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wQa BEiOHsba38d. Fl ELD The present

ENZYMATI C PRODUCTI ON OF SUCROSE- 6- ESTER, AN
| NTERMEDI ATE FOR THE MANUFACTURE OF HALO SUGARS.

enzymatic production of sucrose-6-ester, an

i ntermedi ate used in production of halo (chlorinated)
sugars including 1'-6'-Dichloro-1 '-6'-D

DECMY b- Fruct of uranasyl - 4- chl or o- 4 deoxygalactopyranos

%K%X@I\B@nd F@PH@ELHI\Q?PG\I g r ate |es é}?r'ﬁgﬁEcEﬁ‘t AN
e IR SVBRIRLEF S (P BANhE CTOBEAF A SUGABEve

chlorlnatlon of sucrose-6-ester by use of
Vi y reagent derived from vari ous
c nts such as phosphorus oxychl ori de,
oxal yl chlori de, phosphorus pentachloride etc, and a

de suc i met hyl fornmam de DNF) or
o e AieeRl bvenfaeridiSs o Srritints Bisdhoien of ave SdicEgse-G-gster,
form6 acetyl 4,1', 6'trichlorogal actosucrose. After
t h@h wﬁ%ﬂn%@t@rqﬁeﬂt ingprodlutian ehhalorehlognaterh sugarssinclsiding
neutralized to pH 7.0 -7.5 using appropriate al kali
hytr@Rickeroot’-a-4) DEOKY-Befhuatofurahasyl-dnchldrioefdpbky-
preferably increased still further to deesterify /
degalattypypragosite (BG8F ahd its prdcursor (TGS-6- ester ).
"trichl orogal actosucrose to form4,1
trichl orogal act osucrose (TGS). Sucrose- 6 ester IS
usBACKGRBUNDSOF HEENEENTI@Nt i on of sucrose, is a
precursor of TGS - a zero calorie high intensity
sweetener or taste nodifier used in food and ot her

appirategicbonss IppioRVesrt tRemRRiker bflfﬁ\édm:oﬂfsk&?m@‘f‘ 6
has to be carried out at the 6th position al one and

t fighlbfogaldBdRcrose  (TGS) predominantly involve chlorination of

sucrose-6-ester by use of Vilsmeier-Haack reagent derived from various
chlorinating agents such as phosphorus oxychloride, oxalyl chloride,
phosphorus pentachloride etc, and a tertiary amide such as dimethyl
formamide (DMF) or dimethy! acetamide to chlorinate Sucrose-6-ester, to
form 6 acetyl 4,1, 6'trichlorogalactosucrose. After the said chlorination
reaction, the reaction mass is neutralized to pH 7.0 —7.5 using appropriate
alkali hydroxides of calcium, sodium, etc. and then pH preferably
increased still further to deesterify / deacetylate the 6 acetyl 4,1,

6'trichlorogalactosucrose to form 4,1, 6' trichlorogalactosucrose (TGS).

Sucrose-6-ester is usually derived by esterification of sucrose, is a
precursor of TGS - a zero calorie high intensity sweetener or taste

modifier used in food and other applications. However, the esterification of

i nventi on rel at eSPEDIN2006/000478
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chal l enge for its manufacture because the position at
which this esterification is ainmed at is |esser

WO e@c66386 t han ot her nore reactive conpeting pPST/IN200E000478

i.e. 1'and 6' positions To achi eve regi osel ective
esterification, various nmethogds have been described in
t HdIcKPssahae tasha cheigdsoutat the tirat alose @ind this is a major
sucrose-6-ester including but not limted to by tin
mechiatieege aftduds franofdciue fbechosedthey pesitieni Bt cwhiobn this
and direct esterification of the sucrose in pyridine.

HawteéficatioRtiBogimed at a5 Jassdr sadutingsSinan 6hen bR reactive
regi osel ctive ones, result in formation of various by

Prevhtisdtmgaitditionsli at 1'aRd Y pesidenes have to be evol ved

to purify the sucrose-6-ester prior to chlorination.
Further inprovenent is required in achieving nore

COfY r&¥hi b jof 1 erhf i catlon.

THE Iél\tll\k/]!lzéil\l[‘lbl %'éﬁ%gﬁﬁ’ﬁeﬁ }egﬁ'bgﬁdéil gL n&%ﬁ%@?}%g: been
e : < 0 Qr
s ERbed rEe Buai eSS wAy 1 e dctals I clo R ter
or. ar steri fyi. agent.. inecludi ng, an_organic _acid
gl T RSB ip e ate A B B ol by
| i pase. enzyne ejther in_free or inmmbilized formijn

¢ HE i TisBUAR ang digst esielfication ! the SueEsy 1 RVEENG, Havever,
any other suitable solvent in which the enzynme is _
stapiheds Tvia ergaBic g§yBhgsisneven ubedraginsslative” engs, result in
posi tion of sucrose nol ecule could be an al kyl , aryl,
sUbenatian of varikys hyr peglusts aodedolatiph pocegurediteve to be
depends on the reactant used for the esterification.
TheoBrealc ytb - puriyodiee t fusosbBadgtad wvn tre ¢id@thation. Further

improvement is required in achieving more control on site-specific

esterification.

SUMMARY OF THE INVENTION

The invention discloses a process of enzymatic acylation wherein a 6-acyl
sucrose is major product when sucrose is reacted with a suitable acyl or
aryl esterifying agent, including an organic acid, in presence of a novel
lipase enzyme or cross linked lipase enzyme either in free or immobilized
form in the presence or absence of the tertiary amide or in any other
suitable solvent in which the enzyme is stable. The ester group introduced
into the 6" position of sucrose molecule could be an alkyl , aryl,
substituted alkyl or substituted aryl group which depends on the reactant
used for the esterification. The 6-acyl-sucrose thus obtained can be used

for preparation of halo sugars.
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for preparation of halo sugars. PRIOR ART Dordick et al
(1992) in US patent no. 5128248, have discl osed a

w@r@cmessé or acyl ati ng sucrose or a derivati veP€TE¥20a{/000478

on at | east one of the 41- and 6- positions, in which
siRIOR ART y a donor acyl ester is reacted with
sucrose or a derivative thereof in a non-hydroxylic
solvent in the presence of a mcrobial |ipase. The
s&adighebal ¢899 In YSapateatnpvel 28248 have glisclgsedrpeocess
acid or benzoic acid. Bornemann et al (1992) in US
pédoreacylating Sucta8H60r attevivatives heosaf dbraahieasioond of thehd- and
preparation of partly deacyl ated acyl ate of sucrose
h@vi pesitiang, igr atich spedificatly atddrive deyl éster dndedtted with
positions and at | east one free hydroxyl group in each

r isBroskenorIiElative YRerasRinas haabyiRHGli¢ Sollémah ek prddence
an enzyne or conbination of enzynes capabl e of

?%tfaé Xﬁfcﬁ%iélhgp%’}é. Moy $ht Bbnét ebRASE g%aa‘mé eBlePUSF an

romeacn rin sal d sucrose octaacylate In an

S%ﬂﬁﬁfcﬁaif"g?éﬁ?%%ﬁ! ng water and up to 50% organic

a pH of 5-7, and isolating the
resulting partly deacyl ated sucrose acyl ate, said

CIRHEaRR! 8026 P1) S ISOBABRE nal 3B1800Shld fbcRised a

pancreatic Iipa yeast ‘esterase, funga

a0 1BEsDEP AR o PRV e ARREH Bl of U646 having

pe it e RV e g N

i g A S50t Bl Tt v
an enzyme or combination of enzymes capable of catalyzing thé
hydrolysis of at least one acyl group from each ring of said sucrose
octaacylate in an aqueous medium comprising water and up to 50%
organic solvent buffered to a pH of 5-7, and isolating the resulting partly
deacylated sucrose acylate, said enzymes being selected from the group

consisting of pancreatic lipases, yeast esterase, fungal .alpha.-amylases,

subtilisins, Aspergillus melleus protease and .alpha.-galactosidases

DETAILED DESCRIPTION OF THE INVENTION

Enzymatic routes are far more specific in their end products. They are

very substrate specific too.

This invention describes a novel way of producing sucrose-6-ester by use
of enzymes. A highly efficient and selective enzymatic esterification of

sucrose is described. The regioselective reaction is carried out by a novel
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of enzymes. A highly efficient and selective enzymatic
esterification of sucrose is described. The

WO e@oe@becti ve reaction is carried out by a PCT/IN2006/000478

novellipase enzynme or cross linked |ipase enzyne

elther n i il ize I

oot nymg B Rsey FERY “gﬁ%%%n%ﬁ“?"ﬁ“ﬁﬁ@ ?%é?ﬁﬁﬁ&%gﬁ?%d
Ivent in which the enz 45 s%a?] esLer ro&P
! AL A e PreReGCe afe%' Beste 0% ‘Bt el S er

could be an al kyl , substlé ﬂ alk

syiahl ?@PB@“BFWWQM%@WFB% IeigRled ? s %@rpawt%ﬂwced

used for ﬁhe acyl ati on. The 6-acyl -sucrose thus

olintai thed GcarPOB'éIOns@fj SUGFOSSr @pﬂ@@tle ofrwd beal an sallgdr s aryl,

such as TGS, which are used as high intensity

swabstinted. alfyicoresubgtittedi and geoud Whinh égpandssysthe reactant

| i pases, etc. These enzynes can be immobilized in or

orysey Mbhilei acyfioyiMETHeC 6-3idpsUdresesthtis gitainbdtcandie used for

limted to polyacrylic, or polystyrene or

p‘ﬂréﬁ&éﬂé@ﬂf H8lo diafsh@s 88 TEP RAIES ard s B HIGH nedristy

nat ural organi ¢ supports |ike those based on

p gﬁﬁparldes such as, but not limted to cellul ose,

s%g%% , dextran, agarose, chitosan, chitin, etc.; or

i norgani ¢ supports |i ke those based on carbon, silica,

z i'lrh%oé“z&me[%#gge@ur‘n@nul& ibfece%@ér‘e@%@ hﬁ%gé‘@te% %%Fe Eﬂ?)émes can

sourcg ase ¢dn be df ani m

f
e BRrapiged gh o aleRsaran e EPRBAS w2 et
PG 19 dRR VRS ot PoyShEs |4 PRlyaSH 'I%e{ées for based

Asperigillus oryzae, Rhizopus niveus, Candid %
RAUPBANE A aﬁnw\%ynthem%waraémam%W@%PrtSeM'@ thgpe

equi val ent .
polysaccharides such as, but not limited to cellulose, starch, dextran,

0sa,
ased on

agarose, chitosan, chitin, etc.; or inorganic supports like those based on

carbon, silica, zirconia, alumina, zirconium phosphate, etc.

The source of the enzyme lipase can be of animal, plant or microbial
origin, more preferably microbial or bacterial origin such as Bacillus
thermocatenulatusis, Pseudomonas aeruginosa, etc., fungal origin such
as Penicillium Roquefortii, Asperigillus niger, Asperigillus oryzae, Rhizopus
niveus, Candida rugosa, Rhizomucor miheii, Candida antarictica, efc. or

equivalent.

This strategy, in effect enhances the yield and purity of sucrose-6-ester,
which is taken for the chlorination step as such or after the removal of
solvents, for the preparation of Chlorosucrose derivatives, which in its turn

improves the purity and yield of Chlorinated sucrose produced.
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This strategy, in effect enhances the yield and purity
of sucrose-6-ester, which is taken for the

W@ kioa6a3sd | on step as such or after the renovaPCDiN2006/000478

solvents, for the preparati on of Chlorosucrose
derivatives, which in its turn inproves the purity and

yi g thiihvéitionr thB&inegmatie cBReBiofdi &88rdsB tb Rlugrose-6-acetate
invention the enzymatic conversion of sucrose to

SUBEQsRiafly RRh e RS §§é‘tdfaél5éfoéé“’%hfi Sfcei®adl§ b Sitable
sucrose and acetic acid or a suitable organic acrd or

a j I r AR ~_as,. the

7 ety acty 8P o Bab iy B 0B oS st o ok "Bactants
maj or. pr.oduct The fol |l ow i nvent ed ocess is a

hi SHAPCLY PradugR SUteseoErEL b FanPIGL IR wher ei n for

the first tine, selective esterification of sucrose is
carfi out exclusively at the 6th_posjtion a nove|

- hs faliiiie REnERpRedss s 4 Ay AuBRNLtdsiaaGe ToRstion
reaction is carried out by dissolving sucrose in
nmoWaeigin forrthe firprtinagoselaciiver esiewiiralipi 1of swerasepasarried out
enzyne. The sucrose concentration in DVF sol ution
vaekausivelpat thet positiarobyvanoveldeolateddipade iepzyrsed as an
acyl ating agent and is directly added to the reaction

m xture. .Any other aliphatic acid, substituted

al Inpthig: inyeater procassithis ceaation iscagiddseutthyt didsalvimgeguorose
acid can be used to produce the respective

suitr asxistGree feer DMFhant ewpsriedated with it liphse retagiviedn The
can be anywhere between 150C to 600C. The enzynatic

es§gdrbde eahdediration APIMEEEIH v Larigensmat:i @9 19f0 wiv. Acetic
negli gi bl e amounts of by products if any over a period

ber¥gas ukeH YU ah YcyfriRgWgent Hg g?&“‘"&%ﬂ% 3888 to %Hé;riegé’tion

to sucrose-6- ester Is appreciably and spec!

| SufU, PR BP SREHEAC SPRIRAE) B A R aci
or substituted aromatic acid can be used to produce the respective
sucrose-6-ester. The temperature during the reaction can be anywhere
between 15°C to 60°C. The enzymatic esterification is completed with
generation of negligible amounts of by products if any over a period
between 1 hour to 16 hours. The conversion of sucrose to sucrose-6-
ester is appreciably good and specific for 6" position only. with

appropriate maintenance of reaction conditions. The enzyme can be used

either in free form as powder or liquid and also in immobilized form.

The enzyme is recovered when used in immobilized form. The
immobilized enzyme can be packed in a column and passing the said
reactants at a set flow rate to carry out reaction. Alternatively, the reaction

is carried out with the immobilized enzyme in a reactor and after the
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either in free formas powder or liquid and also in
i mobi lized form The enzyne is recovered when used in

w0 povolosd3seed form The inmobilized enzyne can PET/paobeao478

in a columm and passing the said reactants at a set
flowrate to carry out reaction. Alternatively, the

r ezacttioonthiesernzyme eah batrevovdned by filteriodiitl 6ff &dmetiheymaction
a reactor and after thereaction, the enzynme can be
receeered by filtering it off fromthe reacti on nmass.
The sucrose-6-ester thus obtained is substantially
pure and is easily isolated and taken for chlorination

f Ohet Secrpse@dusstdrothust obdiveds 4g aupstandaily ipaes dnd tideasily
followi ng are exanples, which illustrate working of

t Rotatb@%AALAIRM M EMBHAatid ot tHOprob BctmsTha®s shdHrs.
I nvention In any manner. React ant s, proportlon of

reactants used, range of reaction conditions described

ab%s@ﬂl‘)é’d il kﬁfcﬁl@%vinngea@@xérﬂ 1e8C APForOflustrate WOKGY bPthis

extenas to t ogous r actants, reaction

CORARLLERAE IR0 | S < Blnd ! ROHR AR hC aRE b finer.
general, any equfvalen |

al ternative, Wwhich
ohyvious.to a person.skilled in art of chlorinated ...
SREptabts,  mAmBicn of SEeciolite ket fanbe: fb eRgBd Pneipas
speci fication. Mentign in singular is construed to
cHgeerhadsans ‘Rﬂ'iéll}ﬁﬁ?@g‘,’e 2ReI theisegral 9t thigunveition; extends to
al ternatives enconpassed by that expression, unless
t eicaralegeusiwastanss, rpaetian cenlitiqnszand,gacpns gf analogous
chlorinated sucrose" includes all chlorinated sucrose
cgapeimdsturedn\geaerd!] gnynsquivhlentalteinative, eghicinés ebyious to
an alternative chlorinated sucrose conmpound that nay
perpgarson skiffed fruadtaf @hldrimated slicrese pravuctiex s céveredtwithin
of "an organic solvent" for solution covers use of one
Okhd®Eche0df this specification. Mention in singular is construed to cover its
plural also, including all equivalent alternatives encompassed by that
expression, unless the context does not permit so, viz: use of “a
chlorinated sucrose” includes all chlorinated sucrose compounds
individually as well as mixtures thereof or an alternative chlorinated
sucrose compound that may perform same function in a relevant context.
A mention of “an organic solvent” for solution covers use of one or more of
an organic solvent in succession or in a combination as a mixture or any
one of the several alternatives capable of performing same function as
claimed, described in the description or illustrated in one or more of an
example. In this specification, sucrose-6-ester and 6-acyl-sucrose have

been used interchangeably as equivalents to each other for all functional

purposes.

t
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an organi c solvent in succession or in a conbination
as a mxture or any one of the several alternatives

we apabbéssof perfornm ng sane function as cl ai neRICT/IN2006/000478

described in the description or illustrated in one or
nore of an exanple. In this specification,
sucrose- 6-ester and 6-acyl -sucrose have been used

i nterchangeably as equivalents to each other for all
quéénM.Ehﬁpurposes EXAMPLE 1 ENZYMATI C ACETYLATI ON OF

SUCRCSE | N DVF Li pase from Aspergillus oryzae was

i mobi | i zed on Pol ystyrene beads and cross |linked with
gl BNLYMATBRYACSET Eo’L@EtON @FoBUARE@EEIINdME. 20Qy of
sucrose was dissolved in 800mM of DWVF at 80Q0C and was
cooled to roomtenperature, 34g of the said

| midisisiei frem Aspriigdlusasry aakl esaintmobitizédph Bolystyiong beads
a reaction flask. The tenperature was naintai ned at

300€ cicksSlinket! \aitte giutaraldethyda so afd esntbilpet Ipabe. t400g of
reaction flask wth constant stirring. The stirring

nasuctoss waidedissunikd iReBOBRALOf BN ’ Mo
and HPLC. Acetyl ati Ion up to 70%%/\@?20%%‘2/‘%% c\%glee 0 rggm

h%hﬁoé&ﬂlré,h%% RRRd &l fihoBilizeq WBhge wa'stagfdéﬁ %&Q Rept

enzyrre was washed w th water ecovere
ma %W th no b o
pr oéﬁ@?s‘ﬁ 9‘}%%%}{&?} ]glés)srkc':on | rtr?e\p%?%épl-ﬁ’ws %Wﬁ dzat 30°C.
Y TYLATI E[K:R(BE I N I MYL AL
EN%%@ ace ic acid w(%\ls (gédg dropwise to t e reac’%on lask with
constant stirring. The stirring was continued and the acetylation was

monitored by TLC and HPLC.

Acetylation up to 70% was achieved within 3 hours and the reaction
contents were filtered and the enzyme was washed with water and

recovered.

The sucrose-6-acetate formation was 70% with no by products produced

as confirmed by HPLC.
EXAMPLE 2
ENZYMATIC ACETYLATION OF SUCROSE IN ISOAMYL ALCOHOL

20g of sucrose was partially dissolved in 400ml of Isoamyl aléohol at 80°C
and was cooled to room temperature. 34g of immobilized lipase enzyme
from Asperigillus oryzae , as prepared by process described in Example 1,
was added and was kept stirring in a reaction flask. The temperature was

maintained at 30°C. 3.5g of acetic acid was added dropwise to the
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20g of sucrose was partially dissolved in 400m of
| soanyl al cohol at 80C and was cooled to room

W0 eopesatar e. 34g of i rmobilized |ipase enzynmeP€T/ovR006/000478

Asperigillus oryzae , as prepared by process described
i feagt@ﬁﬁlaéklwﬂwnﬁaabahrana wHe REBINGSWRS coninyed and the
reaction flask. The tenperature was nai ntai ned at
3aoatylatiobgvasf maniédred by diLE awdHRHGed dr opwi se to
thereaction flask with constant stirring. The stirring
was continued and the acetylation was nonitored by TLC
aAdetyRition Apetoy 7% emsuachievetDWithirs 3abbuev add vihehieacBon
hours and the reaction contents were filtered and the

egahiEntsareraafifgtd Wahd thet eizyaiel s avpihed. withewater and
sucrose-6-acetate formation was 70% wth no by

Pr&dersy mfédém:?gseaé-a%e&fté rd?ﬁfét:BM vﬁ%—%%%ﬁ‘{vﬁ’éﬁ%groducm
ERGYNRITC AL AT N G2

g@@‘g was d| ssolved in 100 m of
E%CE’JO é%gycoo%éd to 25C. 26g of |ipase

enzyne isol ated from Pseudononas sp. was added and was
Sthd A lgl Ehgroughl y. The tenperature was again rai sed

t -59 m of Benzoic anhydri de was added and
the reaction was continued for 6.0 hours. The

a%NﬁIYIR‘?Id‘BA?CVEﬂ‘r (e8EPYy Eé‘oé%sﬂﬁ/l Nﬁ‘gd}" NS BENZOIC

BenZoyl'at 1 on Was ac I eved ours wt
Q&\Wct for matl on. EXAI\/PLE 4 ENZYNMATI C ACYLATI ON
1N DVMSO USI NG LAURI C

10g of sucrose was dissolved in 100 ml of DMF at 50°C and was cooled to
25°C. 26g of lipase enzyme isolated froh Pseudomonas sp. was added
and was stirred thoroughly. The temperature was again raised to 50°C.
0.59 ml of Benzoic anhydride was added and the reaction was continued '

for 6.0 hours. The acylation was monitored by TLC as well as HPLC.

Benzoylation was achieved up to 48 % in 6 hours with no by product

formation.
EXAMPLE 4

ENZYMATIC ACYLATION OF SUCROSE IN DMSO USING LAURIC

ACID.

10g of sucrose was dissolved in 100 ml of DMSO (Dimethyl Sulphoxide) at
60°C and was cooled to 25°C. 26g of lipase enzyme isolated from
Rhizopus sp. was added and was stirred thoroughly. The temperature

was again raised to 50°C. 11.69 g of Lauric acid was added and the
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ACI D. 10g of sucrose was dissolved in 100 ml of DMSO
(D met hyl Sul phoxi de) at 60C and was cooled to 25C

WQe@7066356 pase enzynme isol ated from Rhi zopus sSPCT/M&906/000478

added and was stirred thoroughly. The tenperature was
again raised to 500C. 11.69 g of Laurie acid was added
aneattier sastcaninuad foiord.Drheens.f diheSacyldton was Thenitored by
acyl ation was nonitored by TLC as well as HPLC

AcYll@tb eveliveassHRESI eved up to 42%in 8 hours with no by
product formation as confirmed by HPLC. EXAMPLE 5
ENZYMATI C ACYLATI ON OF SUCRCSE | N DMSO USI NG P- NI TRO

BEAZ D tonAADacHiOged lip 36142%sia SNesurdi wisiohy &y proddéGomhation
of DMSO at 600C and was mai ntai ned at 35C. 26g of

| | pasehfemenBy sptat ed from pseudononas sp. was added
and was stirred thoroughly. The tenperature was again

raised to 600C. 4.89 g of p-nitro benzoic acid was
addggpmng she reaction was continued for 8.0 hours.
The benzoylati on was nonitored by TLC as well as HPLC.
Benzoyl ati on was achieved up to 32%in 8 hours with no

DR AT TSP P (R o
PREENZOIC ALIF T

10g of sucrose was dissolved in 100 ml of DMSO at 60°C and was
maintained at 35°C. 26g of lipase enzyme isolated from pseudomonas
sp. was added and was stirred thoroughly. The temperature was again
raised to 60°C. 4.89 g of p-nitro benzoic acid was added and the reaction
was continued for 8.0 hours. The benzoylation was monitored by TLC as

well as HPLC.

Benzoylation was achieved up to 32% in 8 hours with no by product

formation as confirmed by HPLC.

EXAMPLE 6

ENZYMATIC ACETYLATION AND CHLORINATION FOR THE

PREPARATION OF TGS

In one experiment, 200g of sucrose was dissolved in 2000ml of DMF at
80°C and was cooled to room temperature. 34g of immobilized lipase
enzyme from Asperigillus oryzae , prepared by a process described in

Example 1, was added and was kept stirring in a reaction flask. The
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In one experinent, 200y of sucrose was dissolved in
2000m of DMF at 800C and was cooled to room

W0 eopesatar e. 34g of i rmobilized |ipase enzynmeP€T/ovR006/000478

Asperigillus oryzae , prepared by a process described
in Exanple 1, was added and was kept stirring in a

r etesInesAtUre s NRitamedeatabOTR: ws 8nhioh tagietie cardity d OO @vas
13.8m of acetic anhydride was added dropw se to the

r eaddec drdpvask tovthdn reactidhafidskswith rdonstanfrstirrgigi r Thastirring
was continued and the acetylation was nonitored by TLC

an@asiebRtinuagieind tﬁéla@@tyIHQ|anN£s‘3ﬁ’beﬁ§re§®?ITEL\G?QnWHF*LG‘ 6
hours and the reaction contents were filtered and the

enzynme was washed with water and recovered. The DWF

S OA Bty I} tthregBY I agi 4320
was agdegm?ip 2 o}foawgg egcih'ieé/é acwg'ﬁ'g ?h'gm\;? smmtgér rggtl:tﬁ)n

o om‘*?ﬁtéa?@&%tfi“%ﬁef?ﬁ%e% BB et inEREd WAFFRS o
Veichglleh BHE F AR chOfdd MBn s APEnbRgatgRCt  on

reacti on nass was then cooled to 00C and the 6- acyl

su i i ne mat, i cti.o

pou 2o AT 39{1%%29 2o PPV & 2B 7l ARiife AGRfeigHanok
t he 6- F S rose he react mass sgeatedto )
35€48A[Y @ﬁ alh IR Mind E& Iy igﬁae’\é\@? ®myithe treaction
Then the reacti on. mss was heated to 850C, mai ntai ned

f oloTHed e §eend \étj%mﬁlehéfathetaetadatlmD%ﬂwm FRagtipaMass

hours and then further heated to 114C and mai ntai ned

f oand the neadlian mags wasrsticred|tharoughlg5os0 Mirutesadhiegaaction

mass was then neutralized using cal ci um hydroxide

sl masy was thenecoakd t@ Q38 and tlean @-adyesutiost enedMFTbBtained

filtrate was then extracted into
from the enzymatic reaction was added slowly under stirring. After the
addition of the 6-acyl sucrose, the reaction mass was heated to 35°C and
was maintained under stirring for 60 minutes. Then the reaction mass
was heated to 85°C, maintained for 60 minutes, again heated to 100°C,
maintained for 6 hours and then further heated to 114°C and maintained

for 1.5 hours and then cooled to 65°C.

The reaction mass was then neutralized using calcium hydrox.ide slurry in
water up to pH 7.0 and then filtered. The filirate was then extracted into
1:3 times v/v of ethyl acetate and was concentrated to 50% of its original
volume. The extract was then washed with 1:0.1 times v/v of saturated
sodium chloride solution. The sodium chloride washing was repeated 12
times and the DMF content of the ethyl acetate extract was reduced to <

0.1%. The ethyl acetate was then completely removed and the syrup was

10
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1:3 times v/v of ethyl acetate and was concentrated to
50% of its original volunme. The extract was then

wormied3ss th 1: 0.1 tines v/v of saturated sodi PET/IN2006/000478

chl oride solution. The sodi um chl ori de washi ng was
repeated 12 tines and the DMVF content of the ethyl

aGRbflctefid Eﬁm%@%’rn%ﬁ gllén‘?zeﬁ Qi dég‘:?nghq'h%t Mbbile phase

acetate was t ely renove t he syr up

ﬁég%%c%gﬁf%%oﬁﬂ(oﬂ%tpwq@Bh_y1pa silani zed silica

ase used was buffer solution at pH
10.5 - 11.0. The pure fractions obtained from

Chlrh%wrgq*%? Bhg oB F. ;i?f‘nigcgﬂgr\ﬁgf’o@&ﬂiig éfzcga%toﬂﬁﬁisgggglgd
- dndkeier @aﬂﬂﬁﬁﬂiﬁ S ot B SR, Riforice
fractjons_were concent rat ed by nol ecul ar separation

usiohfiioro HegrBeasrlylation: wasrllongdaioccanplete was confirmed

concentratlon was extracted into 1:3.5 tinmes v/v of
etthyTLGicet ate and the | ayers were separated. The et hyl
acetate extract was concentrated to maxi num and the
crystals obtai ned were re-dissolved in nethanol. The
nmefteinsleasetylatioon thes fragtions i Wweeg econagniraiedly doyangolecular
extraeneous materials and was concentrated and
cregphedtionaesihg R@emeutbirane.ofhaicoadenteste @Bteb R gomtiration
and the overall yield obtained from 6-acyl sucrose

| Mg exmacttountd 1:6.308mas%/v RfANREacetENZMA TN layers were

PHTHALATI ON USI NG ESTERASE | N T- BUTANCL 25g of sucrose

gﬁaépﬁﬁeﬁéd althg sthissletad dyrabp Wall cobehtritetiad tha@inud? @kd
the crystals obtained were re-dissolved in methanol. The methanol

solution was then filtered to remove any extraeneous materials and was

concentrated and crystallized.

The purity obtained was 98.5% by HPLC and the overall yield obtained

from 6-acyl sucrose input was found to be 35%.
EXAMPLE 7

ENZYMATIC PHTHALATION USING ESTERASE IN T-BUTANOL

25g of sucrose was partially dissolved in 100 ml of t-butanol at 60°C and
was cooled to 25°C. 45g of esterase isolated from candida sp. was added
and was stirred thoroughly. The temperature was again raised to 60°C.
4.89 g of phthallic acid was added and the reaction was continued for 16.0

hours. The phthalation was monitored by TLC as well as HPLC.
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was cool ed to 250C. 45g of esterase isolated from
Candi da sp. was added and was stirred thoroughly. The

W0 eopes@tar e was again rai sed to 600C. 4.89 g PET/IN2006/000478

phthal lic acid was added and the reacti on was

conti nued for 16.0 hours. The phthal ati on was
nmonitored by TLC as well as HPLC. Pht hal ati on was
ahitalattbruprasoa@Gévadh up6tch @66 imi 16 hoard writhr aduloy-product
formati on as confirnmed by HPLC. EXAMPLE 8 ENZYMATI C

AfofristioMds\donkikmedvHPRIPLICZED LI PASE PACKED | N COLUWN
25g of sucrose was partially dissolved in 100 nml of

800C and was cooled to 250C. 15g of imuobilized
I%bé-ﬁ?ol ystyrene support from Pseudonbnas sp was
packed in a glass colum. The inlet of the colum was

CEnBANRTIC AdEA RN @ﬁ@N@'lMM@BIHIZE@'\ﬁP%@E’%@ED IN

peristaltic punp. The outl SO0 connected to
E@Lqm sol ution. The solution was kept stirring at

. m of acetic acid was added to the sucrose
sol ution and was punped into the glass colum through

%ﬁﬂﬁ@ég s PG LisR ok 1 ADGH0S: BAF T 86 has

re-cCi I'CU conti nue ours

Acet yl re on_wa itored by TL

oGPPI S A DR 2R, ety ene SUBRT 3

haours with no by-product formation as confirned

HPISEUARRPRES 8P iap PRRiEskinidglags Frlnihg B dTels¥ the Column

predom nantly on 6- position to prepare

ewasylonsgetedde the gueinbe Isokwiionri {HF ithrougle @ penistaitic pump.

capabl e of catalyzing selective acylation at 6th

pdbetaudlet vfas sy csmected to the sucrose solution. The solution was
kept stirring at 25°C. 4.0 ml of acetic acid was added to the sucrose
solution and was pumped into the glass column through the peristaltic
pump at a flow rate of 20 ml per hour. This re-circulation was continued

for 12 hours. The Acetylation reaction was monitored by TLC periodically.

Acetylation was achieved up to 59% in 12 hours with no by-product

formation as confirmed by HPLC.
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WO eacedse t h sucrose in a sol vent;

nol ecul e when organic acid, conprising an al kanoic
acid or aryl carboxylic acid, or an acylating agent is

a solvent in which the said enzyne is stable. 2. A
process of claim1l wherein : a. the said organic acid
conprising al kanoic acid or aryl carboxylic acid
further conprises acetic gLAMMSPropi onic acid, butyric
aci d, hexaenoic acid, benzoic acid, phthallic acid and
the like, b. the said acylating agent conprises acetic
anhy#r Ad€rogess fpo aPYatiith pHETO8e preggwr@naﬁ hy@r Py eosition to
butyric anhydri de, benzoic anhydride, phthallic o
anhydr ipdepaia d6iacyl-suckese, cin, whigh $ai gnayngnie geethrwiyel is
a lipase or an esterase, in a soluble or an

i mobi Idapablef afr catalpzing eelective facghatian aré"hpositign ahsuorose
a mcroorganism d. the said solvent in which the said

enzyme nh&leslialifert 6rgahics 86id Deoriphiging cdrimaatkaeoi€ Rk or aryl
| soanyl al cohol, Octanol, Hexane, Cycl ohexane,

Tol Uen%arﬂoa?ﬁé abl or gh l'é%?l%ﬁhg %@bﬁiﬂ%?é’ag:témﬂ/ith R@crose ina

like.3. A process of claiml1 or claim?2 conprising

foll ow %ﬂ/eﬁgetﬂé:sa?d soMERCRE isﬁgflébﬁﬁpbv\ﬁ?c‘i’\ i hid Ln¥ie is

to proguce solution, prefera In a nolsture free
sol vents abgd the said sol vent being the one in which
t he sai (tJa %’zyrre is stable,

2. A process of claim 1 wherein :

a. the said organic acid comprising alkanoic acid or aryl
carboxylic acid further comprises acetic acid, propionic acid,
butyric acid, hexaenoic acid, benzoic acid, phthallic acid and
the like,

b. the said ‘acylating agent comprises acetic anhydride,
propionic anhydride, lauric anhydride, butyric anhydride,
benzoic anhydride, phthallic anhydride and the like,

c. the said enzyme comprises a lipase or an esterase, in a
soluble or an immobilized form and derived from an animal,
plant or a microorganism,

d. the said solvent in which the said enzyme is stable
comprises  Dimethylformamide (DMF), Isoamyl alcohol,
Octanol, Hexane, Cyclohexane, Toluene, t-butanol, dimethyl

sulphoxide and the like.
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b. lipase or esterase is added to the said solution, c
to the reaction m xture of preceding step is added

w@rooaoet3s€ aci d, or an anot her organi c aci d, OPCEHIN2006/000478

acyl ating agent, d. the reaction is allowed to proceed
at a tenperature which facilitates the enzyne action

pref 8r abhrochsd veAAmLP of elafifl 2 ephSrigivgg fdllewing gieps:od of
ti me enough to get practically maxi mum conversi on of

sucrose tp Bu@e¥é - I8N & 8" 8Bt &7 pRdtice & Sdtutich,
hours. 4 . A process of claim1l or claim2 of

acyl ati on O SUEhASH SARBIKTEGed SRAR Shdi MeVbdiaMsdih

said enzyne an i rmobi | ormcontacts w

recircul ati ng. ' LA S an

or gani ¢ aci ggwﬁqhﬁbggih @B&h&hgégﬁéﬁg@%ﬁﬁg@g‘%r ature
and for period of tinme.sufficient to acylate major
quant i tyalbf ﬁ@%ﬁﬁ YSESEAES '%gﬁ%fﬁ-ostﬁe $8s0 %t!onA process
of claim4 wherein: a. sucrose is dissolved in a - ,
sol vent, Pr &3 deatsagtiogmmixtire of arecedingesiep is pigted gn agetic
tenperature preferably of around 80Cel ci us and was

cool ed to aatidnpeamsooibeporgasicanig, afanacylatig agent,
25Cel cius, b. a preferred enzyne |ipase extracted from
pseudononas thep reéantiohiis i allededntoapimceéd rat ex tdPopgratyreewbich
support is packed in a glass colum,c . inlet of the

colum is cequitatesdné @nz@esationSRefpalbly ivetwéen BDEFto 60 °
through a punp, preferably a peristaltic punp,
celcius, for a period of time enough to get practically
maximum conversion of sucrose to 6-acyl-sucrose preferably
for about 1 to 16 hours.

4. A process of claim 1 or claim 2 of acylation of sucrose comprising a
reactor in which the said enzyme in an immobilized form contacts
with a recirculating solution containing sucrose and an organic acid
or an acylating agent, at a temperature and for a period of time
sufficient to acylate major quantity of sucrose into 6-acyl-sucrose.

5. A process of claim 4 wherein:

a. sucrose is dissolved in a solvent, preferably partially
dissolved in DMF, at a temperature preferably of around
80°Celcius and was cooled to a temperature preferably of
around 25°Celcius,

b. a preferred enzyme lipase extracted from pseudomonas sp

immobilized on a preferred Polystyrene support is packed in

a glass column,
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wo b@78ai3sd i on is kept stirring preferably at

d. the outlet is connected to the said sucrose
solution referred in sub-claim(a.) of this claim e.

250C, f . an organic acid, preferably acetic acid is
added to the sucrose solution and punped into the

gl ass columm through the peristaltic punp at a flow
rate preferably of about 20 ml per hour, the

re-circulat inet sfothei sil@dinfigrcoanBetedod Bk dudi®se solution in
preferably around 12 hours, to get conversion of a

si gni fi cant DR thrQiyHeh PR, g)ﬁﬁﬁgrgagﬁroge@&é’l'tic%%{ se, g.

and optional use of the 6-a e solution’thus

obt ai ned _om @gfg&] ?st Eghﬁéét%?'ic?ﬂmesgé"lg%%%ros@ s'o‘h;t:?ér{)?eq‘ércred

of claim e resulting process stream _
and deacery Mt peiaFLELPSRR SR product i on of a
L LSS Reb S e BB Rk
f. an organic acid, preferably acetic acid is added to the
sucrose solution and pumped into the glass column through
the peristaltic pump at a flow rate preferably of about 20 mi
per hour, the re-circulation continued for a period of time,
preferably around 12 hours, to get conversion of a significant
portion of sucrose into 6-acyl-sucrose;
g. and optional use of the 6-acyl-sucrose solution thus obtained
to prepare chlorinated sucrose.
6. A process of claim 1 wherein the resulting process stream
~containing 6-acyl-sucrose is subjected to chlorination and
deacetylation resulting into production of a chlorinated sucrose

including the high-intensity sweetener 4.1, 6

trichlorogalactosucrose (TGS).
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