METHODS FOR CHLORI NATI NG SUCROSE- 6- ESTER Techni cal

Field [0001] The invention relates to an inproved
w@e@aem®s®of or the chlorination of sucrose-6-estBCHUSIN0G/042448

produce sel ectively chlorinated products. Background

[0002] THREEHOBStFQR CHIL@RINAFRINGSUCROSE-6HSFERI | t he

hydr oxyl groups of sucrose can be a mmjor synthesis

probl em because the hydroxyl groups are of differing

reactivity. The hi gh porephalcabFekt ener sucral ose, a

conpound whose formal nanme is 4-chl oro-4-deoxy-

a- Dc[ad)ﬂCt opyTHiAgtioh, relatisabladrimploved process for the chiorination
, 6-di deoxy-b-Dfructof uranoside, is a partially

of 6lbresé-Badststs de brodaie elebliveb e OFfatétdiioadcetshl ori ne
substituted for the hydroxyl groups in the 6', 4, and

1" positions. Wile the ggli@edinge chlorination of only
the desired 6', 4, and positions to produce

suc e be 8ledivERbriRgIBH bERES | f
synicﬁggfs pro emerrg/ny s&lccéss?ullg n&%gﬂgmﬁg{\yg%eér}%wso

sutfég! ﬁ?ég?gei & rﬁ%ﬁrg E?@IB???WB@EW Bétaa%sfeoth@rlﬁ}{%ggﬁérgroups are of

sucral ose, thr erent synthetic ro

SEIGEET T SEEAR BE oBhaBhd s e
ol FaPRSE 4 GybRes LLARI FPUL S G, R BY BLAGILS. PE. dideoxy-p-D-

sucr al'osé 1 nvolve ctive protection o

s L L Ry IR
s ser B BRFoRL itesuh g Fotopbdd hsiis. BUAR tnd Shiccive
c ogi%g ig;icr)%grg? iﬁetsagsqrgdréﬁ% grgggfégéﬁgéso’ggg&oé{léé g’dcrgcr)geugggan as

a very complicated and challenging synthesis problem, many successful methods

have been developed in the past several years to produce sucralose, through
different synthetic routes or through different procedural steps, of differing yields
and/or purities.

[0003] The initial process disclosed in the literature for the synthesis of
sucralose involved the full selective protection of all the hydroxyl groups on the
sucrose as follows:

(1) tritylation of sucrose at the 6, 1', and 6' primary hydroxyl groups with
trityl chloride in pyridine;

(2) acetylation of the tri-tritylsucrose at the 5 secondary positions;

(3) removal of the trityl groups to give 2,3,4,3', 4'pentaacetylsucrose;

(4) migration of the acetyl group on the 4-position to the 6-position to

produce 2,3,6,3', 4'-pentaacetyl-sucrose;
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(4) mgration of the acetyl group on the 4-position to
the 6-position to produce 2, 3,6, 3",

wd 2e0pesteancet yl - sucrose; (5) chlorination of theCT/IEM06/042448
hydroxyl s to produce sucral ose pentaacetate; and (6)
deacets)| ciarivatioh of Hiee Steer [@ldoseip tnpaaitiee atueralddee pentaacetate;
above-descri bed process is disclosed, for exanple, by
P. H Fadclough, L. Hough, and A. C Richardson,
Car bohydr. Res., 40, 285 (1975); L. Hough, S. P.

Phadn{g) deBeetifation ofihg shbraselentacetaBs.i ti sh Patents
Nos. 1,543,167 and 1,543, 168 (1979). [0004]

THeo BBb LRl iBedVPrcddasisbgiedosar, ribedxamplel Gydpt @1 NFaiRiough, L.
the relative reactivities of the sucrose hydroxyl

HcSlIg‘P\U%dW ChRHaRBoNO Cartiydr.fREs.| A6t 286 ¢1915); tbwabgh S P
P.” Phadnis, and E. Tarelli, Carbohydr Res.

Pr{a%j%@k KhaR, éﬁc?NA tF@ Jeﬂﬁéﬁ@rmsﬁ b@tenwﬂoge@@hsweﬂénw @43 168

6" >4>1'>4" >ot hers. Accordingly, a ml
prlnatlon yi el ds 6, 6" -di chl orosucr ose, a nor e
V|gorous chlorination gives 4,6,6"- trichloro sucrose

(1 hfo%bh F’OS' t '@&hélo%rﬁﬂ%ﬁ%ﬂﬁth d péélrg daYS] WP etermine the

con ation ence

rel%tl\ge ?e]aglh\(]l %15101518 Sficsf I'P(Prrdxgl %?M&a{oaﬂl%%ﬂs@ee Po'? ﬂwstance

or ous Ve SUCCEsSI v

b B A . e .5
el it .o BRIEIR A SR S Eeégfoié@p'vy a mild
cHi R YRR, tgﬁ@h{é%%mssméir‘#égﬁ Siobiormddion i 400-
trig{ﬁ%\&?{crqsrq @0{5@5%%El%o%?a%(gg@twdweé%og:q?c ﬁiguratlon hence
thg” SRS ot BT IBr AE T RRaelBCtgs ot an R dnsgcpsingly
vu&g?qggﬁl Phg:%?’mgt}(l)ﬁsr ! naénl/en g rsuc%eesnsflvelyeI t hf ES 1ag'-tetracdhloro-4 6,1'6'"-
tetradeoxygalactosucrose and 4,6,1' 4" 6'-pentachloro- 46,14 6-
pentadeoxygalactosucrose. Therefore, it is known that blocking the 6-position with a
readily removable protecting group, such as a benzoate or an acetate ester group,
followed by trichlorination and removal of the protecting group, will yield sucralose
without the need for full protection of all the hydroxyl groups.

[0005] Prior methods of chlorinating a sucrose molecule with a blocked
6-position included combining a chlorinating reagent, either an acid chloride or a
chloroformiminium chloride salt, with sucrose-8-ester in a tertiary amide reaction

medium. Early patents, such as U.S. Patent No. 4,380,476, issued to Mufti, et al.,

the entire disclosure of which is incorporated herein by reference for all purposes,
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chl oroformim niumchloride salt, wth sucrose-6-ester
in atertiary am de reaction nedium Early patents,

W@ a@h/0s®04). S. Patent No. 4,380,476, issued to RCF/UB200€042448
al., the entire disclosure of which is incorporated

digelgssi thaty sHerpee-Grastert aasaladdedr iso Se seantion] sasliumaincluding a
sucrose-6-ester was added to a reaction nmedi um

chianiobting meggent hi Muitinat i ah fiscdespenthat Kug tempenatuxe of the reaction
di scl osed that the tenperature of the reaction nedi um

medismheasihéld | belovb 6@ ( prior tot addititeh ofi the sotrosbd-ester, and after the
sucrose-6-ester, and after the addition of the

adslifionafeh® sasroee-Gtdstert thsiempbratereadf thdecactian tediumedas mised
was rai sed and hel d between 1000C and 140Q0C. [0006]

anGUetkebeteeeh 00\B bkaip4@tC.al . di scl osed that a
chlorinating reagent could be added to a tertiary

am (Eoepact i @ubzedistily] Nokadbnet tdie dsudsesetliat @Sichlorinating
A full description of Wal kup’s nethods are provided in

reigent cBabaRt adied td a%8Riafbamidenastivni héd |dm5ﬁé|9§mg Qhé’@ué?gse 6-

i ncorporated herein by reference for all purposes.

eskdi W fI élé’schﬁf{cﬁf ©of Waﬂ(ti}?s%gﬁbdé’faréd&b\hd@@ iRfu.s, Patent No.
reagents to the reaction nedium WAl Kup di scl osed that

498’@46?”1?@ @ﬁt#éedlgélgsdr@ E’Qn %SérgbllaYeCP%Fél@'lﬁ)ﬁ%Q rc89for all

he addition of the chlorinhating agent Kup al so

pugbo%%lso%dao‘dhi% tbhﬁvérﬁﬁﬁ’ﬁ{ea&‘d'é?o BAYitigh g? rééb%rn?saﬁjefﬁg: féaction

st ep Wi se nanner to sequent] a Iy produce “hono-

peci quydl&ﬂ | Ehgtr | Scrflg E\gta”tc?ﬁg%ﬁﬁful:y[%@rmled during
ST TR v%n@es 31s6e 3585 a1 Ehfihature

step |nc € reaction ne

s kup%'féég oseévﬁﬁyw@oﬁ?ﬁﬁeq&%%%%@“%hFW-’%ar%it fF, and
g oL bt GeBleb o of sl kup 1 ur ¢ her
?hf@d@ZEﬁer anesTeal. AP Boplona BAF tirRdiog Rheton

of convers nochl

shgﬁlg tg% é:agleéis?\gtelg tetv& aiiegm 0 hq,]gfséosqop mclud%d Rg\dmg the reaction

medium at temperatures between 75°C and 100°C, during which step Walkup
disclosed that little or no ftri-chlorination occurs, resulting in primarily mono- and
some di-chlorinated sucrose-6-esters. Walkup further disclosed that “maintenance
of the reaction mixture at this temperature for longer periods of time results in a
higher degree of conversion of monochlorinated sucrose-6-esters to dichlorinated
sucrose-6-esters with little or no trichlorination.” The second step in Walkup’s
chlorination method raised the temberature of the reaction mixture to temperatures in
the range of 100°C to 130°C and held the temperature in that range to produce

trichlorinated sucrose-6-ester. Walkup disclosed that the chlorination reaction
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sucrose-6-esters with little or no trichlorination.”
The second step in WAl kup's chlorination nethod raised
wo b@7083sper at ure of the reaction mxture to  PCT/US2006/042448
tenperatures in the range of 100C to 130C and held the
gehSEMEbEIUNR dver bhiriod aigging Gropy Dduemutas totivertionss, @fter which
sucrose- 6-ester. Wal kup di sclosed that the .
tim%Wh%WeBétﬁanWaE effehtifdtDBY @46t | dooleE aht ete aidelition qieani agueous
ranging fromfive mnutes to five hours, after which

hy{lr‘ﬁgﬁggsgﬁ.{tibﬁ%?éig@tH@E\ﬁ-{qt}fﬁé ¢lefcHig ERBirdanel fimdioasdFirstly, to

ion of an aqueous hydroxide solution to raise

stoplfhe” 'E'hloﬁ @iﬁféﬁbﬁ‘%nﬁt 80 tBafnit WRe fpip@UdieASef fetras tor ypenta-

o stop nation reaction and so to limt the

chl@hﬁ?tgétGSi_ungsg%-E?cErrsaéag’,rse%ﬂ&lglcf;)" lﬂ{égé‘tléittﬁ@ trichlorinated sucrose-6-

-esters, an secon berate the
el LB PR TP O BT SRR ER Flos, 4. 5
anit o Wl fuptntt®: ke bfrnain PERAL HE Yesiep pacton
ol a4 B TR A Flrsppen e
el s PG Dt Bk WL PRS-
Ch[arﬁiesent di scl osure provides an inproved process for

BalOgHCIRSErRICHFSpar at i on of sucral ose- 6-esters by
the controlled chlorinati gn of sucrose- 6-esters. The

processes of the present ure include the steps
of : (a) providing a chlorjnation reaction m x@ure in AR the
te ur e- COIR PEISEBHAIFELSWe RiOVIes A SPRPYPL PSS for
t han about 65C, the chlorination reaction m xture
highowigld RreRaralio Pbsecraose-fsterg by dhe pg}tgpllgﬁic%’rln%ﬂw of sucrose-
chl orof ormi minium chloride salt, which fornms an_
6-etalskyTHeopraresses @itherresei disslpgHea InGiugs hedeRs af oxy|
groups of the sucrose-6-ester; (b) subjecting the
chl or (@apiovidinge acehlinaiipi trapetionr B B asf@@rg’e(%tw ergpntrolied
an ,
vessel at a temperature less than about 65°C, the chlorination reaction
mixture comprising sucrose-6-ester, a tertiary amide, and a
chloroformiminium chioride salt, which forms an O-alkylformiminium
chloride adduct with the hydroxyl groups of the sucrose-G-ester;

(b) subjecting the chlorination reaction mixture product of step (a) to an
elevated temperature of at least about 75°C and less than 100°C for a
period of time sufficient to produce a chlorinated product mixture of
chlorinated sucrose-6-ester products consisting essentially of 1'4,6'"

trichlorogalacto- sucrose-6-ester O-alkylformiminium chloride adduct.
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el evated tenperature of at |east about 75C and | ess

than 1000C for a period of tinme sufficient to produce
wa@2@hlosgsdnat ed product m xture of chlori nat ed PCT/US2006/042448

sucrose- 6-ester products consisting essentially of

1', #0691 tri dhkostigiation oeaction rixkré-ofsttey (a) may be prepared
O al kyl form m ni um chl ori de adduct.[0009] The

thretP Bhy 8Litable beRREs OMMTEXEnpiary qfrosdsspio plepaifg iiee chlorination
prepared through any suitable process. An exenplary

rediiBR PRRtufL IncRIcRBddg 4 BEitabd amonat bsudrestsEedter to a reaction
m xture 1 ncludes adding a suitable anmount of

mectﬂﬁﬁ %ﬁta%iﬁé_ta%hlbﬁbf@mﬁﬁ]ﬁmﬂqcuhldmi_@i $HN FoBteiRAN@ndde medium.
chloroformMm niumchloride salt in a tertiary am de

Ao‘aﬁl‘ahé'lﬁ? 8{“%%%90@}#,! ¥eOEniatinRibR ey miktiR of step (a) may be

chlori'nati on reaction mxture of step (a) may be

pr a?@c?rbgg gpléﬂgﬁd%ls gﬂtaﬁles idoall ©f SR hiddeatd & FéHlcabh gﬁedium

oar lumconprising a tertiary am de an
RERSCa Ot o afnfiel 06 QLRI Mg MirbHdi N MR fofRiminium
Cogﬁﬁ?'ﬂgnas qﬁ%r?o%&%& %@Fp gﬂcﬁé‘ga ?eg%:rglcesses may be used
0. prepare chlqr | | r ' ' r & eQf th
onle® Ty peliost o el Bkl FEAERHAL B b et to*hiefare the
isclosure.includes s and systens for preparing
chigriga qrbrsegpgqrbgyéyrequgﬁqtpg(%gr ose-6-ester. The
sucrose-6-ester start L_' ng.,n@begi ﬁ%ll an be prepared
t hrough any suitable the 6-position of
t he_sucrose | ecul e. The nethods, and t ens
pr e80! di sc rREESHGVFISRIOTR h'InSH%ﬁgt ﬁ%ﬂﬁoﬁgagﬁ O%}E?ems for
m xture including a tertiar m de .
PrERA DO PRS- ESIPC IOBT {4 B Tes g TR FYSIoSB-Gsegie) Starting
in a tenperature controlled reaction vessel .to_produce
alariah BRX P BERATRE RHIE AN SHERD S TAARS otk (e OopoRfiah of tne
hydr oxyl groups of the sucrose-6-ester. LE]? . id
sucesgenaleatle. of he metarsornchaySiens o 48¢ iPeFeRt Lisgloguiesprovide a
then raised to a tenperature suffici ent{l@g hi%h,t.o. ,
chjdristatiora refcion nixtyre BRIUGINOrfteding aEYdR & gllgroflpiminium chioride
consisting essentially of sucral ose-6-ester while
saltiBhd sLeoskB-¢Her oA &IpRralvre apntjolied feactiapevessel to produce an
O-alkylformiminium chloride adduct with the hydroxyl groups of the sucrose-6-ester.
The temperature of the chlorination reaction mixture is then raised to a temperature
sufficiently high to yield a mixture of chlorinated sucrose-6-esters consisting
essentially of sucralose-6-ester while sufficiently low to substantially limit the
production of tetrachlorinated sucrose-6-esters. For example, the temperature of the
chiorination reaction mixture may be raised to between about 75°C and 100°C.
[0011] To summarize the reactions that occur in the chlorination

reaction of the present disclosure, the chlorination reaction mixture is prepared by

combining sucrose-6-ester with a tertiary amide and a chloroformiminium chloride
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production of tetrachlorinated sucrose-6-esters. For
exanpl e, the tenperature of the chlorination reaction

wWorRoow0so4ay be rai sed to between about 75C anPCT/OSI6/042448
[0011] To summari ze the reactions that occur in the

safth okl dhdroferminsiaitihi elotde dieraaceseitit thei blarkead dyditdxgl groups
chlorination reaction mxture is prepared by conbining

of THE QB RISB-RS4tEI toMdrim an t@alkyrRsrnimmiute chigtide adduct with one or
chl orof ormi mi nium chl oridesalt. The chl orof orm m ni um

m6&ial O indenyRirdydy GRABES MCT fhayhse yehdrardeid hisdsepydf the reaction,

groups of the sucrose-6-ester to form an

| | B} | 9Eitee) &1 thB reagticar 8. ofhe O-
Wt }2 dﬁ?gﬁgﬁ %@%‘Eg‘ﬁ ml—%é trgrgliﬂggmggner at erd iln trmygjrstepe

all%flfofrﬂﬁiﬁiﬁﬁcéﬁa&riﬁe ‘é‘@?}ﬁéﬂ HEY bé oMY SOHME BX Mdrkhofithe unblocked
tertiary amde of the redction mxture. The

I ey . q . .
PO PESI R HE SRR AR v be R i, o

e

B SO AT 41 D, oR el Wth e o
o R MO B84 Rl PghRgh i g o o mor

ons of the sucrose-6-este erein t N .
o dhS RN AT O i e P RS an L e CEalgiymimipiy, chioride
tertiary am de and g chlorinated sucrose-6-ester, The
addebis, RUPEEY. o1 Bt batiee and bl IR PTPRES-osET. The
reaction may al so have one or nore O al kyl form m ni um
chipinediscipRRIEes e 28 G5 RO MUNEHEBREPTOMHHEP BV e o more
h){droxy,l _groups that are not r,earrapged. As w || &%
Olledfasaiginium shiprideagdiqts Fepesipted MAY 8RRk Merechi BiS; Rdroxyl
adducts are converted back to hydroxyl %ﬂou S dur," ng
groHes dhassgureaitregliangdd. ndss el be slissustra h 815, detail below, the
Thr oughout this application, the chlorinated .
respiniog echipriset addugta cargdeenyetind Rarkr i dwerBvbgrps dyring the
the chlorination reaction mxture may be referred to
subseguentaguenchingpbtepc Hesarioadt kelowuc ThEBIgBoE this apriipation, the
the adducts at the unchlorinated sites being. o
chiorifeted coidraset6-ester, singtidingc 41 ysucralose-6-ester, in the chlorination

reaction mixture may be referred to herein as a simple chlorinated sucrose-6-ester
with the adducts at the unchlorinated sites being understood but not specifically
mentioned.

[0012] The position of the O-alkylformiminium chloride adduct on the
sucrose-6-ester that is converted determines the position of the chlorination on the
sucrose-6-ester. For example, the 6’ position is more reactive than the 1’ position
and will be converted to form the 6-monochlorinated-sucrose-6-ester at a different

rate and under different conditions than would be necessary to produce a 1'-
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menti oned. [0012] The position of the
O al kyl form m ni um chl ori de adduct on the
W@ a@70sBeH- ester that is converted determ nes PEEUS2006/042448
position of the chlorination on the sucrose-6-ester.
mefmchixiaatedesuctase-testpo siTihieoreldtive rmeaddivitiea cafi the tanians thyeroxy!
1' position and will be converted to formthe
grélipsranedeiomor anthareddescibad abdvee sAe deadribeddilfolves et preddrainant
and under different conditions than woul d be necessary
cohverpiond urreceedvitm whivhhatel that 8dpssitiono ke 6+-psditon, thbe1'-position,
relative reactivities of the various hydroxyl groups
folioweedk bpvihe adigositien desicthebehepbhgdmxylApositersl | ke mettdls and
t he predom nant conversions proceed to chlorinate the -

sy8eni206f theOpreséritedigei e coomplishetrilchigiation @f sut@sk®Bsler at
by the 4'-position and the other hydr oxyl positions.

reddtRnMeinfiglstupsRd bedEeAMBLOdt YT RIGS8Rdutdi BLOSd! Raximize the
acconplish tri-chlorination of sucrose-6-ester at

prémbh P sUBRRREH-LIES WhRé mmgathe%roa@&ﬁn %T%tﬁé}oﬁ‘ltchlormated
OC to maxi m ze the production of sucral ose-6-ester

su%sle-% éétérﬂstan@qew%mem&ea*sua%s@fs Qhdrer tri-chlorinated

sucrose-6-esters and tetra-chlorinated

suc {0@519;)6 estgy &scds@gaﬂleﬁiﬁgb\% Y5 SAIoRA& RN ﬁéaﬂ?@ri’ﬁ'ax occur

the chlorination reaction y occur In a chlorina

in 5%A rﬁ%ﬁoﬂéﬁcﬂﬁﬁ nﬁgcrﬁr%aﬁ%gﬁlle@ if Ss'dhéﬂ@ e RPN s us’%ﬁ herein,

use erern ori na on reaction mxtu

thd ‘F%rﬁ'{ E’cfh Findtith %%a%s nt{'i% Lnek g% Fm)lt\?\%stéaf"l cludes at least a

O M AT hi G- e e sa SP5ds-
ch éérgﬁﬁ h@ﬁlétpﬁ#ﬂé&&ﬁ%& Sucggg &s&%&ﬁié 't%@% aml h‘?leetF\e term
R 5 5L, PPV 3 B B Kt
A G S o e 8 i
cr PR SBIOH S5 5Bl o RS 4! one
o UL b okl Bt B S 8 e
SItHPby adrglng an acid chloride to a solution of sucrose-6-ester in a tertiary amide
reaction medium. For example, phosgene may be added to a reaction medium of
sucrose-6-ester and N,N-dimethylformamide (DMF). In another exemplary
preparation method, an acid chloride and a tertiary amide may be combined to
produce the chloroformiminium chloride salt in a tertiary amide reaction medium, to
which the sucrose-6-ester may be added. In still another exemplary preparation
method, a previously prepared chloroformiminium chloride salt may be added to a

tertiary amide reaction medium, either before or after adding the sucrose-G-ester.

Each of these exemplary preparation methods will be described in more detail below
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sucrose-6-ester and N, N-di et hyl formam de (DMF). In
anot her exenpl ary preparation nmethod, an acid chloride
wap@7asiees ti ary am de nay be conbi ned to produP€T/URE06/042448
chloroformimniumchloride salt in a tertiary am de
Usingesieictlic avidi chiaiideso tewtiaryharmides schlorofemniagsine chietige Isalts, and
added. In still another exenplary preparation nethod,
suarope-dvesiers| WWiiteelhea peepacaiianr roednods arendiscusskt delodeusiag specific
may be added to a tertiary am de reacti on nedi um
comipphemts bether eompoadrite maydoe mged.hd-os exampie, phesgee. as well as
Each of these exenplary preparation nethods will be
othie seitalile chcichcitoridesdmbpibe Usedovivisicngers ek ftheseathirek exemplary
chlorides, tertiary am des, chloroform m nium chloride

metiaddss .ar@ndestribed sia- thee pradedt AMpiitatidnheothéreRanrablé omethods of
nmet hods are di scussed bel ow usi ng specific conponents,

prepiafifg & @RRANSIIH rdiYom enikBIRS comPFisiAy ATRhRrofOMAFARNA @foride
wel | "as other suitable acid chlorides may be used.

salg/%ﬁ:%‘s%ta-e%i’,' dhdt esBarl Hne8e MIBBE 8880 BRA BRItAh8he scope of

escribed in the present application, other suitable

thdpreBesii@odr€pari ng a chlorination reaction mxture
conprising a chloroform m niumchloride salt,

SUcfops 3%6' est§fe s%@%s@-@t-é‘{]céri %Xg amcﬁgie”%cvk&e-‘ésﬁ%&g?%] and

arewthin the scope of the present disclosure.

sugiBSe BUAKAREIGS QAL bs K BB LR BUAHORE 1R D HAIBo B the

sucr ose- noat es, 'such "as sucrose- 6-acet _
OB oot AEPeRL &8 SIHE s MaRaE BB e Pgslidh 3 e Ysuorose
e BBy i frebs B Fnc MRk Ly e B e i stabi
to & RuHO8E ol BHIEH P2 RhorEPn L BRGR BB B Erile By rovsis
ol Eerians B MpOuTSt the Terbe R o draeaR Epepase oan
e BB (o met hods. of t he present i sl osure, Q her

\ P

t eriolo%]y N,N-dimethylformamide (DMF) is one exemplary tertiary amide
for use as a reaction medium in the methods of the present disclosure. Other tertiary
amides that possess N-formyl groups, such as N-formylpiperidine, N-
formylmorpholine, N,N-diethylformamide, and the like, can be employed in the
process. Inert diluents, such as toluene, o-xylene, 1,1,2-trichloroethane, 1,2-
diethoxyethane, diglyme (diethylene glycol dimethyl ether), and the like, can be
employed at up to about 80 vol % or more of the liquid phase of the reaction
medium, in addition to the tertiary amide. Useful cosolvents are those which are

both chemically inert and which provide sufficient solvent power to enable the

reaction to become essentially homogeneous during the chlorination reaction.
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am des that possess N-fornyl groups, such as
N-f or nyl pi peri di ne, Nfornyl norphol i ne,
woRM7asBvhyl f or mam de, and the |i ke, can be enptDYSI06/0M2448
the process. Inert diluents, such as tol uene,
Casolvghtsnevithl, koiling: rpainis osblestantisdly belpw dthet rebioyieatiemereaction
di gl yne (diethylene glycol dinethyl ether), and the
temperajuremnf the psessinb gisdloaureupay be apiayed0 vol % or nore
of the liquid phase of the reaction nedium in
add[Q016h t o tSevetaracicachlodaasdéncluding phosgehe| wexnksovam ¢o form
those which are both chemcally inert and which
chiprafoincimisiuff ¢hidriziet sadte whentrepoiee withdertiapbdraideb @nd may be used
reaction to becone essentially honbgeneous during the
asahlavinensdlures inehe halilodsosfcthy @rdsenivdisblobartd. | Tigege0ddd Shlorides
substantially bel ow the chlorination reaction

indl@EsHoRbHE@SIs @fkyEHIGrIY, @ﬁ&tﬂwoﬁbt&odémadhﬂarlm)’t%yl chloride, oxaly!
enpl oyed. [0016 Several acid chlorides, Includ i ng

chlb‘ﬂlaégﬁ‘ﬁ‘&haﬁé@lféﬁﬂ%hfoﬂdé oraﬁucmeonméornAgn dqg@gséal AbbHE the
salts when reacted with tertiary am des an

chibP&TErmdiir inOEH I BV eS SAdf ARy | uenfotrrHSd w%ﬁ@qﬁegﬁmg e o B&RBhce of
di scl osure. These acid Chlorides include phosphorous

suQP&E@ %térc,j%r ltﬁﬁﬁﬁpﬁﬁrﬁ’\‘éa HY&BAGHG! tﬁé' der cHI{Hdénz?/ﬂd ter CPary amide

chlori oxaly [oride, net hanesu fony orl

pn@ﬂﬁ ﬂ’l@ abiibE of éﬁcrﬁé’x%? &3} %o ARIUECt

edl
oro orm m nium chloride salt nay Pormsdln situ,

@ﬁﬁ]ﬁhnb;h@gg&%ﬁ%ﬁfﬁ%mﬁw&%@ ﬁ gﬁ‘&ﬁf lnﬁﬁlufnt H?@rYde salt

e an ert

m%%? Rloeneiil ot Ad e baltd 583@40‘5 e nrefo P%r use
n WS dhdt %rmei%%%v?’ﬁ@os %“é’é&or@‘fa@ﬁwﬁélcy‘o%g salts are

co Ik a aic%l %rgé Cemaﬁ?i Hfr ese E?{ané hods%él? séqrgésherSuitable

TGS o 4 g.f%?rh orEHSSH, el Bal i
di&éﬁh&‘%ﬁ@vﬁﬁﬁﬁvﬁf tsF*m' PG 11} e ATILS ReataTtayich s
forﬁ\rerc]i L)‘/j ﬂ‘?e I3(—:(?&10 grqtof rmsggne with DMF. Other suitable chloroformiminium
chloride salts for the present methods include Vilsmeier-type salts formed from the
reaction of an acid chloride with an N-formyl tertiary amide.

[0018] As indicated above, one method of preparing the chlorination
reaction mixture of the present disclosure includes the formation of the
chloroformiminium chloride salt in situ with the tertiary amide and the sucrose-6-
ester. As used herein, the in situ formation of the chloroformiminium chloride salt

refers to the addition of an acid chloride to a reaction medium including a tertiary

amide and sucrose-G-ester, rather than the tertiary amide alone. The use of a
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formed by the reaction of phosgene with DMF. O her

sui tabl e chloroform mi niumchloride salts for the
w@e@soricosret hods i ncl ude Vil sneier-type salts POT/IBI06/042448

fromthe reaction of an acid chloride with an N-fornyl
tettiaryt menide agikidh 4 oeadipnsolvandianat @ sudbbate, foonehlerefonmihinium

of preparing the chlorination reaction m xture of the
chiorielsesalt dirgatios wllewsnior Ubdesntdite foomation of tbé c¢Hieroformiminium

chl oroformiminiumchloride salt in situ with the
chlarideisatty am de and the sucrose-6- ester. As used

herein, the in situ formation of the chlorof orm m nium

chl ¢0019¢ sal tArgdmralized tbscridtion t ofotheofin asitircdhforoformiminium

chloride to a reaction nediumincluding a tertiary
chiiddesaitnfdriatihometHodestt sreparfrf iherchldrimatibh eeddiohi ikiure of the

am de al one. The use of atertiary am de as both a

pré€f diselbsar daset fattbélodt Dsihg Phesdetie ahtrer adi@cRioN8] BMF as
chloride salt formation allows for the in situ

thé N-FBfry P Rerpdry taHidE N bR %fuefd%m-%rﬁ%ﬁehb@ Ithél %hﬁs&bﬁve sucrose-6-
[ 0019] A generalized description of the in sit

esiH %ﬂa%%méal@ be@ &Mrfbfe'sd?erﬁa”’lfbtanﬁ@éémérid%d?@éé“@‘és@frs may be

preparing the chlorination reaction m xture

us@ﬁ%ﬁﬁ’éabﬂé @%‘ltﬁ?orl él'oﬁ nﬁoés‘)”h bel ow, using phosgene

e acl as the N-fornyl tertiary

an oo SUGLO5E: 63BANEABIE ASSIN I hHS 4IRS KE ai to fve

her SU|tab e acid ch

vl hdd. gfbmﬁﬁooga% LRI ELIFS MY ot/ S8 el hereln

e ln situ 1orm

iHEES S IBEP S Yepbd %'@%@l‘é‘ J&“E%PPR%H%”P?W%&&E 6-
beBoRE G E sl "f‘?rsﬁérgﬂvhioq Ewrepimt%‘%i o], iligratifes)  For

e- 6- ben enper t ures

oREls i Sreret ParrEanBiuP radiBTRE R iRy Be Ve”@ § between
107 Croﬁm?e@r?b 1@0 a%ﬁ?@%o@eecgérfg%? A S P Sierose-6-

| ess The sucrose-
benzoate Sﬁl‘—“ reaction med%]um may %e stirred or otherwise agitated to induce

mixing. A 50 to 75 wt. % solution of phosgene (7.5-11 molar equivalents relative to
sucrose-6-benzoate) in toluene is then rapidly added with efficient agitation.
Alternatively, pure phosgene may be added directly without toluene. Since sucrose-
6-esters, such as sucrose-B8-benzoate and sucrose-G-acetate, have seven free
hydroxyl groups, at least seven molar equivalents of the acid chloride are employed
to produce sufficient chloroformiminium chloride salt in the reaction medium to
derivatize each free hydroxyl group on the sucrose-6-benzoate, even though only the
three most reactive hydroxyl groups (positions 4,1', and 6') will ultimately undergo

rearrangement to form the chlorinated sucrose-8-ester.
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benzoat e/ DMF reacti on nmedi um may be stirred or
ot herwi se agitated to induce mxing. A50 to 75 w. %
wag@odoanssm of phosgene (7.5-1 1 nol ar equi val enPGT/US2006/042448
relative to sucrose-6-benzoate) in toluene is then
r apl@01] added'hsi thoegdrieciagiditiongist striongly ekathenici dgg yto the
pure phosgene may be added directly w thout toluene.
forgiation of b gisethgickiotaformiminien chbrise@ndgies Gastionz obithes salt with
and sucrose-6-acetate, have seven free hydroxyl
thg rsoopse-Gbenzeatst hydroryl grolps te duiny ahe rd-alkyfforfimirdgmdchloride
chloride are enpl oyed to produce sufficient
addbttodisdumsed mbovesmActdrdingtye depéding oh Hire frétiat térapemades BF the
to derivatize each free hydroxyl group on the
resaertoeudh engrateclirgven thdosighoseb-Yehtvatd/DVEE t0OSider 20°C
reactive hydroxyl groups (positions 4,1', and 61) wl|

destribgtabBbye) U MEeE O6r re@arémmaa@rﬁooti@grfrﬁéynﬁehﬁequwed during the
chl ori nated sucrose-6-ester.[0021] The phosgene

adawahtdfqne iphoSddrenghe axshiMer hfpefiibres yredter ftntsrrf%wrso 70°C

of N, N-di nmet hyl chl or of ormi m ni um chl oride and t

dufif§¢hd ABdiAbn cBh advalsklyvhtdet he c&%é Cb‘ﬁh@ré&%ﬁaththout being
hydroxyl groups to formthe O alkylform m nium

onH&i Yy fRoAHdUR p@s@ﬁ&%%@ﬁ’e\égotﬁﬁt ¥R aih 1g;r‘f%'eytemepera‘ture below

dependi ng “on the initial tenperatures of the reagents

abﬁﬁpf@zg"b lgﬂﬂm veH Iﬁé‘crgﬁ‘ﬁvﬁf{%%éﬁﬁﬁ o%ggl%eory,

under escrl ess co

the ﬂﬂér'o(}gd Tadard %gh%\feﬁdtodl"érshf@ %ttl%@stqg ddatrf 8€ca91fsgt &Hthe slower

gene “si nce attal ni ng ures

f°f?%e8hgﬁ?%%9@ﬁ° W B R B s
s S SR e
ind @%af'\ﬁ? R L3avs Rl oML ety S pen. Easty
38 S RROPR TV PO ol e

o8l C@H g?maﬁﬁqﬁgﬁe?%? T RPETRES ot ey e 7o cer 2 suitable
peg}ri)@cggthtng?toggﬂb;e glgsgﬁ‘éohegt%gé?sp Ig{ggg:tg;}eﬁré%%/ sug?trar?t\i/eﬁ mono-
chlorination of the sucrose-6-ester, as evidenced by the complete dissolution of all
solids in the reaction vessel. Temperatures at which this occurs are found within the
range of 50°C to about 70°C, but typically from about 60°C to about 65°C. The
chlorination reaction mixture becomes homogeneous at this point and
monochlorinated sucrose-6-benzoate derivatives are seen upon silica-gel TLC
analysis (4.00:0.85:0.15, CHCI3-CH30H--HOAC) of a worked-up reaction aliquot.

The chlorination reaction mixture thus produced may be maintained at this

temperature for at least one hour with little or no di- or higher chlorination occurring.
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stirred solids are fornmed in the reaction nmedi um
during the phosgene addition. [0022] The reaction

w0 esopesmdur e then may be rai sed over a suitabl PCPER10061042448
of tinme to a threshold tenperature sufficient to

In spmecaspegissefiiiei ripsens isstasore, the irarmal tanngerature may be raised
sucrose-6-ester, as evidenced by the conplete

furthes substantallydmnadiatelylupds attainirigea heraogénmous ekkhation reaction
Tenperatures at which this occurs are found within the

miktaing e Aiérnade@ly,chelwhlorin@i@hCeabiinn mpdueainby berieid mbthatrange of
600C to about 65C. The chlorination reaction m xture

abbet 607 td abogiefBCufer abmetinse peyorid thrdfomaaterhbbainvatog@neous
sucrose- 6- benzoate derivatives are seen upon

readtionanaixied. BT stealatisely, hé. dorthalidn Geddtion mixture may be raised
CHCl 3- CH3OH - HOAC) of a worked-up reaction aliquot.

diréby ab! eipepituaR beBEdenOBbOIXYETE At abRUPHwoed MREfBEt the
mai ntai ned at this tenperature for at |east one hour

chidrihBtidd td |f@m9ftrl—Bﬁ’loﬂhate@fsuBfo@BQMtl?dth YduBm| lﬂnthe lower range of
occurring.In some aspects of the present disclosure,

50t %o 7DtEr V‘ﬁ‘lllet;ﬁ%l”@i‘ﬁg% %meﬂﬁg hBfho ?éhéﬁﬂbrfdﬂrté RB4ting above about
substantially i mredi ately upon aftaining a honbgeneous

75@@'.@hbﬂ@éth%nfa@%&meowéaeﬁaﬁ o 8 o@t’c&ﬁnénﬁtéel‘» gsd ryres%] § believed to

lorination reaction m xture nay e ‘range
beqec@Qé)aH. 5Q0C t o about 700C for sone tinme beyond the
formati on of a honbgeneous reaction m xture. Still

aI t ﬁfo@% | vel yag ?P@cr%gh YribMr bl FETH| o?xﬂaf%ﬁ(tégcﬁo%)éure of

al sed direc to tenperatures be

th?ppes@ﬁf’b‘igclé l?ggnet\eﬁal%fbg%eé%& %K}la%r&@aéﬂ 884 tcﬁlonﬁé% 2 tertiary

orina Crose "W pausi®ng In
ARRSSAREH d BRl ) BB e R o
BT e 945 3. 4 PO oh® o
SURERE eG4 e BhIRQRRI ALY GO Bertt) AL TRy B Bgction
meiy add}ha?@%a@%:cgnﬁwaﬁ” & et Solbbes 2N 4Aa8 eerdesaey be
reactgd fto form the chloroformiminium chloride salt. The combination of the acid
chloride and the tertiary amide may produce chloroformiminium chloride salt solids in
a tertiary amide reaction medium. The resulting solids may be further dissolved
through agitation, heating, addition of tertiary amide, or some combination of
dissolution steps prior to and/or during the addition of the sucrose-6-ester.
Additionally or alternatively, chloroformiminium chloride salt from other sources may
be added directly to a tertiary amide reaction medium. The chloroformiminium

chloride salts may come from other providers or may come from other portions of the

operator’'s facilities.
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chloroformmniumchloride salt in a tertiary am de
reacti on nedium and addi ng sucrose-6-ester to the
W@ kooatosdeos m m ni um chl oride salt and tertiary BOT/US2006/042448
reacti on nedium Any suitable conbination of acid
chl §302des andAacerdingly,ya aection magiune of shtorefdrmiimifiomnchloride
the chlorof ormim niumchloride salt. The conbi nati on
salifartche tadiady ehlide intky hegrepered eitheraby thenadiitioayof a previously
produce chl orof orm m niumchloride salt solids in a
prégared &filymeiet-tigersadtdt iadertiamdanice réhaionesediumny ycthé dddition of
may be further dissolved through agitation, heating,
aradeld tohfonideftot e tdrtianyyaraitiedeln eithes soenarinisiuffidn® mcifl chloride or
di ssolution steps prior to and/or during the addition
Vikheidraysisdionay Geesidet to Atdiettiapnaiide @actdr st wedetivatize
chloroform m niumchloride salt frdom other sources may

edkR ohetasbvh mRetydrdgl QroUFé bh ¥e/sib<t6 20 RE! IAeedBiddMbove,
The chl orof ormi mi nium chl oride salts may cone from

attpéalseée@ncmblaﬁééu.%leﬁ@bf@eler&;hfornamo@wghei@awﬁeosmt rRéy b&8dded
operator's facilities.[0024] Accordingly, ‘a reaction

to WRIeHBrP hmidd @%%&{Mbmum um chloride salt and a
tertlary am de may be prepared either by the addition

t o fod% Vi OUSH JGRA Gdnd! gkﬁ%ﬁcﬁfdetdmﬁe %%mlenielf’ aﬁaeosfalt to the

am de reaction medi um or y the a

tel‘”l'iggﬁghféie%é)ﬁp?%%fh%{lﬂac' étnlnﬁ{ e gﬂt%ﬁs \A{l}{élrgltﬁéqgﬁcr?syeﬁg-ester is

I Cl en SIel er -

adﬁggtto {ﬁ%yregglo%qqgaiuhoaf{é?et‘hé 8{3& ’tﬁ{ Kl tﬂé“a@ﬁ cfh?&ﬁ:%:i agﬁl/or \(ilsmeier—

mto derivalil ze each Seven free

bpLaet 8, ﬁ?r"'ﬁ%s“é%@?ﬁ.fe?%‘feei%@@é '%Aﬁ%%‘e@fcrék%ﬁﬁf@kfﬁ’ §rxtadt of the
r e%zfc'g' i‘?'?éoq%hﬁégﬁ%lﬁagr[ogg%%st garg%dlﬁﬁog#ogf %\grt | arg{ th ?rﬁernal
te&ﬁ%%idr%%fqﬁ%trh%ﬁéﬂﬁ AR GdnRranR kiR §1 ﬁ&t%’éf@ﬁ’ﬂ% or the
afienah e Vi se-vie 2R RtV ¢ h?raﬁgi%h';cﬁras’% PRI gh gange

salt, the i ternal reactlon te erature i s not

of Ipﬁ,tg%n Sy R TAY s %t%gntaqle he In some aspects of the present

disclosure, the reaction medium internal temperature may be cooled to below about
65°C prior to the addition of the sucrose-6-ester.

[0026] A sucrose-6-ester may be added to the tertiary amide and
chloroformiminium chloride salt reaction medium, either alone or in a solvent, such
as a tertiary amide. The addition of the sucrose-6-ester produces an O-
alkylformiminium chloride adduct with the chloroformiminium chloride salt, which
reaction is exothermic. Accordingly, the reaction medium may be cooled during the

addition of the sucrose-6-ester. The internal reaction temperature may be controlled
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reacti on because the sucrose-6-ester is not in
sol ution. Accordingly, the internal tenperature of the

w0 e@csmm nedi um during the addition of the acPdI/Uus2006/042448
chloride or the addition of the Vilsneier-type salt

tormayovb @bowing3°qQl el thes reabtiars niealivan theayples atinedk untingdstantially all
| ess than 650C, or may be uncontrolled. In sone

tha Sk ravefdiddoretrapgiand sdiution becuness substantalbt hanogerdiusm
internal tenperature may be cool ed to bel ow about 650C

pri good7p the Addidstrativeobximglessicszbea mathbe rwhdrQR6licrbse-6-
sucrose-6-ester nmay be added to the tertiary am de and

et OEOTRIBH Mt WM Rkhbn dencdiplnt  IRARNinPNaNeeitial) amide and
either alone or in a solvent, such as a tertiary

cﬁ}@wﬁhﬁnﬁaﬂbﬁw&mﬁm}o%d Ry §VESTEer-BfR04HHES PRrtiary

rmm nium chlori de adduct With the

arﬁiﬁ%@i@é&'ﬁ%@k@iown ﬁgﬁé&{ﬂ?w%@%&mé@ bedtnARRChEMRJL Bf preparing

exotherm c. Accor di e reaction nmedi um nmay be

thé ggée&ﬂn M di a?é‘&/it@@ﬁiﬁée r%g@ue?éf th%@r%gﬁ{ &§ao&r§2@§@din§ﬁﬁe use

fnal Tteaction contr ol

o5 M A U 250 B S IBIOAS v s

eﬁiirﬁgol ved and the sol ution beconmes substantially
D genous. [0027] An illustrative exanple of such a

TGRS 8 AHERT eSSt ST O ESRLLR it o
o S5 B T B SRl 3 SRRt oo,
o e A B4R, B S D oL oo
o T oS 3 o S S S te e Bl e
P Ol des, St e o 881 ST hen Ty an o s

reflux condenser topped with an Argon bubbler, an ,
waglAddednadl ¢ udddi® n&mf’ll%eﬁ’frroﬁﬁioé?met%ﬁ'&n% dsHliminium  chloride

stirrer bar. Through the walls_ of thepj\acket was i .
[(GHp)NFEHEH &1 Haisg known as a Vilsmeier-Haack-Arnold reagent or a Vilsmeier

reagent (CAS number 3724-43-4).

[0029] Subsequently, 6 g (15.61 mmol) of sucrose-6-acetate was
dissolved in 55 ml DMF. The temperature of the heat transfer fluid was set to 20°C
and the sucrose-6-acetate solution was added dropwise to the Vilsmeier reagent and
DMF reaction medium with stirring. The dropping funnel was rinsed with an
additional 5 ml DMF. During this process the internal reaction temperature rose to
30-40°C. The internal reaction temperature was then increased to 65°C over about
nine minutes and held at this point with continuous stirring until all solids had

dissolved and the solution was substantially homogeneous, which took about ten
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transfer fluid punped in closed circuit through a
thernostatic controller accurate to 1C. The reactor
worm7okmrged with 90 m  di nmet hyl f or mam de ( DVFPCEHOS200€042448
this was added 22 g (171.9 mmol ) of chl oronet hyl ene
miditest Mynei initiali tarpetatweiad éhd (EH3)RRFeCHAId] is- egbrnplagy ealy and may
known as a Vil snei er- Haack- Anol d reagent or a
be\idtsomingrsuitablgerdiug Shficianinoemaid i iHESindgrnal[ re@iedn temperature
Subsequently, 6 g (15.61 nmol) of sucrose-6-acetate

beVes altld Lt B3 @ ehtil the Sblutibn 19\t leabh eulbstamtiailphomegededuse
heat transfer fluid was set to 200C and the

suc[aps®] 6- acetias enlornatibh ovastied raitted of tieppiesent distibsure may
Vil snmei er reagent and DMF reaction mediumw th

alsd bé pidparediheadtigirromoVidngiel-typasalt tda eshotibh nedium containing
addi ti onal m DVMF. During this process the internal

a E | AideeARE Bader LB 8Stet.0 KA GreddiatiomwduRRbroceed in a
reacfion tenperature was then increased to 65C over

maRRY Sk %o fﬁerkﬂé@ssdé%ﬂbé@bgo@ wﬁé}‘e%hé’gu&bséNGIé%ter is added to a

continuous stirring until all solids had dissol ved and

red %nsﬂ{e‘dfdrﬁncdmlsﬁ%(bﬁ%t HiA! %abﬁld%o%ﬂgeﬁe@ﬂs?nel&btkﬁ@ $00K The

out tenm nut es e initial tenperature of e heat

reéétﬁ)%f ﬁ&chh EXSIRbAT hedllny lﬁagd b?‘orﬁ%ﬁoﬁ °o1a"ﬂl¥e O-

sul tabl e val esuf|C|ent to maintarn e 1 nternal

alwm'uhﬁﬁ]uhe IERI%FI u@felb%m%? Lfllns Qﬁ%ﬁeﬁ’t—ﬂtt#e tap ?12)% éBT free

ution'is at subs onogemneous.

hygﬁ)%gfg} glgbé %ﬁ_&ﬂeos{;lf éé egﬁépﬂéﬁéﬂé th%]c C?%Jﬂﬁtel onﬁ&f Blscribed in the
pr?v.gva?%”‘iwraath%a%aiﬁ%é OB MR ATEA A AN dormc
o AU o e O ROURR A e
e AR BB RO IRE ShBhshet St ) Yema
R hﬁ%@%ﬁgaﬁé 33@598&% B abScit 65°C curing
e skl 6 b SaSietr i &9t 15t Fie SaHESY dn i et SUbstantaly
honqneosgcernlegl?sd. 'n the

[0031] The chlorination reaction mixture of the present disclosure may
be prepared according to any one of the previously described manners, as well as
other suitable manners. The chlorination reaction mixture thus prepared includes a
tertiary amide, a sucrose-6-ester, and a chloroformiminium chloride salt, at least
some of which may have formed an O-alkylformiminium chloride adduct with the free
hydroxyl groups of the sucrose-6-ester. In some aspects of the present disclosure,

the chlorination reaction mixture thus prepared may also include at least some

mono-chlorinated sucrose-6-esters, such as 6'-monochloro-sucrose-6-ester.
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previous illustrative exanple. Accordingly, the
reaction will be simlarly exothermc and will require
W@ eov7losgsoanount s of the Vil sneier-type salt toPCT/US2006/042448
sufficiently derivatize each of the free hydroxyl
gr o[ges2pf t heTrruchlosiratfone sdaetion Shixtrar prepatdde atedrdingato the
tenperature of the reaction nmediumnmay be controll ed
prégenbeligeyssaks waybfiendy ihegtetinte iatdieen aboof 76t@ and 100°C for a
Vilsneier-type salt until the solution is at |east

pefb@ratithe auritidRNBOSBa0ss a ERIO#ted Podivt ahixfimé | gfrehlorinated

reaction m xture of the present disclosure may be

suefo%efe" EfeRCEHsHIRG és@etﬂféMY dNubfaldsees-BEteN i st kifown as 1',4,6"-
descri bed manners, as well as other sui t abl e manners.

tnéﬂﬁpﬁ%%%bﬂ‘&%é’@ és?éPCtAQBlsﬁhégeW@néﬂ?uaﬂooﬁée%r @r‘éduct described

es a tertlary am de, a sucroseée- 6- ester

he\%} Lo %Bérgroghr@ égt?or a &%‘il%g‘éuéx%géﬁ -&tel mn% tﬂé 1'. 4, and &'

al kylformmniu oride’

Sltgg g‘é’@bh bhé Jllfﬁfﬁrrnlmﬁler’ﬁyl:hlgﬁé'l’é‘pfdoﬁgt talﬂe‘one or more of the

sone aspects of e prese

el %@ﬁ’% Is€, '9-% hﬁg@ Qb&éqogé‘%' é%?err(%ﬁ thHe @dﬁh&éﬁstr{%‘ﬁormed until

ude at

A
BT e R BB BB A

a8 %(q)@%@;gtiﬁr%ag%-?-%?%f a%at@)?’ BHY Spiambagt b SRS fle o
sucr gse- 6. ester s si st n% ent i al

HRfe jof 2o stitag! yeg@%}c 1S@gPIg, g rpac jpr%mlxture The temperature
trichl orogal act osucy ose-6-e i scussed brie .
ingBa%% regimen ﬁ?rotﬂﬂ ohRdtaiaazaniumay bevaranced %'%&%POO' of
is actually a sucrose-6-ester chlorlnated q_ , 1
time ganging frentgbpuhfive FEIHES Enakou| 'P(?IhPHanﬁ’ﬁ'ﬁrﬁP éiﬂb llizing between
chloride adduct at one or nore of the renalnin ées
abre 75 1 and (169 4. eod reare Preferaply hatwaen @H@uta‘%?d%}an
not formed until the subsequent quenchin steps
chl P93t i on lnetiet alnvenexanpe Where SUgrose- ﬁ?ejfate was dded to
tenperature for a period of tine sufficient
theaXilsmeier seagenit osputdne shertempecaietsi of.the heat transfer fluid was

increased until an internal reaction temperature of 90°C was reached (which took
about twenty-six minutes) and this temperature was maintained (£1°C) for two days.
Early analytical results indicate that the yield of sucralose-6-acetate maximized at
about one day. The time required to reach maximum sucralose-6-acetate yield may
vary depending on the temperature of the chlorination reaction mixture and the
specific Vilsmeier reagent being used. Without being bound by theory, it is presently
believed that maximum sucralose-6-ester yield will be reached between about twelve

hours and about fifty hours when the chlorination reaction is conducted between
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During this tine, sucral ose-6-ester formation may be
observed by silica gel TLC or HPLC of a suitably

W@ @0kl sanpl e fromthe reaction m xture. ThECT/US2006/042448
tenperature increase reginmen for the tri-chlorination

abb8RTSI®ANGE00RE, adthdhoeastd temperatpess trachingt inagimum yields in
rangi ng fromabout five mnutes to about five hours

shBﬁéP[imbOPéﬂiéH%i. | iFr ngkdpesiave i Nis aresénti5PEicved A0 Che anakimum
nore pretferably between about 85C and 95C. [0033] In

subRfosRNEGcLYRIPMEI WREIACKLE P aBo@- Bftehatis whsn alielediorination
the Vilsnei ér reagent solution, the tenperature of the

redGRh [s" BASIEST olitl Ht GpWas sEPCr aapadl abdlt leigMeemtiRiuidlwhen the
reaction tenperature of 90C was reached (which took

chﬁcﬁﬂ%{ioﬁ &gﬁc{q%aapgyaga 8bapAR95tdi s tenperature was

al ne wo days. Early analytical results

i”dic?o%Eg 4 hatp, h‘é{ééh@éé& Oéb&}é?f 3hQE8sifgIPCRligrBus  chlorination

maxi m-z at ‘about one day. The tinme required to reach
o AR oS B, PRy 8 e B
R e I
e BaE ATk bR g s RO Eok e iy Besters.
fowqr&g%mg%g\{ﬁrg%% lsol{)ﬁljg E%a'ag%ﬂ rqfﬁ'ﬁe% %ﬁ%g%%-gge%gﬁg Gb &9 .Ieast mono-
I8 L L e
o h M P A B
stetlhetbndh Il Syl i I e
tesa, GV relOTCH oinatAfh PG RRIC oIS GTIOR B 1o SERBLIS: 1 P gesent
anloaiom, 188 bl e e IRGn M JeFERess Ui o] SR rlesnation

increasing the tenperature of the reaction m xture
repciird mbdwrebel@n LOSRE oveuid el Vistsk iroglonaleq spgrose-6-ester.  See

Walkup et al., col. 6, lines 51-56. As described herein, tri-chlorinated sucrose-6-
ester, and specifically sucralose-6-ester, can be produced at yields comparable to
prior methods while maintaining the temperature of the chlorination reaction mixture
between about 75°C and 100°C.

[0035] Chlorination reaction mixtures within the scope of the present
disclosure may include inert diluents and/or cosolvents such as described previously.
Additionally or alternatively, chlorination reaction mixtures of the present disclosure
may include one or more reagents other than the tertiary amides, chloroformiminium

chloride salts, and sucrose-6-esters described above that may react with one or
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foll owed by conversion of substantially all of the
sucrose-6-esters to at | east nonochl ori nat ed

WG @ 053e6- esters, with sone bei ng converted tBCT/US2006/042448
di -chl ori nated sucrose-6- esters. As discussed by

mill dfuReset reabents toatféattied chlodnatiaaesadtiont Ewpexanplecone or more
sequentially chlorinate the | ess reactive hydroxyl

reB@SHts nlysod addeartontatdorination reddtion mikigte - alteaaddit kentrol the
chl ori nated sucrose-6-ester. Prior to the disclosure

pHPof HREreRERSEMixt@RRIUrPG the Rhiorhatgisrdaetiore v Othdriabgents may be
mai ntai ning the tenperature of the chlorination

ao{o%_a% 'urﬁ;@ro% B B dpel k80842 t0R woHdinets. yi el d

ri-chlorinated sucrose-6-ester. See Wal kup et al .,

col -[O(ﬁ.ﬁl' ' nesoﬁé'sﬁéh régeh® 54t RS bB&icRIeD is acetic acid. In some
chl ori nat e

tri- sucrose-6- ester, and specifically

in@ﬁﬁpﬁtg\gﬁgﬁr@%&fﬁc a%ﬁf‘m%g ggr%}aqg Bheort@tigss between 0.25 vol.

prior meth e mal ntaining the
t I r e i ' {i L AN ;
HATETS, O ARG Bl A R Lo 08 concentatr
r t hXEUEES WL i s i
B B8 b8l ED3BL o et AL o GRORE Bt 1% BES8RY boloves rt
cosal.vent.s ch. SGI i Vi . .
R SRR ARSI aR LB it e e v
t he present  disclosure may, includ o .
of SRR OoEIRty | RRRCPH 2P PP AHife 0 the' Chfbrination reaction
chl orof ormi m ni um ghl ori de salts, ,and [0se-6-esters
mEBEr AbeAVamiRe D niE SPFElRt & T dretBPmialis ™" ™ Ssome
. these reagents to affect the chlorination reaction, . .
memeaae | By b Rigpter di i heng a8 aifal b8 prination
chl orination reaction, m ﬁur%éto alter an /orl cong}r ol
repROrpMbErerTier FRBRANG HenstieraoEMITRURY CRIRAS RRlb AR IS Bifrose-
reaction. Ot her reagents may be added to. i g})r ove c%.r .
6-gstee Potinia e renstien mbdeier AAdtinnally PHAEENRlyEYs theReetS feit may
reagent that may be added is acetic acid. In sope .
be ﬁﬁg%’@nthatr?@’ﬁ@ﬂ magiurg degqtheraes sthsiantigly sengeErently, with the last
concentrations between 0.25 vol. %and 5.0 vol. % In |
toopre adsteshpl theysucrgsedhesiehithe mcid Feorigiee Ang/op ghe chioroformiminium
concentration may be about 1.0 vol. % Wthout being
chjoiigedsdlly theory, it is presently believed that
[0037] Conducting the chlorination reaction between about 75°C and
100°C is believed to lead to at least three significant improvements over prior
methods of producing sucralose-6-ester where the chlorination reaction was raised
to temperatures greater than 100°C. First, conducting the chlorination reaction in
this lower temperature range reduces the occurrence of localized hot spots in the
reaction vessel where the temperature may be high enough to produce tetra-

chlorinated sucrose-6-esters. Second, conducting the chlorination reaction in this

lower temperature range slows the chlorination reaction to a degree that accurate
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the addition of acetic acid to the chlorination
reaction mxture may increase the yield of
W@ o@rakmse- 6- ester. The acetic acid nmay be addedI/us20béies2448
chl orination reaction mxture at any step in the
mexsepEna&its oof afictaloserteestei gieldi mayrize madesomile the reaction is
i npl ementations, it may be preferred to have the
préceiding aw thei reattion by beiquehtlusd befard theryiett of suerajpsed-ester
to having the chloroform mniumchloride salt and the
beghte t8Sdcréasesdu® tobdelprotiudtiba dfaaes-chiorinatet wuerose-6-esters and
dditionally or alternatively, the acetic acid nay be
otfstdemhrbdudifie TrRac i BnpreBehtlynbéirged Rat cemducting the chiorination
substantially concurrently, with the last to be added

re%%ilohrﬁ tﬁl‘é%\ﬂéreteﬁwé?étlﬁfe réd08efHefofhAtH etarsaRehich mahénclude

oroformmniumchloride salt. [0037] Conducting the

ot ort ( t _
un%@%n%'b{erﬁgédti gﬁﬁbggg&ft%teo&egﬁdd&&ﬁ?&oagé’@. TheSe aatohifiafe hréakdown

ieve o at least three significant

orbdTRO VEqRI ﬁeﬂvsg \A\F/%}%giﬁ’ée sﬁﬁﬁ@%t@ﬁal@rﬁﬁu%rﬁ@icating subsequent

SuUcCr al ose-6-est e chl orination reaction was

aj enperatures greater than 1000C. First,
p@@{:}%ﬁ)@ts& gg't he chlorination reaction in this | ower

Lg?"f@{%ﬁ ETAY I ErBAUCATEN O Chidhih &t F]é%fctibﬁéc ot g resent

sin € reaction vessel ere the tenperatu

. be hi gh eno t d et ripat: :
o 74 SRR LB USRalc: SR SR e poron e
intfceﬁja :rlfa% {o:nggq%fggag{lr%%e(c seggrzog%fr géeoeetcg]sgp‘lgﬁwesl]e‘g%or{ hu‘?cluding the

accur at emeasur.enent s,.of sucral.nse- 8-.ester, yi :
reRGD (AT BN HETTE BRI PSSy onBoange s REcfudfEh Beton

_ be quenched before t ield.of sucral pse-6-est
ible A0S deEIRedsk oaderb Tetop udin i s aghor vessBFfabket may

tetra-chlorinated sucrose-6-esters and oth . .
opsyieda TeRiGAN A iy cppsistent gt iie Rupyaipultheyspction mixture.

conducting the chlorination reaction at this | ower
Heoweiser MiciNighhe grebsmpigenaty 137 TS S!S aweg\é\gntayproduce

i ncl ude uncharacterized carbohydrate breakdown . .
logalizae d10f . SPPHe SENiER: MRYh DRI BMBOKN: RREGRHaRSISEE MHEIn, they Fgaction

yield by wasting starting nmaterials and conplicati ng .
vesgels ef@rearample, the internal réaction temperature may be targeted Tor 90°C,
but there may be localized hot spots with temperatures higher than 90°C. The extent
to which the localized hot spots vary from the target temperature may depend on the
reaction rates and the effectiveness of stirring the reaction mixture.

[0039] Without being bound by theory, it is presently believed that when

the chlorination reaction is conducted at temperatures greater than 100°C, one or
more of the localized hot spots may raise the temperature of a portion of the reaction

mixture sufficiently to produce tetra-chlorinated sucrose-6-esters. It is believed that

as the target temperature of the reaction mixture increases, the likelihood and
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purification steps. [0038] As described above, the
chlorination reactions of the present disclosure are

W@ 20iogopout i n reacti on vessels. At each stageCT/nS100€042448
reaction, the internal reaction tenperature affects

freqaencyuel ko meetsswigh stfieiepitabighdamperaiirgaiingeasrs to increase the
reaction rates and which reactions occur. The stirring

ratgf of hefrazpilofinaiad i yeresesestoh pipsualics. aly ttaintaining the target
application of a heat transfer fluid in the reaction

reaction etixiure tegparaiyreopeaivace aboutvei® Gtandn 0)°Cait il yresently believed
consi stent tenperature throughout the reaction

thatitie likedihobtbaed dreguehey &f fgh lspotexavingrtempersitings esufficientle hot to
reactions is believed to produce |ocalized hot spots,

prodice ltetraxchloeindiedpsucersg-Grestbsr arer @dacent Astordinglyt fteis believed
reacti on vessel. For exanple, the internal reaction

thdtenipesrajivide otetyi-dhtorinategiet Gstodeo6-c8RE, ar® oskiRy, € Marsolee, the
| ocal i zed hot spots with tenperatures higher than

ex?@é‘d intheaseyt ity HGe Whisdteddte progadtionast tEPd-chIBARSed BUdrose-

romthe target tenperature nay depend on the reaction

6-dérafapriltdle tes ifemetihmg PREBsOEteps itd fHeobilGioheRstidraRse.
m xture. [0039] Wthout being bound by theory, it is

Prefeab] v beltigmag roltfo HBERCHAE beRLR drBAHED By tREFhdtRGHs of

is conducted at tenperatures greater than 100C, one or

thé‘Bf’e@eﬁ’tfd%JP@sdrg,Cgﬂdé%ghlﬂE c Bﬂhéticfﬁéa&ﬁér%eat_tiﬁ‘tt@maé temperatures

tenperature o portion of the reaction m xtur

befitdn & t7|5tha‘ﬁdpe{56‘aPﬁ@o@%ﬁé’m@b%&té}a&o‘?\@rohof the reactions. As
It t e target

sucr ose-b-esters. is believed at as t

b BELG 1Bt B8 ARG Aol LTSk s

requency o I ent

- BB EIRELAE RS SEERRSRI RO [ER36 DL na igher

. chl"orina sucrose-b-ester uctron.
o 1A Sk SEbaFE AR O Pty 58 e BB paror
o B R S LSRR IS Bl RE°HS DBdn e
o SR 2 S YERRRRER R B e degposa trough
cohﬁ{}@g\%ﬁgr}r{éﬁt@ﬁ %r %%Ce? ?gaec_tigﬁs? S}Ag rtr?e gﬁlgrireaotﬁ)%i rglagtion proceeds, the
quantity of sucralose-6-ester in solution may be measured through any suitable
analytical technique. For example, one or more aliquots may be collected during the
chlorination reaction and analyzed through one or more analytical techniques, such
as silica-gel TLC analysis or HPLC analysis. Generally, the chlorination reaction
progress is monitored by periodic sampling and analysis to determine when the
reaction is at its peak vield. The analytical procedures alone can take from tens of

minutes up to an hour or more to complete. Accordingly, a chlorination reaction

where the peak yield of sucralose-6-ester is short-lived, such as shorter than 30
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expected increased purity due to decreased production
of tetra-chlorinated sucrose- 6-ester may facilitate

WO b@7/08384 ni ng process steps to the producti onPCI/US2006/042448
sucral ose. [0040] Turning now to the second benefit

mipkigei A, IsyincarvanianiyEhoprduente the chépultydnddertifying the point of
conducting the chlorination reactions at internal

maxdmper ieldaad stappingetheapatiion teforadie yipldus radoed enabl es
greater control of the reactions. As briefly described
aboy@41t he chiVidnoutabéiom bowadt byrtheay pitcdupresently believed that
tri-chlorinated sucrose- 6-ester requires quenching to

costiogtinghte odhllarinatian ireactiveautdeorcontralldd tenperaiures betmgen about
hi gher | evels of chlorination, and to restore hydroxyl

753CaiaIS1 00RC tshvavaliine [ohivrinadredbactisrbsufficiémtiysto iliredsy thielamount of
the chlorination reaction is quenched after the

tinfs Ofliipli ARicANehey ividldl of saualosbabestér estatr its Speaksi NnTEEdower
and betore the yield is reduced through conti nued

teﬁbbl%ﬁur@abhlgﬂn&fonoifébi‘ﬁloﬁ e@sireAues. tHS prdtuctbh 061 étkd-EHlorinated
reacti on proceeds, the quantity of sucral ose-6-ester

sUloPosBOl- HtbOBndTBIN P &-BRBAHAEE sUBFo@é@tleﬁébé fMichadtbelieved to be
anal ytical technique. For exanple, one or nore

thé grlﬁiéﬂ fedBBYNd thft Qiegge%"s@ dnél ‘yféld1 8f shRalebb-eldié | @Bnducting the

ction and analyz hrough one or nore anal yti cal

chﬁcﬁﬁ?ﬁbrﬂ\’&a% ﬁwmg%ﬁér ihfefi %mg #O3h¥Ge & B&lidBY %o prolong

anal'ysi s nera t he ch ori hation reaction

th@ :?%PR ?%?d %u%e'Wﬁ%rEﬁ’ﬂrt‘F\g % orfr&li r?ijéa%tléﬁ@h'laﬂﬂalﬂgﬂllm éhe vicipity of

0 determ ne ent e reaction 1s at

thg'n%x% fg%&p@éélé egfe'r y%ﬁ&cﬁ\g Y8 é?ﬁ‘ege%@gnéléliﬁwef FASs to the

eso m nu

ar@?@'ﬁ 89@?@ nn@ mhqtéé %{:r‘a?o%e-ré?gﬂ )ﬂ@lldl & Oeecﬁlgﬁ%aQ%ﬂl?eactlon is
s GRBESy ‘ﬁ@%‘?.t%?f“@”“%%ﬁnﬁ% 8. g ARG HER L2 Yyl Bdoins 1o
de{é?%isgu Irgél I%J:%ﬁ(j 8‘2@1% %&6 zf% Ph%v H%%hrrﬁueragllﬁlg. bgﬁ}]or eiﬁonj%trial scale,
PrRTgnb i PeAiCYBLAT OOl B SRPLH DS CLRBBPiBpe Jeacton at

bet ween about 75C and 1000C sl ows the chI ori nation
an RIMYBE™Suf ficiently to i ncrease the amount of

[0042] The time during the reaction at which the reaction is in the peak
yield time as well as the duration of the peak yield time may vary depending on a
number of reaction conditions. Sucralose-6-ester peak yield time durations of
greater than 30 minutes are within the scope of this disclosure. In some
implementations of the present methods, it is currently believed that the peak yield
time duration may be longer than five hours and even as many long as ten or more
hours. The lower chlorination reaction temperature prolongs the peak yield time

duration to provide plenty of time to identify an optimum time to quench the reaction
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time during which the yield of sucral ose-6-ester is at
(Ialts peak. The |ower tenperature chlorination reaction
wale@rms®es the production of tetra-chlorinat edPCT/US2006/042448
sucrose-6-ester and other tri-chlorinated

ancHHEIRRE e FRKE R oolBaBRofIEpii ey et ertcaplommmne of
two Esg\?}rgz{f/sgﬁlﬁfﬂﬁ'fﬁ |t°§ It g Wﬁf“@ﬁ'g? hféeﬁggrégﬂt "S?Ee“o?:nagljlgwi rsnultiple
Sa”thpﬁ%frﬁ;‘?ew ?Ei‘%%fﬁ B R P e e (ol
timep\;ﬁ/iglﬁey E)(%tzvg:E ij;%?l?%{ Eﬁ@ﬁ?gabﬁ gbéwgtznbt miéh;ilte’isi? ﬁ'gh% gni@;%%iature of
oo S T AL ectmar s g
b A oVl AP S e o
or e £aOBALAIES 10F 149 BETRG e reactfon &t an opti mum

time. [0042] The time duri t h ' - whi
ged@@‘}%n 2 el s faapt el apor e RS AR gy & BelRved
uration of the peak yield ti . -
o edgm i pUpaR: O e EH e R oMY b cfiip e aierized
peak yie time durati ;
carbokydritenbriealdrurs poRskcs 3 Ronti &Y Sesld ¥ (Fltbéto their
|nplerrentations of the present nethpds, it . . .
colotatipentThgs®¢ars evesent AutiRie grqpigms iﬂ &eﬂ?fl@@% regction. First,
may be |onger than five hours and eve many, | on
thet tars rmprasenta heastesof STABINDGURLENIA et oRHe) GReniss. br GAfvetted to
tenperature prol ongs the peak yield tirre_fdu ation tQ.,
sugralee deduitenaly, die farasomplicaie fUPESaugRt Bt fqﬁjp{p tsfqu. tc\léhthout
quench the reaqt.i onT/ US2006/ 042448 and maxim ze th
bedig@lodind by tiezmp dtr is porsently peliayed ﬁ%@tH%EroldH‘a‘tﬂorh‘Péﬂ'fs '8ﬁ?9 fo the
all ow one or two sanples within 5% of the nmaxinum
terfpéatlire tdhah@camenatiore téastien.al Aeardingly.i gAnEushig ihss cgjaination
anal yses within the peak yield tinme. Mre preferabl
reddiien e ake 1wl demperatures of the present disclosure, which were p¥e’vious!y

understood to be too low to accomplish tri-chlorination, is believed to reduce the
production of fars.

[0044] Chlorinating sucrose-6-ester at temperatures between about
75°C and 100°C may provide one or more of the advantages described above,
though neither is required by the present disclosure. The methods of the present
disclosure raise the temperature of a chlorination reaction mixture including a
chloroformiminium chioride salt, a tertiary amide, and sucrose-6-ester to between
about 75°C and 100°C to effect tri-chlorination of the sucrose-6-ester.  The

chlorination reaction of the present disclosure produces a chlorinated product

- Page 22 -



time will be between about 30 m nutes and about 120

m nutes. The tenperature of the chlorination reaction
wowvdaohiomsedhe range of the present di sclosure naRChES2006/042448

sel ected based on a desired peak yield tine, on a

midGel ESSLISHNGE ebeertianc fof t hergieskeysister dwith ke yeldoand purity of
conbi nation of the two factors. [0043] Finally, as

suérﬁlgéé’-@ués@é’r RBSE cormparaplead endse@ oot metitoeishel i eved to
reduce the production of tars during the chlorination

reaghihan. Unehapaikeidialpdns ameahy di-ahieribatoakdeldis maximized,
product’s are connonly described as tars due to their

it i@ Sink, AR Neadtidht iniktge s Odplemehed’oby being
or %ELG%%ﬁwgﬁ?]ntgtEWr%actli on. First, the tars represent a

codB 1§ b?{ewdece:rﬁéﬁdﬁ @°§ga@@fétﬁalu§ 4bNEana oabidlyardlesavte dbeut 1.0 to

ver sucra e. Additionally, the tars

1%@5@5 ie@@i&ﬁlgﬁ%ﬁ?{iﬁt@%ﬁé Y5 il CARKEQBr SthiBRFormhinlen Ehioride salt)

, 1t I's presently believed that
the bradyct| t lige, i P EBRISUHT Bydbxide, or
of £1ig SHEGHT RIkB ofbtpl Ml lde. 'SyEf ssthoklfi OF BRRSLHI Bycoxd
chl ori nation react, t 4 esichfast Bficium
ancauBaht SShph a0 ARy, Bor IfeteP BRte & IBRESHN, bR o5,
to be too low to a [ish L] - j is i thermic.
oxki s SR iaaee e ey Bdaedorb i eretPh € Byaidly excthermic
Chl ori nating sucrose-6-ester at. S it
AsqsREs L N TSoR ey e e o FEREPRR S 6° PRigIE ervative
advant ages descr,j bed ove, t.hough neither _Js -]
forpiatioRe g?ﬁ’@ﬁ icgfjogic| Sggr er_e‘sqlhl%g hsdéa%f ?\Jhes%?%géentg Lster,
di scl osure raise the te rature. of .a chlorinati :
temperatyres arexheld é’qk%lqt?&gﬁ%oaé c‘$Hr6'|goF“bsr Wﬁ?#ﬂ'%dpg&t'on' For
chloride salt, a tertiary am de, and sucraqgse-§-ester
opliLeyiRkh 08 PH SENA S AEHOD B o e Erably winiih range of
tri-chlorination of the sucrose-6-ester he
abobt 8/5itaabpeh! + @adireferably am apreBinakaut Posur e
produces a chl orinated productm xture consi stigg hed
ess¢P4Ghl | y ofhe oeidgl chisingtiens feactigh PRoqUst MAYERlsC ffpuenche
purity of sucral ose-6-ester at | east compar q[bl % tto
byt laddimgothepmiaon (iSf Godsl00°C) DMF solution to about 1.0 to 1.5 molar
equivalents (relative to the acid chloride or chloroformiminium chloride salt) of cold
aqueous alkali such as sodium or potassium hydroxide, or a cold aqueous slurry of
an alkaline-earth metal oxide or hydroxide, such as calcium oxide or calcium
hydroxide, with vigorous agitation. As in the above-described neutralization method,
control of pH and temperature is preferred in order to avoid diminished yields
resulting from anhydro-sugar formation, de-esterification etc.
[0047] The chlorination reaction can also be quenched with

concentrated aqueous or alcoholic ammonia using either mode of addition. This

process, however, is less preferred because of the economic disadvantages inherent
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[0045] At approximately the time the tri-chlorination
yield is maxi m zed, or at |least within the peak yield

W0 2002/0536be reaction mxture i s "quenched" by bPCTYS2006/042448
cool ed to between about OOC and about 400C and rapidly

in theemppeaNditdmrmbniicohtdhit@wistes mMdther Rdfableahethbds of quenching
(relative to the acid chloride or chloroform mnium

or §Bp ﬁhg dee sabiinatioh readtidnansiannia tad ked Aoe oreh@ brddper dixdiosre.

such as sodi um or potassi um hydr oxi or an aqueous

sl Ungxs pf an Oﬂdéathen%h@ﬂhéﬂbrm?é@dtloﬁxlsd§uﬁlbleht{)dfq@Péhdl%d the
such as cal ci um oxi de or cal ci um hydroxi de h

suctaivE 3. ésﬁﬁt ﬂ'ﬁl_ gpgbdtﬁ’éé%inl%}/% $HaPAte TEInY tﬁé%i&bmrﬁlxtuﬁé in a

excessi ve tenperatures will cause side

valgégﬁ‘%ﬁ‘ salr?ac‘c%lé ‘?n&nersanmgﬁlen'ﬂ q‘éa<|$udf§o§@6 ?érorﬁa¥ be deacylated

este Ication, etc. ng rn a OSS

or %&%nﬂé& tﬁrcftﬁheé nﬁrﬁgﬁeﬁﬁ‘tsgft%e%@t%ﬂhdt§§PMc§%ét desired

uen eration

t
su%;esofs%r aéwgbm L S S 5 B B g v
referahly t
C%aéprﬁ Oguclr%gg%ﬁ-oegtegﬂggf YA n%)%mt%g Q%(gnl tl:@ Femaini ng
ed b ng th i
ch@sn%sﬂauc&JS@?gsstf?%a o8 B %ﬁ@/ﬁe@m CHEb Rl B
acid chl orjde, or. | o form ni.um oride salt
esE5) Bk RRoGlFSSIaT RSt oo 50 agcrega?uﬂq%%oﬁ%@?iﬁntﬁw may be
hydroxi de, or a co qgueous.. sl ur
SeRARIA AL T FIBHIP A FGRATEHoTh SR R Sag)pHifgtion methods
cal ci um oxi de or calc um hydra Wit h VI
are,glesaiPash at ASastn I HAIKER, Ao d01$ bBat e A o previousty
nmet hod, control of pH and tenp IS C
In@rmateﬁdﬁ%w'@. by pfaiencenklavigicd| s&ﬁ és%laf i '}#5 g flgaw%& \hich is
anhydro-sugar formation, de-esterification etc. O47|1)
incpReoratedonerai by efeeansei Britsc aRtirgys for pl ater@ﬁ%%oﬁ% Pr$ atent
concentrated aqueous or al coholic ammoni a usi gg
AnwbcdaéioaferattﬂédtGQNVEﬁﬁi@Np@Eic‘élé@RAh%@rESTEs‘? 1T §UCRALOSE
preferred because of the econom ¢ di sadvant ages
filddndre Bepteimber 2€, 80&pawalingfokmBbaiies Eonesinverigr Aad asgigned to
O her suitabl e nmethods of quenching
Healthy Brands, LLC, which is incorporated herein by reference in its entirety for all
purposes.

[0049] It is believed that the disclosure set forth above encompasses
multiple distinct inventions with independent utility. While each of these inventions
has been disclosed in its preferred form, the specific embodiments thereof as
disclosed and illustrated herein are not to be considered in a limiting sense as
numerous variations are possible. The subject matter of the inventions includes all

novel and non-obvious combinations and subcombinations of the various elements,

features, functions and/or properties disclosed herein.  Similarly, where the
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or stopping the chlorination reaction are within the
scope of the present disclosure. [0048] Once the
w@hdososiset i on reaction is sufficiently quenchebPlCT/UR®06/042448
sucral ose-6-ester thus produced nay be separated from
debdriptibe asdifes rtaoixtaufiret’igleraemtaritied pquitalsnt thabdaf, sumhrissription
Addi tionally, the sucral ose-6-ester may be deacyl at ed
shelild heasidersiddeld ihtlues gitomonatitherf ook of udraksleh erinferds neither
to produce the desired sucral ose. Suitable separation

re@ﬁ%@t@cﬁ‘é&b@ﬂln@ﬁwﬁﬁirm& sBY elefeprbi ned in either
order. For exanple, the sucral ose-6-ester may be

seppiodbpd fremd bejisRremtHH Nle Clollowihgadiiths particularly point out
sucrose-6-esters and then deesterified. Al ternatively,

cehthif &H%ﬁﬁt@ﬁ@ aﬁd s‘%r%ESﬁwaﬁ%Mor@th@?Q@ GirdctéLth bfe BPfH@ disclosed

sucral ose and the sucral ose then may be separate and

mJ%'ﬁﬁbrﬁé ethd @F@”ﬂbﬁély aﬁ&p%ﬁbbﬁﬂus deelﬁ\Yérﬁlthnem%BEiled in other

cation nethods are described at |east In up

co%m%lhons( § ds@%mbm%bloﬁs %f%a‘k@@s s ‘§V‘fl9+é§ibb( el?rﬂegts and/or

I ncor ora erence, V a et

prgﬁge%'té? gﬂg%ge%?aé% L% ué\ﬁ%ﬁw@]nblﬁlehWQﬁQ?F&%ﬁgclgﬁfﬁ§blﬂ) giXentatlon

S en

ofﬁ%%ﬁ%%blﬁé%%ﬁ%mwﬁﬁh%g &LppY sl pynetrer
o SRal 8 AT dfrécteaxcsa@ o e

fere inits enti f or a r ose 0049

aiffefty tAdtey o8 PHaT T HeilR gﬁl%@aﬁe o ¥ FBBTRT irips. ote also

enconpasse e dis ns Wit
regtdeh B dBRRoRt: Wy iy nistE eaber ot hlss@vmmp fhe present

_has been disclosed in its preferred form the specific

H-ments thereof as disclosed and illustrated

herein are not to be considered in a limting sense as

nunmer ous variations are possible. The subject matter

of the inventions includes all novel and non-obvi ous

conbi nati ons and subconbi nati ons of the vari ous

el enent s,
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features, functions and/or properties disclosed
herein. Simlarly, where thedescription recites "a" or
w0 2007i05804 el enent or the equival ent thereof, BCINS2006/042448
description should be understood to include
| cldygor poration of one or nore such el enents, neither
requi ring nor excluding two or nore such el enents.

1. [ O0RMhethbd iof cRSHin@NRUChRe-8-B8tef & pRINUBE 654 3i-MBhloro-sucrose-
particularly point out certain conpinations and

6-%@9,%@%(;@56@%;5&%9;“3 directed to one of the

i scl osed I nventions and are novel and non-obvi ous.

| nV%@ﬁ@;ﬁ”@ﬂ@Hﬁéﬁdm RLBESn CRiRatdoRpisMd sucrose-6-ester,

subtCo lons o eatures, steps, functions,

chlgkpzé'@ﬂn@ﬁ}ilﬂﬂgé@%d@ Qé??falddet%rﬁﬁ%sa?ﬁd&'a?iﬁ%#nﬁ&é@w% low about

e present clal or presentation of new

652(#,8\}5{@%5(3&1”%5[ l%ég’t %gﬁﬁ@?&%g%ﬁpﬂeﬁﬁtw glad ?g@gh%%gﬁﬁ%nium

are rect

onfite RaF s PRI Rlimfi SRR Q008 S0l T scope
i heirG b s O Rt arBlg o FRI AR P ERY about

Bg gsent disclosure.l Caim 1. A nmethod of
10810 i nat | ng sucrose-6-ester to produce

6',4,1 -trichloyro-sucrose- 6-esters, the t hod

conETGAIHgE Dol REGUES o107 | SLATTRHCD dRaRIooh THWie Petween

conprising sucrose-6-ester, | orof orm i npum chlori. de
abggh 15"Coart ARAK 10 niuniaiie SHGBERs e [ ASaime to

650C, wherein at least a portion of th i oy
praglies b ENEY B31e6: SUgieRS IEUS SPBIEF R ATRANGMINGRIS  4d -trichloro-

salt fornms an O al kyl form m ni um chl ori de adduct;
supieseOrRptehanthl ori nati on reaction mxture to between

about 75C and about 1000C, nmintaining the tenperature

of fhendbifigdhe shlorinatianeg@ecidn ni xt ure bet ween about 75C

and about 1000C to sustain a chlorination reaction for
2.a siUhéimsteed of ¢laén flowherein the chlorination reaction mixture is prepared

by adding a solid chloroformiminium chloride salt to a reaction medium comprising a
tertiary amide and sucrose-6-ester while actively cooling the reaction medium to
maintain the chlorination reaction mixture at a temperature below about 65°C during
the addition of the chloroformiminium chloride salt.

3. The method of claim 1, wherein the chlorination reaction mixture is prepared
by adding sucrose-6-ester to a reaction medium comprising a chloroformiminium
chloride salt and a tertiary amide while actively cooling the reaction medium to
maintain the chlorination reaction mixture at temperatures below about 65°C during

the addition of sucrose-6-ester.
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produce a chlorinated sucrose product conprising
predom nantly 6',4,1"-trichl orosucrose- 6-ester; and
waee@nokicng t he chl orination reaction. 2. The neCTOs2006/042448
claim1, wherein the chlorination reaction mxture is
4.pr egheedetbhpd ad dlairg 1a wdeleid thd Cloloohatiom neiaclicmmodidireris geepared
salt to a reaction nmediumconprising a tertiary am de
byaadtisg @noswd hiesitieto shidaetiare tiediiny of @atiose-Gtdster and a tertiary
reaction nediumto maintain the chlorination reaction

amidat white adctively ecqatingitthe erdaetiow raddiudh &P Gndlbtainn ghd Fedlorination
addition of the chloroform m niumchloride salt. 3.

redttonnmeixiad fiftembaiatirés bahay aboutt 6B2Ccilfig Matddaition of the acid
reaction mxture is prepared by addi ng sucrose-6-ester

chiddide, reacti on nmedi um conpri sing a chl orof orm m ni um
chloride salt and a tertiary am de while actively

5.COOMhBIMEMR AT QAP R, WREFIMth® rORitBhahBdiliReis actlvely cooled to
chl orination reaction m xture at tenperatures belo

m&RRAH t@&l%&ih@ﬁ réélﬁloﬁ fu'ré"ét 95 t%lf(—:%ebéio@safb%ﬁt 40°C during

The net hod claim1l er el n t rination

thé gﬁ&ﬁ.bﬁefme@cwmmeprepared by add| ng an acid

oride to a reacti on nedi um of sucrose-6-ester and a

g.ter tl"h@rr%{etﬂ% 48 ! £ vé\%r%;ﬁ%éé t@rﬂ?én’aﬂgetd? Fnd %ﬁl%hh?ﬂbrnereaction

diumto maintain the ¢ natlon reaction m X

m&@“‘% FIRER R PR O SRl A 7 lf gyt b "
i CRTReLRE' %aﬁé'ﬁ’ﬁa&‘ﬁﬂeﬁé*ﬁ" b igrnéfion PRt 8 is between

rat ure about 100C during the addition of
abPHgEE&'r& hze‘vh%urSThe nmet hod of claim 1, wherein

themﬁﬁgﬁa‘a@%z{aﬂ{we PO BB S B s
mlé (r)%fls' ﬁ%{o?%lﬁeq @l@ﬁp&e %]&g%r?cg an@*iaﬁlo\r{nmrgg&lo% ttlnﬂe is about 50
hours.
9. The method of claim 1, wherein the temperature of the chlorination reaction
mixture is maintained at about 95°C and the chlorination reaction time is about 12
hours.
10.  The method of claim 1, wherein the chlorination reaction mixture additionally
comprises acetic acid.
11.  The method of claim 10, wherein the acetic acid is added to the chlorination
reaction medium prior to forming the O-alkylformiminium chloride adduct between
the chloroformiminium chloride salt and the sucrose-6-ester.
12.  The method of claim 10, wherein the chlorination reaction mixture comprises

between about 0.25 vol. % and about 5.0 vol. % acetic acid.
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about 8 hours and about 70 hours. 8. The met hod of
claim1l, wherein the tenperature of the chlorination
WO 2@eHssmM m xture i s nmai ntai ned at about 85C aPCI/URI®06/042448
chlorination reaction tinme is about 50 hours. 9. The
13met Aadeibbd df ahtoribatingh suarose-6-leeter donpesdatcaré, 4of-tridnoro-sucrose-
chlorination reaction mxture is mai ntai ned at about
6-&€€, thedndthed cbinprisingt i on reaction tine is about 12
hours. 10. The nethod of claim 1, wherein the
chl provitirig o8 robithiatieh Nredcticre it ogthprisire "PUidrosEs6-ester,
acetic acid. 11. The nethod of claim10, wherein the
chRESTbIGinAsILG tifondki et ! Rriidhe il bR@tdcetic lRRCht @ntemperature
medi um prior to formng the O al kyI form m ni um

beRJW Qhbde %QGUQ\Fhe*P@IhV‘@leféa‘sh% Q@BHWnOBPVtﬁé 4R d4eLE-BEeF 'aq*@ the
It and t he sucrose- 6-ester. he met hod of claim

ch%%fo%ﬁﬁﬁhm dHGide YoM 4rPO- Jll@ﬁf%%%]mw Hi6rfde adduct;

conpri ses between about 0.25 vol. % and about 5.0 vol .

% apeliry fe &l&%atnén'@ aef ﬁ%xt E'teftsé%\% M%bout 85°C and about
o

sucrose-6-ester to uce | oro-sucr ose-
5§%esters t he nethod conpr|S|ng prOV|d|ng a
chlorination reaction mxture conprising

S ucfn%ﬁﬂalﬁlnﬁls Bfer tearﬁ%grgfu?% o r@h@ bﬂ‘ﬂa‘h'ab olreagfr‘o %i&tuge between

tertiary a acetl Cc acl errpera ure bel ow

BIOHS 6 YO0 S PR g g resor
ek v

and abou 95C mai ntai ning the tenperature

gq HW@%&'ISUWOF\% 2tion nixture between about

? g?ché‘r@,dq, ﬁﬁt gh%sﬁwe}tlgnSrggét%lnndurm%ha %Fnlloﬂﬁgtllo%nre%%? ont nggk yield

time.

14. The method of claim 13, wherein the acetic acid is present in the chlorination
reaction mixture at concentrations between about 0.5 vol. % and about 2.0 vol. %.
15.  The method of claim 13, wherein the acetic acid is present in the chlorination
reaction mixture at a concentration of about 1.0 vol. %.

16. The method of claim 13, wherein the peak yield time is between about 2 hours
long and about 10 hours long.

17. The method of claim 13, wherein the chlorination reaction mixture is prepared
by mixing sucrose-6-ester, acetic acid, and tertiary amide in a reaction medium
followed by adding acid chloride to the reaction medium to form the chlorination
reaction mixture, wherein the reaction medium is actively cooled to below about

65°C during the addition of the acid chioride.
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reaction time to produce a chlorinated sucrose product
conprising predomnantly 6', 4,

WA 2000/083M or 0- sucr ose- 6-ester; and quenchi ng tPET/US2006/042448
chl orination reaction during a chlorination reaction

18peakhy iraltitbd ofneaiml 47, wiieseindheotlomdiatiohaeactb®, mixhee & ecooled to
the acetic acid is present in the chlorination

belo®ealioup 0T Atiingethataddiivoefithesddidoislobds.ween about 0.5
vol . % and about 2.0 vol. % 15. The nethod of claim
13, wherein the acetic acid is present in the
chlorination reaction mxture at a concentration of
about 1.0 vol. % 16. The method of claim 13, wherein
the peak yield tine is between about 2 hours | ong and
about 10 hours long. 17. The nmethod of claim13,
wherein the chlorination reaction mxture is prepared
by m xi ng sucrose-6-ester, acetic acid, and tertiary
am de in a reaction nediumfollowed by adding acid
chloride to the reaction nediumto formthe
chlorination reaction m xture, wherein the reaction
mediumis actively cooled to bel ow about 65C duri ng
the addition of the acid chloride.18. The nethod of
claim17, wherein the chlorination reaction mxture is
cool ed to bel ow about 200C during the addition of the
acid chloride.
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