WO 2009/117317PCT/US2009/037079 - 1 - REMOVAL OF ACIDS FROM TERTIARY AMIDE
SOLVENTS BACKGROUND OF THE INVENTION Sucralose
(4,1',6'-trichloro-4,1',61-trideoxygalactosucrose), a high-intensity sweetener made from sucrose, can
be used in many food and beverage applications. 34' OHHO SSUCRALOSE A number of different

synthesis routes §9f; 1hg preparation of sucralose have been developed in whighyihowaciive hydroxyl
in the 6 position is first blocked with an acyl group tofform a sucrose-6-acylate. The acyl group is

typically acetyl or benzoyl, al o Y, Ulsf'gﬁ -6 is then chlorinated
ioto replace the hydroxyls aﬂt%ﬁg‘%ﬁﬁkf éﬁ%f%%sﬁons 0 pﬁ(?(ﬁiéﬁ?%g% oro-
4,1',6'-trideoxygalactosucrose 6-acylate (referred to herein as sucralose-6-acylate), followed by
hydrolysis to remove the acyl substitugat-aimk theneby preduce/sudialoise. Several synthesis routes for
formation of the sucrose-6-acylates involve tin-mediated acylation reactions, with illustrative examples

being disclosed in U.§,15Rat MNOS. &.950,746-5,023.329: 50896985 SRk DB 1haAd SA7kP69, all of

which are incorporated herein by reference. Var%)us ch orlnatinﬁj faggntscmja gre uesed to chlorinate the
sucrose-6- acSTATE I MBLE dBHhIN 3oV iR BRI p e SR SR Ss“A AT s REagent will be used.
One suitable emplicedtions process is disclosed by Walkup et al. (U.S. Pat. No. 204,980,463),
incorporated herein by reference. This process uses a tertiary amide, typically N,N-dimethyl formamide
("DMF"), as the chlorination reactioh sojVent. After theqghlorination is complete, adducts of Arhold's
reagent on the base sucrose moigty ané ihg reggent are neutralized ("quenched") with
aqueous base to provide the sucrals , €ous )N, accompanied by 25the
tertiary amide solvent and salts resultisg_frone s i ati@n%agent. The
sucralose-6-acylate is then deacylated fo progce sucralogg, One duitable deacylation process is
taught by Navia et al, U.S. Pat. No. 5,498,709, the entire disclosure of which is incorporated herein by
referencg. WO 2009/117317PCT/ US2009/037059GRALOSE

A number of different synthesis routes for the preparation of sucralose have been
developed in which the reactive hydroxyl in the 6 position is first blocked with an
acyl group to form a sucrose-6-acylate. The acyl group is typically acetyl or
benzoyl, although others may be used. The sucrose-6-acylate is then chlorinated
10 to replace the hydroxyls at the 4, 1' and 6’ positions to produce 4,1',6"-trichloro-
4,1',6'-trideoxygalactosucrose 6-acylate (referred to herein as sucralose-6-acylate),
followed by hydrolysis to remove the acyl substituent and thereby produce
sucralose. Several synthesis routes for formation of the sucrose-6-acylates involve
tin-mediated acylation reactions, with illustrative examples being disclosed in U.S.
15 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-
acylate, 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,

20 4,980,463), 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 chiorinating reagent are neutralized (“quenched”) with aqueous
base to provide the sucralose-6-acylate in an aqueous solution, accompanied by

25 the tertiary amide solvent and salts resulting from reactions of the chlorination
reagent. The sucralose-6-acylate 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.



SUMMARY OF THE INVENTION In one aspect, the invention provides a method of removing a
carboxylic acid from a liquid comprising a tertiary amide solvent, the method comprising a step of
contacting the liquid comprising the tertiary amide solvent and the 50arbox¥£% %%%ég}gﬂ?%%extraction
medium coMBriitiglaR Emine that is immiscible with both water and the tertlar§/ amide solvent, thereby
forming a phase comprising de-acidified tertiary amide-solvent and a phase comprising the extraction

medium and the carboxylic acid. BRIEF DESCRIPTION OF T'I\J-[E AWINGS toFigure 1 shows the
percentages of acetic acid and sucrosew%g&%qg'@ﬂ?ew}ﬁa sample after each of three
sequential extractions with an extraction medium according to the invention. Figure 2 shows the

results of a larger scaieoextrsptioh treindmyies preYilrsaicretheriglFemYasR 8RS Siagram of an
extraction apprgtys AN IRneesHHahipdee e aer0ding terihe frevertibod DETATEED @

DESCRIPTION OF THE INVENTION The inv r ' hg anaaufacture of
sucralose, sighiRSACRRIBLHTRS o??oq\'/ﬁélr'dcg?l% eﬁ@ igﬂgﬁjg&% Eﬁ?&%ﬂﬁ%ﬁide products or

20byproducts @abiexy asidswinaasest i) rmesiirs eoMERs IR N N)SIERRY hillids Blétic acid, in
the case wherg;gyeiasaratacatalals usethasanidtennediatbercthefprovess ah@ssr formic acid, which

can form by hydrolysis, of RMEJief0a' SRIMANLIR MEad ieiie: RECE $ase BonfrfiRiig andilsmeier-type salt
For simplicity, the diScussion hereinafter will refer to tge removal of these acids. However, other

25acids may @é%%ﬁéﬁtﬁ?%‘d’ﬂhi@?ﬁo‘ﬂ%%gaf“éfé‘b@ﬂ Ing on the specific synthesis route taken in
making the sucralose. Other exemglgggﬁ%}gsdﬁ YN S EsogaRkexylic acids, for example
rboxy

benzoic acid. The removal of any ca Ic acid from a tertiary amide solvent is contemplated

according to the invention. Unfortunately, carboxylic acids.m ntyi the ion of
manufacfuring 30 eqmgmg,:}t’sgﬁwstﬁng%ﬁ&gg%aeos%s of ACeti %ntg buieoiQ thecartas

ay.
ence’is pro%%c?na Ic. In particular, zﬁ/nificant amounts
of these acidsreraineg iim th® Mt iary pimaftes eRanetiaras seeraHal IBRGRESN 1B&Vered, purified

and recycled ipJhe RIGeesSHium abRErINgREQADIOVAEBMethods of removing such acids from tertiary
amide solvents. Nonlimiting examples of tertiary amide solvents from which acids r?gkﬁbe \We

2009/117317PCTMSEIQ08LR3FORS 18- reswits/efidrierggr seane SrHEFR 1R RArHIBe ),
N,N-dimethyl acetamide, and Nmethyl1-2-py rrolidone. For simplicity, the present invention will be
described with respect to the use of DMF as the solvent used for sucralose synthesis, and the removal
of carboxylic acids fromyD&/E jdatstine metiotiborfaae o Frops RSk igHpaRaratus and process

suitable for use according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

The inventors have found that, during the manufacture of sucralose,
significant amounts of lower carboxylic acids may be produced as side products or
20 byproducts during various phases of the synthesis sequence. These typically
include acetic acid, in the case where sucrose-6-acetate is used as an intermediate
in the process, and/or formic acid, which can form by hydrolysis of DMF if that
solvent is used in the process, e.g., to form a Vilsmeier-type salt. For simplicity,
the discussion hereinafter will refer to the removal of these acids. However, other
25 acids may be present in addition or instead, depending on the specific synthesis
route taken in making the sucralose. Other exemplary acids include C5-C;
monocarboxylic acids, for example benzoic acid. The removal of any carboxylic
acid from a tertiary amide solvent is contemplated according to the invention.
Unfortunately, carboxylic acids may contribute to the corrosion of manufacturing
30 equipment, and thus, their presence is problematic. In particular, significant
amounts of these acids end up in the tertiary amide solvent that is used and

subsequently recovered, purified and recycled in the process.

The invention provides methods of removing such acids from tertiary amide

solvents. Nonlimiting examples of tertiary amide solvents from which acids may be



5amide solvent is within the scope of this invention. Much of the removal of acids such as acetic
and/or formic acid from DMF may be achieved by distillation. However, the inventors have found that it
is desirable ¥Ofirgtmiriitize the wt % of carboxylic acids in the distillation fastiasmucbsas possible,
because these adds can concentrate in the distillatianzapparatus, io causing a low pH and consequent
corrosion of the apparatus, This preliminary acid removal is preferably performed in such a way as to
minimize deccumpmss@tdb'rmrdﬁdme/\DMEinwmmcmmwTaﬂeWDME@Né/rWﬁim@t*a\di@sdtﬁfmeanﬂtﬁ!e process,
for example for, pid\adjusimentone. FohGHRMIRGlY tHherueniigRRrIMASS TerBRabearhaxylic acids
from a liquid 15com%r|3|rbq DMF P%ﬁ ethod com rlsm the foIIovvll%% ste NS £ Acetic gg and formic
acid will be us&dss grﬁfﬁ ?K‘ceﬁc aC| c? formic atid ard extracied from the DMF using
an amine-contameg extremtion e drigs. from DMF(IQ”FH@QEWFH@’M@IFPWF{T MparifiéarByWashing it
with water to exHiaet H\MEs withidithd bepelidfiedextkasiishmedium is washed with hot water to
extract the acetic and/or formic acid to give (a) a low-pH aqueous stream containing acetic and/or
formic acid (which miuapabiagydreaysédifotidnyutnasatictof pligpoeesis @i dsoMeEutralization

of high-pH Waﬁ@yfmﬂﬂﬁeﬁéérm@tﬂ}’éﬁbﬁsmW?):h%ﬁﬂé‘n@b)ﬁmﬁiﬁdlyn@&iﬁﬂﬁﬁﬁed extraction
medium, dgv)rabq Ftlgtl%de aC|d|fhedW xfraction Q?,?( }Jcngcl | ]rm LWas %g‘ggé%g@ gueous

a
base to further Fremove acetlc analor%ormlc acid ana lhere give a substanti e-acidifi

extraction mediyat %é%ﬂﬁi@tléﬁcﬁﬂaﬁ@ﬂhﬁﬁé‘y‘ﬂ%ﬁﬁpﬁ%ﬁﬁﬂ? Be H@c@lﬂéﬂ%@%@lﬁpﬁ%@tﬂff 30In
step (i), the ligtzidsoegnprisingHhe O bbndypicatyccontamsdttleasp eratitd, DMIs, praheitypigaltydat least

70wty DMF, ang st ﬂ%'lca%xs@tdsﬂ%#ﬁ%@aweumegysg%mﬁ',ﬁ%rz%faaecmHég iRIGHk comprises

water and various sat in‘rou equal amounts. Step (i) typically extracts at least 80 wt% of
the acids fromPHE: @ﬁ/l?ﬁemé?et‘iﬁﬂ&’ﬁ’lIW&?Y@&%P@B%t%‘d'cfr‘if&rn’iS‘éf%}ﬁlEgﬂ)}:’écﬁqg%fstf%%WB'Fb The

result is a de-&widiftiesdjplsisezoomprising DMF and a phase comprising the extraction medium and
carboxylic acid. Typically, the de-acidified phase is WO 2009/117317PCT/US2009/037079 - 4 -
further treated to proﬁﬁ%‘é@l‘?ﬁh’ﬁé’%ﬂ%ﬂ?”ﬁ) BRI ERTISMPEHST BRLMUNGES FSUNG MEBIMF to an
evaporater to tempxei ng MroFabjeanmadenizdscdrapresiamile, follooirs cairpehyiratie prodiaots and

byproducts may.beincliding i thisenvalatle fpaterial. Various kinds of evaporator may be suitable,

including for example a 5mechanical vapor recompression evaporator or a forced circulation
evaporative system. {ihecalatdei¢amp ment exitingrthexevapst ftormsitkemtio ndiegsed garidemay then
be distilled or further evaparated andkeandensed to provide essentially pure DMF as an overhead
fraction and the extraction medium component(s) as a bottoms fraction. The bottoms fraction may
optionally be routed acKieraxemsetionlbstspri)isand-itiee Divitvanbipdét eitted dtackdaxbsetin the
sucralosg synthiggis sequence, such as in the chlorination step. Step (ii) is typically performed in a
temperature range from 5C to 50C, more typically from 10C to 40C, and most typically from 15C to
30C. Ambient temperaturenis pisifadly aisedctidrenesiiliin gsagastadasvitiase earttainnexbrivE extracted

f[f)?vl"; the extragfign medPMAE B8 dauigH bask adhe sxiaaiar o ieRddm IRINy @ Legovery of the
and/or formic acid (which may optionally be used for any of a variety of purposes,

such as the neutralization of high-pH waste from the sucralose synthesis process),

25 and (b) a partially de-acidified extraction medium,

(iv) The partially de-~acidified extraction medium is further washed with an
aqueous base to further remove acetic and/or formic acid and thereby give a
substantially de-acidified extraction medium. The extraction medium may then

optionally be recycled for use in step (i).

30 In step (i), the liquid comprising the DMF typically contains at least 60 wt%
DMF, more typically at least 70 wt% DMF, and most typically at least 80 wt%,
DMF. The remainder of the liquid typically comprises water and various salts,
typically in roughly equal amounts. Step (i) typically extracts at least 80 wt% of
the acids from the DMF, more typically at least 85 wt%, and most typically at least

35 90 wt%. The result is a de-acidified phase comprising DMF and a phase comprising

the extraction medium and carboxylic acid. Typically, the de-acidified phase is



Step (iii) is typically performed at a temperature of at least 50C, more typically at least 60C, and most
typically at least 70C. The temperature will typically be at most 90C, more typically at most 85C, and
most typically at most 2080C. Typically, this step removes about 90% of the aci(g Zfégﬂagbepextraction
medium. INVéEeyPR/} TRt aqueous base is typically adjusted to a pH betwebH 97 5. In some
embodiments, pH-adjusted saturated agueous sodiufh-acetate is used in this step. This step

typically results In removal of at least 98 wt% of the 25acids origingll g %ree'%gnghlrggrg Otw%igally at least
99.5 Wt%. funthsortreasatbbrmrsiieedt MEITIRAERISN, BVIEBST RS VSR Bre-puritied by the methods
of this inventig, My the vsedtwdisselpersturosedoouttinmectsiedrsisiiBss BRI RF example via

formation of a sucrose-g- inati SHHQSRR-aeyiairdang idearytatiovlatithe resulting
sucralose-6- §638§‘Fa%€ %@i%ﬁ%ﬁgg%@ ﬁ%‘%ﬁmgﬁ%b e}‘é{;ﬁ?&% @9@;&%p§g%h as

described her@miehia) b¥aiRITdRESH SYRRPSAL b STeIBs8 denvatives in DMF. For example, it may be
desirable to renaeneracilsfpamreotutipres 56 s eorRrsE A a8 s DM EYAIANG YABR BHination to

form sucralosg-G-acylatRs (RndiWtERIKeHieRipdy eHer vitatalaseheancbsdehssditiohs may be

treated to remove carboxylic 3bacids using an extracti ' ' RyeRtign. Examples
1 and 2 reIate”ﬂé\‘sE'&?ﬁnabﬁr8k'?(‘—iEl,'?.‘?,ﬂﬂ‘lfef?'l 'étlﬁlgﬁ %&?ngﬁg%‘?%@%ﬁ%@?gg@%g&% )

) be WO
2009/217317RGR DSE0E98TeTHe feslismansithe B es LE%%RA}HH@EHBHE%BF&?? @ith Arnold's
reagent) to progueesUrseasr0-at detavhichatmynstiayesprenthlip b el eadydteartofpraugeiBucralose.
Suitable equipment for petfornid the, Sraglians o s IKETHANd ludessasy kmess in the chemical

e

engineetfng artep ple; countercurrent mixer- ssettler units may be used. Other suitable
extraction techﬁﬂ}lﬁ@%é@b%&ﬂéﬁé@b‘%ﬁﬂ@q@%@&@'centrifuges or multi-stage centrifuges, such as

Robatel BXP series, Podbjelniak centrifugal extractors. SRRl AR Gt Ebreptcolumn
technologies such as & 'fBéf Y%ﬁ?g rpe%ﬁpargﬁiﬁ%o%utr%ﬁgeln some gﬁr%bodimﬁ]ggé sﬂnn%fae rl%)tatch

extractions foltovred-yiy chbtyafemy L 19eA08Ed 2PARERH HRIEPIR Y IBLORIMAR fiay als6 be Used.
Extraction MegiReraturEng cammnpsisian ofibeaxitaogianunediphisaitoserinnerPHEt it is capable of

both drawing carbo%g:fgcr;g%h%u f&%%ﬁ%q%&g%%wrmﬁqpmm@wat@%t%caqueos&;base
prefera

wash. The extFASRSH medium gl?does not contaminate 15the process solvent (e.g., DMF) in
ways that inteffere WiRrexe VaFRNRNsPhtRESR Kteps and processes involved in sucralose

manufacturing procegs, f rab[%jigggfég%;@gmdg%%%gygr@b‘;@ |anst rspyc)ahlador repeated

Pre
use in the process. Extrdciiodrmedia accor ing to the inventign ¢ ise j nd may
consist of a sitighicaiinpbleast ép%@%@w&mbﬂ%ﬁw%ﬁy %nge' o?”vé?ﬁ% %%err]ég”r%]@é‘gn amine.
Any of a variety pianyinesanapeo0sed ey ifettastahmeshine’ s ROHMSENAFRINREIBF DMF. In
some embodirggas, ﬁhﬁQQ?WPtH@%?emPémes about 90% of the acid from the extraction

medium.

In step (iv), the agueous base is typically adjusted to a pH between 9 and
11.5. In some embodiments, pH-adjusted saturated aqueous sodium acetate is
used in this step. This step typically results in removal of at least 98 wt% of the

25 acids originally present, more typically at least 99.5 wt%.

In some embodiments of the invention, DMF that has been pre-purified by
the methods of this invention may be used to dissolve sucrose for ultimate
conversion to sucralose, for example via formation of a sucrose-6-acylate,
chlorination of the sucrose-6-acylate, and deacylation of the resulting sucralose-6-

30 acylate to form sucralose. In other embodiments, extraction methods such as
described herein may be employed on solutions of sucrose derivatives in DMF. For
example, it may be desirable to remove acids from solutions of sucrose-6-acylates
in DMF prior to their chlorination to form sucralose-6-acylates (and ultimately, the
production of sucralose), and such solutions may be treated to remove carboxylic

35 acids using an extraction medium according to the invention. Examples 1 and 2
relate to such a process. After such extraction, the sucrose-6-acylate may be



point of at most 20C, which will typically allow the amine to be used in the process as a liquid, thereby
facilitating extraction. One suitable example is commercial grade trilaurylamine, which has a melting
point of about 14C. In 25some embodiments, the amine has a lower vapor pressure than DMF, which
boils at 153 a@29&WHGA "That is, it either does not boil at all without decon%%@fﬂﬁ?%%f%?ﬂ% at a
temperature higher than DMF, thus facilitating separation of the amine from DMF by distillation or
evaporation/condensation. One suitable example is commerc_% araci ,trilaurgla}m{ne r\évdh&%Q has a
boiling point ofBissinekerbecesnting thiiReWE BASIRARS 45 ondEMinE %hd Y?/B?ce'ﬂ\} P FSEYSt contain
any heteroatoRisathenthan te amide misogersequentiy berdeacyiisedimeanedune WHiAS -according to
the formula NRIR2R3 where each of It', Wand R3 is independently selected from the roun consisting
of H and CI-CH lineaS8itBbiheRe Ryt fey ArETANR{RgiENS REPEDRT, or lki/lf’%’iﬁ'alt'glﬂg?y?lugr%sups,
provided 35thaingt keasiromeré RisrRizatrd fRi:isingt . The amimpmagobstprimasytssssidary, or

tertiary. Typical 3he e IS LAy TYigaHy, gash kRhderand iR ifed fdudd/Gatteries of
2009/117317PCTIUS

91037079 - 6 - C20 rocarbyl group. In so bodiments, each of R1,
R2 and R3 is &H'HESRARERNY 1896518 W&ﬁ%%%ﬂ@é@?%f/cﬁg%‘lI%/%ng?garqpe.fjl\%ﬁhsneiﬁ%sg examples of
suitable RI, RPadiidhAai waptrifugaldexsteaight. cAdin oiibrblechiecceHatATARYISYoEY™lich as heptyl,
IR < B e gt i
tetradecyl, 3-methyl-10-ethyldodecyl, peptadecyl, hexadecyl, hept : . ecyl,
eicosyi, and coLBRIR P 5?‘?&&3@?5’%%@%"&&94 %fg RY® éejtﬁngnraﬁ% %g%l%e %;c/écio %ggiﬁ@é)%g
cyclohexyimethyly reszyiapirigh pihyie@ihyl, phenethyl, p-methylbenzyl, phenyl, tolyl, xylyl, naphthyl,
ethylphenyl, methylnaphthyl, iodimethylnaphthyl, 2-norbornyl, 2-bornyl, norbornylmethyl, and
adamantyl. Tyﬁ?@&ﬁ??ﬂ%@%mber of carbon atoms in RI, R2 and R3 is at least 24, more typically

at least 30, and most{ypically atifgstos tntneserma s hrdinenis afdhs iaventien the expanton
medium comprises a mixture of the amine with an ?Ilgsigehg 10H, where %gsaaccggrt%ir%rgﬁ;& y of the
rses r e

15embodiment 882 MRY RS SOELIKU RIAHEP 8 ang {elses g WS eidee alcohol is

Affediy LelFaR'T _
not miscible with avateows BAsE-Waspicahy, X Uréstenaked igroup efiatprean P PR IREERER least ten
carbon ajoms. )ne examplergfodeganslirihe aResitisatantpaeiionial the extraatiopntnedisim is not

critical, but typically it contains at least, 20 wt% amine, mor I 30k AR oSt
typically 20at I5595‘?546'\R$t%9(f\?83?5a'r?1\(r?‘ev%*a? as%%r%%sﬁsrgg %}%?c{gﬁ%t ét?e%%rgéction mae%f?dm contains at

most 80 wt%, mdreasipleangdis hiSSISRO VR A RAHTESY RN I dCRGSES &'35tHR HTeamﬁf@.sﬁ‘he balance
of the extraction medium is @ﬁ?ﬁ%l a;?ﬁ%%%ag”h%éﬁr%oi%%n%tgﬁrc ) aﬁ%r? tgsrggﬁlé( %@p‘%u/y be

included. In some emgé‘aﬁﬁ amine and t ol Is dodecanol. Th one
25particular erabosifhehe HheotacpRONaREaLMTISENELR SEBP ARt ORIk ARAShIMEIAhBE§Edecanol.

EXAMPLES e &xamples Aaner2 exeiaplity aneifadmef extnating anetedadidtfitbmaarDM s sample
containing Cark%\%tgyrg\lxrs?éﬁﬁé U?& r&%%ﬂ?%?rﬁx\ﬁ’ﬁpﬁ%%&@BHB@H%@&Q%S%M has a melting

point of at most 20°C, which will typically allow the amine to be used in the

process as a liquid, thereby facilitating extraction. One suitable example is

commercial grade trilaurylamine, which has a melting point of about 14°C. In

25 some embodiments, the amine has a lower vapor pressure than DMF, which boils

at 153°C at 760 torr. That is, it either does not boil at all without decomposing, or

it boils at a temperature higher than DMF, thus facilitating separation of the amine

from DMF by distillation or evaporation/condensation. One suitable example is

commercial grade trilaurylamine, which has a boiling point of about 450°C.

30 The amine is typically a monoamine, and typically it does not contain any
heteroatoms other than the amine nitrogen atom. In some embodiments, the
amine is according to the formula NR*R?R® where each of R, R* and R’ is
independently selected from the group consisting of H and C;-Cyo linear or
branched alkyl, cyclic, alicyclic, alkenyl, aryl, aralkyl, and alkaryl groups, provided

35 that at least one of R}, R* and R? is not H. The amine may be primary, secondary,
or tertiary. Typically the amine is tertiary. Typically, each of R*, R* and R3is a Cy-



30and 2, respectively, showing the percentages of each indicated component retained In the lower
layer after each of three extractions with a mixture of dodecanol and trilauryiamine. As can be seen
from the data, the methods of this invention allow effective removal of acetic acid from a solution of
sucrose-6-aE@AEIH DMFE with very little loss of sucrose-6-acylate. DMF ng%%%%?/é‘a?lgzﬁ gas
chromatography, 35acetic acid by ion chromatograph§,-and sucrose-6-acetate by high performance
liquid chromatography. WO 2009/117317PCT/US2009/03707 F -E gmrpd 1 is an Using a
separatory furthelhédpsE h@Iaus alBtROMA 8%%%@%%&28 Jre &F Si&ralose Containing about 11
wt% of a mixturgdfneehiisted sttetbtes@livab 8&wBnaytivhidkvharwsncriisaliendédate ) as well as

46100 ppm Sacefig pqu%f%ﬁg/&gwf'lia%étwl#rgéd@!ﬁ%tlﬁé@§t‘ﬁ@§rﬂmm@ with &gl ehaim extraction
ofal:

medium consistin y weight mixture of trilaurylamine an e ample contained
17,79 DMF, lﬁﬂBé?@é%'ﬂiESaéfbc,rhﬁﬂ R b foRISY -%’ééta%t.y h%opé%’u thgn{? {J%g?%?{g%ﬁéction medium)
phase waighed, 2&i#6gthhetpwee¢PMPdehas sl edsighetridecybd elitif@d -assayed to contain 14,29
DMF, 0.61g ioggetic,aride ARF2d838c5HCHeResBeapr RiRad iy Sdpsigialedihedirstijower phase. A

16.82g portion of the first lower phase was, extr d wi 5 -1 il pne; canol
mixture. The ptiBASSY 1 &58R&r BN el >$(':(;a(r%taﬁlilaﬁrescJ’P;19_aﬂ.)% %ﬁﬁﬁtfg %g?é %éﬁg %zﬁng

sucrose-6-acetatdo ey reyglghg{pimatipt ase nadsigite PREVEPHase, weighed 14.27¢
and ﬁS(éontairgqu%ﬁﬂgg@Mﬁ,l PHERY, ac6lica0id, amshih§)gtudpisess; avethinartishybper phase
weighed 20.09g. A 10.71q portio e .5 I efasdgehuth10.0g of the 1:1
trilauryla%ine:aq&a%tcha’rl{(‘)?'?nhleﬁl‘gi,) {Sﬁéﬁ gg?%dnfc%%gﬁd% ic?‘v\elgopﬁg{?gel@ gyont?iﬁgqqgﬁ% DMF, 0.092g
acetic acid, anBVlPiQ@@’sﬁl‘?d@é%%?&(e?ﬁ%%}%%ﬁﬂ‘lgméﬁ p%‘g " JR8igRatad the third lower
phase, weigheg Q99 antkssitainecd3nt@y Bybies!y.GBdeasei6 acid, and 1,159 sucrose-6-acetate. It
can thus be seen that the tendency to extract desirable sucrose-6-acetate from DMF into the
extraction medium wag senelembRpitearis RIHIRHIGNAcR e X ERFHOMRE BIME RS Hihi
effective. Thusnmeihogstaktbisiinyentioarpamdtiel R3ex;ellbeter &hivvat e dicestits dtid GloMeDMF

solutions of SUCTe 06%16@%%% SsEARRIE%e andHiitder SoRprAlaNAfuBRal savtld doampipaf the

3 : ; .
same stream used In Example 1 was extracted with 101 79 of an extraction medium consisting of a 1,1
30by weight mbagR@heliRpEMIRE IR HE S PRE m >¥t’53|'|"‘(é3‘ﬁv)¥(é1sﬁ S('espgrr]a(?e%?b?/r%% ’trél‘?bag;ation.
The sample captsigy FlcOn D 4t Tepatbtic carbmatbBI5g Snerexertricistdrderadtesliifant upper

(extraction mediumy; phaspyiighest tid Saraberdowedi(AME hphaseskighed/Bedly and was assayed
to contain 62.39 DMF, 1,69 acefic. acid and.7 -8R0 HArosh; e Platso ninds dirpidpategpisifrst
20 at least 40 wt%. Neat amine may also be used. Typically, the extraction medium
contains at most 80 wt%, more typically at most 70 wt%, and most typically at
most 60 wt% of amine. The balance of the extraction medium is generally the
alcohol, although other components may optionally be included. In some
embodiments, the amine is trilaurylamine and the alcohol is dodecanol. In one
25 particular embodiment, the extraction medium is about 50/50 wt/wt of

trilaurylamine and dodecanol.
EXAMPLES

Examples 1 and 2 exemplify methods of extracting acetic acid from a DMF
sample containing carbohydrates. The results are depicted graphically in Figures 1
30 and 2, respectively, showing the percentages of each indicated component retained
in the lower layer after each of three extractions with a mixture of dodecanol and
trilaurylamine. As can be seen from the data, the methods of this invention allow
effective removal of acetic acid from a solution of sucrose-6-acylate in DMF with
very little loss of sucrose-6-acylate. DMF was measured by gas chromatography,
35 acetic acid by ion chromatography, and sucrose-6-acetate by high performance

liquid chromatography.



35lower phase. WO 2009/1 73 7PCT/US2009/037079 - 8 - A 66.25g portion of the first lower
phase was extracted with 66.99g of the 1:1 trilaurylarnine:dodecanol mixture. The portion of Ist lower
phase used contained 48.0g DMF, 1.22¢g acetic acid, and 6.04g sucrose-6-acetate. T%g mi&dure was
separated By@apipifiigdtion. The resulting lower phase, designated the secohtl SIgWer p%ase, weighed
56.6g and contained 39.3g DMF, 0.64g acetic add, add- 6.16g sucrose-6-acetate. The upper phase
weighed 74.879g. A 39.16g portion of the second lower phase was extracted with 39.0g of the 1:1
trilaurylamine fhedee#nbl mixture. The portion of 2"6 lower phase used contained 27.2g DMF,

0.449 acetic acid, and 4.269 sucrose-6-acetgte. XS lovasssraaigdhbmeentrifugation. The
resulting lower phasé{sﬂ%qs@ﬁg\?&rlaﬁ?ewtr@r%nfgw%erzéﬁase E\%llveighed 3:%.(:’»8%{661?(1f cont in([eg 21.7g DNIF,
t

0,23 acetic acieh afadtiresy sucRssesacEABIARAYE A MBS M DFVRS e lower phase

were respectivgbJsa% (i 80eofalRidiactionsctos-arakaiarhe pedveligastol 8BdtRMhcid in the
15lower phase were respegti 0I %,, 489 Peatextastiensdadicandith Ibe seductions in
amount of suc%%?égé%{gézgéyiﬁ ?ﬁ%ﬁﬁg?éﬁ%@qﬁere fes ective 8%: -tzi%J L(%/m L& increase),
and 2% at exteaEtrRsion MeHHMERTSHNAGS B el W?ég?ﬁ@ Ehdency &_) ex ractﬂcfgjswa le
sucrose-6-acedatriatetherputsactign noedaimedsiinirdnil Cohnbzectr el Gesife abitiek#aEfbiTeand thus
the extraction can zobe usgd fo.SRRAFAIEAFUKREH HOMeHIGros pIERCalelhcdintizdg, DME has a

greater tendency to remain with the lower eous) phase t e 21iq a6} ,[Sfﬂ@i,lgﬁ@‘i t so great
a tendency as'@W@FM%E’é?&FeWPf@W&%@ff%%ﬁFa[bgsg’eass r?%%%&n%n%n%egﬁ%??gtumin thegaqueous

phase tojihe fisseextaattjcemetem 3@ susonssiteacainteihd WA AR siseaierdam N Y&
hereinabove. 25Example 3 A description of a laboratory-scale extracti s fordisg according
to the invention will ndw HE RGN RISy IHETEEANE %)?é(ng%)%%g %Rl\gl}l{:alpﬁjs?iéicéi%ns performed
with this apparatusrifslaparatoydetsiendimiRotatehegstioxof -1 (Pwaiagassedifdhce of
30mixer-settlers, availablg ‘fggr@ﬁgl@g@@tmg@l@fa{ﬁangmg, fuainee)dsansetehalVing six

mixer-settler stages operating jn a counter current fashion | aclingeiap and-A siylar two
stages operatiffes HitR I00Gfi ﬁ?ﬁ's?gﬁf%ﬁ%eégﬁﬁc%%ﬁ&;gég%e%écteé to a hot ﬁgter wash step

comprising threentaumettPdifecRtEiad e 2aHertin 2aih REhEGSHTE B tiben S Esmprising
two 35counterMg@%&@g@ﬁg@@gxtraction medium outlet of the base wash step is
A 10.71g portion of the second lower phase was extracted with 10.0g of the
1:1 trilaurylamine:dodecanol mixture. The portion of Z‘fd lower phase used
contained 7.16g DMF, 0.092g acetic acid, and 1.20g sucrose-6-acetate, The
20 resulting lower phase, designated the third lower phase, weighed 9.29g and
contained 3.68g DMF, 0.06g acetic acid, and 1.15g sucrose-6-acetate.

It can thus be seen that the tendency to extract desirable sucrose-6-acetate
from DMF into the extraction medium was very low, while the removal of acetic
acid from the DMF was quite effective. Thus, methods of this invention provide

25 excellent removal of acetic acid from DMF solutions of sucrose-6-acetate,.

Example 2

Using a separatory funnel, a 101.7g sample of the same stream used in
Example 1 was extracted with 101.7g of an extraction medium consisting of a 1:1
30 by weight mixture of trilaurylamine and dodecanol. The mixture was separated by
centrifugation. The sample contained 71.9g DMF, 4,79 acetic acid, and 8.5g
sucrose-6-acetate. The resultant upper (extraction medium) phase weighed
111.2g. The lower (DMF) phase weighed 86.9g and was assayed to contain 62.3g
DMF, 1.6g acetic acid, and 7.85g sucrose-6-acetate. This is designated the first

35 lower phase.



connected to the extraction stage - thus completing the return loop of the WO
2009/117317PCPUS2009/037079 - 9 - extraction medium phase. Figure 3 is a representative
schematic of the general process used. The feed stream (1) is mixed with the hea\?/%/ agueous
phase (15) @xitRegotheypurification step. This combined feed is mixed in a cBGREF R EHLBshion in the
5extraction step with extraction medium (5). This extigetion step generates a "heavy phase”
comprising the recovered DMF (6) as well as a "light phase" comprising the %xé%a%tior}%%dium (2)
which now contains & sabzigmiztioarpbthadicirewsnienasRIL8RiGHERGHT LTSS L THE extraction
step is typically. conlsiRg At R snpesatIe ReeceThapantb 8HTL Teéeataid Isepically about in6.5.
The acid-loaded extraction m qum (2),is fed Inta.the pUrifigation, stes-wheerdtds qpataqiadrisn a
counter curreﬁ??‘é@ﬁﬁ%‘% %\ﬁthp?arl |éa]ti%)rzﬂmf'%ﬁ%r'%%)2$he .urposge of Eis sggsg is to refigve the extraction
medium of anyaesieerRbIPYGEN MBI MEVA BRI L APHSk I EEIdSTF 0T t‘hl_s reason, the
purification step,js-1aaise, srsrigeoBsAddemperatiaiestBBSIANbRANEEEH AT dedbble to keep
the temperatuge as low as ppssi ithout cavising slidiigaien7af §7g extraction medium. As
described pre i‘&%@lﬁu e ezgv%%%tj\ée{ous phase (irmg) exiting the purification step is combined with the
feed stream (1) - in thiswaydhs reexisTmeamau LBMhiseoyaveritires stithaAP (89, afH8%ight
phase exiting the 20purification ste erfxirasiion gediv By phvagsyetiHaadaskwith carboxylic
acids but substa ﬁ%\%%%%}'d‘ Sf%ﬁrﬂ%ng ﬁs J%%gt extra(%?gn E??‘%dium" gsréqgga(%%)c é’§efe%gt9nmg_]re
three-stage hoonkaieedaZratEd FviRetd AR g atiod Metitid i eShtacts in a counter current
fashion ,, WithaalenatetedpalcartartatteonpeTaturesol BROOTRIsHRIEBVESSIABIEST e B¥thrboxylic
acids from the, ight %ﬁ%ﬁ?%‘%i edium phased thhanAdrodureoRihaRTp pauentiadiht avaste phase
(10) containing much of the carboxylic acid. In order to maximize the removal of carboxylic acids
from the extradtibPOraEEioRs; ieRifiEphase (11) from the hot water wash step is then fed into a base
wash step. This comprises a wa-SIage GAURISIIGHIET TNXeSSekiMHade Whiehébpedfieatyariien medium

phase is contacted Wltﬂesa urated aqueous sodium %:e t% 113%%1 This %tggcgggvgéavwﬁgrposes: (1t
g} Tt :

is pH adjusted!8% gH PP PLYIRtIIRARS (S efidlrd ST oxylic acid moieties are in the
anionic form (myererwatarsoksbledsprdi(idiheetreaRYhaand ARt spEERttignavit ot fitaldPhase
separation. In %%%sfﬂﬁtgﬁ{or@rmQyéherfd%,%[@%é"é‘aﬁ?id&ﬂ& achievsithde aving rea@8ExXaRCtion

medium stream rom which the yast majarity o r i acids N fiefRRveds \Baste
aqueous sodi °°a6@f’éi’téa(f3“}a(,séﬁﬁ§¥rﬂﬂ%§e§§e égcna%b%é %%%@rg/é@??}sggég '@%%e base (\:/{/azh step.

WO 2009/117322P GHILBL000¢8B7Y 9 extract desirable sucrose-6-acetate into ion
medium is minimal compared to acetic acid extraction, and thus the extraction can

he ex

20 be used to separate acetic acid from sucrose-6-acetate. Similarly, DMF has a
greater tendency to remain with the lower (agqueous) phase than does acetic acid,
though not so great a tendency as sucrose-6-acetate. However, DMF losses may
be minimized by returning the aqueous phase to the first extraction step, i.e.,
combined with the original feed stream, as discussed hereinabove.

25 Example 3

A description of a laboratory-scale extraction apparatus for use according to
the invention will now be provided, followed by the results of exemplary DMF

purifications performed with this apparatus.

A laboratory version of a Robatel Model UX 1-1 (a 4-stage sequence of
30 mixer-settlers, available from Rousselet-Robatel of Annonay, France) is used,
having six mixer-settler stages operating in a counter current fashion in the
extraction step and a similar two stages operating in the purification step. The
purification step is connected to a hot water wash step comprising three counter
current stages, which in turn is connected to a “base wash” step comprising two
35 counter current stages. The extraction medium outlet of the base wash step is

connected to the extraction stage — thus completing the return loop of the



- 10_ - Using the above-described process and apparatus, extraction data were obtained as follows. A
liquid stream comprising 85% DMF, 3.5% water and 60/0 acetic acid on a weight basis was fed into
the extrqqtlon system at a rate of 4 g/minute. This stream was combined with the aqueous output from
the 5pur|f|‘@\a_meﬁ0®tﬁp3(ldbout 2.7 g/min) and the combined feed was fed intG THESAIRAP & er extraction
step where_lt was contacted in a counter current fashion with 12.5 g/min of the extraction medium
phase, a mixture of dodecanol and trilaurylamine containing ca. 46% dodecapgl and 43%
trilaurylaminexthectiatancslivoseyasensTisiig Sf watEPARO ‘"’Iﬁi]‘f:ﬁjfﬁmté%@ﬁfi S hmercial
grade aminepl-aRdakephol. Table 1 shows the conditions used for the extraction, and the results
obtained. The inlet, outlet, and internal recycle streams are indicated as IN, OUE and JNT respectively

Table 1: Extraction Stepid&TalcestretindseRitas R kBB EABNYSBRY ST pRASE (A9 6.6 g/min)-
comprised 49% BMfo 4 4lhpVatlsanthanaut Rediasetiedsoic, cormespomary fashiadattite removal of

about 95%. The light phase (extraction.mediun ' '
12.5 girhin aRUEEAhRR S BN AE5) V%a%ﬁﬂf“fzﬁiﬁé(?3‘55%%1%58“3%9?‘&“@%@”6 o wel ot
8 |

‘ ed” = % trilayrylamine, as well as
1.6% acetate heeTheligie'(EXFREHHH rHRSOrERRY piRes B\ akthah ¥ ﬁﬁfou@é%éﬁ%%ea purification step
where it contagtestenifieatiertwatiymbeind ded () avboumtevcoensatriastivhsieairieast 2f #fmin. See

Igr?wlgrizéezhf, éﬁgéﬁ'\i’c’”ﬂﬁg imRLRsS Sxriler the pyrifisation slapatsterale ghy2.5 g/min and

Y water, 46% dodecanol and._41% trilaurylamin i % acetate
25(measured-ARIEERSBL S RRREERH SoRCENERTL &P A0S I%Ie@‘rom %)?%%%5‘(3 5 fg%sr}agt?\gg%tf}%él}; nyvale,
CA). WO 206%H1173172C17US2009/037079 - 11 - Table 2: Purification step Ext. Med. after

Purification (8)Purification water Flow cl/min INT 2.45 N 2.71 1.%0/
The acid-loaded extraction medium (':35 s ‘fed Thto the purification step,

where it is contacted in a counter current fashion with purification water (7). The
purpose of this step is to relieve the extraction medium of any residual DMF with
minimal removal of the carboxylic acids. For this reason, the purification step is

15 also carried out at temperatures close to ambient (25°C). It is desirable to keep
the temperature as low as possible without causing solidification of the extraction
medium. As described previously, the heavy aqueous phase (15) exiting the
purification step is combined with the feed stream (1) - in this way the maximum
amount of DMF is recovered into stream (6). The light phase exiting the

20 purification step (8) is the extraction medium phase, still loaded with carboxylic
acids but substantially devoid of DMF.

This light extraction medium phase (8) is fed into the three-stage hot water
wash step, where the extraction medium is contacted in a counter current fashion
with hot water (9) at a target temperature of 80°C. This removes most of the

25 carboxylic acids from the light extraction medium phase (11) and produces a heavy

aqueous hot waste phase (10) containing much of the carboxylic acid.

In order to maximize the removal of carboxylic acids from the extraction
medium, the light phase (11) from the hot water wash step is then fed into a base
wash step. This comprises a two-stage counter current mixer settler, in which the

30 extraction medium phase is contacted with saturated aqueous sodium acetate (12).
This step serves two purposes: (i) it is pH adjusted to a high pH (ca. 11) in order to
ensure that all the carboxylic acid moieties are in the anionic form (more water
soluble) and (ii) the stream has a higher specific gravity to facilitate phase
separation. In this step, further removal of carboxylic acids is achieved, leaving an

35 extraction medium stream (5) from which the vast majority of the carboxylic acids
has been removed. Waste aqueous sodium acetate (13) containing some

carboxylic acid salts also exits the base wash step.



0._236 0:0%_ 0.000 DMF  Water 1.6% 0.199 1 00. 0% 2.710 Dodecano 46.2% 5.758 0.0% 0.000
Trilauryiamine 40.8% 5.082 0.0% 0.000 Acetate 1.5% 0.197

WO 20609/117317 PCT/US2009/037079
- 10 -

Using the above-described process and apparatus, extraction data were

obtained as follows. A liquid stream comprising 85% DMF, 3.5% water and 6%
acetic acid on a weight basis was fed into the extraction system at a rate of 4
g/minute. This stream was combined with the aqueous output from the

5 purification step (about 2.7 g/min) and the combined feed was fed into the mixer
settler extraction step where it was contacted in a counter current fashion with
12.5 g/min of the extraction medium phase, a mixture of dodecanol and
trilaurylamine containing ca. 46% dodecanol and 43% trilaurylamine, the balance
mostly consisting of water and of impurities present in the commercial grade amine

10 and alcohol. Table 1 shows the conditions used for the extraction, and the results
obtained. The inlet, outlet, and internal recycle streams are indicated as IN, OUT

and INT respectively.

Table 1: Extraction step

Feed (1) Recovered DMF (6) Ext. Med. after Extraction (2)
% [¢] % g % g
Flow g/min IN 3.96 ouT 6.61 INT 12.45
DMF 85% 34 49.4% 3.266 3.1% 0.384
Water 3% 0.1 44.3% 2.925 1.5% 0.186
Dodecanol 0% 0.0 0.1% 0.005 41.6% 5178
Trilaurylamine 0% 0.0 0.0% 0.003 36.9% 4.590
Acetate 6% 0.2 0.2% 0.012 1.6% 0.203
Formate 0% 0.0 0.0% 0.000 0.0% 0.000
15 Two streams exited the extraction step. The heavy phase (about 6.6 g/min)

comprised 49% DMF, 44% water and about 0.2% acetic acid, corresponding to an
acetate removal of about 95%. The light phase (extraction medium phase) exited
the extraction step at a rate of about 12.5 g/min and contained 3% DMF, 1.5%
water, 42% dodecanol and 37% trilaurylamine, as well as 1.6% acetate.

20 The light (extraction medium) phase was then continuously fed to a
purification step where it contacted purification water being fed in a counter current
fashion at a rate of 2.7 g/min. See Table 2. The extraction medium phase exited
the purification step at a rate of ca. 12.5 g/min and comprised 1.9% DMF, 1.6 %
water, 46% dodecanol and 41% trilaurylamine, along with 1.6% acetate

25 (measured as acetate ion, using an ion analyzer available from Dionex Corporation

of Sunnyvale, CA).



0.0% 0.000 Formate 0.0% 0.000 0.0% 0.000 As shown below in Table 3, the resulting purified
extraction medium phase was fed into a hot water wash step (three-stage mixer settler) at a rate of ca.
12.5 ' it was contacted in a counter current fashion with ' d at a rate of 42
g/min. T gok(\{g)rtl%\ig%g-washed extraction medium exited at a rate of 02? (tliéy@%%%m%% contained 1.0%
DMF and 0.4% acetate. The hot water exited a$’a'waste at ca. 42 g/min, and contained 0.50/0
acetate. T ah%’l%’ é@@,ﬂp&wg{@gﬁv@bioremoved 75-80% of the acetate in the extraction medium. After
the hot water wash, th extraction medium was fed at a rate of 12.5 qa/min to the base water wash
where it was contactediin Bxtoviateratarréntifastic itht a? eficsdios sat@aféd sodium acetate stream
ata pH of 11.5. The base wash was fed at a rate of 12.% g/mith and the pld of this stream on exiting the
base walpwaghistep Was abiwlit 10.8, the radutgion being dul to the uptaite ofisome carboxylic acid
into the Aqueous phasd. The extraction medium phase (5) exited the base wash step at a rate of 12.5
g/min arjghgentained 46/o dodgganol and 43§otHaurylainingy dable 3: Hogywater wash and base wash

rillinrerillyReadpa Ext. Med. Aftgghot wash.  goédow ainiiN4gB0UT41.7 710
Dodecanol 46.2% 5.758 0.0% 0.000
Trilaurylamine 40.8% 5.082 0.0% 0.000
Acetate 1.6% 0.197 0.0% 0.000
Formate 0.0% 0.000 0.0% 0.000

As shown below in Table 3, the resuiting purified extraction medium phase
5 was fed into a hot water wash step (three-stage mixer settler) at a rate of ca. 12.5
g/min, where it was contacted in a counter current fashion with hot water being fed
at a rate of 42 g/min. The hot water-washed extraction medium exited at a rate of
ca. 12.5 g/min and contained 1.0% DMF and 0.4% acetate. The hot water exited
as a waste at ca. 42 g/min, and contained 0.5% acetate. Thus, the hot water wash
10 removed 75-80% of the acetate in the extraction medium.

After the hot water wash, the extraction medium was fed at a rate of 12.5
g/min to the base water wash where it was contacted in a counter current fashion
with an aqueous saturated sodium acetate stream at a pH of 11.5. The base wash
was fed at a rate of 12.5 g/min and the pH of this stream on exiting the base water

[s wash step was about 10.8, the reduction being due to the uptake of some
carboxylic acid into the agueous phase. The extraction medium phase (5) exited
the base wash step at a rate of 12.5 g/min and contained 46% dodecanol and 43%

trilaurylamine.

Table 3: Hot water wash and base wash

Hot water Waste wash water Ext. Med, After hot wash,
% aq % o % ol
Flow g/min N 41.8 ouT 41.7 INT - 12.45
DME 0.0% 0.000 0.4% 0.187 1.0% 0.125
Water 100.0% 41.800 99.8% 41.617 1.4% 0.168
Dodecanol 1.0% 0.418 0.0% 0.000 45.0% 5.602
Trilaurvlamine! 0.0% 0.000 0.0% 0.000 54.7% 6.808
Acetate 0.0% 0.000 0.5% 0.198 0.4% 0.047
20 Formaie 0.0% 0.000 0.0% 0.000 0.0% 0.000

As can be seen from the above data, 95% of the acetic acid present in the
incoming feed was removed, with little loss of DMF. It will be apparent to those
skilled in the art that further optimisation of this process is possible with the



1F4T 12.45 0.0%0.000 0.4%0.167 1.0%0.125 PMF Water 100.0%41.800 99.8%41.617 1.4%0.168
Dodertanol 1 09%0.418 0.0%0.000 45.0%5.602 Trilawylamine 00%0.000 0.0%0.000 541%6.808
Acetate 0.0%0.000 0.5%0.198 0.4%0.047

WO 2009/117317 PCT/US2009/637079

-12 -

addition of extra stages in different steps, further optimization and control of

temperatures and pH etc.

Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the details
5 shown. Rather, various modifications may be made in the details within the scope
and range of equivalents of the claims without departing from the invention.



Formate 0.0%0.000 0.0%0.000 0.0%0.000 As can be seen from the above data, 95% of the
acetic acid present in the incoming feed was removed, with little loss of DMF. It will be apparent to
those skilled in the art that further optimisation of this process is possible with the;; WQ , ;
2U09/117317PC' S2009/037079 - 12 - addition of extra stages in different steps, further optimization
and control of temperatures and pH etc. Although thelthvention is illustrated and described herein with
reference to specific embodiments, the invention is not intended to be limited to the details 5shown.
Rather, various!#difications may be made in the details within the scope and range of equivalents of
the claims without departing from the invention. - 13 - Claims: 1. A method of removing a
carboxylic acid from a liquid comprisjng at least 60 wt% of g tertigry amide soAvent, the method
comprising a step of ?:ontac‘ﬁr{a"?ﬁlé’ﬁ iEOON Bt a?ﬁ'ani%?d‘% SURACRRPHR S oxylic acid
with an extrackertgedityh compritinrg amidmsueviiet thénnmaikcibleoniphibiothasttgr aéind the tertiary
amide solvent, thereby formin hase.comprising, de-acidified tertiary amide salvent. and.a phase
comprising thg %&%g@% r% r%c'é%?ﬂ%n%é’ﬁ”do {ﬁsénga%%%%%? %ﬁ‘ﬂ"ée S Y?ﬁegrr}]é %8%%8&% Ja.,C{/(?/lherein the
tertiary amide wistventeistaiotiethyh éolitmaroiaeprising anmwintethaid inehaiseible mRthduhiveddy
comprising 2 4rg ficIteAng hide aidederlaMaming sutaabiodvghehgiatiiied 3 The

method of claim 3, whereinthe step of treating comprises distilling or evaporating and condensing the
tertiary amide i6tiggnamide splypat @reahssagopredstiadnamnrasheneneiienaniidehs a monoamine
not comprisinggmyshgierraioms other than the nitrogen atom of the amine. 6, The method of any
preceding claim, wherein the amine is a tertiary amine. 7. The method of any prec,edir}gylclaim,

wherein the amine isaccordif§ BIPARIRINR ARSI LERN BFHE R Sy FEMet

independentlyfsgiegigddrom the group consisting of H and C1-C20 linear or branched alkyl, cyclic,
alicyclic, alkenyl, aryl, aralkyl, and alkaryl groups, prqvided.that at least ane of R Rzé nd R3 is not H.
8. The method of claim 7, w l%?eri?] %&‘8 0 g ‘r"f‘lﬁ'rﬁgegrrc%’caagr 'éﬁna @ﬁ{‘s"mpﬁi‘“&f ac’r%%)lﬂ %%?nt'g%ed is at
least 24. the de-acidified tertiary amide solvent to further purify it.

4, The method of claim 3, wherein the step of freating comprises
distilling or evaporating and condensing the tertiary amide solvent.

5. The method of any preceding claim, wherein the amine is a
monoamine not comprising any heteroatoms other than the nitrogen atom of the
amine.

6. The method of any preceding claim, wherein the amine is a tertiary
amine.

7. The method of any preceding claim, wherein the amine is according
to the formula NR'R%R® where each of R', R? and R® is independently selected
from the group consisting of H and C4-Cy linear or branched alkyl, cyclic, alicyclic,

alkenyl, aryl, aralkyl, and alkaryl groups, provided that at least one of R', R* and R®

is not H.

8. The method of claim 7, wherein the total number of carbon atoms in
R', R? and R® combined is at least 24.

9. The method of any preceding claim, wherein the amine comprises

trilaurylamine.
10.  The method of any preceding claim, wherein the amine does not
have a boiling point lower than that of the tertiary amide solvent.

11.  The method of any preceding claim, wherein the amine has a melting

point of at most 20°C.



9. The method of any preceding claim, wherein the amine comprises trilaurylamine. 10. The
method of any preceding claim, wherein the amine does not have a boiling point lower than that of the
tertiary amide solvent. 11. The method of any preceding claim, wherein the Hriine-Has a melting
point of at most 20C. - 14 - 12. The method of any preceding claim, wherein the extraction
medium comprises a mixture of the amine with a waté#-tmmiscible alcohol RICH, wherein R1 is a
C7-C20 hydrocarbyl group. 13. The method of claim 12, wherein the water-immiscible alcohol
comprises dodecanol2.  TheThethetivbcmf precedigdiagnclaimersihgreiaxdrectiarbmadicmcid
comprises acglicaeids IR AL PR IS Ah USa8tor-imriScHE neacobamuigRing claim.
further comprising the steps of washing the phase comprising the extraction medium and the
carboxylic aciRwigevratérahudwesd@ieli: a range from 10C to 40C to form a purified extraction

medium; washing the, gurifigeh @X{aEHRNIMAdINM 3Viheieier Ak AVEINRTATLSGOIR 8l63Rae from S0C to
90C to give a partially de-acidified extraction medium; and washing the partially de-acidified extraction

medium with FPBEHEBASPAREPRPGive a substantially de-acidified extraction medium. 16, The method

of any preceding clain, furtherecertpeging daypirgaipe Wismohsiesens taeomslitingidertiary amide
solvent and subse uentl}é convertié1 the, sucrose to sucralos 17. The method of claim 16,

wherein said CSHUBHRTS BSRHSREL IBHUKATY 1Rs glﬁEPStgéetS‘?&r%%scerbseﬁ-acylate and subsequently
converting the sucrosé-6-aclatertetisod el asg. preceti| drblaimethdblesfocianpmidinig W sbém shes

sucrose-6-acylate,is sugrosg-6- ac . 9 met f ' ieda- anWherein
both the quuid“t’:%sr”}]qg]r?sl#ng ﬁﬁea%g%grﬁ ?%%tg%ls&%%{r@ tﬁg%ﬁﬁgﬁgﬁﬁé?%% g—‘a%%‘i%eg@ tertiary
amide solventviatireatcotapriseaisadrodesbge fiate. 10°C R40He tméanodafuslbies edrdgiiver

comprising copyeflg. (1S MRORE B ARUIPLS IR SHSARRm wikindl2 MGG i Agor claim

20, wherein the sucrose-6-acylate iS sucrose-6-acetate.
range from 50°C to 90°C to give a partially de-acidified extraction medium; and

washing the partially de-acidified extraction medium with an aqueous base to give a
substantially de-acidified extraction medium.

16.  The method of any preceding claim, further comprising forming a
solution of sucrose in the resulting tertiary amide solvent and subsequently
converting the sucrose to sucralose.

17.  The method of claim 16, wherein said converting comprises
converting the sucrose to a sucrose-6-acylate and subsequently converting the
sucrose-6-acylate to sucralose.

18.  The method of claim 17, wherein the sucrose-6-acylate is sucrose-6-
acetate.

19.  The method of any of claims 1-3 and 5-15, wherein both the liquid
comprising the tertiary amide solvent and the phase comprising de-acidified tertiary
amide solvent further comprise a sucrose-6-acylate.

20.  The method of claim 19, further comprising converting the sucrose-6-
acylate to sucralose.

21.  The method of claim 19 or claim 20, wherein the sucrose-6-acylate is

sucrose-6-acetate.





