihldS s gé&iﬁ{:‘é{ion the

patent I catl ons contal ning

i 5 S Ao PR SRR IR0 b e

foIIovvln descriptio iLven s . .

11 SR S o aphep s PO RUR RO oo separated
react ants used proportl ons of reactants used and

concBid tiesT GF 18 fisakated siPHiAREOYsVen! his Prosess byRpseesathe DMF
only illustrative and are not to be construed to Iimt

t he reowpal sfept thiaughpe prddesashiet ab rgitajedyilin Fimy Drying for the
reasonabl e nodi fications in the nmethods descri bed

whi clema/abblDbisaridalao pay exmactianl dtepl prior tohmurdicatioraoel GS.
of anal ogous and generic in nature, are construed to

be within the scope of this invention. The said |iquid
conpDsiirtg thesprocessiobehrapptigeaphio sepanation gthemeobile phase used

‘directly without any further processing or

nmodi Wh€ ahi SRalife bifesn atopH ahihgihg eeweéEn Wioe1 DD rBlore preferably
process step applied to themto nodify their nature

| nclyef{‘,\,ggnq@rg:g]w gtion, partial renoval of DMF by

di st tion under reduced pressure, by sol vent
extraction, nolecular separation and the like.ln one

errbopl gk)r rla'té‘Ygélﬁ'fQPsacfﬂ)QQ;bﬁgtle dollicBbe a hydrophoblc resin

speC| neutr zed reaction nmass af

chl o édé?]%% o a})sél %hé %%Eé% o%sqlqgeq‘h%nrets% %JH?N@HE%H ﬁﬁ?e carried

silitca ge unmm wher el

separc'lat tnals is obtained from Thermax named as ADS600.

It is finding of this invention that ADS600, which is a polyacrylic based
resin, is useful for the separation / removal / recovery of DMF from other
organic molecules, other than an organic solvent, including chlorinated

sucrose and their derivatives.

This method can also be adaptively applied and extended to application to
separation, isolation and purification of reaction mixtures after one or more

purification and modifying steps including DMF removal by other methods.

Examples given in this specification illustrate working of this invention
without limiting in any way the actual reactants, techniques, reaction
conditions uéed; any adaptation, variation and equivalent obvious to an
average person skilled in the art is covered within the scope of this

disclosure / specification within the scope of the claims.
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and the TGS is isolated simultaneously. This process
bypasses the DMF renoval step through a process such

w@200A023563 ed Thin Film Drying for the renoval PET/DNIB06/000187

and al so any extraction step prior to purification of

TGS. r.in t he proce f, chro Qgr rati

{he T2H) pphabe [EAL o BRETS eaﬁfr%'ﬁ'gr ffiBlaly Songet
rangi n tween 9 bet.wee

o Shuady el Smppaashes i 4o, Weltesr, Db hﬁ%‘é‘i'g&‘. Eﬁucmse 6-
coul d be a hydrophobic resin such a fn a

r esigpstatery thesYisraeielhirapk fradiigne ﬁo 3 u? f@% rgm the
i s obtained from Thernmax nanmed as ADS600. It is

f i ndiewratized hnass @ftentahdorinatian poseers, alter dheirempval of the
pol yacrylic based resin, is useful for the separation

[ r eharticay amideemmheag/DNﬂ:, B\-fromdhe oehializedgaasc

nol ecul es, other than an organi c sol vent, including
chlori nated sucrose and their derivatives. This nethod
can e eerhevaAdd MMV dlag lsgep destribed byxNavided al ¢1996) in patent
application to separation, isolation and purification

of IRAQYS FAOBTAY By &SedhiRELIRNSN OAn ANEMaRsIprddesatdfosmoval of
and nodi fying steps including DVF renoval by ot her

met NORE WhEAR!L8rié! }ée{]sécﬁ‘ tb Ny tREERIdrir@ddd $8action mass has

illustrate working o his 1nvention without limting

i n %/env\@é(s& BEq %Qtr%%ﬂhaﬁ}eef{% %0% il 9\?@@?6&@%37&%@R%am et

conditions used dapta ron,” varration _
art %I?@@%)ap&gb%#@ﬂé%% Bpe o pree St pgassbeen
o opifsiop hackieus MR iR oBUSBSatAIRdRE 1 FITAMEEDMF is

anongst
subject matter of International patent application no. PCT/IN06/00058

having International filing date of 20" February, 2006 and priority date of
22" February 2005 derived from Indian patent application no.

198/MUM/2005.

Usually DMF removal is a great problem and holds the key for further
purification. This specification embodies an invention wherein the
separation of DMF from the reaction mass as well as isolation and
purification of the product chlorinated sucrose is achieved by column
chromatography using hydrophobic silica gel in a surprisingly simple and
more convenient method of achieving DMF removal and further

purification process.

The neutralized reaction mass containing the chlorinated sucrose
derivatives along with DMF is loaded directly on the hydrophobic silica

column. The hydrophobic silica is the stationary phase and the mobile
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many ot her approaches of its synthesis, by the
chlorination of sucrose-6- acetate by the

wo/Rdogrdses - Haack reaction. The isol ation of TGXT/IN2006/000187

tEe neutra:ized mass after chlorination proceeds after

t he r.emov

(rolThe fhaeCoap (P00 @bk, B AT H oMOpiRom et 13, more
escri b 199

00O By Sebirey & 17 paf Tt PiGTe LR EEn JPoadss of
rﬁroval ?deNF wherein a dLlerbis uzed tobdgybthe
chlorinate re )

s AR RS
in VK2005090376 The use_of Reverse Osnpsis has

beenE writaiore (R ), f@ﬂine\/Félnmﬁva@ewaéQrS|(EEED Ogeb*sﬁra\'ﬂv%- liquid

for the renoval of DWF is subject matter of

| nt eexteadtionslysieatseare ugsgl for affJB@trven@lvmtTﬁnnm@I/ goedeceed time
having International filing date of 20th February,
2006ingardalprto avoit yexgasge af tiPdesifeelproduct t@ ORbied tampardtures.
fromlIndian patent application no. 198/ MUM 2005.

Usual |y DMF renoval is a great problem and holds the

key Ties nfathédhef produtind ¢ied hydropAbibis siipeds airestyi dascribed in the
enbodi es an i nvention wherein the separation of DW

fr omyjtdiy esverb@NnfErsAtichal Watdntagpplikatien ir) ROT/INO5/00409 .
purification of the product chlorinated sucrose is

achi ?Nl@dhe)f?%oﬁﬁﬂﬂmmeg rlQ'HéEQ&'i WQVSBSb&GmHVQ{dJBHQ?HbFated with

S|I|ca g in a surprisingly sinple and nore

conv Hn‘fﬁé}o&lﬁ ona&hbl-el\qdqg PMEpr§Valcofitth VHIIE. The

puri |ca I°on pt oce
neutralized mass at pH 7.5 is loaded on the top of the stationary phase.

The ratio'of the neutralized mass volume to hydrophobic silica ranges
from 0.2 to 1.5 times v/W. The loaded neutralized mass is allowed to pass
through the silica mafrix. After the neutralized mass passes completely
into the column, the buffer solution at pH 10 — 11 is passed through the
column continuously. Fractions are collected at the bottom of the column
and were analyzed periodically by HPLC and GC. The flow rate was
adjusted as per the column dimensions and neutralized mass loading.

Those skilled in the art will make the necessary adjustment of parameters.

The initial fractions collected were enriched with DMF. No TGS elution
was observed till about 95% of the DMF passed through the column. TGS
along with dichloro sucrose derivatives started appearing followed by pure

TGS fractions with a DMF content less than 0.02 to 0.2% by wt.
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The neutralized reaction mass containing the
chl orinated sucrose derivatives along with DMF is

WO odezBso rectly on the hydrophobic silica col POFIN20i&00187

hydr ophobic silica is the stationary phase and the

rob 16 1S 1S9 00 SRR Pt AEIAAY Bbang
Pee %%%’r'aéiﬁéﬁﬁé?@éiﬁ@é%hwyéﬁeg o G e benti¥d up
0Tk enBhprs o SRty o Soaerhab b Ehgover was

sol vent renoval at reduced tine intervals to avoid
exposenasaied iNnhBOdding thepeenfigdiration Wif gheproduct fractions.  The
tenperatures. The nmethod of producing the hydrophobic

si | i cendestratecepaiyludieinowatbe wasrextiastenl intadsganés solvent such as
I nternational patent application no. PCT/ 1N05/ 00409 .

Thi sethydacsthebintethyll dthyl kesoreabikied acetate, SSc.c dlhensohasrd extract
equi librated wth aqueous buffer solution at pH 10 -

11 uRak@hdrcodlif], eBRcaHtadteand dRBtangetr al i zed mass at
pH 7.5 is |l oaded on the top of the stationary phase.

The ratio of the neutralized nmass volune to

hydr ppaeihebR! dilahatdded @S gélr @Mifn Zah%bel uSed FSFESMY/ déparation
The | dbaded neutralized naSs is allowed to pass through

the ﬁ'% {v&e PadBdd mfo‘hfowtﬂngg%@gé%g%@sgs %ﬁ%@%@@i and all

conp y into e col solution a

Fr aclEbREPRPERRER A bR s SELITTIWERRA Necol tim

and were anal yzed periodically by HPLC and GC. The

and neadr MFTGafL HetaRanis cHHouE XalfRntBRna) f85orppiete
wi Il make the necessary .adjus of paraneters. .
water removaﬁ and a mlxtujre o% IFI\WI[" Inorganic saltts and chlorinated

sucrose derivatives obtained is taken for column chromatography

using hydrophobic silica.

i

b) The neutralized reaction mass can be extracted into a water
immiscible or sparingly soluble solvent such as ethyl acetate, methyl
ethyl ketone, butyl acetate, etc followed by concentration for the
organic solvent removal. The resultant aqueous syrup with DMF and
chlorinated sucrose derivatives is purified by column chromatography

using hydrophobic silica.

c) The neutralized mass can be concentrated up to complete water
removal and then extracted into organic solvent such as ethyl acetate,

butyl acetate, methyl ethyl ketone, etc. followed by concentration for

12
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The initial fractions collected were enriched with
DMF. No TGS el ution was observed till about 95% of the

worme7pzEssed t hrough the columm. TGS al ong wi t hedii/iNRoer@o0187

sucrose derivatives started appearing foll owed by pure
TGS fragtd | Sbtaihdd s Bufifled By column
0. 2% b@%ﬁr@%g‘@g&{é@f‘%ﬁy@ac Qﬁ(g}?{u&as concén??at ed %yco
vari ous_net hods i ncl. udi nosis (RO system
wher o arampiesnE Tl hIGeREiRE $Bes 0"t o on |
concentration by weight. The residual DV | eft over

was _separated i.n uring the. c ent r.aLi -

pr oddt C¢R riahﬂ'% %?ﬁ%'@ %%%Eaé'ﬁ?g afﬁé%s %E c}ﬁ%c@?‘f*‘%ﬁt&%@ of the
was extracted into organic solvent such as ethyl ,
ACotHIRC AEtRY! CHTAFHIT ek Bhave BURYITOCREPRMES BTke cafd out
sol vent extract was charcoalized, concentrated and

cr ysingkr ispedalizegd pvaniblien spndiiaied svpidcanydrodust Jass and
can be used for DVF separation as well as TGS in ‘

f ol latso effectvensdlVertsreanedrygoubedndesiviah seates Hirdeyposure of
these applications are enbodi nents of this invention :

a) Nem$r@l ihagdr rieatdramremsitiriognwbter conselventtrethavpl tie not
conpl ete water renoval and a m xture of DM, inorganic

sal tfespBBleCANPhENGS Btk SIHEoIsERridRT bostistivated bitstillateh swstems
taken for col umm chromat ography usi ng hydrophobic

sil i&é-us%}i, ThRedteuld AuLFRbt€aGEH @R tRBSRisFRFI® Evaporators,

extracted into a water rmm scible or sparingly sol uble

sol ﬁﬂinci%ﬁ# é\f‘a&%&ﬁ%ﬁ Iacgr%ry SuchBighi %lmf ! e%n%tcﬂﬁﬁhsgstems.

but yl™ tate; by concentration for t

\(/)\n'r?h e S%:q\éﬁ)%er{tg ngﬁ/aql)l'e Ea@?err %l%slfi'llétﬂﬂ\t (HHEF Ozt YBnd  the
residence time of the product exposure to the temperature is greatly
reduced. This results in enhanced product recovery with minimal loss.

Also the efficiency of solvent recovery increases with possible avoidance

of decomposition.

Eluent in this invention could be water made alkaline, preferably a buffer in
a preferred pH range of 7 to 12, more preferably 9.5 to 11.5, more
preferably from 10.5 to 11.5. Eluent may also be water with acetonitrile or
acetone preferably in 5% concentration v/v, or methanol in water
preferably 2% concentration v/v, or an organic solvent miscible in water in

any ratio.

Various methods of silanization of silica gel are reported in United States
Pharmacopoea, and (X.S.Zhao and G.Q.lu,1998, J.Phys.Chem.B 1998,

102,1556-1561). They included the following :
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chl orinated sucrose derivatives is purified by colum
chr omat ogr aphy using hydrophobic silica. c¢) The

woewrnzdshized mass can be concentrated up to cop@l/Bi2606/000187

wat er renoval and then extracted into organic sol vent

LoD ST BRI CHT AR 0 il o v
SOl Vel o 0, U R SR BANEK e PUEL B Bgosane t

concentration of the neutralized mass or_the

conceeatratt iodhe sfiicarge! Bt g shasedanvrenmegkt FRigPrpeessHigkes long
above said processes has to be carried out under o
spechellins zusdially Sptyvean 6rioctshtpunisonsftercthgvaianization, the silica is
product |oss and al so effective solvent recovery in

t he dispgesediial watealand Fiee Sdapizsd rsilicaf gaiG®ate i thretop of the
tenperatures during water or solvent renoval is not

desi g@btien. andrHiensiéicd hie wkn@bdceffit aind sioipli befarat edage in
distillation systens are used. These are equi pnents
suchcg@nidisyrBpbsy.ng Fil m Evaporators, Falling film
Evaporators, or any such liquid -liquid extraction
systens. These equi pnents enable faster distillation

undepyaciemANe UdR 6esilafBa6sn bidPefiitette by €Hel out in the

exposure to the ternperature is greatly reduced. This

resu F‘%the ?ﬂg&%@%ﬁ% RLAFuRt IL;?&b%zg{ et tdInILRE Bhioride, etc.

| oss’ I'ciency o t récovery

el uenion gel it PR raatEgh PHOEDAn R ARARLM AR signatne
T2 Hoed 1 ebred uptgivobaiefn 105 SR amed i of sha gel ana
heated to 40 —45°C and then filtered and washed with methanol and
water. Column chromatographic separation on silanized silica gel is
applicable for purification of a number of compounds including 6-acetyl-

TGS as well as TGS from reaction mixtures or from solutions done for any

purpose.

Example 1 :

PREPARATION OF TGS-6-ACETATE

252.8 kg of PCls was added slowly to 700 L of DMF taken in a Glass Lined
Reactor with constant stirring at 20°C temperature. The Vilsmeier reagent
thus formed was then allowed to cool to 0°C. 80 kg of 75% pure sucrose-
6-acetate dissolved in DMF was added slowly with constant stirring. The
temperature during the addition was maintained between 0 — 5°C. In place

of sucrose-6-acetate, an adaptation may include any other acylate or any
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preferably from10.5 to 1 1 .5. Eluent may al so be
water with acetonitrile or acetone preferably in 5%

w@oemwcerspat i on v/ v, or nethanol in water prefePebiN20@H00187

concentration v/v, or an organic solvent mscible in

wat er,, i n . rati ' t ho .S ' y f

o1 oteh gBet; B Qi BTG S pudhe T B HEAR may
and (X. S.Zhao and G Q |y, 1998, J.Phys. Chem B 1998,
1oz,*§%’§§9]ZF§dT?.§e?ﬁ%‘3f8“ﬂE’|- uded the fol | owi ng

:Silanization of silica gel is carried out by allow ng
the vapors of the silanatin ent, sych as

i rRery Thenpasitial ok RS SHFTRSEHyfch ler JFBRRTaLE Wes @gived to
on to the silica gel in a closed environpent. This .

pr ocaitain eaxaient) temgeriuies, LAY Aot desR” & @dmas stirred for
hours. After the silanization, the silica is dispersed

in v@Q erinaed. (The Sattion mnagsvas tendwated énbs°Gitmaiméained for
top of the solution. This silica is skinmed off and

dri egD bahotes arshfiethien hehtedintat ©00°aphyd neihtined for 6 hrs. The
alternative ways of silanization are reported to be

car ryegdtion/ indse stea%m@ﬁeat@d W tos o1 5renarsd Reldfom80 minutes and
tol uene, Xylene, ethylene dichloride, etc. Silica gel

I's sgapeigditdl bahy 96 aftfomB RoARh Al &8 —Pi. t1ige total

silanating agent is added usually between 1:0.2 to 1:3
ti i 4 ; t i a
| horir iRl aSegl A0 S5 e ks g R Par e o
Col upm S romat ographi ¢ separation on silanized silica
gel RSt plicable for purification of a nunber of
compounds including 6-acetyl- TGS as well as TGS from
reacltii on [ﬁé(tures or fromsolutions done for any

xample 2':

DIRECT PURIFICATION OF NEUTRALIZED MASS AFTER

CHLORINATION

The neutralized mass containing TGS-6-acetate from Example 1, was
filtered in a filter press to remove all suspended matter and a clear filtrate
was obtained. This reaction mixture is an aqueous composition with 20%
DMF in it. 200 kg of silanized silica gel (hydrophobic) was slurried in
phosphate buffer at pH 9.5 to 10.5 and was packed into a SS column
(Here it is necessary to describe both the alternative procedures for
silanizing silica gel) The silica gel was allowed to settle under the buffer
without drying for 12 hours. Column Equilibration was started by passing
about 600 L of buffer solution at pH 10.5 to 11.0. 250 L of filtered
neutralized mass was loaded on the top of the silica gel bed packed in the

SS column. Slight air pressure up to 0.5 to 0.8 kg/cm? was applied to

15



10

15

20

25

pur pose. Exanple 1 : PREPARATI ON OF TGS- 6- ACETATE
252.8 kg of PCI5 was added slowy to 700 L of DWF

W 20021023505 a 3 ass Li ned Reactor with constant BCT/IN2006000187

at 2Q0C tenperature. The Vil sneier reagent thus forned

th [ ] t 7
sucHEEng. ng@ﬁ?ﬁ%ea‘)a%% Spioa e affte (1 Begd Il rgte from
con tant ring.
haaitns 6 ik aiEg P EPHCA ?#5%”%8@3@%“ mass
sucr ose- 6 acet ate an adaptatijo an
oy IRRSE28 CORPE HIRTALERdRS e hapEHtked STighidsh i Slution
adaptations / nodifications may have to be nmade
accdrufengl yat aH et0.5 hio ddel t i wASopddert and the fractions were
sucrose-6-acetate, tenperature was allowed to attain
arr‘plmfngrsseivpslreiuhede:ontimmmlly.y around 30-35 C, and was
stirred for 60 m nutes. The reaction mass was then
heated to 850C, maintained for 60 m nutes and further

heatBethteullli9@Gomradraitidrabulée #rerprépdmed. byTmakingaz Oi lomolar
mass was again heated up to 115C and held for 90

M nupgetdtidr@n dRllirh addatstd sslutien Adanuosiivg od yiH wf the
up to pH 6.5 -7.0. The total volune was about 2000L of

neutdsiiicked 1@531%%% 8hdGmn %)@cﬁe TGS-6- acetate
Exanple 2 : DI RECT PURI FI CATI NEUTRALI ZED MASS

AFTER CHLORI NATI ON
After the first 200 L of output from the column, the fractions started eluting

out in pale brownish colour. 200 L fractions were collected separatély and
were analyzed for DMF and TGS-6-acetate content. The details of the
‘fraction after HPLC and GC analysis are given in the table below. After the
elution of TGS from the column, thé passing of the elution buffer was
stopped. Then 200 L of methanol was passed through the column to elute
out all unwanted impurities and colour from the column. This was followed
by passing 600 L of buffer at pH 10.5 ~11.0 for equilibration before loading
the column with fresh neutralized mass to carry out the next cycle of

purification.

The fractions from 4 — 8 as shown in the table was pooled together and
were subjected to concentration by membrane filtration. The concentrated
fraction up to 15% of TGS-6-acetate solution was taken for deacetylation
using calcium hydroxide slurry. The deacetylation was monitored by TLC.
After the deacetylation, the mass was extracted with 1:3 times of ethyl
acetate. The organic layer containing TGS was charcoalized,

concentrated and crystallized. The crystallized product was analyzed by
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The neutralized nmass containing TGS-6-acetate from
Exanple 1, was filtered in a filter press to renove

wa@bkdo7measpended matter and a clear filtrate wasPCT/IN2006/000187

obtai ned. This reaction mxture is an aqueous

CONPQ$PILE OITHai ﬁdht}zWé’s%nd b bé 98%3)9 akd tRE opk afﬁw %ISQ/vas found

silica gel (hydrophobic) was slurried in phos
bUfob bét25@/£'|o9s@cr59e %%s?eﬂﬁ@utwas packed |nto a SS
colum (Here 1t Is necessary to describe both the
alternative procedures for silanizing silica gel) The
silica gel was allowed to settle under the buffer

wi t hout drying for 12 hours. Columm Equilibration was
started by passing about 600 L of buffer solution at
pH 10.5 R6011F@ctiad L ofGHid-hestett néut DAIF a66teABSS
was | opded on the top|of thenginti ca gel bedK@acked i N
the SS colum. Slight |air pregsure up to 0.5 to 0.8
kg/ cn2-was—appted-topush the neutralized mass through
the si @&t'ﬁ’gl bed. Th®G1ow rate froM& he col um out
put vvasF@@n@ﬁ,Qed to 209 dPH As the 19[£ra| rzed eSS

passed CRcRbeBElY Thr l@)gt? the top bej? fo_the packed

silica 3 e etutiyp buffer—at—pHfE5to—11-0-was
added df@lg :glrﬁsfy ract u..;? 3Jv'ere ptogress g@' v_eluted
contln‘tr[y dn Bot-h—egtH tii-bration—and -Q.Hflnn buffe
are pr ﬁ\/ maki-nd 1 1 ol ar anernt ration of
sodi unp “égi %Z sol uti af-%nd adj ust i ng00%e pH of the
sol ut ildHaekend - 11 5(Qd5g sodi um hy@oxi de. After
the first 200 L of output fromthe colum, the
fractions started eluting out in pale brownish colour.
200 L fractions were collected separately and were

anal Yﬁ@@t@&@ra%n?g&tgﬁ%g%m&le%&e ot e -lr-claqgovery.

det ai |

=

Example 3 :

DIRECT _ PURIFICATION _OF NEUTRALIZED MASS AFTER

CHLORINATION

The neutralized mass containing TGS-6-acetate from Example 1, was
filtered in a filter press to remove all suspended matter and a clear filtrate
was obtained. This filtrate was treated with 150 L of calcium hydroxide
slurry in water at pH 9.0. The deacetylation was monitored by TLC. After
the completion of deacetylation, the pH was adjusted to neutral and taken

for purification by silanized silica gel chromatography.

250 L of the deacetylated mass was then taken for purification by
hydrophobic silica gel chromatography. 200 kg of silanized silica gel

(hydrophobic) was slurried in phosphate buffer at pH 9.5 to 10.5 and was
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fraction after HPLC and GC anal ysis are given in the
table below After the elution of TGS fromthe col um,

wao b@7p23583 ng of the elution buffer was stoppedpCTiN206/000187

200 L of nethanol was passed through the colum to

Co RO R e ERE S TR P e e
S0 EA e SR AR CERI b EE st o
0" g et LR R SEORLE (1 e o e

subj ected to concentration by nmenbrane filtration. The
conceaagelylaiedfnass mas lopded onshe dep pEthessilie ot bed packed in
solution was taken for deacetylation using calcium

hydr thei 88 columm.y Slighteaicpresstisd @ taf.5viad). dkgianot wes applied to
TLC. After the deacetylation, the nass was extracted

W t hplsiBtid nedratizee tiiyds tesligh the silita galdm. cThaylew rate from
contai ning TGS was charcoal i zed, concentrated and

crysitad tdldmd- oul et Gasddpldied @6l 200 QG t AvaRe ABatygREed mass,
byHPLC. The purity was found to be 98.5% and the

over ghlchy il %ﬁ?éw%rﬁr@sﬁ%nzg%iﬁérymrﬁﬁ'iﬁrn - ?Qiﬁ% DMF

ifnput. The other fractions contalnin wer aken
: Gl GATI .
2 LB BN e R R R 0L o
i Nl ng TGS 64 Exampl e 1 _
s oG A 78S 0 8k el BRI AR Gt eliSgoressivel

matter and a clear filtrate
e,rute(J1 con%muous y.

Both equillibration and elution buffer are prepa.red by making a 0.1 molar
concentration of sodium acetate solution and adjusting the pH of the
solution to 10 — 11.5 using sodium hydroxide. Fractions were collected as

in the case of example 2 and results are as shown in the table below.

200 L Fractions TGS content DMF content
kg kg
Fraction 1 0.0 0.0
Fraction 2 0.0 0.2
Fraction 3 0.1 70.0
Fraction 4 0.8 10.0
Fraction 5 2.0 1.0
Fraction 6 0.5 0.2
Fraction 7 0.1 0.05

Fraction 5,6,7 were pooled together and was taken for concentration by
membrane filtration. After concentration up to 15% of TGS content, the

solution was extracted into 1:3 times of ethyl acetate. The organic extract
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was obtained. This filtrate was treated wth 150 L of
cal ci um hydroxide slurry in water at pH 9.0. The

walemcoryshat i on was nonitored by TLC. After thePCT/IN2006/000187

conpl eti on of deacetylation, the pH was adjusted to

neUtﬁvﬁls c%'ﬁ@eﬁﬁgt%ﬁ il %rg&%\'ll z#e& oD o@é(raﬁ }}JIQQ ogff‘glnéél lHa%@d on

gel romat ogr a t he deace

e D U A P B gEeEen 21 ea oo

(hydr ophobi c) was slurried in phosphate buffer at pH

oo §he St sefonS SRR DlE ekl Hhar ' 2

drying for 12 hours. Columm Equilibration was started
by passing about 600 L of buffer solution at pH 10.5
to 11.0. 250 L of filtered deacetyl ated mass was

| oaded on the top of the silica gel bed packed in the
SS col um |ight air pressure up to 0.5 to 0.8 kg/cn?
was Eé%ﬁn@@ﬁto push the neutralized mass through the
silica gel bed. The flow rate fromthe col unm out put
mlsca usted to 2[)0 LPH AS tThNde[gcet _ll_atﬁdﬁsz_, .

12- 20% DMF passed con‘pl etel y through the top bed of

t he packed silica the elution buffer at-

to 1After \WE?SCB'@E!@@I“%@S tsﬁ:ﬁe@ AR EABE lethe ﬁ%@@‘@@gl r\T/‘él5§ thus
el uted continuously. Both equilibration and el ution

buf f ebtairasl s disacthdexyaatedkiimg 43b fimas af ethyl acetate and the
concentration of sodium acetate solution and adjusting

t he et wehe sephratédn The bfpanicllayer wesngepardiagnout and was
hydr oxi de. Fractions were collected as in the case of
exanHem 2ubjediedetulcbacart@tian. sTownDIMF taetiticalige iniel e. ethyl

acetate layer was about 10 —12% of the total DMF content present in the

neutralized mass.

The inorganic salts and rest of the DMF along with water was separated

and taken for DMF recovery.

The syrup obtained after concentration of ethyl acetate was taken for
purification by hydrophobic silica gel chromatography. The syrup was
aqueous with about 28% as DMF. The loading of silanized silica gel and

equilibration was followed as per example 2 and 3.

75 L of the syrup was loaded to the column and fractions were collected
as per the earlier experiments. The pure fractions obtained were pooled,
concentrated, deacetylated, extracied into ethyl acetate, charcoalized,
concentrated and crystallized. The vyield by this route was found to be

16.9%
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Fraction 5,6,7 were pool ed together and was taken for
concentration by nenbrane filtration. After

w@omceraspati on up to 15% of TGS content, the sSPECTIIN2006/000187

was extracted into 1:3 tinmes of ethyl acetate. The
orgag%gﬁm@ggactv\as concentrated and crystallized. The
overa yIeld obtai ned based on sucrose-6-acetate

i nput was found to be 18% The ot her fractions

. \
After the chlorination as stated in exanple 1, the

heut Aﬁé%ﬂ?j c%ﬁﬁatti#wé% %*? 8l NR Eolapn r‘lefttée}{?%lfz@atrﬂgsés thus

into times o yl "acet ate "and ayers wer
separ.

ted.. The or | [ u nd _wa .
honoBaifes Vs PheaRdent ToriRe SRR Ak P ndtheffim
into the ethyl acetate |ayer was about 10 -12% of t%}

t ot alneDRASS, ReGAMe, PN iPh IEHE REIRYL o, PTgadle. Salf, also
inorganic salts and rest of the DMF along with water,

was ResHitatecidaieg thacaiocesy DS waeavesryl sofidehasfe.uphich was
obtai ned after concentration of ethyl acetate was

t ak eaxifagteg intd 1.2 Hmes rof p{hyhpeetafsh siddhe isplidawgea separated by
chr omat ogr aphy. The syrup was aqueous w th about 28%

as Dilratioihe Theadigagiofiltratd aas 2ben siubjectedyid camzkntration. The
equi libration was followed as per exanple 2 and 3. 75

L of DT pajtitispingeiatd thadetylt scdthie lapbiwas amduf 18Ckiadrtke total
were collected as per the earlier experinents. The

pur epMreshtBREPrRBER IRtk MELRIIREQ nftbs.

The syrup obtained after concentration of ethyl acetate was taken for
purification by hydrophobic silica gel chromatography. The syrup was
aqueous with about 30 % DMF The loading of silanized silica gel and

" equilibration was followed as per example 2 and 3.

75 L of the syrup was loaded to the column containing 200 kg of silanized
silica gel. and fractions were collected as per the earlier experiments. The
pure fractions obtained were pooled, concentrated, deacetylated,
extracted into ethyl acetate, charcoalized, concentrated and crystallized.

The yield by this route was found to be 20.6%

Example 6 :

Purification of neutralized mass by resin chromatography
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concentrated, deacetyl ated, extracted into ethyl
acetate, charcoalized, concentrated and crystallized.

wab@®7923hsl by this route was found to be 16. QYEXEHIMNM0&/H0187

CONCENTRATI ON AND EXTRACTI ON OF NEUTRALI ZED NMASS

neut 1 1Euf B Hiher BofiRuma ms”%ﬁ%gﬁt@%% Boiigle 1, was
Cyr oSk a B RO TG avH oF GHPEndsd et 230 o SRa ivate

preci pitated during the process. This was a sem solid
past Was\pRiaPedwas extracted into 1:3 tinmes of ethyl
acetate, and the solids were separated by filtration.
The orgam c filtrate was then subjected t

concéf? keof RS Ghe resirwaaslurtipd i WQOSPH?I? @W@eratwi 9.5t010.5

acetate | ayer was about 15 % of the total DMF content

pr esend was pavked dnforaaBSzealumas J heTRainsyas, pllemecineettle under
after concentration of ethyl acetate was taken for

pur i fHechtiffernwitlyoutydityiopHobil2 heiurs. c £ofpehn doguilitedtigr ephystarted
The syrup was aqueous w th about 30 % DMF The | oadi ng

of sbl Passipd abdut GDOYE|of dutfer selitibhiderpgH 106 v@I1.0. 250 L of
foll owed as per exanple 2 and 3. 75 L of the syrup was

| oad@ferbd idi@afldmass WHsAbBIEWor Wk kb of thel reami Eeﬁil’(ed in the

silica gel. and fractions were collected as per th

ear | ‘S%r cOURR | @ﬁg %lr deacg‘%?lpf{oaé%l "8, SOP%/QW‘Waé"%bEIIed to

pool e concentr at'ed, extracted int

b B EosRSTER e GRTBRHLBE Ey e v

20. 6c{olumn out put was adjusted to 200 LPH. As the neutralized mass passed

completely through the top bed of the packed resin, the elution buffer.

at pH 10.5 to 11.0 was added and the fractions were progressively eluted

continuously.

Both equillibration and elution buffer are prepared by making a 0.1 molar
concentration of sodium acetate solution and adjusting the pH of the

solution to 10 —~ 11.5 using sodium hydroxide.

After the first 160 L of output from the column, the fractions started eluting
out in pale ‘brownish colour. 150 L fractions were collected separately and
were analyzed for DMF and TGS-6-acetate content. The details of the
fraction after HPLC and GC analysis are given in the table below. After the
elution of TGS from the column, the passing of the elution buffer was

stopped. This was followed by passing 650 L of buffer at pH 10.5 ~11.0
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Exanple 6 : Purification of neutralized mass by resin
chr omat ogr aphyThe neutrali zed mass cont ai ni ng

waa®sso2meet ate from Exanple 1, was filtered i nPEI/IN2006400187

press to reane all suspended matter and a clear

St ur (g RraRR, fgﬁg'égﬁwéﬁeﬁﬁﬁﬁf@?@ 16 Belfdizgd mass o
ot B v “drying for 12 hours.

Col um Equilibration was started by passing about 600

L of uffe SOl ut | 1 0. 250

fi 't APESaaR 1P & ﬁf&"% 4 éﬂj%%weﬁémi%d" lqosi and
Kk h I

tr gsb% éﬁ gul%ggtleadsta &ﬁﬁg‘gﬁc grny @gn{ a% lﬁé,eﬁ'?éj {:gncu&trated

neutralized mass through the resin bed. The flow rate

f r onfregkonc BP dond Stuef peS-Grasetady selubian waszialsen fey. deacetylation

the neutralized nass passed conpletely through the top

bed osingoalqieo kydraxids siury hd hel deeicetyldiiohfweas manitpied by TLC.

10.5 to 11.0 was added and the fractions were

pr ogAdes ithee ldgaedtviaédn cthat mage usay extBadtbd egjth 113 binessi ohethyl

and elution buffer are prepared by making a 0.1 nol ar

concapétagd.i ONThE IRFaNS IRRiratcdnidhilg i TGS Ndvard] disdrcogized,
the pH of the solution to 10 - 11.5 using sodi um

hydr eghéisrafid Shd chastdilized. 68 c,lr Qh11i23H Brdulct %’stahfalyzed by

colum, the fractions started el utlng out 1 n pale

separ bty RAUIAASS 36 per OF oA A (R Tt pp foune

separatel'y an re ana yze
cont gk o89EAekRldeSs-2htel Iut.
200 L Fractions TGS-6-acetate DMF content
content Kg
kg

Fraction 1 0.0 0.0
Fraction 2 0.0 0.6
Fraction 3 0.2 22.0
Fraction 4 0.3 72.0
Fraction 5 1.0 0.0
Fraction 6 1.5 0.0
Fraction 7 0.5 0.0
Fraction 8 0.05 0.0

The other fractions containing DMF were taken for DMF recovery.

Example 7 ;

Recovery of DMF using silanated silica gel from waster water streams
3000 L of waste water stream containing 3%DMF and various inorganic
salts were subjected to Falling Film evaporator to concentrate the stream '

up to a DMF content of 30%.
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fraction after HPLC and GC anal ysis are given in the
table below After the elution of TGS fromthe col um,

wao b®7p28585 ng of the elution buffer was stoppedpPCIViN2906/000187

was followed by passing 650 L of buffer at pH 10.5 -
11, el . : ¢ " N
P egﬁﬁlg C%?H%'{‘tfé;é@tshﬁﬁg'p%g@ﬁ?ﬂs ﬂ?a%'ee%%@%mmn‘ﬁhé%fd silica

neutr y out the next cycle

Pl BRI S5 bl 7B i GLbE! o ERBATA wilh 805 L o

concentration by menbrane filtratipn. The concentrated

fr ac?‘?%ﬂféu ;?U?fsf 1%%’@?@%61%- %\‘Lgt at’gﬁ%rol-{rﬂﬁ i '%so{ Z'Q nPMF
for deacetyl ation using cal ci um hydroxi de s_hur r%. The
deac@@naeatpis hwsame Areigieluilyr wasusest fog payifration.

deacetyl ation, the mass was extracted with 1:3 tines

of ethyl acetate. The organic |ayer containing TGS was

char 8@ theegollechine itthatfist weid alyeeaPDMF egrichet fraction was
crystallized product was analyzed by HPLC. The purity

was ¢dlested i e 6t 820 dnavhehe aboet 0% golotien was elgtatd This
to be 28% of sucrose-6-ester input. The other

f r acsolotien vasicantainiey Pivie IEFearidk evlotidess¥futicmcovery.
Exanple 7 ; Recovery of DMF using silanated silica gel
fromwaster water streans 3000 L of waste water stream
cont FhaisupsSJavt factionayielssl other galoue irmpliitiesvarid salts which
subjected to Falling Fil mevaporator to concentrate

t he gbreaashe 6@t dMmeont ent of 30% Thi s
concentrated solution was then | oaded on to 300 kg of

silanated silica gel packed in SS colum. This silica
gel yAS restlickéd DMredavithéh &kenlarRf ukeriabectbad 76% sélution in

pH 10.5 to 11.0. After the |oading of the DW
water or was subjected to water removal by triple effect evaporator and
purity of DMF recovered was found to be 98.7%. Same effect could also
have been obtained by an alternative method involving use of distillation at

reduced temperature, including but not limited to use of Falling Film

Evaporators, Rising Film Evaporator and the like.

Example 8: Separation of 5,6-methylenedioxy-1-tetralone from DMF by

Silanated silica gel chromatography

The mixture containing 5,6-methylenedioxy-1-tetralone in 20% DMF
solution was subjected to separation by silanated silica gel

chromatography.

500 ml of the sample was loaded on to 2.0 kg of silanated silica gel
packed in a glass column. The silanated silica gel was equilibrated with

acetate buffer.at pH 10.5 to 11.0. After the loading of the sample, the
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concentrate, the sane acetate buffer was used for
equilibration. After the collection of the first void

wa od0ae3soDMF enriched fracti on was col | ect ed | PCT/EN2006/000187

first 120 L where about 70% sol uti on was eluted. This

Sol uioBfle ¥ihas Aipdistsbe PELEIE ARG, 452831 TR0 1000 mi
col ultherRldr g padire e B ReraanRh ol BRI the Sampe

such as 70% solution in water or was subjected to

vat elap sppRigtely\elvted 9k ef fect evaporator and purity

of DMF recovered was found to be 98. 7% Sanme effect

coul d al so_have been obtained by an alternative nmethod
i nvoll 0e AMEdeusserarated was suhiedpd te wateidemaygbaamandoned in
including but not limted to use of Falling Film
Evapbxampies?. Rftel thy wateriemeysbrine &iMEpdrityheag foked to be 98%
Exanpl e 8: Separation of .

5, 6- met hyl enedi oxy-1-tetral one from DM by Sil anated

si | i ¢he geodbitshphasst was emycliEmgedi trt40% of anetanaiimgvater and the
5, 6- met hyl enedi oxy-1-tetral one in 20% DMF sol uti on was
subj B@E-methyterseiicyat-tetraldne sidsashitext! osit,| corcepdriated, extracted
chromat ogr aphy. 500 ml of the sanple was | oaded on to

2.0 Kfdefystllizsgat ed silica gel packed in a glass

colum. The silanated silica gel was equilibrated with
acetate buffer at pH 10.5 to 11.0. After the | oading

of the sanple, thenobile phase used was again acetate
buffer at pH 10.5 to 11.0. 1000 m of the buffer was

passed through the colum and the DVF in the sanple
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was conpletely eluted out. The DVF thus separated was
subjected to water renoval as nentioned in Exanple 7.

WQ@\RG0en23she wat er renoval, the DMF purity was fRCHIN20@/000187

be 98% The nobil e phase was then changed to 40% of

acetone in water and the

5, 6- net hyl enedi oxy- 1-tetral oBbAMS el uted out,
concentrated, extracted and crystallized. CLAIMS 1. A
process of removal of a terti ary am de conpri Sjng

pr ef dr abl Y Bragess &f renryak of Adaitigey @oNgg copwpisiag preferably a
aqueous conposition .by chronmatography wherein; a. the
said hhwtnﬁfs@:ﬂwwf@npa@idei oPME) | ofived om aqfiexesd ¢ardposition by
adsorbent which is non-polar, and b. eluted by water

at pldhibrhatoyZaphyr whereal)l y by an aqueous al kal i ne

solution. 2. A process of claiml wherein the said

aqueous conposition contains, in addition to DMF, one

or nore of.an theganidc aguéamulcompoisitioni B RAHednoRrPXed bed
sol vent including a chlorinated sucrose-6-ester, a

chlori nated sugf&sBentdictris hdiepsiar,naon- pol ar f| xed

- bed adsorbent is silanated silica gel; b. the said

aqueous al kaline solution is one of the fol | ow ng: i

water, mope pr @fu@é&bymaebta&fm 7 @&nqstp@@keFéblﬁlblyaém HRyueous
pHW|th|n range of 7 tol2, more preferably of

11.5, still alkaline solution.

2. A process of claim 1 wherein the said aqueous composition
contains, in addition to DMF, one or more of an organic molecule which is
not an organic solvent including a chlorinated sucrose-6-ester, a

chlorinated sucrose, and
a. the said non-polar fixed bed adsorbent is silanated silica gel;
b. the said aqueous alkaline solution is one of the following:

i water, more preferably a buffer, adjusted to alkaline pH
within range of 7 to12, more preferably of 9.5 to 11.5, still

more preferably from 10.5 to 11.5;

ii. water with acetonitrile or eluted by acetone preferably in 5%

concentration v/v;
iii. methanol in water preferably 2% concentration v/v, or

iv. an organic solvent miscible in water in any ratio.
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nore preferably from10.5 to 11.5; ii. water with
acetonitrile or eluted by acetone preferably in 5%

w@oemwcerspati on v/v; iii. methanol in water prePEr/R0§6/000187

2% concentration v/v, or iv. an organic solvent

m scigl & Inl WRE&S of daiR Y cbﬁ\griﬁinﬁ-stﬁbs%focess of claim2
conprising steps of: a. Attachifig a silane group to
silica gel by using one or nore of a process of

el ‘I’ phisphat SoEIPYE siafle Tt 109 1% fouAUARERG of bre o
[ i nl I . . li f b
12 hour s, . caniraed ST ERIERIGERY buf't or of pH

10.5 to 11.0, d. loading the DMF containing agqueous
l'iquid coppositjon. at .or.around neutral pH he to
of “the i Froa GufVBiBRRE R Gdh ehoadaifRuldPat BR 0.5 to

applying slight air pressure, preferably up to 0.5 to
0.8 kol e to nASnARdasREng idipi 2 Stpingss Stas ol Rad setiing
silica gel bed f . passing the said aqueous

conposi ti on coffr@PRPhIZ bRESconpl et el y t hrough the top

bed of the packed silica gel, g. ‘adding the el ution

buf fer at around_ﬁH 10.5 to 11.0, h. collecting

separ at el ¢ DVFegeifibrating agluniraley 8 dafer of pH 10.5 to 11.0,

d. loading the DMF containing aqueous liquid composition at or
around neutral pH on the top of the silica gel bed packed in

the SS column,

e. applying slight air pressure, preferably up to 0.5 to 0.8
kg/cm? to push the neutralized mass through the silica gel

bed

f. passing the said aqueous composition containing DMF

completely through the top bed of the packed silica gel,
g. adding the elution buffer at around pH 10.5 to 11.0,
h. collecting separately DMF containing fractions

i. collecting other components of the " loaded aqueous

composition separately therafter.

4, A process of claim 3 wherein the said process of silanization of

silica gel comprises one or more of a method including:
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i . collecting other conponents of the | oaded aqueous
conposition separately therafter. 4 . A process of

w@ebk@roeBosvherei n the said process of sil ani zat PORIN2006/000187

silica gel conprises one or nore of a nethod

including:a. sig é}ﬂkétﬁ;‘ndBE r@écﬁr‘?ﬁ‘%ihﬂQlfa@ﬁrtshoivﬁpgir%a‘?ﬁwg agent

sil anati ng agent inc W ng the vapo

of a silanati ngnfﬂgg o preferabl y
trimet hyl chl or 0Si 3 or dinmethylchlorosilane to coat

onto a silica gel in a closed environnent for a period
time, preferahly of, 48 hours di spersing the .

treat eg silica éel Py ?‘gwgar#bec:(ylapggs( '(ﬁg qghgvanatmg agent,
silanated silica gel floats atf the top of the
solution b. silani ZB@\?hﬁ%B(y reacti H@q@,wwﬁhloposnane or
trimethyl chlorosilane in presence of a sol vent

conpri sing steps of dimethylshigrasjlpng tei ceatacriel i siliem gel in a
organi c solvent, preferably toluene, ii. adding to it

tri met hyl chl or osi | aglesedché@nwirontment fohamperigt itiye, preferably of 48
preferably by stirring, at a slightly el evated

tenperature for a phoured of tine, preferably at around
45C for about two hours,

ii. dispersing the treated silica gel in water and collecting
the silanated silica gel which floats at the top of the

solution

b. silanization by reacting with trimethylchlorosilane in

presence of a solvent comprising steps of:

i. slurrying silica gel in an organic solvent, preferably

toluene,

. adding to it trimethylchlorosilane and mixting
thoroughly, preferably by stirring, at a slightly elevated
temperature for a period of time, preferably at around

45°C for about two hours,

iii. filtering off the silica gel cake and washing it with
" methanol thoroughly to remove traces of the said

organic solvent used, followed by water wash,

5. A process of claim 1 wherein the said aqueous composition

‘contains, in addition to DMF, one or more of an organic molecule which is
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prefer abI % concentrat i
rab

iii. filtering off the silica gel cake and washing it
wi th net hanol thoroughly to renove traces of the said

wWoe@antisosol vent used, foll owed by water wash, PGI/IN2006/000187

process of claim1l wherein the said aqueous

conpogdtt iagn &Qéﬂlé" @élvehtn lﬁEiI%fngo% t&l&h":ated)nguc%Fg-g -ester, a

of an organlc nol ecul e whi ch not an organi Cc SO

i ncl ushidKhafe d(fghd?{)ié‘%tn%d sucrose-6-ester, a chlorinated

sucr ose, € sai d non-pol ar flxed bed adsor bent
s a polyacrllyc based resin ADS600; b. the said

| kal t : |
o S era%ff  hai gl e el fadta S Rolyacrilyc
Hwth 7 f bl f 9.5
T A noBah @ﬁé@ﬁﬁ%ﬁim"ié v e

water with acetonltr| l e or eluted by acetone

ii. methanol in
wat er pr e Sl Agued "T"g?lirl%sci}‘/‘t@” igone\pf thg following:
organic solvent nmscible in water in any ratio. 6. A
process of claiml, i’:\{%d aim?2, or claim5 wherein the

sai d chlorinated sufPEEeMong Nigiegably & buffer, adjusted to alkaline
trichlorogal actosucrose (TGS) and the said precursor
or derivative of chPidrwithie sange ef dste12nolonelgseferably of 9.5 to
6-acetyl- 4,1 ',6" trichlorogal actose (6-acetyl-TGS)
7. A process of cl alhbistdrmotegpnefetably frovai @n5%ovities:ei n
t he sai d aqueous

i water with acetonitrile or eluted by acetone preferably

in 5% concentration v/v;
i, methanol in water preferably 2% concentration v/v, or
iv. an organic solvent miscible in water in any ratio.

6. A process of claim 1, or claim 2, or claim 5 wherein the said
chlorinated sucrose includes 4,1’, 6’ trichlorogalactosucrose (TGS) and
. the said precursor or derivative of chlorinated sucrose includes 6-acetyl-

4,1',6 trichlorogalactose (6-acetyl-TGS)

7. A process of claim 1 or claim 2 or claim 5 wherein the said agueous
composition subjected to chromatographic separation is derived from in

one or more of following means:

a. dissolution of the TGS or 6-acetyl-TGS, in an aqueous

medium.

28



conmposition subjected to chromat ographic separation is
derived fromin one or nore of follow ng neans: a.

wale@3okisos on of the TGS or 6-acetyl -TGS, in anPEUNE0WB00187
medi um b. as a process stream an aqueous reaction

mxture, derived d pRiteds RS SarPhqidBUEacath Mixtli® derived
or 6-acetyl - TGS. _

from a process of production of TGS or 6-acetyl-TGS.
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