TAL-147WO0 ¥¥Q 20283 14683PCT/US2010/026784 BASE-ASSISTED FORMATION OF
TIN-SUCROSE ADDUCTS BACKGROUND OF THE INVENTION Sucralose
(4,1',6'-trichfg%gﬁ,lf‘/,%‘!?ﬁﬁeoxygalactosucrose), a high-intensity SSweeteneP%ngf)r]c%nga%?ose, can
be used in many food and beverage applications. OHHO SUCRALOSE A number of different
synthesis routes for the prepasEossi SUERERMIGUe hesm TdRvsloprdse wbmbdhe reactive hydroxyl
in the 6 position is first blocked with an acyl group to form a sucrose-6-ester. The acyl group is typically
acetyl or benzoyl, although ioothers may be used. The sucrose-6-ester is then chlorinated to replace
the hydroxyls at the 4, V and 6 positionsAcRerROWREAF GHECIERTAJN6'-trideoxygalactosucrose 6-
ester (referred to herein as sucralose-6-ester), followed by hydrolysis to remove the acyl substituent

and thereby producg@#&f@é@qa §%vecrr@érﬁmh@alsfroma&{%@rm?&mreééjeaSH@ﬁ)ﬁﬁf@n@ﬁ rinvolve
tin-mediated %c% tion rea tlc%s with |Ilustrat|v§ exa ples bemﬂi’)‘%‘\%\m’é sed in U.S. Pat.

4,950,746; 5053 596" 81945 608! 30588 P A% %si ke ie AR &S iAEd é‘féﬂ%‘érem by
reference. Various chlorinating aggnts may be used to chlorinate the sucrose-6-ester, and most
commonly a Vilsmeier-type salt such as Arnold's Reagéh{ will be used. One suitable chlorination
process is disclosed by Walkup et@ll, © 0, 4,980,463),@0incorporated herein by reference.
This process uses a tertiary amide, t ' :

moiety and excess chlorinating reagent are nedtralized ("quemched”) with aqueous base to provide the
sucralose-6-ester in an aqueous solution, accompanied by the tertiary amide solvent and 25salts
resulting from reactions of the chlorination reagent Y4RAL®38I0se-6-ester is then deacylated to

produce SulRINSRLENS AR ASARIAION st R AL BY MR L Aol Su Rl due. 0496, 700

the entire disclosure o ereinbyr Ace. 1t wil'be & parentethat Improving the

yield and sel@YRIRPe BL¥WHSE-EnesracHMSHRYEIRAY WBHREIRcPEEEIOR (% flltIsRIsked AriEh DB GE¥S
efficiency, agwel &s &imphfg BOpseHicatitar. TWWe 261 @/l46i8 3P ISR/ 02Hé8408L) MMARY OF

THE INVENTIONS mayT be Jggent%&r@e@&eé & &F&P%dtﬂéﬁoémﬁ?ﬂmé’téb‘%oﬁ&éc%siﬁé HyedRghad

includes, in sequenqe the steps ) contacting sucrose with a organotin-based acy Iatlon

promoter in & §oﬁle]ntqﬂd5§n8?§ﬂé§é'ﬁ$8 Bf %dﬂﬁ’*%é Jer ey ﬁrﬁlﬁe§%qﬁoﬁé%?éa§m§Hmpsalts
b) removing estee(tefforad daihesaitr @sesadulrse dndster), §lbpvreddiind ttetisisticreseaedhet avith an

acylating agenbieifesat H}ﬁjscuefese%ﬁﬁa&e@&éf equg%D R eRRIPTHANQEUTEEINY FNEE QN farhRe
invention prowdes mgth ds of d[oglgcmrg ‘at}’gn'%}é ccgurlng fO{m tion of an mterraedgate

sucrose-6- ester 3 base |§3H8I\(J &dl With ‘& X ure Sucroseandan orgaHSPrr?tb Yo
promotét prléfsﬁioﬁﬁg\}m’félsré?ﬁb\)&ﬁ &ﬂ?@r&ﬁ@n@@?@pﬂﬂrcﬁ%ﬁ@émﬁ@éér@%b:aﬁmbct that is
subsequentlg agylaed, talformiish estem ddrporaelit e afihaseratdfdisdeoint in the process may increase
the yield and selectivity of the 15tin-mediated acylation of sucrose to produce the sucrose-6-ester. An

overall process for BR5YSIRE 8lioRtIDgeraeats Ny tetHesth e shitdTingta Bie Becdessofbestefokmged by
more detaileghciselosio i the/ Nariers-SipRSsalt su@ﬂ@éSblH&htﬁspR@@%ﬁtf%Nhfém%?ﬁr@m of
sucralose fr Ves llowi te F| t he h dro | 0Si crose is
blocked Wltf%g]ﬁ%gitéeég II?rp'%‘)léjmns%c cggss éscetg?ibor%e%zbzét&e %ﬁn t&% gdgpgxﬂg w% t%] a nd 6'
positior? of {REFRSHRIRE GY?rkS’sEYG' fefensPe COHVBFRSET® Ifo™ I§FEAPS! aWil‘P\evn‘i)’é’r@RiWé“f e

stereochemidmhetinfigorationiaé {10 MmpPsHotheChinenansnaicdeiby duwyis indher4nhd' cand fapesitions

of the ester 0] t t osition is
disclosed In QU oL B S e U

Pat. Pub. zoﬁ‘i%ﬂ%ﬁgr SGIRN ATSSSrakzsd hHaLRnFRed| )lr‘?ﬁﬂ?&ﬂ‘éﬁ%sh@%‘?ﬁ?)y'iﬁéﬁﬁ% Then the
ester group Budne Gedsitsirronthe eeREting Suct@lnsecoastenisd dy dhve die diztysanrido se|vine: reslilting

produchis psmtsef-ﬂe@a@.a@o#aaﬁd rJAa%memﬁe%myngt.mﬁr@wmua’rﬁ&eafcm%rs%oe enPe eibgr

batch or co éII‘IUO qcesse FoIIo are detalls f how some embodiments of the 3%&rocess may

be performe ia-;r)éparatlor? HUGR LR  e? " SRS RASY RN 15 B AYARS:BY DPY iR Rise
can be carrié# M?b?%é&r@@%%s@wnﬁtﬁ%d!%ﬁw{ﬁaﬁ avaithyidrideorngchted aexstic Bnhydride or

benzoic anhystdeiehde. an aminpdrappapelartaptaipealvetie theigrasessrahaty QAR nsetkr
acylation WE%%‘%%Q%M%% CI: Jrlé§&01l9épa%§ge8yleld and process efficiency, as well as simplify

30 purification.



promoter, at a temperature and for a period of time sufficient to produce the sucrose-6- ester. The
6-ester group shields the hydroxyl on the 6 position from the chlorination reaction. Accordingly, any
ester group 22U o the conditions of the chlorination reaction and WIS EAH ¥ P& oved
under conditions that do not affect the resulting 5sucralose can be used. When sucrose-6-acetate is
prepared, 1,3-diacetoxy-1,1,3,3- tetrabutyldistannoxane, for example, can be used as the
organotin-based acylation promoter and acetic anhydride as the carboxylic acid anhydride.
Preparation of sucrose6-esters is discloset/MMARYeRBTHcINVBMIEIQNJ.S. Pat. No. 4,783,526; Navia,
U.S. Pat. No. 4,950,746; Simpson, U.S. Pat. No. 4,889,928; Neiditch, U.S. Pat. No. 5,023,329;

10Walkup, U.S. Patriyan %8959 Wieraammbekifo st idvanifg08 4uebdscSanteeys. Urhe Radtda.
5’4701969;8@%2?%%”%%&%?4&%%% g%@rk, U.S. Pat. No. 6,939,962, and Li, U.S. Pat. Pub.

2007/0227 e disclosures o are all incorporated herein by reference. A typical

preparation of sucrasedhesian £eRIvES &M BRI AGEEEEasEShylRRICIomiR SO acier éngisolvent
with an orga{hotin-based a%labtiosré RLoMm nd water ction i vteg stoltform a tin-sucrose

SI_ ?Horesen e 0 F e Petgih%m ar{nnesoa];rgg%asac aﬁigﬁmn'?e ? P(f . .
adduct. Then, the reaction mixture containing the tin-Sucrose adduct’is contacted Wwith a carboxylic

acid anhydride. The sHerQsgne- il aadienisolniad fres thetrsulling reaction mixture. Alternatively,
the organotin acylation promoter and/or its reaction products can be removed from the 20reaction
mixture, and the resitrrgadlogdhofithe suwosesadGustieitmahepdidimgpagtotsofent ubedsuTriteenext
step, convergiQgief the hydroxyls at the 4, I', and 6'-positions to chloro groups. The choice of polar
aprotic solvent is determined by the solubility in the solvent of sucrose, the organotin-based acylation
promoter, and the resulting stannyleieAlsERroEe AHFTANCO RTHEINZE KYISafety and toxicity
considerations. Preferably the boiling point of the polar aprotic solvent is greater than the boiling point

of watefoat atmosphedaivessorep iatRprataray dherdalinadsirtabieaPAlRicAPHRIH§TURRM iR AL
least 50 © et hanli el poins ALWe o S ATIGRANGHS RisRSHEe,RILADIE ROIRL SRIPLS
solvents are, for example, Ri-miet y1-2-pyrrolidone, dimet ny sulfoxide, WKI imethyf acetamide,
hexamethylH83pRdraRatRs andapeererapetal Rogmie A reksaRsmeval ("delydrabemt oiteRe polar
aprotic solvembith lferogeal tviHsaleodxeadielettrtinsc Dy ahevidyraeyitiose coSolubitihy eetwidaragions.
When the palaarUF SRR bR [RoRamide, triicalle aRaY B IRARRLERRD of 1"

aprotic solvent per 1§%egif sucrose, preferably about 8 g to'about 12 g of polar aprotic solvént per 1 g of

sucrose’ 35¢ 4R BEVIRIR. 3RYG UL Bf PHEERSPE PIOdsE1 010 SKTE5e 0~ eHRL- o AT RYtIIbRERF SR [Rtion
promoter canrbduniygofutrodeskrroarrdimth eostheftmvertinpiei/lammobendese s pfabbivel dyiapdieS. Pat.
No. 4,950, 74faiNRiglitedb 44 e Rakn Qapidl&3s8855. Walkup, U.S. Pat. No. 5,089,608; and/or Vernon,
EP-0 475 619-A, the disclosures of which are all incorporated herein by reference. In particular, the
5organotin-based deytasigteple materssdiarbdneaptepaaitiydrafcswbydmeg) fioin3sBetetrainvolves the

(hydrocarbypdisiangaeps; #irithydeacathubfiniide RRitRartpoRIBdMe BfcididhyarPsAroyRfn
oxide and a dihydric alcohol, an alkanolamine, qr,.an eﬁolfaz?ﬁle Eghy_drox ketone; anda
1.3 diadyoxy TP 3 TR A ek in  FERATS BYGISCORC AP R e RS Rble,
dimethoxideth@ &a§salsoheussese-fresterrareCHydidedisythiefergra o alkylicyersiaikyf thel, or aralky!
?-fgudp- Thle QE%%MHB lséThﬂ:%fBﬁcﬁﬁ}daﬁﬁibllﬁrQ_ME@ﬁiﬁdyiﬁfi\jfv?l@r"v;]/ersion of t_hebhydrgxyls Iin the 4, 1', _
,3-diacyloxy-1,1,3.3-tetra rocar istapnoxane. n the organqtin-based acylation promoter is
1 iy R R B B e SRR e
preferably a®@rtig8raBanaki §ro e oitisRdhaiss!prefe prémiaB hiatRakyNetoR§OrtprogpioklyS
n-butylexy, Papemiyloxgamy 020961 aacdnrest prefersbiyud neebmor goawe. Ahethy drecaoykgroup
in turn is pr f -C8 I ef ly.an
NP i e S A Sk R
20hydrocartl GOUF L BIRRHSINP S QIRTIYrSUiS IRSRE pRERPABIF IA%E 1 (EB TERYHGR B d4is iost
preferably apuvifiedys gdoepaWtierT eepoogesmtin-baged teylatvniduasicies ib¢hapfeemtide product of a
di(hydrocartyditin exidsmantoasfsdessalcobalioikrBlamiRG r AN i ahiR alvehexykalgne, the
di(hydrocarb Igtln oxide is é)refﬁrablé ?as described above. The 25dihydric alcohol can be an alkane
diol, pré(fera ry?%\?irr]‘ba rorm P08 e bon atoms. Suitable examples are ethylene glycol,
2,3-propanediol, 2,3-butanediol, 1,3-butgnggiph JA-bréanresiolsl3zpropanediol, 1,2-pentanediol, and
1,2-hexanediol. Alternatively, the dihydric alcohol can be a cycloalkane diol, preferably having from 5
to 8 carbon atoms. Slktable prarples af ¢hk, B-tye ohexafiedwbaaddn beyelopenian eyiokdctioaat
case, the 3QWQJRdimey LA ATE RiplaraRi L Bk JBapdanrCamanatoms Al frodgach

other on the carbon chain to which they are bonded, and preferably they are on adjacent carbon atoms
or there is oH‘ea@a?BBH%%ﬁ RAIBLARISG GRS NERIAR LB RIS EEGRieh TR FAIRN)T Fdeh e atiRShded.
The alkanolamine is preferably a C2-C8 alkanolamine, and preferably the hydroxyl group and the
amino group are not more than four carbon atoms Bs5distant from each other on the carbon chain to
which they are bonded, and more preferably the hydroxyl group and the amino group are on adjacent

carbon atoms or there is only one carbon atom separating the carbon atoms to which the hydroxyl
arotin WO 2010/11ARGRRRPCT/IIS2010/02A724A and the amino aroirin are honded <intahle



preferably a C1-C8 alkyl group, and most preferably a butyl group, so that 1,1,3,3-
tetrabutyldistannoxanes are particularly preferred. It is convenient if the acyloxly roup matches that of
the carboxyﬁ%oa?‘ﬂ]rﬁ)/d%ﬁé% be used, so that, for example, when a iosucros&%-é&%&%@%%%‘\ng
prepared, 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane (distannoxane diacetate or DSDA) is most
preferred. When the organotin-based acylation promoter is a dinuclear species containing two
atoms of tin per molecule (e.g. a distannoxane), preferably 0.5 to 2.5 molar equivalents, more
preferably 0.7 taoote?, rmotareaoprvate ris redifameneepiaferfatity Osa fficis it Tonpladeguivalentsysané most

preferably 1.0smaplafRagivatanis-of A rRINRERAIBLPES MAL O hesrIas - bHPIRs AR R JFaction
mixture. When the organoti _-bzﬁed acylation Ipromt tetr_ls a onon%clearr}i,gemesfc‘%ntamngﬂgne atom
of tin per moiS2EHE (e 4 5 (R bea?{b%tﬁﬁ B4R e PiRN DS Yo LBNAiIar L YLSISAY RS
preferably 0.8astioB anslarhicfusaiiditg oy adosngrefardifor2thaside e@livtRattthefresutiiation
promotey pesiedfoeé %Hﬁrﬁéﬁlg%cﬂlr%@hi@Jbl%ﬁ?metm@(w:ﬁepareap fgraiﬁietaaysmq%@adduct, a
first reaction, mixtur mprising sucrose in a polar aprotic solvent is prepare isso|ving sucrose in
the polar ANt DB AT e et B LS T SRR e SRS v e
sucrose. TheHARLERMOARSEIEEIHETRRISA BIOFRRPIY Iaddistaphy it cisePainiiar oBeieresesthe
removal of mat@temism dtivsadhe, m@mmgwmsewmsheanrmouevm 528 thevid)-SUsSIoze.
adduct, a baﬁ%.'%,%l§8,?Qé’?gim&%[ﬂﬁ%‘!%@%&‘rz&s@@!éi’.@%@%i%‘?if%%m%tl?ﬂé?.r%,%rz%‘f?iéhe

organotin-based acylation promoter is added, as long as it Is done before water is removed. Suitable

bases iHtlud¥ A4 HetaPehrBon 208 hRBhYAEIRE; HyarSRHEL ik fe IHospRs, HiBadrt:
phosphates 8nd Lath2gRite@hhlst. SOPaitalie sra4iines JariexasphaiN NodisaisEBietndahiine
(HOnig's bagey Aingsaiag,820/ag RAINHKS alaest G LWILAVRIEAYiREHSG &N HdRRRELy
typically at least 120 C, although other boiling points are acceptable. Other tertiary amines may also
be used, accrgfafﬁacc%' the invention, as well as primary and secondary amines. Suitable amines

include, but are notAiRyied, (3 B8 IVIBMIRS LBl YRBING PLARNGILIDR W ADIEOP HRUAT IR st

ethanolamine, aniline, tert-butylamine and morpholine, dimethylamine, diethylamine, diisopropylamine,
piperiditie, pyPSRGME, Eﬂ?ﬁ%‘fh‘%}%d&ﬁé?‘&%’iﬁﬁé R O AR B S5 % BES I PEYDREID 3B ¥ ridine,
dimethylamirbpsaidine [OMPYed B diapabitiycajerdse]added. 7 Bren (OBURaahdrdinisthigethanolamine
(DMEA). Watghtaaynth enelmreqeayadfaoncthe cestiting mixkaechibarylicygRign dnathogy &or

example, an_added non-polar co-solvent capable of removing water by co- Sdistjllation, such as
oactivod 1 ae, S e B S B e MR AN S e
disclosures Sf¢afeHBASIRED GramatRerNd/Y tererarden Riay LS ke fapied Efitidhe removal of
the watgr of reatiion nbuthe aventisearas tipiealyiones diahdeunpbseasiesith therolaniptistisolvent,
the organoliggiased sey ARILAIGRAIED A SHoSEDA) Brasiies A mbdure Wil beglan aprgtic
solvent, tothe organotin-based acylation promoter, and the sucrose; that reflux with an internal reaction
temper_ature‘immﬁw‘-iﬁ%“l"énge of from about 75 C to about 153 C, preferably less than 100 C; that
co-distil with water; od At dg ok engel inecRsiPRednolblE. SUTASQYERIR 'S WRicaliciiose

that are immiscible with water and form a constant-composition minimum-boiling ‘azeotrope with water,

such as satuUtatERFRyH® CAPBORE N B2Fet2RIat R GEAMRRE, BRfbHTatesHH R st ansuIRchstBFese and
e'Fhers. Exarmppiescf seo.lmeﬂcﬂsentsiiﬁetvc&mdmbmy@esrdéleptﬂme, Eo#ﬂmmﬂ&bi&onntgm@ﬁﬂ-
trimethylpen{aney, i} QBPOM@M&&%%EEQPenyﬁwﬂe%ﬁhﬁgqb%i ﬁ?%‘?%@&%?'é%ﬁné‘%ﬂﬂ&%aﬂer

removal of water and at least a portion of the polar aprotic sOlvent by distillation under re uceq)
pressure, coNGEtY GssHa R YrIAR Y IBR BRI R PRI U SRRIBIBSBRIGHE TRLYBRGihatileEdsed °C
acylation pragrastear theoh e rbahotiareinodUesteP et pdratisphefiS nozatose-6SERtEYe poldoaguntiert

sucrose-6-estaydauUr@lasecleae, el atdhioheldiil IRRSHERINR O INedRHetage-6-ester
are converted t chlgrolgrour[%s aqd%he %tereo%pemlc Icortgfl léliatl t the %}%’0 ition is jnverted.
ConverSion of ?haenﬁ'ygfox%}ig me)fné 91, cis,par?orlafg' 'epgﬁ??bﬁgeo%%eyeﬂ;ﬁ%'%ﬁl g?BUBB“VJﬁh inversion

of the stereochemiealLomiigiiadionaiphiaAprsiionisdistirsedBdValkiRoWedBaiite ¢ 35463
Jai, U.S. Pat. Pub. 2006/0205936 Ail' and Frgg U.S. PaR.NPub. 007/0100139 Al; the disclosures of

] . S .
which are aIF%%\ﬁerbnaFé]tte'%{'ﬁ%r%?nu 'y'j%f%?gﬁ' r althogﬁhlorﬂ%'ti ep’)’r%'éé@é’ E°&fﬁ5ﬂk¥§§‘iﬁ% %’IYE)Wing steps.
A reaction nfiimgehd SopremigedyairpiisekpticSsutecaieost &er of poftnApPatitiecMant aceist séven
molar equivaigsrssef prefiaibntibo age gt t&eabexampleofhene PHPeesSothensyrioser&esierssan be
added i3n af that comprises about 20 wt% to about 40 wt% of the sucrose-6-ester. The ratio
by WeigI%t of tertiary amide to total carbohydrate in the reaction mixture may be about 5:1 to about
12:1. Alternatively, a preformed 35chloroformiminium salt, such as
(chloromethylene)dimethylammonium chloride (Arnold's reagent), can be used.
(Chloromethylene)dimethylammonium chloride can be prepared, WO
2010/114683PCT/US2010/026784 for example, bfthe reaction of phosgene with N,N-dimethyl
formamide. Typically, the molar ratio of the (chloromethylene)dimethylammonium salt to the

sucrose-6-ester is about 7:1 to about 11:1. Subsequently, the hydroxyl groups of the sucrose-6-ester
Aatthe 2 2. 4 1' ' A1 Eand A' nncitinne are converted to O-allkviformiminitim arotine The reciiltina




20amides that can be used include, for example, N,N-dimethyl formamide (DMF), N-formy! piperidine,
N-formyl morpholine, and N,N-diethyl formamide. When N,N-dimethyl formamide is used as the
tertiary amid’é&)i?@gﬂﬁﬁg{g be used as the reaction solvent. Co-solvents can %%Tﬂg%@]aw%ﬁ%“ about 80
vol% or more of the liquid phase of the reaction medium. Useful co-solvents are those which are both
chemically inert and which provide 25 sufficient solvent power to enable the reaction to become
essentially homogeneous at the monochlorination stage, for example toluene, o-xylene,
1,1,2-trichloroetharehel (g ahetihoxyeiinh aey ldibihyheor cfigc o olibecthy| eftbiesse kndpueincitiagaf the
reaction mixye1BRIOLES e hyslionadigEaURg LIRS, 2.8: BardRd 44 RAYIANS AUIRISEE Pat.

sucralose-6-ester. The_reaction mixture can be quenched 30by the addition of about 0.5 to about 2.0
molar equival@nty Xgpidafy WoHP 0 v é)BBU't\‘i'.ér%?aﬁ%hﬁiéé?ﬁ%’,e(ﬁ‘%ﬂ(aﬁﬁgléﬂée%gﬂ% Hfiount of
chlorination digstosusesiaf vwiichearstiah e mguetedshsotindy offencaliali mgittlopdroxide, such as
sodium or pfagsYihyslaxiss Afor Mt Sy BEan alkaling rrokaragiskhydrexide.tsteh as
calcium hydixide or aaUs ammonium fydexide.can e tirecio uench. e ieaction, For
35example, r?'aqueoug SOTUTON OF B AlKkals %eta?ahy roxide, suth as aqueou S6dium hydroxide, that
contains abdlif v drosad Whbnicxsieend g sltufriasier® wan aapeianzioaven 2arhpisddiasly about 10
wt% to aboukj@r-swfketandieansen \3 Qi8I 14683 B GRS AYLEI02B)BdistanAsxeascribed below,
guenching c I ition of 1.to the. i [ d tr cess, or
by a circulatgg @%gcggsés‘% lrﬁéﬁﬁ@%%%@ﬁ?ggh eerhtgdﬁeataﬁ%%[%%jtﬁﬁéﬁda g&‘r?ﬁg %%gsi'ti(?r? go1ft %F]% alkali.
Quenching isYHIeSRTP¥ArFRIGTS PRI b HFOSKUb RS 87 RralkyLe Y B ahbeRQR8RHERATHE of
about 0 C toaaptantdOptorRoete talpe ey h@ Hdiauyl de pe nditetoarise above about 10.5 during
the course o{ﬁpgrgm%i@igtmge_ In the dual stream process, quenching is carried out by slow
addition of the ‘aqueous alkali with simultaneous slow addition of the chlorination reaction material into
a reaction vessel. Thaghlberajenseadmedixi s angraguser salkgB-aleHpgovadiapeaysly added
S I A U S SR el R am BP0 U PG e

alkali is added Until the desired pH is feached. Then the temperature an are maintained at the
desired feve R B YHY PEMAT RIS G R BB S ARY SREERRY c &HNBXYa BAREPPSICEIN AR oESs. In
the circulategdgmytess oquenhekyhixis eadiswsiupisfecailylatingthexghdoruratidhd byeactatyhptowe from
a ves;el tthHQUr‘F\ %VBF@%QBI@%-MP&F@I&M&%CB%&HHW@ @P@@é}l&?%’u%é‘ﬂ@dh@rﬁ@&ded slowly
into this cwculat;ona_,fc?op. nglmelnt aqueous alkali is added until the desired pH is reached. Then the
temperaturepa{ﬁaefa XA HamtRih&PEP the desired levels for the remainder of the reaction. This

process can be a bWﬁE;P&@@@H&%#HQgS@@%c@QEBH H?Eo%'ﬁl%@%‘i@h%?&_%ﬁ‘ﬁ%ﬂrﬂ&?Hé‘? G0 be
neutralized the a dljlon of agueoFus z%?ld for exam'%e aqueous Q drochloric acid, The resultin
B & b

mixture*tom fi"é’scg Crafb2eRe e RtE é{r‘@d%mﬂ i ?ﬂ%iﬁ'@e ?&Ji%&gd'gél%&‘nk@?%'f@’il’?{b rities,
unreacted temiatyRigfrie bhmansatbtylagreitpieous solvent in which the predominant solvent is water.
25Conversion of Sucralose-6-Ester to Sucralose = The sucralose 6-ester containing aqueous feed
stream typically coMpieet B SHP RIS Sh ARV SEOFI8IGE S NG HREYL RS HV&%%E%
sucralose-6-disterdapeatindlbisedxifte exdmplid e Caatrnhe), 3nRdkaNgs MBe7 1340 A I3 N4 8-

o 306,616 13 N L o e Ko SO P and € 46 e e L P T, 630124
an : Navia, U.S. Pat. Nos, 5, a n . Rat. Pub. ;
Ciesen & BRI A BBORT 98 AIA0S AL sPRIR at 0E DTRsaE A BT RAASTCU.S. Pat
Pub. 2007/08898E akampparriethylsneaty @i 2o0pmpasestish AR -dytaRadivlml 8- Buteaedmip.
2007/027058 1At slissl 051395 s anbinbl Ate2a fdResipaiaiesh bereimbyaieiarencait e enamnale,

(a) sucralose:6- I e rol ra ising the.

2010/1 1468%@_8%&8[%?%%%/6%%%5)% %I%gtl) %tﬁgﬁrga{’gﬁ'grﬂp A %‘B@%ﬁfﬂ 3D teRPRTAtNe Brid for a
time sufficiePUiGPEIRBX BRI R Y %%‘BYS@W@‘@P&I@%HI@bﬂﬁ'@ﬁél’ﬁaﬁ?‘éﬂﬁhdéﬁﬁéﬂl% B¢ for
example, streesrhstiipriig riithe b stqpdterabigtept(bjocantzn caored fiket. FAliernatstehyt, tonvession of
sucralose-6-g{er i $HETAASECaTh R G MRS ifhQ‘y%"r‘é‘%%%%ﬁaéH@?hé%?%i&imtm%l%‘?éiEJF?-a%jacent

trans-esterification reaction occurs that forms sucralose and the methyl ester of the acid, for example

methyl acetdd AR TR U cHARSE SRS (EF RO0 AR SERT RN AN ST TR ARABE & WPIHL REid can be
removed by hiystibtibareurs gre kendtdg Sheralbzeotamniamiageietridy disSoled kanpherinthend
sucralose is gnesEBlY R Adrolaad d HRUSTIRI A AP BIdGABHIRY than BUE d¥eRpsstefibe
invention is upefulin e preparation ot sucralose Bucrelose s alighiniensiy suegtener that can be
used in"many 100 an(ﬂ)everage app?lica?ions, As Well'as in offiet & plications. ek applications
include, for eXafaEMRRPagER N SHHRIRAATSH SR GBMMe B OB rAIGrABrsieEeRS SRR RAABS O ducts,
tablet cores theikels dbl).ondairdea. fAchi 40h thiptmacatidbeah RonssHivas (hebedidx$l fratpNo.
6,258,381; Roche, U.S. Pat. No. 5,817,340; and McNally, U.S. Pat. No. 5,593,696), rapidly absorbed
liquid compositions (Gelotte, U.S. Pat. No. 6,211,2‘&6), stable foam compositions (Gowan, Jr., U.S.
Pat. No. 6,090,401), dental floss (Ochs, U.S. Pat. No. 6,080,481), rapidly disintegrating

pharmaceutical dosage forms (Gowan, Jr., U.S. Pat. No. 205,876,759), beverage concentrates for
medicinal niirnncec (Shah 11K Pat Nlo B AR74 522Y aniientic nharmaceritical criecnencinne (Ratnarai



the Dean-Stark trap was filled with cyclohexane. Cyclohexane was also added to the reaction flask
such that following the addition of the 1,3-diacetoxy-1,1,3,3- tetrabutyldlstannoxaneéDSDA
cyclohexané”&ﬁﬂg% #8%verall DMF to cyclohexane 5ratio in the reaction RGIURANP R Boout 2.5:1.
The addition of excess cyclohexane allowed for the DMF to cyclohexane ratio to be tightly controlled
by slowly removing cyclohexane from the Dean-Stark trap until the desired reflux temperature of 95 C
was reached. To the cyclohexane and sugar mixture was added 94.4 g of DMF, followed by 32.9 mmol
(19.73 g) DSDA thepoiohegaren\aite ot ebn Sertmatioalleroaladnbdh avére tw oraeziser et anainGR -

(inductively @eupmlpwnﬁmmqemw) sg%%%@ﬁb{nﬂﬂﬁé%ﬂﬂ%%&;f&m%@ yyas setto 95

C. Cyclohexgng was re rnovep ? g from the De tarké %ﬁ untll the refluxing reaction mixture
reached an m’(ernai/tenﬁ)pen tGrEoP grﬁmﬂ?e rea YOh A (XYt 95 C for 90 min. The heat was

removed and the repcignaransiawero aRobrjdhieR iDsRACENJREIPEIAhERfRachEd 40 C. 38.2
mmol 15(3 9 % 1 16 ed L cetlc drlde W§S added and the reaction was allowed to stir for 2 hr.

The readtion 1% W‘iﬁ%ri r8f%£¥ dPFRIAOXERSH R M TRSRTBYLHQUR Hith OB BmL of
cyclohexanedtécbé%vé,ihél%g@n@ﬂm&rmﬁd@ﬁgmﬁﬁd@@aﬂmmnfa@\m9 sthutioroop proatect that
was analyzegkéntdBiyG. axegialgj&gn %ageﬁner(@oﬂyﬁlbwér%mtalhsbm @?‘ba\esn@maqﬂlie%@@\/f?«dretacpon
ten 20ti ase, to In a statisti significant population of data for
aennalys:smoe:‘i#le bgg%?gﬁﬁ%%%)ga&%ngr ﬁ%rtr'ggcf n Wa§3 (% ae;’? W‘i%’] néelnttc ﬁg‘onaa{ éé’é@ﬁ? (a

base, or in s@?fé'&%@?éﬁ&ﬁ%&%"@%&ﬂﬁ*\“@&ﬁ?%l’%l‘?@/\)ﬁ%eédé%@h@irtlﬁ@’r@@dﬂ@f?ﬂ&'xﬂ@@t@the same
time thad thessuares® viastatdigchatrig @ lepgieaing, Bfdhedenction sEBHpefRAARYANSHRTExEHR With each

of the |nd|ca{gg{mﬁesgl\ég@ja{mmdigt}go@@tgrg\@gltgegveraged Results of the baseline and

reagent-containing reactions are shown in Tables 1 an Molar Yield Increase Table 1 presents
the data from the emp@maatsrmatmmsmfsde\aamn.&omdh&)&aselmal GOMRPSIHeAed RBRRGIRS

abeled DI ik ARMEL 3 BacriBleyd 1kand g hate aus e liageia e 254 o:8id &-4-A and

5-2-A are sucrose-6-acetate, sucrose-4- :;c:#]a te ang?sucrose 2-acetaté respectively; and Monol and

Mono2 are STSRLERIENBILERIREFRY, Qran t-4.A mplarequiyatenta stileerraivarierabYOr88rted
relativeifo the amolant exfiacylatitsg agk Mdsicptigan hiyd tidejn oWO301/aI2 AUEEIRGEHIS 20366 784

Table 1 - MceJ@r Mgl gfew@&frpm&%%lm%r%amgé%'ﬁmu% [RALA2HRI3, QA%MR”B’J,ME’“OZ S-4-A
S-2-A S-6-A Til| Tri2 Sucrose Total Avera%e Baseline 0.31 4.28 8.34 1.06 3.34 0.00 1.83 0.35 5.28

61.76 0.60 (? a:; 85 BT@g%&ﬁmm ?grlsaeé:&‘es containing one atom of tin per molecule

(e.g. a di(hydrocarbyl)tin oxide), preferably 0.5 to 2.5 molar equivalents, more
preferably 0.8 to 1.5 molar equivalents, and most preferably 1.2 molar equivalents of

20 acylation promoter per mole of sucrose is present in the reaction mixture.

To form the tin-sucrose adduct, a first reaction mixture comprising sucrose in a
polar aprotic solvent is prepared by dissolving sucrose in the polar aprotic solvent,
typically N,N-dimethyl formamide. Slight heating can be used to dissolve the sucrose.
Then the organotin-based acylation promoter is added to the reaction mixture. Before

25 the removal of water, which drives the reaction of sucrose with the promoter to form the
tin-sucrose adduct, a base is also added to the reaction mixture. This may be done
either before or after the organotin-based acylation promoter is added, as long as it is
done before water is removed. Suitable bases include alkali metal carbonates,
bicarbonates, hydroxides, tribasic phosphates, dibasic phosphates and carboxylates. Also

30 suitable are amines, for example N,N-diisopropylethylamine (Hiinig's base). Amines
having a boiling point of at least 100 °C will typically be used, and more typically at least
120 °C, although other boiling points are acceptable. Other tertiary amines may also be
used, according to the invention, as well as primary and secondary amines. Suitable
amines include, but are not limited to, methylamine, ethylamine, propylamine,

35 isopropylamine, ethanolamine, aniline, tert-butylamine and morpholine, dimethylamine,

diethylamine, diisopropylamine, piperidine, pyrrolidine, trimethylamine, triethylamine,



-0.31 1.34 -3.20 2.49 -2.04 0.00 1.69 2.42 -2.35 -3.53 -0.60 -0.07 11.26 7.10 Sodium carbonate 0.5
eg. -0.31 3.06 -1.62 2.28 -2.23 0.00 2.05 2.24 -1.24 -4.84 -0.60 -0.07 6.72 5.44 Sodium carbonate
0.25 eq. -0. Y1028/ 1448832 32 -2.50 0.09 -0.27 0.50 -2.02 8.50 -0.32 -0.05 F4H BBE LYt

carbonate 0.1 eq. -0.26 1.15-1.20 1.49 -2.47 0.23

20

25

30

35

pyridine, dimethylaminopyridine (DMAP), 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU),
and dimethylethanolamine (DMEA).

Water may then be removed from the resulting mixture by any convenient
method. For example, an added non-polar co-solvent capable of removing water by co-
distillation, such as described in Sankey, U.S. Pat. No. 5,470,969; White, EP 0 776 903;
and Vernon, EP 0 475 619, the disclosures of which are incorporated herein by reference,
may be used to facilitate efficient removal of the water of reaction. Such solvents are
typically ones that do not react with the polar aprotic solvent, the organotin-based
acylation promoter, or the sucrose; that produce a mixture with the polar aprotic solvent,
the organotin-based acylation promoter, and the sucrose; that reflux with an internal
reaction temperature within the range of from about 75 °C to about 153 °C, preferably
less than 100 °C; that co-distill with water; and that do not render the sucrose insoluble.
Such solvents are typically those that are immiscible with water and form a constant-
composition minimum-boiling azeotrope with water, such as saturated hydrocarbons,
aromatic hydrocarbons, chlorinated hydrocarbons, ketones, and ethers. Examples of
such solvents include cyclohexane, n-heptane, toluene, and isooctane (2,2,4-
trimethylpentane). In one further aspect of the invention, the first reaction mixture,
formed after removal of water and at least a portion of the polar aprotic solvent by
distillation under reduced pressure, consists essentially of the sucrose, the polar aprotic

solvent, the organotin-based acylation promoter, and their reaction products.
Preparation of Sucralose-6-Ester

To convert sucrose-6-ester to sucralose-6-ester, the hydroxyls at the 4, 1', and 6'
positions of the sucrose-6-ester are converted to chloro groups, and the stereochemical
configuration at the 4 position is inverted. Conversion of the hydroxyls in the 4, 1', and
6' positions of the ester to chloro groups with inversion of the stereochemical
configuration at the 4 position is disclosed in Walkup, U.S. Pat. No. 4,980,463; Jai, U.S.
Pat. Pub. 2006/0205936 Al; and Fry, U.S. Pat, Pub. 2007/0100139 A1l; the disclosures

of which are all incorporated herein by reference.

The chlorination process comprises the following steps. A reaction mixture is
prepared comprising the sucrose-6-ester, a tertiary amide, and at least seven molar
equivalents of a chlorination agent. For example, in one process, the sucrose-6-ester
can be added in a feed stream that comprises about 20 wt% to about 40 wt% of the
sucrose-6-ester. The ratio by weight of tertiary amide to total carbohydrate in the
reaction mixture may be about 5:1 to about 12:1. Alternatively, a preformed
chloroformiminium salt, such as (chloromethylene)dimethylammonium chloride (Arnold’s

reagent), can be used. (Chloromethylene)dimethylammonium chioride can be prepared,



-0.23 0.27 -1.69 8.35 0.22 -0.07 -1.01 4.78 Sodium carbonate 0.05 eq. -0.19 0.38 -0.54 1.05 -1.75
0.14 -0.61 0.12 -1.83 8.25 0.00 -0.05 -2.30 2.66 Sodium carbonate 0.01 eq. -0.06 0.11 -0.05 0.15
-0.33 0.00 -§V22H194146%80 5.25 0.18 -0.07 -1.34 2.85 Potassium carbonate’ & ¥ EH 128§ 482 -0.42

0.97 -2.22 0.00 -0.70 0.20 -2.81 10.27 -0.04 -0.07

for example, by the reaction of phosgene with N,N-dimethyl formamide. Typically, the
molar ratio of the (chloromethylene)dimethylammonium salt to the sucrose-6-ester is
about 7:1 to about 11:1.

Subsequently, the hydroxyl groups of the sucrose-6-ester at the 2, 3, 4, 1/, 3', 4,
5 and 6’ positions are converted to O-alkylformiminium groups. The resulting reaction
mixture is heated at a temperature or temperatures and for a period of time or times
sufficient to produce a product containing a derivative of sucralose-6-ester in which the
remaining hydroxy! groups remain as O-alkylformiminium groups. For example, Walkup,
U.S. Pat. No. 4,980,463, the disclosure of which is incorporated herein by reference, and
10 Fry, U.S. 2007/0100139, the disclosure of which is incorporated herein by reference,

disclose such processes.

Because formation of a chloroformiminium salt or Vilsmeier reagent is not
essential to the chlorination reaction, chlorination agent refers to any compound that can
be used to form a chloroformiminium salt or Vilsmeier reagent, or that can convert the

15 hydroxyl groups of a sucrose-6-ester to chloro groups. Some chlorination agents that
can be reacted with a tertiary amide to form a chloroformiminium salt include, for
example, phosgene, phosphorus oxychloride, phosphorus pentachloride, thionyl chloride,
sulfuryl chioride, oxalyl chloride, trichloromethyl chioroformate (“diphosgene”),
bis(trichloromethyl) carbonate (“triphosgene”), and methanesulfonyl chloride. Tertiary

20 amides that can be used include, for example, N,N-dimethyl formamide (DMF), N-formyl
piperidine, N-formyl morpholine, and N,N-diethyl formamide. When N,N-dimethyl
formamide is used as the tertiary amide, it can also be used as the reaction solvent. Co-
solvents can be used at up to about 80 vol% or more of the liquid phase of the reaction
medium. Useful co-solvents are those which are both chemically inert and which provide

25 sufficient solvent power to enable the reaction to become essentially homogeneous at
the monochlorination stage, for example toluene, o-xylene, 1,1,2-trichloroethane, 1,2-
diethoxyethane, diethylene glycol dimethyl ether.

Quenching of the reaction mixture restores the hydroxyl groups at the 2, 3, 3,

and 4' positions and forms the sucralose-6-ester. The reaction mixture can be quenched

30 by the addition of about 0.5 to about 2.0 molar equivalents, typically about 1.0 to about
1.5 molar equivalents, of alkali relative to the amount of chlorination agent used in the
reaction. An aqueous solution of an alkali metal hydroxide, such as sodium or potassium
hydroxide; an aqueous slurry of an alkaline earth metal hydroxide, such as calcium
hydroxide; or aqueous ammonium hydroxide can be used to quench the reaction. For

35 example, an aqueous solution of an alkali metal hydroxide, such as aqueous sodium
hydroxide, that contains about 5 wt% to about 35 wt%, typically about 8 wt% to about
20 wt%, and preferably about 10 wt% to about 12 wt% can be used.

7



-2.24 3.53 Sodium hydroxide (23%) 0.2 eq. -0.25 0.41 -1.24 1.34 -2.32 0.18 -0.57 0.89 -2.21 11.74
-0.17 -0.07 -0.85 6.87 Sodium acetate 0.2 eq. -0.26 1.27 -0.71 1.36 -2.38 0.15 -0,31 0.17 -2.23 6.58

0.11 -0.07 -YW82U Y &8dium phosphate dibasic 0.1 eq. -0.07 0.23 -0.29 0.3 T3 Y6 8432 0.14
-1.134.80 0.12 -0.01 -1.84 1.23 Sodium hydrogen sulfate 0.1 eq. 0.56 -0.52 -0.09

As described below, quenching can be carried out by addition of alkali to the
reaction mixture, by a dual stream process, or by a circulated process. In each case pH
and temperature are controlled during addition of the alkali. Quenching is typically
carried out at a pH between about 8.5 to about 10.5 and at a temperature of about 0 °C

5  to about 60 °C. Preferably, the pH should not be permitted to rise above about 10.5

during the course of the quenching reaction.

In the dual stream process, quenching is carried out by slow addition of the
aqueous alkali with simultaneous slow addition of the chlorination reaction material into
a reaction vessel. The chlorination reaction mixture and aqueous alkali are
10 simultaneously added slowly until the desired quantity of chlorination reaction mixture
has been added. Further aqueous alkali is added until the desired pH is reached. Then
the temperature and pH are maintained at the desired levels for the remainder of the

reaction. This process can be a batch or continuous process.

In the circulated process, quenching is carried out by circulating the chlorination
15 reaction mixture from a vessel through a circulation loop. Chlorination reaction mixture
and aqueous alkali are added slowly into this circulation loop. Sufficient aqueous alkali is
added until the desired pH is reached. Then the temperature and pH are maintained at
the desired levels for the remainder of the reaction. This process can be a batch or

continuous process.

20 Following quenching, the reaction mixture can be neutralized by the addition of
aqueous acid, for example agueous hydrochloric acid. The resulting mixture comprises
sucralose 6-ester, other carbohydrate including chlorinated carbohydrate impurities,
unreacted tertiary amide, and salts in an aqueous solvent in which the predominant

solvent is water.
25 Conversion of Sucralose-6-Ester to Sucralose

The sucralose 6-ester containing aqueous feed stream typically comprises both
sucralose and sucralose-6-ester. Methods for hydrolyzing sucralose-6-ester are
disclosed, for example in Catani, U.S. Pat. Nos. 5,977,349, 6,943,248, 6,998,480, and
7,049,435; Vernon, U.S. Pat. No. 6,890,581; El Kabbani, U.S. Pat. Nos. 6,809,198, and

30 6,646,121; Navia, U.S. Pat. Nos. 5,298,611 and 5,498,709, and U.S. Pat. Pub.
2004/0030124; Liesen, U.S. Pat. Pub. 2006/0188629 A1; Fry, U.S. Pat. Pub.
2006/0276639 Al; El Kabbani, U.S. Pat. Pub. 2007/0015916 Al; Deshpande, U.S. Pat.
Pub. 2007/0160732 A1; and Ratnam, U.S. Pat. Pub. 2007/0270583 A1l; the disclosures

of which are all incorporated herein by reference.

35 For example, (a) sucralose-6-ester can be hydrolyzed to sucralose by raising the



-0.09 0.35 0.00 -0.21 0.00 -0.02 -4.54 0.12 0.19 0.64 -3.61 Sodium sulfate 0.1 eq. 0.25 -0.22 1.33
-0.07 0.23 0.00 -0.48 -0.02 -0.96 -1.21 0.13 0.16 -0.70 -1.55 The above data clearly illustrate the
advantages‘gplﬁ?:]l%lﬁé Base in the mixture of sucrose and tin compound p]r)STt%Sﬁqé (%ﬁ%ratlon step.
At higher levels (0.5 - 1 5eq.), sodium carbonate causes yield loss, but at lower levels the yield is
increased over baseline for all conditions tested. Furthermore, addition of an aqueous sodium
hydroxide solution also affords a significant yield increase. This is particularly surprising, given that the
type of interpiedifitee iraatied mni xtahy doadisruang sensity estapeadelrd ataskit mtoatisutiteealstogives a
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formamigle sglvgiiy M%Qaﬁi@t%k@témf@é@&P%QMHB‘PI%&&%‘@F& h@ﬁﬁ%@&%ﬁ@%ﬂfﬁ@ and
15in fact hur}ﬁ/ d somewFah omt e a ove (iwtg it is ce t a the be t result is achieved

through addifio 6.32%8 ar Scﬁif\‘?a é’nt%"c?f‘%%&.ﬂ}ﬁ P&ﬁf&é"- Sq“t?é%ﬁi? tRSBALE increased
the molar yuadcmlsse=ﬂ-bgelqtq pEreeneihy gsiatwf the aqwbcernrm eareﬁwﬁlbn diski)| ativall bade

addition, a b&raef@éaltafgﬁguemas@ Loyl iAQip il ebarrekd heweasonTier dis-Avserising effect is not
clear, but the eff ?lso |V€{y Increase Table 2 presents the data in terms of
aliz

selectivity. EAc samY)IB IS norm 00 % such that the preference for particular species can be
seen. WO 2010/114683PCUUS2010/026784 Table 2 - Acete/latlon normalized yields compared to
baselin& SampleName link. Dil Di2 Di3 01 ¥A4RERIMEAFELICABILITY

The process of the invention is useful in the preparation of sucralose. Sucralose is
a high-intensity sweetener that can be used in many food and beverage applications, as
well as in other applications. Such applications include, for example, beverages,
combination sweeteners, consumer products, sweetener products, tablet cores (Luber,

15 U.S. Pat. No. 6,277,409), pharmaceutical compositions (Luber, U.S. Pat. No. 6,258,381;
Roche, U.S. Pat. No. 5,817,340; and McNally, U.S. Pat. No. 5,593,696), rapidly absorbed
liquid compositions (Gelotte, U.S. Pat. No. 6,211,246), stable foam compositions
(Gowan, Jr., U.S. Pat. No. 6,090,401), dental floss (Ochs, U.S. Pat. No. 6,080,481),
rapidly disintegrating pharmaceutical dosage forms (Gowan, Jr., U.S. Pat. No.

20 5,876,759), beverage concentrates for medicinal purposes (Shah, U.S. Pat. No.
5,674,522), aqueous pharmaceutical suspensions (Ratnaraj, U.S. Pat. No. 5,658,919;
Gowan, Jr. U,S. Pat. Nos, 5,621,005 and 5,374,659; and Blase, U.S. Pat. Nos. 5,409,907
and 5,272,137), fruit spreads (Antenucci, U.S. Pat. No. 5,397,588; and Sharp,
5,270,071), liquid concentrate compositions (Antenucci, U.S. Pat. No. 5,384,311), and

25 stabilized sorbic acid solutions (Merciadez, U.S. Pat. No. 5,354,902). The determination
of an acceptable sweetness can be accomplished by a variety of standard "taste test"
protocols known in the art which are well known to those skilled in the art, such as, for
example, the protocols referred to in Merkel, U.S. Pat. No. 6,998,144, and Shamil, U.S.
Pat. No. 6,265,012,

30 The advantageous properties of this invention can be observed by reference to

the following examples which illustrate but do not limit the invention.

EXAMPLES

A 300 mL three-neck round bottom Pyrex flask was fitted with a temperature
probe connected to a temperature controller and a Dean-Stark trap topped with a

35 condenser cooled by a circulating chiller at 10 °C. Sucrose, 32.9 mmol (11.25 g) was

9



5-4-A S-2-A 5-6-A Tril Tri2 Sucrose Total Average Baseline 0.34 4.71 9.16 1.17 3.67 0.00 2.01 0.38
5.80 67.84 0.65 0.07 4.19 100.00 Sodium carbonate 1.0 eq. 0.00 5.73 5.24 3.62 1.32 0.00 3.58 2.82
2.99 59.34 J6b28180 18336 100.00 Sodium carbonate 0.5 eq. 0.00 7.61 6.9B AP YRHG 4.02 2.68
4.19 59.00 0.00 0.00 10.92

added to the flask along with the indicated amount of base or other reagent (if any), and
the Dean-Stark trap was filled with cyclohexane. Cyclohexane was also added to the
reaction flask such that following the addition of the 1,3-diacetoxy-1,1,3,3-
tetrabutyldistannoxane (DSDA) in cyclohexane solution the overall DMF to cyclohexane

s ratio in the reaction flask would be about 2.5:1. The addition of excess cyclohexane
allowed for the DMF to cyclohexane ratio to be tightly controlled by siowly removing
cyclohexane from the Dean-Stark trap until the desired reflux temperature of 95 °C was
reached. To the cyclohexane and sugar mixture was added 94.4 g of DMF, followed by
32.9 mmol (19.73 g) DSDA in cyclohexane with a tin concentration around 50% w/w as

10 measured via ICP (inductively coupled plasma atomic emission) spectroscopy. The
temperature controller was set to 95 °C. Cyclohexane was removed slowly from the
Dean-Stark trap until the refluxing reaction mixture reached an internal temperature of
95 °C. The reaction was refluxed at 95 °C for 90 min. The heat was removed and the
reaction was allowed to cool. When the reaction temperature reached 40 °C, 38.2 mmol

15 (3.99g, 1.16 eq.) of acetic anhydride was added and the reaction was allowed to stir for 2
hr. The reaction was quenched with 25 mL of water. The reaction mixture was extracted
with 250 mL of cyclohexane to remove the regenerated tin compounds, leaving an
aqueous solution of product that was analyzed by HPLC,

A reliable baseline (control) was established by running the above reaction ten
20 times in the absence of added base, to obtain a statistically significant population of data
for analysis of the base-spiked reactions. The reaction was repeated with the inclusion of
a reagent (a base, or in some cases a non-basic sodium salt), which was added to the
reaction flask at the same time that the sucrose was added at the beginning of the
reaction setup. Reactions were run with each of the indicated reagents several times
25  and the data were averaged. Results of the baseline and reagent-containing reactions

are shown in Tables 1 and 2.

Molar Yield Increase

Table 1 presents the data from the experiments in terms of deviation from the
baseline composition. The species labeled Dil-Di4 are sucrose diacetates; Tril and Tri2
30 are sucrose triacetates; and S-6-A, S-4-A and S-2-A are sucrose-6-acetate, sucrose-4-
acetate and sucrose-2-acetate respectively; and Monol and Mono2 are sucrose
monoacetates other than S-6-A, S-4-A and S-2-A. The equivalents are reported relative

to the amount of acylating agent (acetic anhydride).

10



100.00 Sodium carbonate 0.25 eq. 0.00 5.74 7.84 3.45 0.76 0.09 1.59 0.87 3.33 71.68 0.28 0.02 4.35
100.00 Sodium carbonate 0.1 eq. 0.05 5.67 7.45 2.66 0.91 0.24 1.67 0.65 3.75 73.17 0.85 0.00 2.94
100.00 Sod\YfA MBARE 0.05 eq. 0.12 4.98 8.33 2.25 1.70 0.15 1.30 0.50%:88 3 YPHEH 0.01 1.61
100.00 Sodium carbonate 0.01 eg. 0.26 4.68 8.83 1.29

20

Table 1 - Molar yield deviation from baseline

SampleName Unk.[ Di1| Di2[ Di3| Di4| Mono1| Mono2|8-4-A| S-2-A| S-6-A} Tri1| Tri2| Sucrose| Total
Average Baseline 0.31] 4.28| 8.34| 1.06| 3.34 0.00 1.83] 0.35| 5.28|61.76] 0.60] 0.07 3.82( 91.03
Sodium carbonate 1.0 eq. -0.31] 1.34-3.20] 2.49]-2.04 0.00 1.69| 2.42| -2.35| -3.53|-0.60]-0.07 11.26] 7.10
Sodium carbonate 0.5 eg. -0.31] 3.06]-1.62| 2.28}-2.23 0.00 2.05] 2.24| -1.24] -4.84|-0.60{-0.07 6.72] 5.44
Sodium carbonate 0.25 eq. -0.31] 1.34{-0.66] 2.32|-2.59 0.09] -0.27[ 0.50] -2.02| 8.50]-0.32{-0.05 0.44] 6.98
Sodium carbonate 0.1 eq. -0.26| 1.15{-1.20| 1.49|-2.47 0.23] -0.23| 0.27{ -1.69| 8.35] 0.22|-0.07 -1.01] 4.78
Sodium carbonate 0.05 eq. -0.19] 0.38]-0.54] 1.05|-1.75 0.14 -0.61| 0.12] -1.83| 8.25] 0.00{-0.05 -2.30] 2.66
Sodium carbonate 0.01 eq. -0.06] 0.11/-0.05] 0.15[-0.33 0.00f -0.22] 0.04] -0.80| 5.25] 0.18]-0.07 -1.34] 285
Potassium carbonate 0.1 eq. -0.23} 0.82]-0.42] 0.97]-2.22 0.00] -0.70{ 0.20] -2.81} 10.27|-0.04{-0.07 -2.24] 3.53
Sodium hydroxide (23%) 0.2 eq. [-0.25] 0.41]-1.24] 1.34]-2.32 0.18] -0.57| 0.89] -2.21} 11.74]-0.17|-0.07 -0.85| 6.87
Sodium acetate 0.2 eq. -0.26] 1.271-0.71] 1.36]-2.38 0.15| -0.31| 0.17 -2.23| 6.58] 0.11]-0.07 -1.32] 237
Sodium phosphate dibasic 0.1 eq-0.07| 0.23]-0.29] 0.39{-0.79 0.00f -0.32| 0.14] -1.13] 4.80| 0.12]-0.01 -1.84] 1.23
Sodium hydrogen sulfate 0.1 eq. | 0.56]-0.52[-0.09]|-0.09| 0.35 0.00| -0.21] 0.00| -0.02| -4.54] 0.12] 0.18 0.64] -3.61
Sodium sulfate 0.1 eq. 0.25]/-0.22| 1.33/-0.07| 0.23 0.00] -0.48] -0.02]| -0.96} -1.21] 0.13] 0.16 -0.70] -1.55

The above data clearly illustrate the advantages of including base in the mixture
of sucrose and tin compound prior to the dehydration step. At higher levels (0.5 - 1
eq.), sodium carbonate causes yield loss, but at lower levels the yield is increased over
baseline for all conditions tested. Furthermore, addition of an agueous sodium hydroxide
solution also affords a significant yield increase. This is particularly surprising, given
that the type of intermediates involved in dehydration are sensitive to water. Potassium
carbonate also gives a significantly beneficial effect; at 0.1 eq. the S-6-A yield increase
of 10.3 percentage points is greater than the increase for the corresponding level of
sodium carbonate, 8.4 percentage points. Without wishing to be bound by any particular
theory or explanation, the inventors believe that this difference may possibly be
attributed to the increased solubility of potassium carbonate in the dimethyl formamide
solvent. The non-basic sodium sulfate and hydrogen sulfate had no beneficial effect, and

in fact hurt yield somewhat.

From the above data, it is clear that the best result is achieved through addition
of 0.2 molar equivalents of sodium hydroxide (23 wt.% aqueous); this base increased

the molar vield of S-6-A by 11.7 percentage points.

Note that even with a very small base addition, a beneficial effect on S-6-A yield
is still observed. The reason for this surprising effect is not clear, but the effect is

significant.

Selectivity Increase

Table 2 presents the data in terms of selectivity. Each sample is normalized to

100 % such that the preference for particular species can be seen.
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3.210.001.710.41 4.78 71.38 0.82 0.00 2.64 100.00 Potassium carbonate 0.1 eq. 0.08 5.40 8.38
2.14 1.19 0.00 1.19 0.58 2.61 76.17 0.59 0.00 1.67 100.00 Sodium hydroxidaZS% 0.2 eg. 0.06 4.80
7.25 2.45 1 WP YUY 483 27 3.14 75.07 0.43 0.00 3.03 100.00 Sodium acBEE§P1EY20th 5.94 8.17
2.60 1.02 0.16 1.62 0.56 3.27 73.16

Table 2 — Acetylation normalized yields compared to baseline

SampleName Unk.| Di1| Di2| Di3{ Di4| Mono1| Mono2| S-4-A| S-2-A| 8-6-A| Tri1| Tri2| Sucrose| Total
Average Baseline 0.34]14.71] 9.16]1.17] 3.67 0.00] 2.01{ 0.38[ 5.80]{ 67.84| 0.65] 0.07 4.19[100.00
Sodium carbonate 1.0 eq. 0.00{5.73] 5.24{3.62] 1.32{ 0.00{ 3.58] 2.82| 2.99/59.34] 0.00{ 0.00{ 15.36]100.00
Sodium carbonate 0.5eq. 0.00]7.61] 6.96)3.47] 1.15] 0.00] 4.02[ 2.68] 4.19(59.00] 0.00{ 0.00}  10.92]/100.00
Sodium carbonate 0.25 eq. 0.00]5.74] 7.84/3.45! 0.76] 0.09] 1.59{ 0.87] 3.33| 71.68| 0.28| 0.02 4.35[100.00
Sodium carbonate 0.1 eq. 0.0515.67| 7.45/2.66] 0.91] 0.24] 167 0.65 3.75[73.17] 0.85{ 0.00 2.941100.00
Sodium carbonate 0.05 eg. 0.12)4.98] 8.33]2.25] 1.70; 0.15] 1.30] 0.50; 3.68]/74.72] 0.64] 0.01 1.61]100.00
Sodium carbonate 0.01 eq. 0.26) 4.68] 8.83/1.29] 3.21] 0.00] 1.71] 0.41] 4.78{71.38] 0.82] 0.00 2.64| 100.00

Potassium carbonate 0.1 eq. 0.08{5.40| 8.38[2.14| 1.19] 0.00[ 1.19| 0.58] 2.61]/76.17) 0.59] 0.00 1.67(100.00
Sodium hydroxide (23%) 0.2 eq. | 0.06|4.80] 7.25|2.45] 1.04] 0.19] 1.28] 1.27| 3.14|75.07] 0.43| 0.00 3.03] 100.00
Sodium acetate 0.2 eq. 0.05/5.94| 8.17|2.60] 1.02] 0.16] 1.62] 0.56| 3.27]73.16] 0.76} 0.00 2.67]100.00
Sodium phosphate dibasic 0.1 eq] 0.25(5.34| 9.52|1.71] 3.01f 0.00] 161} 0.51] 4.43|70.91] 0.76] 0.13 1.87{100.00
Sodium hydrogen sulfate 0.1 eq. | 0.98{4.71[10.31]1.22] 4.62] 0.00] 1.82] 0.39[ 5.93[64.46] 0.81] 0.28 4.471100.00
Sodium sulfate 0.1 eq. 0.61]14.95/11.78]1.21] 4.35] 0.00f 1.48[ 0.36] 4.75|66.44] 0.80] 0.24 3.05] 100.00

An increase in reaction selectivity is observed over the baseline conditions for all
bases, with the exception of the higher level sodium carbonate addition experiments (0.5
5 and 1.0 eq.). For example, note the lower amounts of Di4, S-2-A and unreacted sucrose.
For these reactions, the elevated sucrose levels suggest incomplete reaction or product
degradation; in either case, this may in at least some cases indicate an upper limit on

the level of sodium carbonate one can add and still receive benefit.

With decreasing sodium carbonate levels of 0.25, 0.1 and 0.05 eq., there is a
10 slight increase in selectivity, which begins to drop off at 0.01 eq., the lowest level tried.
Again, the potassium carbonate gives a slightly better result than the equivalent sodium
carbonate addition, again attributed to increased solubility allowing greater
manifestation of the beneficial effect. Sodium hydroxide increased the selectivity of the
acetylation reaction by a considerable 7.2 percentage points, again surprising in that it
15 was added as an aqueous solution to a mixture that ultimately was dehydrated.

It is notable that the best results were obtained at base levels that were
significantly lower than a stoichiometric amount based on the acylating agent (or the
DSDA or sucrose).

Further acetylations were performed using 0.2 eq. of HUnig's base (a tertiary

20 amine; N,N-diisopropylethylamine) to investigate whether organic bases might also
improve acetylation. As before, the base was added prior to dehydration. Table 3
summarizes the results, compared against the average baseline, NaCH and sodium
carbonate runs reported above. As can be seen, Hinig's base also significantly improved
S-6-A yield. Other tertiary amines may also be used, according to the invention, as well

25 as primary and secondary amines. Data for tert-butylamine and morpholine (primary
and secondary amines, respectively) are also shown, and also improved yield of S-6-A.
Other suitable amines include, but are not limited to, methylamine, ethylamine,

propylamine, isopropylamine, ethanolamine, aniline, dimethylamine, diethylamine,

12



0.76 0.00 2.67 100.00 Sodium phosphate dibasic 0.1 eq 0.25 5.34 9.52 1.71 3.01 0.00 1.61 0.51 4.43
70.91 0.76 0.13 1.87 100.00 Sodium hydrogen sulfate 0.1 eq. 0.98 4.71 10.31 1.22 4.62 0.00 1.82
0.39 5.93 62V452B1811d%33 4.47 100.00 Sodium sulfate 0.1 eq. 0.61 4.95 11 78M1U331°4°48%3%0 1.48
0.36 4.75 66.44 0.80 0.24 3.05 100.00 An increase in reaction selectivity is observed over the
baseline conditions for all bases, with the exception of the higher level sodium carbonate addition
experiments (0.5

diisopropylamine, piperidine, pyrrolidine, trimethylamine, triethylamine, pyridine,

dimethylaminopyridine (DMAP), DBU, dimethylethanclamine (DMEA).

Also included in Table 3 are data obtained by adding 0.2 eq. of NaOH (23%
aqueous) after dehydration, rather than with the sucrose. Rather than improving the

5 vyield, addition of NaOH at this point in the process was strongly detrimental.

Table 3

S-6-A Difference

yield, % from baseline

yield, %

Average baseline 61.76 0.00
NaOH (23 %) 0.2 Eq. 73.49 11.73
NaOH post-dehydration 31.41 -30.35
Sodium Carbonate 0.1 Eq. 70.11 8.35
Hiinig's base 0.2 Eq. 64.61 2.85
tert-Butylamine 0.2 Eq. 70.84 9.08
Morpholine 0.2 Eq. 63.13 1.37

Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the details shown.
10  Rather, various modifications may be made in the details within the scope and range of

equivalents of the claims without departing from the invention.
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5and 1.0 eq.). For example, note the lower amounts of Di4, 5-2-A and unreacted sucrose. For these
reactions, the elevated sucrose levels suggest incomplete reaction or product degradatidirSinl.éither
case, this mayinmaidaagissome cases indicate an upper limit on the level of@ediIN gerdr@Nate one can
add and still receive benefit. With decreasing sodium carbonate levels of 0.2 5, 0.1 and 0.05 eq., there
is a 10slight increase in selectivity, which begins to drop off at 0.01 eq., the lowest level tried. Again,
the potassium carbonate gives a slightly better result than the equivalent sodium carbonate addition,

again attributevgl to inc Faseg.solubility allowing greater manifestation of the beneficial effect. Sodium
hydroxide incriéQghe ¢ g‘g’(ﬁetztivity of the acetylation reaction by a considerable 7.2 percentage points,

again surprising in that it 15wastA6lEled aedRgasueaYsseHatian, teotnprixthy entbad udticeaiedyswes
dehydrated. . It is notable that the best results were obtained at base levels that were significantly
lower than a sfoichiometric amount based on the acylating agent (or the D5DA or sucrose). Further

acetylations were pesfofsnesttising.ordsequit HiinigistasadedtetianyodQantinger in a solvent in
N.N-diisopropylethylamine)dg investigate.whsthenpreanichases iahhRisn imrrove acetylation. As

before, the base was added prior to dehydration. Table 3 summarizes the results, compared against

the average baseliney)Na@dviagdvaostitiof @arkonateumoseregartedaadove. As can be seen, Hunig's

base also significantly improved 5-6-A yield. Other tertiary amines may also be used, according to the

invention, as well 2585BARASP A SHESHHARS QﬂﬁH‘éts‘f"Iﬁé\f’?{’fﬁ?’f@HfﬁLﬂﬁ%fﬂefoéﬁ‘dth?o%ﬁSﬁ?fe

(primary and seestedary amines, respectively) are also shown, and also improved yield of S-6-A. Other

suitable amines include, but are not limited to, methzlamine, eth Iamineﬁ,;ggr(%@lla ine, isopropylamine,
g2

ethanolamine, aniling: dimetA§IZRIRRY Qi rinES R B8 PEFE12 68 07028784
diisopropytamiressishireridirnkadymetilinerberatehyaebenatrsnyranthdecpyHiaRss eerfgiasminopyridine
(DMAP), DBU ¢hissrtbyisihanedeamineadbddizhess. Also included in Table 3 are data obtained by

adding 0.2 eq. of NaOH (23% aqueous) after dehydration, rather than with the sucrose. Rather than
improving the 5Syield,3additiBhofMIHOMH AR JoiNh R E PRRISSCRAET P8 7517 KRR EAtal. Table 3
S-6-A yield, toHyiffexerece from baseline yield, % Average baseline 61.76 0.00 NaOH (23 /0) 0.2 Eq.
73.49 11.73 NaOH post-dehydration 31.41 -30.35 Sodium Carbonate 0.1 Eq. 70.11 8.35 1-10nig's
base 0.2 Eq. 64.61 285 terl EURAMHE TR EG 2W87EH (BVEFSHIMR 525 Y233 147

Although the imeentiateis illustrated and described herein with reference to specific embodiments, the
invention is not intended to be limited to the details shown, 1Q0Rather, various qgQ!ﬁcat@gps may be

made in the details within tHe SEHE%he AT LM AIENOaTOLRIRSS AtAoal JePSHing from the
invention. WO2008y#eta683PCT/US2010/026784 What is Claimed:

6. The method of claim 1, wherein the base comprises an amine.

7. The method of claim 1, wherein the base comprises

20 N, N-diisopropylethylamine,

8. The method of any of claims 1-7, wherein the base is present at a level in
a range from 0.025 to 0.4 equivalents relative to the acylating agent.

9. The method of any of claims 1-7, wherein the base is present at a level in
a range from 0.05 to 0.3 equivalents relative to the acylating agent.

25 10, The method of any preceding claim, wherein the organotin-based acylation
promoter is selected from the group consisting of 1,3-di(hydrocarbyloxy)-1,1,3,3-tetra-
(hydrocarbyl)distannoxanes; di(hydrocarbyl)tin oxides; the reaction product of a
di(hydrocarbyl)tin oxide and a dihydric alcohol, an alkanolamine, or an enolizable a-
hydroxyketone; 1,3-diacyloxy-1,1,3,3-tetra-(hydrocarbyl)distannoxanes, and

30 di(hydrocarbyltin dialkoxides.

11. The method of any of claims 1-10, wherein the organotin-based acylation

promoter comprises 1,3-diacetoxy-1,1,3,3-tetrabutyldistannoxane.
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1,A method of forming a sucrose-6-ester, comprising in sequence the steps of: a) contacting
sucrose with a organotin-based acylation promoter in a solvent in the presence of a basg selgéted
from amines WZB)?Oﬂ.Y Jalkali metal salts; b) removing water to form g,fip;sugrgRB Aglduct; and

) contacting the tin-sucrose adduct with an acylating agent to form the sucrose6-ester. 2.The method
of claim 1, wherein the base is selected from the group consisting of alkali metal carbonates,
bicarbonates, hydroxides, tribasic phosphates, dibasic phosphates and carboxylates. 3,The method of
claim 1, wherein the base comprises an alkaletal hydroxide. 4. The method of claim 1, wherein
the base comprises & alkaffripanstaiBankciaims & HPn & isstHbE B LEIARA D - RATERR Y Bhase
comprises an aikab ireiangaidesxyBidibenzoyohe, ndthoekebokyiistavheaai the base comprises an

amine. 7. The method of claim 1, wherein the base comprises ,N-dilst,:o ro gl%tglc}/larqine, 8.
The method of any dftlaim$'d PRI bHRER breweht HE Y Vel M %'re?n%% fom 0.025°to 0.4
equivalents redathay terthededglating agent. 9. The method of any of claims 1-7, wherein the base

is present at a level in a range from 0.05 to 0.3 equivalenis relative to the latin ent. 2510.The
method of any precetfing clHifMRHEEM G 8?&1%@5?11-b{;ESevé%g@%é?)%ar??’o%rﬁ)é?earqgns%e%%% R ?rJ'Som the
group consistitgiof ardudi(itgdrocarbyloxy)-1,1,3,3-tetra(hydrocarbyl)distannoxanes; di(hydrocarbyl)tin
oxides; the reaction product.of a di(hydrocarbyptin oxide and a dihydric alcapol, an alkanalamine, or
an enolizable ohydro%yketg}ﬁ\ee; T%éaégﬁ%%%,iﬁ%@tgﬁagf(ﬁvy %&%F%é%&&an%ggaﬂes, aIBId
30di(hydrocarb§igricarsiides. 11.The method of any of claims 1-10, wherein the organotin-based
acylation promoter comprises 1.3-di ‘Lbadsy butyldistiannexan et G RO
2010/114683PCT/U §10105/§}96,;§5%8}9%¥013§§ 1]Dhe met§o§ of any of claims 1-10, V\g/;r@ein the
organotinUbasé%Ité?éyléﬂBﬁepromoter comprises 1,3-dibenzoyloxy-1,1,3,3-tetrabutyldistannoxane.

13. The method of any of claimg, 1a1, wherein h1e, ARUAKRAAGRH SIS esasHasy Lispbydiide.

14. The method of any of claims 1-12, wherein the acylating agent comprises acetic anhydride.

15. The methéBFH\aQHQeof claims 1-12, wherein the acylattng agent comprises benzoic anhydride.

16. The method of any preceding.glaimr4ReTsiE Bt gQIMGRT GRTRRIIPBR adN@tI ARt prises 17.
The method of clalim 16, whgreigfthe Iertiag)ggem'goe g%qﬁgr\g\§aet%rdimethyl formamide. 18. The
method of anfpsr%ﬁgﬁﬁﬁap(ﬁ mo'w erein M s8vert further comprises a solvent capable of forming an

azeotropg,with water, d 5197Fhaaeibwdrdisiains Lanadeareit thevsatvepkeapaiieaffgrming an

azeotrope with wajer, comprises. 2 Iydrneation, salven. AUl method of any preceding claim, further
comprising conver mS the sucrose-6-ester to sucralose and isolating and purifying the sucralose.

20. The method of any preceding claim, further comprising converting the
sucrose-6-ester to sucralose and isolating and purifying the sucralose.
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