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15 disclosed in U.S. Pat. Nos. 4,950,746; 5,023,329; 5,089,608; 5,034,551; and

5,470,969, all of which are incorporated herein by reference.

Various chlorinating agents may be used to chlorinate the sucrose-6-ester, and
most commonly a Vilsmeier-type salt such as Arnold’s Reagent will be used. One
suitable chlorination process is disclosed by Walkup et al. (U.S. Pat. No. 4,980,463),

20  incorporated herein by reference. This process uses a tertiary amide, typically N,N-
dimethyl formamide ("DMF"), as the chlorination reaction solvent. After the chlorination
is complete, adducts of Arnold’s reagent on the base sucrose moiety and excess
chlorinating reagent are neutralized ("quenched”) with aqueous base to provide the
sucralose-6-ester in an aqueous solution, accompanied by the tertiary amide solvent and

25 salts resulting from reactions of the chlorination reagent. The sucralose-6-ester is then
deacylated to produce sucralose. One suitable deacylation process is taught by Navia et
al, U.S. Pat. No. 5,498,709, the entire disclosure of which is incorporated herein by
reference. It will be apparent that improving the yield and selectivity of sucrose-6-ester
preparation would increase sucralose yield and process efficiency, as well as simplify

30 purification.
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carried oyh-hydisRa%cl@BoRor sucrose to produce the sucrose-6-ester. An overall process for
producing sucralose according to the invention will now be described, followed by more
detailed disclosure of the various steps.

One suitable process for the preparation of sucralose from sucrose involves the
following steps. First, the hydroxyl in the 6 position of sucrose is blocked with an ester
20  group, such as acetate or benzoate. Then the hydroxyls in the 4, 1', and 6' positions of
the resulting sucrose-6-ester are converted to chloro groups, with inversion of the
stereochemical configuration at the 4 position. 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.
25 Pat. Pub. 2006/0205936 Al; and Fry, U.S. Pat. Pub. 2007/0100139 A1; the disclosures
of which are all incorporated herein by reference. Then the ester group in the 6 position
of the resulting sucralose-6-ester is removed, and sucralose, the resulting product, is
purified and isolated. The process, or any of the individual steps thereof, can be either
batch or continuous processes. Following are details of how some embodiments of the
30 process may be performed.

Preparation of Sucrose-6-Ester

Selective protection of the 6-hydroxyl of sucrose can be carried out by reaction of
sucrose with a carboxylic acid anhydride, such as acetic anhydride or benzoic anhydride,

in an anhydrous polar aprotic solvent in the presence of an organotin-based acylation

2



sucrose with a carboxylic acid anhydride, such as acetic anhydride or
benzoi ¢ anhydride, in an anhydrous polar aprotic solvent in the presence of
an or ganoVPROWAdes3acyl ati onpronoter, at a tenperature BRAUSBH042¢584 i od of
time sufficient to produce the sucrose-6- ester. The 6-ester group shields
t he hydroxyl on the 6 position fromthe chlorination reaction. Accordingly,
any ester group that is stable to the conditions of the chlorination
reaction and ich can be renm under ditio dg not affect the
Feoul {1 noP iRy A cte Bhritet LY FnioherindEtne s 0BRebbRlo Pl iRt -
1, 3- di acekstey.- [The &;&tS-groep le.Ilet(tSythdthtlaIXMlefaﬁE, 6 positiex fnopl the adorifationsed as
the or gan a (Iyg&_r' tel .
Pédcﬂoﬁ %%ﬁo gﬁl\ﬁfta'ng'es&rr atlr?fha% st@Bl% tb(%h@gg'ﬁm 6r¢seofatﬁe§n%rl atlon

car boxyI i c acl repa on O SUcCr ose- rs |I's | SC osed
in, for exeAfHPe, and)vBWan bg Emved, urdsr candigasspet dmaet affeay tise resattinaNo.

4, 950 {46 5ucPhIBRE @n quged PWhenN%cro@eP&BQGngt% is H@épﬁé‘réd:r!: 3-le||a%etd?@'tl 1NO3-
5, 023, 329; 9, Ver non,

ku 0 U S
5, 034, 551tet \é%’r% §'stqnngxarﬁatforwmr§er4@@ %@Fe KesHhe °L9§‘°t'|5a?aseﬂ|8cy'8t'ﬁfho 026:
((j:l ar Ik u. Srorﬁlélhmhbacﬁlc%&yeﬁae agnigke I:Elrboiglllﬁ .ackBénhydvilie. 206par&h/&%S0chIse- t he
i scl osures i, | ncor te r DY 4158 P
pr epar ati eS? S |rsg|09 (@nescfr &1 %8 ?%gr'%n’tl&\g S appﬁb@gséfsnéﬁva L}§U*I(’:a(r:tbse
is cont acNed419f$Oa74§0ISwren$0r\MLt §. Bat Upgmﬁl‘?{i%alsaﬂtcacyl?atﬁaon\lq)rfom 8e9;and
wat er \of LeRGld s Sat! RBDY @8oledst YeMdh, .8 |§a‘ﬂg|395§0§@|@'§9t Sa ltbz/z’u $ hen,

reaction m xture contail ni ng fhe fin-suérose adduct’ i s cohiact W th a

car boxyl i Boaidd 00ty dehdel - STiRat N roddd 82@istlerk, dah. Bt Nooh S38P % an ﬂ-he

resul ti ngureasi Bub. Poy 22788 taar iRk biselboYures BEWAIBaRO b in@FYdBEdORLrBIh APt er
and/or its reactl on products can be renoved fromthe reaction m xture, and

t he resulf?ﬁ@”§%lut|on of the sucrose 6 ester in the polar aprotlc sol vent
used in the next st con ers on_of

st oot B reRicEMreBR BliA O SherSlar T alYe.F ittt wrdtess, bl
det er ¥ nedudryse tsecopt@ctadi inid solventtvith sobvgambtiofbasedt podationt prrmateramat watebased

acyl ati O“oPFe%E!R d?fs’ refied B8 rd oL L QRS M£ tﬁ%b?w?ef %'%%E) %&%F as wel |

as by safety toxicity consi derations. poi nt of
t he pol ar ceniawmgctl"@d!rvémm%a@;*@we@nfcmm tNI'fé ao@ﬁrPNV@C Géidrﬁn"dﬂ“ t Ehe at

at mospher sGcrpse 8 Sdéted- caweasaaefd&f&hltue taithy Hebagorpm.ﬂhré)fmé]ﬁa@@lwthe
aprotic solvent is at |east 0& great er than the bojling point of water

at at nos pﬂ'@‘al”Bt'Bta&’é'gh?'epr@u‘?t{e'éBP §F AFARBP RAPILHFYLRE & ?Yeed from tBkanpl e,
L/ - methyl reacygn hokivderend whieresdiyihg sollifiox bfithe MNchbsd\6-a8tiehir the polar aprotic

solvent used in the next step, conversion of the hydroxyls at the 4, 1', 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 stannylated sucrose
25 product, as well as by safety and toxicity considerations. Preferably the boiling point of
the polar aprotic solvent is greater than the boiling point of water at atmospheric
pressure. More preferably the boiling point of the polar aprotic solvent is at least 50 °C
greater than the boiling point of water at atmospheric pressure. Suitable polar aprotic
solvents are, for example, N-methyl-2-pyrrolidone, dimethyl sulfoxide, N, N-dimethyl
30  acetamide, hexamethylphosphoramide, and, preferably, N, N-dimethyl formamide.

The amount of the polar aprotic solvent to be used will also be determined by the
above-mentioned solubility considerations. When the polar aprotic solvent is N, /N-
dimethyl formamide, typically about 8 g to about 22 g of polar aprotic solvent per 1 g of
sucrose, preferably about 8 g to about 12 g of polar aprotic solvent per 1 g of sucrose,

35  can be used.
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When the organotin-based acylation promoter is a di(hydrocarbyl)tin oxide, the
20 hydrocarbyl group is preferably an alky! group, more preferably a C,-Cg alkyl group, and

most preferably an n-butyl group.

When the organotin-based acylation promoter is the reaction product of a
di(hydrocarbyl)tin oxide and a dihydric alcohol, an alkanolamine, or an enolizable a-
hydroxyketone, the di(hydrocarbyl)tin oxide is preferably as described above. The

25 dihydric alcohol can be an alkane diol, preferably having from 2 to 8 carbon atoms.
Suitable examples are ethylene glycol, 2,3-propanediol, 2,3-butanediol, 1,3-butanediol,
1,4-butanediol, 1,3-propanediol, 1,2-pentanediol, and 1,2-hexanediol. Alternatively, the
dihydric alcohol can be a cycloalkane diol, preferably having from 5 to 8 carbon atoms.
Suitable examples are 1,2-cyclohexanediol and 1,2-cyclopentanediol. In each case, the

30 two hydroxyl groups are preferably not more than four carbon atoms distant from each
other on the carbon chain to which they are bonded, and preferably they are on adjacent
carbon atoms or there is one carbon atom separating the carbon atoms to which the
hydroxyl groups are bonded. The alkanolamine is preferably a C,-Cg alkanolamine, and
preferably the hydroxyl group and the amino group are not more than four carbon atoms

35 distant 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 group

4



Sui t abl e exanpl es are ethyl ene glycol, 2,3-propanediol, 2,3-butanediol,

1, 3-but anedi ol, 1,4-butanediol, 1, 3-propanediol, 1,2-pentanediol, and

1, 2- hexan¥8i2810/11488er nat i vel y, the di hydric al cohol canPb&UR2¢)EOPTE kane
diol, preferably having from5 to 8 carbon atons. Suitable exanples are

1, 2-cycl ohexanedi ol and 1,2-cyclopentanediol. | n each case, the two

hydr oxyl groups are preferably not nore than four carbon atons distant from

h oth t re bande and . erab
Choy are. 31° e 2EuRSra%p slBisie SRkt BNt Sl Bl TPiube el h
t he car bonrcmﬁoms ang lndrniie-2-peogandt. ofyitaje enpizahleca-bpdbegketdies akleanol am ne
s pref er gl LCond kb kARahAD iRy 3A)Ar, 23 Bhaloket he hydroxyl group and
an

the ami no group are not nore bon at ong di stant from each ot her

on the carbon m%rﬁebﬁmefelrﬁéhtgh@néo%ﬁqo%w&@d ARPAtiBRY ?or%t%i?sr@?'s\é the

hydr ox and t e am no group are on adj acent carbon atons or there is
o%l y o%;e 8‘§F38ﬁ &tjoﬁn S ﬁtyldﬁ?faftﬁ’é)q{%?'ﬁ)'ﬂﬂi‘aaﬁoﬁﬁ‘ethddW‘r?ﬁ’rWETPé’PIﬁfdP%%ya
groupand diaeylary-ngl, §/3etraa(tey desvadsa)dissehicdahe |§bﬂé@éi@bl§rﬂlnr‘eﬂ§yl%ﬁ@.ﬁp, more

et hanol a no

enol i zabl &ﬁyﬁ§8%g§ggéﬁgﬁ %§8e3%9"ﬁ§hPfavagwﬁhngl86@Po§h§ﬁ6&élé&6
3- hydr oxyterabut ddistasnoxanmes swenpagitobdiyrmaafesredt He isocogaamit nhif bizs ad 1@cydratip on

prondt er jsidhed tiat &'tﬂﬁ¥£%¥?lkc énh%ﬁa& 2 E@’u(sg'é/cgo%gf Byl g)fjaln’?[;lgr\/oﬁé"?ge The

hydr ocar byl group o
di acyl'bxysycresesbpceate é—t(%wptﬂpéfwll)ﬁﬂﬁcamwxlahé 3-setmtddiskannosanal kyl

group, nD{dstBhedehallidcetattlor SBOA) Ky o3t prferréNd nost preferably a butyl
group, so that 1,1,3,3- tetrabutyldistannoxanes are particularly preferred.

| t is conveni gﬂﬁenltﬁe ng%m@ﬂWt@sEd g&yﬂblﬂibrimﬁo@ﬁtﬁér Is@@m@éleéﬁ'%e@@& lé@?fttﬂritlﬁg
hydride_ .t o be so t rose acetate is
ggl %g Ipretpwaoraet(?mﬁ md?%rcrg?lgﬁ‘a |(e|g 3 %‘?ﬁ?@aamra@gﬁbﬁhﬁ&%@ (B9'2f annoxane
di acet at eeq:JIvaJJSDA) moge pos¢raplyed.25ted.2 Woem dqhwammmlllmerbaﬂeﬁraﬂylbéﬁlio?n
ronmoter | ' [ _nolecule
(e g 5! of 3 Rl Bl eRhcr BRE ri SATLRLY, 9 OBy B A0Tef 4oy BEon FRyESe:
pr ef er abl Rergngis O(féU&rOQe rﬁ)wraﬁeréqnltb%lr@ﬁtlgn My xhulre. Mﬁreetpe@fmbhybase@ to 1.1
mol ar equééy@dt%t&on%m iT8ShoMirRicREABbtids QniRhiRAG &%tm'cﬁfﬁnspé?fma V\%h@t I on
prormter crose i s present in the reaction mxture.
or ganot i n saeng'(ﬁf‘i}f"éatrgb'ﬁt"bf’%S'ﬂﬁi drefesably Ht?nf‘?n%rél "BelAT 8EPIERISc BRI ni ng one
at om of tprefgreblyroos e@llll&mb&r@qu&a(ﬁnfi)%ﬁ&ﬁ@d’thﬂéﬂe?dlﬂy X Tih@)ar eﬁﬁﬁ%%{h@%f}’ 0. 5d
ar_equi val ents, an

to 2. l230 m)é %%%Lﬂlrx%lo%}t elr n&qe of Tr(%fﬂ?ee;ias'&rgsent in Ehe rea?tlon mixture.

nost prefe aiv
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,
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phosphat eﬁqe@m cpar%wp@é &% ad%ieaqmw&l@fbéoesamt%bgﬁéof i&ﬁoﬁﬁ@mk& co-
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S res. SRy s el e tAGEn U IORF B rrie et Bacii. "Hh et g

et hyl am ngpiqaiippykathatelo nce;arpaicmwtramenmlareiphammkaimmetheambhmdtm based
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L oS, AR, DL S A SOy AL B prone s,

tri et hyl aHienergphetintbased a;ﬁyfeétonwrarmptﬂjpwd men%m(mmat reflux with an internal
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Vit er nay then be renoved fromthe resulting m xture ny conveni ent
met hod. FI§SS B Ciathak aeréiptilontihyetar: apd '?ﬂt\F@n'ﬂOtJSB ItBe SHCrPER PN le.
wat er by so@H SdlvértabiOtypical g thase tHessrel lbﬁdistlﬂles'aaﬂk%terléna foffata. coNetant-
5,470,969; Wit Ver n e, di s¢ | osures

ot whi ch srEPosan B R BRLPE RS0 eR e BE e she " eettcer P PEEPRat o
ef fi cient anommmdiydmcartbmwswalnlermaﬁedmacacamons&aibnssolamémtlserar éxamplesaifl y

ones that ;4 NRfentERARIC gaohéxfaneom[%t ftélgeﬁeo'a‘ﬁ%rléooc&ﬂ% (\%{?i‘”o“ n-based

acyl ati on pronoter, or thé sucrose; 'h the pol ar
aprotic sBIrehypeptpaeyr faaoe fuﬁ'hﬁis?éﬁe%t(gflt%ﬂ Inyanfervribe dirst rapetionaixturer ose;

t hat ref'mﬁm‘ébtahtea'ﬂemwaﬂro'ﬁ%]atére@ﬁltétqgastt%”ﬁlﬁﬁ@ﬁBf%é’\bélgﬁ‘é&b%h@sél@é}ﬁ% f from
about 75 0C to. about 153 nglr%ﬁeferabl | ess t han that co-distill
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typi cad | ysdIMEetHdm‘t_;aﬂdsw ba¥adsadydtidnvirbimotiér] end e feattdritproducts.

const ant conposi ti on m ni mrum boiling azeotrope with water, such as saturated
hydr ocar bons, 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
25 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
30  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
35 chloroformiminium salt, such as (chloromethylene)dimethylammonium chioride (Arnold’s

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



aromati ¢ hydrocarbons, chlorinated hydrocarbons, ketones, and ethers.
Exanpl es of such solvents include cycl ohexane, -heptane, toluene, and

i sooct aneWP20W/1446881 | et hyl pentane). | n one further asBEE{USSY10{0pEI84
invention, the first reaction mxture, forned after renoval of water and at
| east a portion of the polar aprotic solvent by distillation under reduced
pressure, consists essentially of the sucrose, the polar aprotic solvent,

th t b tl ter, . tl
prapar at 1 B Sty e S Bl B Sl A iptek B Rl BHET; ne
sucr al osen®l@sitatip of tiee(dmatomeityderad)direthylammchjurasedlt 66 thosidroens-estertihe

sucr ose- 6- rted to chloro groups, and the stereochem cal
confi guratals(?)élteétlac%%gggmlgé}l tion is inverted. Conversion of the hydroxyls in

the 4, 1 1, an@u@sedﬁ@ﬁﬂl& 't‘HBShyQFoxtthro%?E of tﬁeOSLRFth‘é[é’-egt.rep'ép%é"ktfl 4, rivej shon
of the stereochen1ca configuration a position Is discl oséd

Wal kup’ U2Rd 6pgesitigs arg CQBYFrHEEBtO géi'ky'fer@'m'P&'tm IS ér@GGF%}‘ZB'S@%CR\P" and
Fry, U.S. nifetiure Ruibatet08:74 Eblﬁ@él@&lré{?r térhserdtlﬁ@&, teﬁalf&Sa péndmmhn@benaielst ]
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sucr ose- 6rasdieing lyydrent geasupsaamda asaaeblmlfolrmasmuma\gemupml For eeguipleaMeitup, of
a chl ori ngtd g ftaﬁ&‘”c{ ?85%36 %{H?%cgosuré‘o%ﬁlc g%&%g%m\;ét?ﬁ h%P&@%gt?é%B&\?\%%%cfa“

be added i'n eed s rises a to a
the suerofes &észwﬁoméwﬁathe)dlﬁgdomegﬁww i érqorpargtegniateinty nefarance,
car bohydr gisgiob& stidtepro8aGki on M xture may be about 5:1 to about 12: 1.
Alternatively, a prefornmed chl oroform mniumsalt, such as

E%hh: or orre: Eyl e pegalisaes inyatrmrarnd mr@mrﬁrﬂndﬁurﬁ%wrgxn@n{e@gﬁ%&? i£Adt be used
orone ne niu.im oriae can repare or

by 1 he 1 oRTenBA thrth R enHaRBo s Y, SHETIAEE ASETs B srauie ey cepouad Fipt e
nmol ar r at be ueéd td"lfbrr(n(mthjommmmumnm) ghltnat ishamroeagents at that aah benvert the

oy ound o MRS AP0 alydd SARRIY shbo b U SEHEB oY
posi t i onscair ke centtes vish att@rt@ralalayw & ferm snchiatodieronipeniufhsalt inslube, fiog

reaction g)(é%b‘l'éepho%g@ﬁ@t&Q)s?ﬁor@s%%%ﬁ&ﬁ&é’ ﬁo?ﬂho‘i’@ﬁP&"tQ&N{)ﬁ@e E%an%o({hlfﬁ'lde

perlod of time or tInES sufficient ' to pro uce a product contalnlng

deri vat i v&UIBIYsHderifen Sxalpl gueride ithchipiogtethHehiaspiermateg( Hiphpesape g oups

remai n asbiextaickipkdraguriy Iicarboma gy p‘lumaosE@rﬁe"wwmh@thaMbdﬂm,yl bhl&ndéDa’remBkiy

4,980, 463 J'es tg!atsgalnobseu{lseedolfrmlwge %r e>s<ar|ané r?r%gt%ypgrr%amlgg(lgﬁ;)?r 2 ormyI and
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.
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o Fry, U S 2007/0100139, the disclosure of which is incorporated herein by
reference, disclose such processes. Because formation of a

chl or of orWPRPHYUMB3al t or Vil sneier reagent is not esseRECTAIS241§/02¢84
chlorination reaction, chlorination agent refers to any conpound that can
be used to forma chloroformmniumsalt or Vilsneier reagent, or that can
convert the s hydroxyl groups of a sucrose-6-ester to chloro groups. Sone

chlorination agents that can be reacted wth t rtlar am de to form a
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[V, IV-diethyl formam de. dinmethyl formam de is used as the

tertiary SHiiaRthg fo%%nOfaqh&ﬂ“BBCmg%de%'of‘he reaction soI vent. Cosol vents can

be used at up to_about 80 vol % or nore of the | phase the reaction
e om ! Ceet o Mo HRESHH) S et o BUHANGHS eIt Dy U SafiFigh BRETS and
whi ch pr ouqueus kdlif wich enniulmbthlowmmrtudnmfehabhbr:hhmorf esactioo materidd égaone

essent | al Ly RAIRARNEAS 8L IBY PEINGR Rk 00 LAGE .l Bl exarpl € Lol uene,

o- xyl ene, trTehl oroet hane oxye ne gl ycol
di net hy| emmétane@ﬂweddwgslowlytwmﬂrtbade$lm qm@ntttbr ef chigrination remidwdb«gml

groups at pLhgedn adtiedd Furﬁﬁﬁj aﬂue&%%l%él%%d@@ﬂ ufuﬂf{iﬁ% &e@ﬁeé?ﬂﬁr %‘ré’a?ﬁg@é?ﬁ%r?r :

The reactl on m xture can uencne Ion O

about 2. othﬁ)‘le@?peéaﬁsﬂre/awéﬁﬁsaremv@quwtéééaﬁS'medo'ev@Sécb'ot@ﬁ remgingsr gf the

equi val entdactigh. Fhikadrbcdselcah e batch b cemiiRLSs pfocebd.or i nation agent used in
the reaction. An aqueous solution of an al kali netal hydroxide, such as

sodi um or pot as:stmﬁqachrt@d(bdﬁessarquaqueo@s &rded yutoby ammtk@ theeheainbtiomet al
hydr OX% de acyﬁn mmtu?gh | ugnvggsﬁq %rlgggh 8 II‘F@]QH&?POSO a <')1r||nat||on I acgf:londr%lx%l.ﬁ'@ be

used to ue there ueous
al kal i rreaadi ahymumllebél arsmcilcledisloadwmbqghls@dctummymogx|Sd1éflc1¢ntaﬁqucgtm dkdsns

about 5 V‘”égl/ai uﬁt}ﬂQHE dé?ﬁré’éfﬁﬁ 14 Bé%l:ﬁ@d ! Yh@pﬂmlétteﬁlp\é@a ?éiteoarﬁ‘pﬂli”arg@eytgeeégg

pr ef er abl % to about % can be use descri | ow,
guenchi ng Sd)r@dd@fei'ﬁ ©d t%ferb?'”é%fd‘?fttf‘érﬁe%ﬁt'oal KIS PregessHen e PRISh Ofi xt ur e,
by a dual csitiRais pFeeess, or by a circulated process. | n each case pH and
tenperature are controlled during addition of the alkali. Quenching is
typicayly 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



carried out at a pH between about 8.5 to about 10.5 and at a tenperature of
about 0 Cto about 60 OC. Preferably, the pH should not be permtted to

ri se aboWEO2BWI4B8. 5 during the course of the quenchi ngCTAR0E0784 n t he
dual stream process, quenching is carried out by slow addition of the
aqueous al kali wi th simultaneous slow addition of the chlorination reaction
material into a reaction vessel. The chlorination reaction m xture and
aqueous al kaI are si mul taneousla/ added slowy until e desi reg((_% uantity
of chl ori REf G'F‘ue FRASHED MM & EUPROYT AL el P EFd@fged?tulf%Pf‘ A HYMEHT AP i s
added unt eftfedthremdesli sfetle rpkbteanrrge@ohﬁﬂandr fwrthe he*cTaem?mrcfet igrremavet by far e

mai nt ai ned_at t he dergl red.l ev tﬁers(% agl)eorrs% lF>der the & ctl an

process can bR SBEIRRVEPGnFItRRoTEP Fo¥edeP (h) &N biRcatFL U otema(;'vef%'s
quenchi ngcorsvecgion pEslavalosdrp-estercal satialesetdas behdaoried st rlnethanebmnlt@nmm xture

from a, Ve?id?{.u trﬂ&%ggjg.a tr%ﬁé“eé’gehﬁ@atmorl%act%}{ S’cfduF@*EHaPﬂirFr%%Hg‘i’c%e’Hr?&tt‘HEe and

aqueous a are a into this circulation oop ficlent

agueous am@é'l‘\f' qsgerécﬁ@'é%laﬂﬁt fOF et‘W@Pﬂéﬁﬁﬁ*‘é{ﬂaffﬂt?‘ieswrﬂ%%éd'craﬂféns‘ﬁﬁ'@r is

t enper at U§@cr§l6§e-l€|=b@|t&emh@trﬁét'h?desiér dhbedRRI daPthd @vhvadyrdistrtiben@idder
of the reaction Thlsaﬁrocess can atch r contl ousgg oces

Fol | owi ng ’@ﬁﬁ“'i”ﬁgsuc'f e RtEINipA Pﬁ?%ﬁEBES&'é waﬂ@utr FiP2€3'%5 't he

addi ti on eVeraqalbopisrifeeci zhd ibolategxanpl e aqueous hydrochloric acid. The
resulting m xture conprises sucral ose 6-ester, other carbohydrate including

chloripated carbohydrate inpurify iRy RLfRnglgugg h§ryiary amde, and salts in
an aqueous solvent in which th ‘pregcrm—rram—svpv?ni is water. Conversion of
Sucr al ose-6-Ester to Sucral ose The sucral ose 6-ester containing aqueous
feed stream typhearacpseehiheiigeantiontin usefel ial 1§s erepriatiut platussBoB- esysplose is

Met hods f gkl ikcsiier ah @SemEseesdeln i o8 bAG DRverbe oBYAERLAS, 3
Catani, U. SldHL tZ;" ; 349, " 943 2'?18 gdﬂo i ,Ve g a65 43?5'

Ver non, UWVEl a?’é’? otl'r% aPB"@é@”st?“C*EPP%FBBaﬂ? mcU S fopggamﬂ& egergg@s,lgég and
6, 646, 121torbiviation EwSeteRats, ciesimd,p28d,) b, sweatknsr 481U é9 ratadtcbokbsS Lubat, .

Cub- 30041003125, o725 SimEed A ANBRSTEARE0 A bofil b, 567 -
DeshpandeRotheg U.Pakat. Nabs,820FA00 860 7BNa/Y ; USn @aRNN&NGOIALE), Reatidly Rbborbed
2007/ 0270834 AbmpbbBifioHs 6LIORYT 8. 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
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of which are all incorporated herein by reference. For exanple, (a)

sucr al ose-6-ester can be hydrolyzed to sucral ose by raising thepH of the
reacti on WP about |1l at a tenperature and for ECT{UPRVIGWEE78Ei ent to
effect renoval of the protecting group, and (b) the tertiary amde is
removed by, for exanple, streamstripping. Either step (a) or step (b) can
be carried first. Alternatively, conversion of sucral ose-6-ester to

I h t di th
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sucral ose. Sucralose is a %%el ntensity sweetener that can be used in many
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t bl et Lub .S, Pat. No.
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Roche, U.&.9Pamo! N&®.7HgBDBEPAYO;cyanbeddatittya tig. @ncmratldﬁmroﬁncﬁ%vo&&ﬁag;

dl 1
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floss ( @W@petﬁtsre Fapttroligp Was seBt, 3847., Crelphesape ayasi rameyedsiondy from the
phar ”erulbéé‘rﬁfbta(m%%g%crftﬂgir@ re(f@i\(’)@nrseaétfon mﬁ*tucr'resr%%hed\@n |r§er$\gpte7rﬁo(@'atutzl§¥ﬁr age
concentr or nedici
Sotoons e Bhe IEdiSh Mas cBbRara 9943 A pajThing e fisah WeRgemave it
Gowan, Jrreattidh wE’g"alIova;to ?70652W\ér{é@&{\amébdéloalémﬁéfbtur@nﬁaaieﬂsﬁ) °d).38.2 Fahol
No 2 [ Ui S en
D 507 s aac2an  ARcedy) 874k Bhyarfid fvad ASEE Znd (R 2R s iyl st for 2
( Ant enucchir, TheSeaftian whlpgud)ded vaill5 minaf vedtabi The eshcsom bhiigtuae ivds ertradtedns
(Mer ci adegith Ys&.miPat cycN@mex%negéﬂre%%)e the quiaet{eantl'ﬂgztohﬁﬁuﬁgs qga\ﬁl‘figﬁ)t abl e

sweet ness can be acconP a vari ef aste
pr ot ocol s294§8WH S?/HtieMEr Rrodughineh Wap @nakvred RnbRCi o t hose skilled in the

f t he rotocols referred to in Merkel, U S. Pat.
al\llgt 6Sggg izél Ageg{@ @ntg%ellne (Eogt opa\ﬁ/as %ablghg@@ygggnmg 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).
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The advant ageous properties of this invention can be observed by reference

to the foll owi ng exanples which illustrate but do not

l[imt the invention.

EXAMVPLES WO300/1H63Bhr ee- neck round bottom Pyrex flask wESTIUSRRIE@2678¢ h a
tenperature probe connected to a tenperature controller and a Dean-Stark
trap topped with a condenser cooled by a circulating chiller at 10 0OC

Sucr ose, 32 9 mol (11.25 g) Wasadded to the flask along with the indicated
anount of se or ot herd Eea ent é and the Dean-Stark trap was
filled V\AT ‘E)}CT Rk Xirid dey) 'f'?ﬁ'] al so added to the reaction flask
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T iy 0. ; 9,66 ok %00 1y 1l 202l 89910330 0.44]71619%)
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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 I

ncrease

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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are shown in Tables 1 and 2. Mol ar Yield Increase Table 1 presents the data
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normal i zed yi elwdsh mmrr@dsddmrb&aﬂidnaea ARels REDEXS ©.1 Bnd a0 énNtigeb acd i vity
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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,
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bases, with the exception of the higher |evel sodium carbonate addition
experinents (0.5 and 1.0 eq.). For exanple, note the | ower anmounts of D 4,
S-2-A andVORPWAdE®Bd sucrose. For these reactions, the ePEVAISRHOQATBbse

| evel s suggest inconplete reaction or product degradation; in either case,
this may in at | east sone cases indicate an upper limt on the |evel of
sodi um car bonate one can add and still receive benefit. Wth decr easi ng
sodi um carbonate | evels of 0.25 ., there a slight
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sui t abl e |dferpbslinengRUde, but are not |imted §b13 et hyl am neé, 37t hyl am ne,
propyl am ne, isopropylam ne, ethanolame, aniline, dinethylam ne,

di et hyl am ne, di i sopropyl am ne, piperidine, pyrrolidine, trinmethylam ne,
tri et hyl am ne, Afigough the, ingentiehhy il bustratgalyandideserib&MVAERjn BB reference to
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Al t hough the invention is illustrated and described herein with reference
to specific enbodi nents, the invention is not intended to be limted to the
detai | s SWOWALY/IR4G8Aer, various nodifications may be mad@CTHSEHEYEB4I | s

wi thin the scope and range of equivalents of the clainms w thout departing
fromthe invention.Wat is Clainmed: 1. A nethod of formng a
sucrose-6-ester, conprising in sequence the steps of: a) contacting sucrose
with a organotin-based acylation pronoter in a solvent in the presence of a
base sel e¥thelis¢'8iMethi nes” and basic alkali netal salts; b) renoving water

to forma tin-sucrosge dyct:. and c) contacting the tin-sucros d W th
an acyl ati ng azent ?d“&g”f’ﬁf’% Fn%mgﬁ%?%‘ér-os%%égﬁtg'?.COT.pr'ﬁrfg 'ﬂéfg%%e@%%%q %%%%?n 1,
wherein tbe base is selected fromthe group consisting of alkali netal

car bonat es, bicarbonates, hydroxides, tribasic phosphates, dibasic

phosphat es andal eerifastinigasussose3yitiTh@rgstotindbased GicepHen prafpeieeima splkefdse
conpri ?estr@"pr@lsé??cle'ofrgg[fa%le s@bé@féaxﬁ'éjrﬁ-anﬂnes-rgﬁd PRdibaftafimetbiedalts 1, wherein the

base conprises an alk netal carbonate. 5. The nethod of claim1, wherein
the base conprb$esn@inghWaddd totBindla tHREROYI addict:bandThe method of claim1,
wherein the base conprises an amne. 7. The nethod of claim11, wherein the
base conpri sesc)éontdetitg theprmeaydredeyddaiat weeth ad. aclheingrighatitoofrartie alicrobaxi s
1-7, wherein the base is present at a level in a range fromO0.025 to 0.4
equi val en ESHtative to the acylating agent. 9. The nethod of any of clains

1-7, wherein the base i . i : I 0] 0.3
equi val ent s rePativiﬁ?o‘?ﬁé?gﬁg%ﬁ?ﬁhghégﬁﬁh@‘%ﬁ%'%ﬁ@gﬁﬁgﬁ@ﬁ%gF’éﬁgs
pr ecedd ngcwisiting offadeadi metahearbpyatest biparbaratgs deydrexides tybasimprasphatesel ect ed

fromthe arbfayig_p%gw‘aiéé B eérbbxﬁagg.( hydrocarbyl oxy)-1,1,3,3-tetra-
(hydrocar byl) di st annoxanes; di (hydrocarbyl)tin oxides; the reaction product

of a 3. The method of claim 1, wherein the base comprises an alkali metal
hydroxide.
4, The method of claim 1, wherein the base comprises an alkali metal

15 carbonate.

5. The method of claim 1, wherein the base comprises an alkali metal

carboxylate.
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(hydrocarbyl)tin 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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di (hydrocarbyl)tin oxide and a di hydric al cohol, an al kanol am ne, or an
enol i zabl e a- hydr oxyket one;
|, 3-di acyWORLWI14683 3_+t et r a- (hydr ocar byl ) di st annoxanes, P&Rd’S2010/026784
di (hydrocarbyl)tin dial koxi des. 11. The method of any of clains 1-10,
wherei n the organotin-based acyl ati on pronoter conprises
|, 3-di acetoxy-1,1, 3, 3-tetrabutyl di stannoxane. 12. The nethod of any of
clainms 1-10, wherein the organotin-based acyl ati on pronoter cor‘rBri ses
|, 3-di benzoyl ok§- | , Th&Methed pfin §f| RO dnhBxyPRIeImEe ofpNgtEy PRsgd GEY1aHOM of
cl ai ms 1- gdmorbBetcshprideba, ey arizbylgx 3 &8, 3cipbusidistannacnke. anhydri de. 14.
The nmet hod of any of clains 1-12, wherein the acyl ati ng agent conprises
acetic anhydri d&. 1Bhe eeharbofrerty affclaimg o2 chvbenem thekRylatihgragent ¢dmaprises
acyl ating t | ses benzoi c anhydride. 16. The nethod of any
pr ecedi nga@?gﬂﬁnﬁm@éi n the solvent conprises a tertiary amde. 17. The
met hod, of ¢l ai fy 16, Tﬁ@ﬁ{egﬁ&l byt & didirisY -28) WReGhTie! a%?_%tiQP FRkAYtomprises
formam de. 18. The nethod of any preceding claim wherein the sol vent
further c®icidwydadaol vent capable of forming an azeotrope with water. 19.
The nethod of claim.18, wherein the solvent capable of rmng an azeotrope
with water compri segh%”’rﬁ'&‘?c[)ﬁfa?'ﬁ'o?f Cé?im?e]ﬁll.g' ‘Qggre’fhg‘erﬁﬁ’l?g'&gc?lgg%ff’r?ﬁré's@édi ng
claim fupédmic &#myaridei ng converting the sucrose-6-ester to sucral ose and
isolating and purifying the sucral ose.

16.  The method of any preceding claim, wherein the solvent comprises a

10 tertiary amide.

17. The method of claim 16, wherein the tertiary amide comprises dimethy!

formamide.

18. The method of any preceding claim, wherein the solvent further comprises

a solvent capable of forming an azeotrope with water.

15 19. The method of claim 18, wherein the solvent capable of forming an

azeotrope with water comprises a hydrocarbon solvent.

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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