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REMOVAL OF ACI DS FROM TERTI ARY AM DE SOLVENTS
BACKGROUND COFTHE | NVENTI ON Sucr al ose

W@ 2q0b/11B17trichl oro-4,1"',6"' -tri deoxygal act osucPOBE}2006037079

hi gh-intensity sweetener made fron1sucrose can be

A munbor | oREOPAE ol PR TERPRRY MR, Sy e 58

preparation of sucralose have been developed i n which

the reactive hydr RGNS of RASINVERTIGN Tirst

bl ocked with an acyl group to orn1a

sucrose-6-acyl ate. The ac IS tyglcally ace XL _
or be§2‘6§ﬂ'°sea(l4t]h&u§'hd6‘?’ﬁe¥ Y r'ds%xw@& OSYREESE), @ high-intensity
SWEEIRREr Fradt Yiomi Sudrésd, lken behised imaiaad ol ampbeaaeagde
gd{ox |s at the 4, | land 6' positions to produce

Al P“36 "Frichloro- 4,1',6' -trideoxygal act osucrose

6-acyl ate (refer ﬁd to herein as sucral ose-6-acyl ate),
fol |l owed by hydrol'ysis to renmge the acyl substituent

and thereby preguce synt hesi s

routes for forma

ti n-nedi at ed acy1 ‘
exanpl es bei ng disciosed in U.S. . 4, 950, 746;
5,023, 329; 5,089, 608; 584, 551; Hhd 5, 470 969 all of

whi ch are incorporated her 5hﬁ ference. Various
chl orinati ng agents may beﬁa use )qgor:echl orinate the

égrfl{rﬂgéj'cqﬁ dlﬁ&ﬁb@%ﬁah@%rmﬁ fo? éra‘;{‘g}e{ éf%%ﬂg%rse ¥PE been
slavelapgceincwihieh ithratqagkive Pydrexy 'néhe Paosibivads Ayst\wackegp with an
%Eyladrourf kb §rmP§§ucr5§e 6% c)R.45R acyl rc_l)%\!'ﬁ)@rtﬁbl@éil &fe@,”rbr

ref erence, 0OCesSsS USGS atertj ary
Pﬁﬁ?%’éﬂ qlghor_lph O}ZhQ[? ﬁrgthlgﬁf ugesh nHI5 %rqsemgc)jlatealg tPe{bcmormated
&6 repladeathie 0Ty dFRG 0 atatheSIOl1v end 6' Pdsiiteanst thereducerd, 6t tainhloro-
ISfIZJC’ é%ﬁ/g?@gtg)%%éré oé y@ﬁ% g'elﬁ'er?:et%q%er{eﬁ'elgrclastslal%ral?&%% acylate),

na reagent are
m@mv\real byzlediro!lygiado cérodve thei adyl a@pseowtl@agéher@bprpmmae

S0EaR)ET @e@él%ﬂ %ﬁﬁ&l?"&ltb@f&%%{% tﬁleHEHOQé% actylates involve

acconpani ed tertiar vent and
ti@sietiakrs wvéaﬁqnerge@qlqsﬁsw iHyReragive @%?W@iqsdwrrge@@eﬂ%ed in U.S.

Pae mcaadswsmeﬁ $6¥3,8bs; sesbhm gemey S5t echdl 40 089 CE of
sucr.al ose. {% abl e di Iatlon process is taught

?ﬁh@redn%‘{rpﬁrate einpy ! re C% 498, 709, the entire

di scl QRure of which is incorpor b

et or SRCECSCRIPHR -t RORAE GGE R Bl the sucrage o
ianylets, iaod rpest\cothesoray netlllsmlemftypeﬁdv sweh as Batolrﬁ&ﬁeagﬁnt will be
used. One suitable chlorination process is disclosed by Walkup et al. (U.S. Pat. No.

4,980,463), incorporated herein by reference. This process uses a tertiary amide,
typically N,N-dimethy! 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-acylate in an aqueous solution, accompanied by
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.
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acid froma liquid conprising a tertiary am de
sol vent, the nmethod conprising a step of contacting

WO b@oiui d conprising the tertiary am de sol vREIE/US2909/037079

the s carboxylic acid with an,extraction nedium
conprising an amne that is inmscible with both water

and the tertiary ansdgma@ih\@ntHe iNvenaynf orm ng a
phase conprising de-acidified tertiary am de sol vent

and a_phase comprising. the extracti dium and th

car boXyPP¢asRerH. th%m"égt'ﬁﬁgf%' Iadﬂe%f’dﬁr—f CHRXNENGET onyhc
ki@ @roen 3 ligbhv@nipreines catibgganidefsobeeat,i the atéttodidmprising a
sucrose-6-acetate ret

S5t BBt Fuf e APEEd el R S REhEhng B
cartibxyticactowith ag extractien medam comprising @nanzing fibats's imaniscible

{;vﬁ:ﬁLHoEI"? w%teraan %8 %rt%?@laﬁlcfex&ﬁ@&tt ' t‘P]@ré?ﬁ/Cf@Frﬂinﬁga bl@as@he

I nventi on. gure schemati c |a ram Of

ENTPATDY 6f" aawsﬁda&emarar?dms? gel¥ert angd ? ala?%% %?PFL%’%Q  the

BREA b HHediGml 41 theV@Rbdx@lic aBETAI LED DESCRI PTI ON OF
THE | NVENTI ON The inventors have found that, during

t he nmanuf act ur e BRIES DESGRIFTEON SIFgHE DRANINGSDUNt S Of
| ower carboxylic acids may be produced as side

Byt noepee L sflod RCHUEL RO LiKEHP tBURIRES Phedidfe
a&tanhgd iim atDiF samsplewfier each gfr bwee seaqpentialt %twagtlag%wta@n

;ogr €| ch:HtlJ'f‘o qp,@é&,onand/or form c acid, _
can form ydrolysis of DMF if that solvent is

used Flyukd® sRENS BFSreslitd of a 1a+géOsdaePexttdcBibR iaetortivgeo the
salt. For sinplicity, the discussion hereinafter wll

inveafioR-o the renoval of these acids. However, other s

AR R LS e L
suitataé fsaise @cbadingxerpe anwentionds i ncl ude C3- C7

nonocar boxylic acids, for exanple benzoic acid. The
renoval of anyD@MH@ME&C%{BT@N@BWBWEENTI&W am de
sol vent is contenplated according to the invention.

Unf or 48 dtvRinYors $a(& esidi t‘ﬁaﬂcdu@lﬁ‘ag FRY niskdctlret s stieraldie,

corrosi on of man f act ur
Fﬁé‘fftcab"r dBawRts of "}fﬁrcﬂ?F lig EC'ST "%nﬁ%?r‘?roaﬁ‘feéias side products or
bi/gtfd)idﬁi:t@amli’inglmtibt@ phéset vt sige syitblesiesshuepce.nThéme typically

t}fgci% e?%ac aﬁ'uf |”f %le\éc‘%gé &}hlg% sucﬁ‘o%sg %c%{%@e %%Ps%‘é%‘é%t ||n¥ermed|ate

rec
in the process, and/or formic acid, whuch can form by hydro|y5|s 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
acids may be present in addition or instead, depending on the specific synthesis
route taken in making the sucralose. Other exemplary acids include C;-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
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
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The invention provides nethods of renoving such acids
fromtertiary am de solvents. Nonlimting exanpl es of

W@ 200vi1813y7 am de sol vents from which aci ds nay PET/E80%7079

include /V,L/-dinethyl formangde (DVF), L/, L/-dinethyl
acetam de, and Nnethyl- 2-pyrrolidone. For sinplicity,

Felﬂ*?od%@ﬁaa&e NINVEMhARD ttibmitR: dR%O! vvb%.methm 5@‘5@@% and N-
the use of DME as the solvent used

SGHIISPEToRBS ot SEIRVGT OF FesseBt Ryenton Bl ES FRgHibed wit

QyFectlwtthé hee beDEF @k thé sﬁlOErdSusfethm Sutyaldbsy $yintingsisaraind ehe
SOl ve

Wi t h| .
%OVPE%%PO)S{]'C%PEEF%TJ as ace i€ and?rnécll r?nMéa%gctlg&'aw
dmata olfentis/witkingbhiseamedofitpisdngentidnat i on. However, the
i nventors have found that it is desirable to first
m ni nMeeh phehememiyal ofcasidsosughias agelieand/ar fayenic acid from DMF

FHa?EjH el dcAldves b?Qﬁ&lll%%OW%%%erpQﬁéIrhbﬁtor@ﬁﬁ\%lﬁ)@nﬂ hegsat is
aci ds can concentrate in the distjllation

a
eI o TP O PR et e HRORY U PES BrENG R SH{EHOn feed as
ﬁi@l@?raatﬁéé‘mbl'éhb@caﬂé@ltthdﬁerha:rdﬁ oaalcdncemmw«ain ire Pswifatioaldpparatus,
ertior

Usf%gB%pﬂfé‘H\ﬁgP?eaé’Sxf sosréc%ﬁ?%rw) ar%‘!? mflﬁg p&%?ﬁgary acid
femo\raeus;srefenamm@epfonnesm sifabra mmaprt@ nﬂmmumﬂecomposition of the
regllrﬁggg fl}%ﬂ%s t@% Vy oII JP\% a’cfb\éﬁglt {e‘&ge M 91\@ ﬂ%éess for example

car |c aclids froma conpri si ng
tGVIPFbngastmEtrﬁod conprl sing the follow ng st eps Acet| c

acid and formc acid will be used as an exanp } o
Acet i Acedinabnéhe k!?Wﬁ'i‘téWhE"Od'déFéer@QY?'é’&cé'a’Of‘Y'mfi'% r%mpa liquid

HShpéisiAg DMH tﬁ\,eé? PRdtAbM oVBpeihg aid folBwirRcsteps. Addtic atheand
xtractlonng/'lEI s purified by washing it with water
P& AT & Se‘{nF? PY S¥A®PSuri fi ed extracti on nedi um

IS ME?Z‘EF%\E %cnd a% f&?& ?acutdoarg)&ﬁg&gdtﬁtlﬁn ﬂ%eBM? L@nﬁléﬂ' amine-

form ueous stream

cartbing evgramlenmecmmm/or formc acid (which may

optionally be used for any of a variety of purposes

such &8 Tieeorieastipnmedigmdn PUFifier B WIE At with Mater geextract
oW al ose synthesis process), and (b) a partially
de-acidified extraction medium (iv) The partially

de- aci frhe@uﬂﬂéd axtradionaedium is washed dth hoasveder toi extract the

t o, ful / i ' ,
B i N B 5
erd foadorintin anigdivbinh Mg opiomallytbeousededi amy Ay vaely of purposes,
REH Q08ld NeRBIiL SR H PH WEKe iton HRPsUd-dlose synthesis process),

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).

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
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
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| n step (i), the liquid conprising the DVMF typically
contains at least 60 wt % DMF, nore typically at |east

wWa 0 ¥B8DMF, and nost typically at | east 80 wtPGT/DREO09/037079
The renai nder of the liquid typically conprises water
and various salts, typically in roughly equal anounts.

éﬁ'ﬁ%rqzliektédyﬁi bt £3Lrifed BMRT 1heamke HboMitedds, fi€involves
acl ds he

ds fromt DMF, nore typically at | east 8 vY_I%
Engingo e DMfpioc ?‘ﬁ?pﬁfatP'é‘é’s'fe”WevﬁQ%"m?H fr‘etﬁmaf& jFor gxample,
A c@}ﬁdf@?a&lb@ﬁ?tﬁzmd B?mgdﬂ\z?nﬁg(‘b@inglhdmg in this nonvolatile
conpri si - extraction nmedi um an ‘ ' '
TpbRaL; 1ot Einds of Sfaaorah ML AER R TR BrRhfpls 2
prechiarteal vapoir fekomgrddbien evapeabe arrebfodiededicglatiphiegaporative
%yns\fgljnvelsl"telrv%ltgth?%%Eﬁg%g?t%g%e%ViQ@&%?&r% theP doRBBYLRd, and

nonvol atile nma xanpl e, vari ous ) )
oayBbey be alissillpd od fluther avarorpirdbent tandeasedie pravidggserptially

bitrel BUP 28 AR \ReA]daki Frd¥BbA Bhalthe ¥Rira@idh heditdm &mponent(s) as a
evapor at or ma%ege suitabl e, includin

_ ] for exanpl :
RetEPaR fRalioR-apB? DPRRHRbASESR WV&P&\BH?%\( B¢ reified Bagh fggeuse in
siehqQi)l, ahl @e BVERA&ADE Veutey aekrfor Tse iv cheasudralososyminesie
exiti i,S thgn condensed, and may then

FRii e 8 U SR PRl P

f'ated and condensed to

provi e i all ol o
nd "t R0 rball pRHb el T 2 ke plie REAE LRI sooc
frcere tymoea!ly Tram BEP € ord 0F ¢ atd masthipicalby fremal 19F 19e30°C. Ambient

E&H‘%&ﬂtﬁ@ Ky d iy "REE € ThE réduithd AdueoB Phhdts cBMairTRy DE:
e ack for

rou use in the sucral ose sdynt esi s
s¥lieead Foms thenexdeactian MmediwR BIaY RetfedHe sl?aéB o ghe pxtraqtyr of step
(i td YRprakIr¥cdvery entimecbmm a tenperature range from5C
to 500C, nore typically from100C to 400C, and nost
typi lclsltépy(iﬁ) Breypibdlivt perR0Ed Ardbieerperatenpef attleast 508C, more
sual |y used. The ' er..C ini :

U B8Y ol el ALl PR EE, BRSO O A

tynicaly becatkmoess 205€, mere sxnieallyctt Ress $50F) andomiogplygica!ly at most

1A quicglfy,ttnig sV remdveR abbiit 90dcSofith@bEidflom B &aFdRidn
at a tenperature of at |east 500C, nore typically at
Megd¥MeC0C, and nost typically at | east 700C. The

t t wll typically b .9

tyor odh PR rtin aeS bade RowPlep (i SRy e b Bptween 9 and
3Q0sC. %nTwhfﬁHbydithﬂts" m-apjwmm?raMMUe@OQ/csocﬂiuUh@cetate is

acid. from.the [ : j 0

T6h S LT 5 PR TS B e 585 o e

anids btighally present reptsdupieaiit at lepsy QAP yefed sat ur at ed
aqueous sodium acetate is used in this step. This ste

t ypi cdnisgmeeaspiradimpntsrol vae d1veptiont DYE SRt hgs ngevet-PLFibed 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-
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
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
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acids originally present, nore typically at least 99.5
wt% I n sonme enbodi nents of the invention, DVF that

wha®obesn’ pre-purified by the nmethods of this PCES0YOB7079

may be used to dissolve sucroge for ultimate
conversion to sucral ose, for exanple via formation of

gwdéﬁtgéstgé %t@br@%'ttatkﬂowghﬁ&hbﬂﬁtét 8N v@fhf Ar{h@ld s reagent) to produce
- b-acC at e an ac 1 on, O resu
SUFEP S 606 BLS Y 8y HOPGR e Ot P AegEustes th Pgdige Sicralose.

enmbodi extra | on t hod r
her ej ﬁ%e ﬁgwgmﬂn y%rd:) ﬁ@g}%ﬁ] grag orésugfstﬁls |R\9<Q1tlon includes
dey knavn irethel aneBiEal eRgineentagrpite , For examyplebh eourdsicu erghiemixer-

g&tlsﬁﬂ}? YE m%&' Sy seH 0 'Qtﬁgrl |ﬂa‘BTéSe)8Fac§|Uﬁ rt?&\%‘lq%e@‘?ﬂél @ Batteries of

tot ori1 nat
sugteaatmcemtawpapégu(ltaﬁmg qqnﬁmfy@eg/ sus*hés BebRIgLBXR Reries,

PodBiiRIR! &%ﬁ)fu?ar&t@wg SRlsHisuRBsic BRY chntbF aatad cbmmn
renove car box i c acids usin an extraction, nediu

trchBPIgpies ste #,5Chelo AnddarT FsleaLolimpy FHSFRbpgments,

Sitiple ba&h@@@&tnodb‘ ﬁ)ﬁbw%cu Bﬂ lde&satrfta@tmaw petubed. Packed/sieve tray
crose cylate may bechl orinated according to known

ﬁét’%‘aé“?yea' Xbe\kﬁs?% Arnol d's reagent) to produce

Uer 9se- 6. yl ate, which nmay subsequently be
geacy%ren‘ﬂg—u produce sucral ose. Suitabl e equi pnent
for pepk QBnggtl&th ﬁ?&téﬁ@cheﬁ‘%ﬁuﬁhé shdsaMenth %t |t is capable

i ncl udes an nown I n e chem cal engi neering
phbotaxAing, cac'amwilelae'elﬁ cehef HiekEapd repasing Fse %Fé%ﬁ {gen water
Ue 8ueddsREe Sakh abh@ eR¥hERGH m@B|UW§M¢©UQ$deB Goti8entaminate

Babroertgebvent (B8 RO G B drpaneap i Srtnesis
ek laintl pgadessed inacived th suliraloses mahafscurangeprocasat @referably, the
cu t .t [

e S GROUET o BESVRRLRE o oo RoroR bR W diplocess.
extr a%}(frg&‘i"orf Bleh@"g%g?#a}’ngdﬁ%@tlh%tﬂﬁycoﬁﬁ)rféé%q amine, and may

Packed/ sieve tra unms may be used. Extraction
KesfisiAl Phengls ﬁg@@pwr&rpr@r MpiRresaft EARRONGAtS BRI pReja which need

BB RHEIMBEC rAntyh;fita \Pérlelt‘ﬁoﬂ&ﬁﬁ*élsen&f b®Qkdy, Cij’r@.)ﬂuétgthat the amine is
car box I|c ds ou

36t gusdaie Srifpatir o DBl db e ambifiuisitsrise il aetting
Bt Whapreeredt, whidewilhypicatntiow nia¢ emitetophoeesisn the

S%c\égzgs gqlﬁ?ﬁi’ t%g H&n}’é@é(og E)I&@éctioﬂt %rf Lﬁﬁa‘Met &a‘n’ﬂﬁe is

var| S Sy processes 1 nv
sqmmﬂrogbgmm'ﬂlagtmmm, plmtc@elw a melingr raintof qbﬁ’ét 14°C. In

SYnkart b RAimBRQ! %HE érﬁlr{e%\’aefomlr Qaﬁcﬂ’%ré@ﬁb‘@ H‘?JH BME OWhich boils

rep eated use i n process. Extracti on
éééé??ﬁ ﬁb7§%t‘trﬁeThﬁ‘i/'én'tt|ebtﬁe'b6‘?ﬁ§r”‘§é’°é{r?tzi‘Hﬂ’HE"'WSHSC%?/OS'”g' or
GBS IsHt afenfefdtled Righ@NIRREDNF,ahud fabilkbtingesefaration of the amine

%%rrrlpBpfﬁ-‘rgysc’list?lli]alt%noor}eevg{)o%loﬁ/hcoﬂgeergsation. One suitable example is

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

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 1R?R3 where each of R1 R? and R3 is
independently selected from the group consisting of H and C;-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. The amine may be primary, secondary,
or tertiary. Typically the amine is tertiary. Typically, each of R!, R* and R* is a C;-
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be an ami ne. Any of a variety of am nes nmay be used,
provided that the amne is not mscible with water or

w@RMI/1113150Me enbodi nents, the am ne has a nel BEHES2009/037079

poi nt of at nost 2C0C, which_wgill typically allow the
amne to be used in the process as a liquid, thereby

E%%Jd'r&@?bﬂ@r@ﬁi I BC§drRéd emBB8intdhts, aldlcR 0P RAMA &nd R° is an

conmer e trilaurylam ne t]
R B T
axarnpes of/amtﬁble)Ré,Sl#LHrﬁl R¥hgroupvincludhistiaidhtichsinatr bt&aBGed chain

aﬁqﬁg%{.lfagrsruch as dﬁ 2- eEhy?ﬁ%%?rocmer‘?omy?% god |lnea"]:y|c?clty|

AEeCSMIBs R eratu
i7guernethWactyDM§cylt huéed‘yadOkiecsdx ﬁrtdgcxde]@ﬁraailemdn of the

§rpngﬁ1lyf ﬁe@t%o&% 'p%Haldleé\tl' F?éka‘?l@cyl heptadecyl, octadecyl

evapor at | on/ condensati on. Che suitable exanp

pemarecyl 8icogylagrd £9qop i}y PEIAM SUitakip EkAMRLeS o Rboﬁﬁs"i”}?gw include
BRI SHex9f, caaehléxyﬂrﬁ@@@l bEh@ylaBinW pﬂu@lrwmw,aiﬂeysea\yl

RanerbikesRd: BF Khotvlhaithd. AifvisEo meshfeehihy,

ﬂmmhglmibplchhnem-sorbbhm azrbnmyll shoabwroy binetgyl, end ladamantyl.

Y]%l |é/|‘1(§en Rgﬁ?’u & q‘ {)WR]"" RRZR% les'a% least 24Hrnore

y se ect ed group consi sting o
MCBQIV-aCZE{BSt iBAeand mOSbtmf@HE@t &agyB6. cyclic,
alicyclic, alkenyl, aryl, aralkyl, and alkaryl groups,
provi é@éomﬁﬂnhﬂd'mé@étofgﬂ%méfﬁnmn ‘the exfiactien nedifFt cqmprises a
Hﬁu@?f&eﬁﬁlne%lm bﬁﬁfdbhol?ﬁ@@in%@ye RO[s 5(.@6ﬁd||rfybb any of the
ypi ca e am.n rtiary
pfbofmerfis dgaeribed abe ¥ endy &85&*%‘3?5 8& "é%ist S §8”r'P8” atoms.
Fhe atboh®int siot Bﬁsd"blefwnFleaﬂRE o8 DMFR3Tyiptcaty, Rnid @peikie gréyp, and
| i near, e | C o]
REAIE rorP S as MR 3 GarBhn i O Skamfled Rodecanal. e
snemml@rsmqsmcgmf tbhaxtragtnorbmdwma@ riariticall Ryt tygicalip &,
%H%J@Sath )2|O’w o %H?Hé hags! tprSl'i\y!atﬁ 188 wt%, and most typically

3, 7-'dinet hyl octyl , decyl, undecyl,
@b&@éyﬁo wtt% d@%@ﬁl amltngtm%@léwbe used.” Typically, the extraction' medium

ﬁorﬁ‘f{étrﬁ)@t Hw@t@dtwgﬂoﬂ?%/fyplcﬁﬁwa@dﬁﬁy 70 Wte’é(,&ﬂﬂCMbst typically at
e ec oct ade nona co

S5 B Ry OERRITR- (e balpatecs 3 et SesfoTiaeu B S qgnesstly the
ialmhuldeltbgu:gjmdsmeytomp(yrEHermaylcmblbhqlly bébewhded. gnspine

fFEéAI¥' he ggtl Vr la a%hg)éh & X,co &h? Xbecahgll yIln'one
Sl alR e Bt Y Rlcondh oY

naph
@aﬁmulmemrdqmumgmt tlze ﬁtﬁrafétonynedngmug,aﬁypt 50 50 wt/wt of

@ﬁl%ﬁﬂnmlnféeéday&odeaa%uadaﬂamyl Typically, the total

unber of carbon atons in RI, R2 and R3 is at | east
24 nore typically at | easexAOpLEnd nost typically at
Ieast 36. | n sone enmbodi nents of the invention, the
ext r aGkboplazerdand R exepipiigesethods Xt xteaafngt dretiaatidgrom a DMF

%Mﬁléngleacnon%zlﬂﬁ%rg];otzlart)Ro@:lh%rat\é@.eﬁ'ﬁe Be]sUiltg a?gﬁgﬁiggeg%rg&iégm inFigures 1
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 soiution of sucrose-6-acyiate in DMF with
very little loss of sucrose-6-acylate. DMF was measured by gas chromatography,
acetic acid by ion chromatography, and sucrose-6-acetate by high performance

liguid chromatography.
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enbodi nents descri bed above and further conprises at
| east seven carbon atons. The al cohol is not mscible

wawaob/1vstzer or DMF. Typically, RL is an al kyl BEDUR2009/037079

and typically it conprises atyl east ten carbon atons.
One exanpl e i s dodecanol . The speci fic conposition of
Eﬁﬁnﬁ ¥ty action nediumis not critical, but typically
It contalns at least 20 wt% amine, nore typically at

lafnaﬁt u%ﬁg\étfépaﬁarwryrmﬁhew msgaslahw@bf d;] easim4RenMiViheNeat

SO pe use C t
B D o Sefeiose CaBein gl Sl 1 tikeh of o ekt o SPetylatse
W rde¥o(about SWt%tof piidet Wys atcrowesb-a86tai e wedrismh100 ppm
SRl Yoy R A e oRE 1 Qo R M-S BRRRIA Y 250t an

ougH onent 0
extcdaqmednedlnrnsmmelsunb@ﬂariéhtby weight ran¢W§ qf érllauwlamme and

ES&AC@HSI%"'IQ‘\@ ﬁ%pﬁ@%ﬁ@ﬁme@l1C70fbijF51q(5@Q¥c€ﬂ@EC|d| afd 9Ng sucrose-

articul ar enbodi nent the extraction nediumis
Li’&]é§ The

ét?/cst?tw The r%sru'ttam Pamr%ﬁéﬁ?ﬁé’“a’ﬁad'blﬂﬂé‘l{‘éﬁ%we'géﬁﬂ
WM beF) %h@i&wé’igﬁé@@llﬁb)ﬁnﬂ!ﬁh%aﬁd exdandaihi1ag2g DMF, 0.61g

S b o L D5 P BT TR e e g e
Figur g«hlql% nd%r%ga o??jReeFFst %%&h%ggw(?g%xtr?ﬁtee% 9’?5"} %8%? the

of ea onent
h aly Silaarytaenine atodecnol hmtgr@xﬂneap@ntv@nyfw“tlﬁwg Wﬁ@?@ wsed

9 nt%@@cﬁl%m@d oldsl la@:@;lé’ Lan! 8%d 1/ tg(‘s@@r&@ e 8&Rafel OfRe

IS i nventi on al

efsiting otrer @hwaﬂeﬁsn%teétth% Seond '?‘?’%fnﬁ’r};?s%Y"E‘@f‘Sﬁ 18279 and
SHaMes ﬁ543d3DM?Ft 0.122gRIVEtivRED, ¥&d ¥.60gtsub®sé @sacabte. The upper

sucr ose- 6- . DMF was neasured by gas
8H?%ﬁﬂ?@8?§%ﬁ§%gacetlc acid by ion chromatography, and

Sucrose; 06? cet ok%XP %H)qug\ﬁlglr FRYLE Gy ds e%ﬂllag%ed with 10.09 of the

chro a separat ory
25y tr$lam[yllaemmé cmdstarmhmm@e@ The phgiomeaf ¢ a@mr @h@fre lised

%Ur?traﬁ'|e957e1 EQBME Bl JtB a%@HE adid, %yﬂQng%umdéELU-Sc&Ete The
y ou

acet ated ucr oses

serittngeloper ebasey éieylgagteﬁéhe t'asd 14’8‘@0@ aﬁn%@%q@ -89 @nd

EQnt%%e@'\ﬁs@WFabcwg dcktivtatfayah@n . 1S e Idsea8-beetawd. t h
25g of an extraction nedlun1con3|st|ng of a 1:1 by

wei ghtrt BérXtHwEEbe@eeh rhatatihe\tbadanae tardtrdcdissaaible . suttoee-6-acetate

zroggb&lfcl | neg@%é?%%ew m;lasJi/%%f @Wtwh(ﬂezﬁié qem@m of acetic

e res
(aendtfrrzmtth@@MFedawmltqnhfé@Elvae|T@he,om2810¢6@f tmrﬁmeamrn provide

P loP R} JERRE stk A6 BHIF sURB0RS SRRSO SRR

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
by weight mixture of trilaurylamine and dodecanol. The mixture was separated by
centrifugation. The sample contained 71.9g DMF, 4.7g 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

lower phase.
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acetic acid, and 2.03g sucrose-6-acetate. This is
designated the first | ower phase. A 16.82g portion of

W@ b@ofil13$T | ower phase was extracted with 17. BQr/os200$1¢37079

1:1 trilauryl am ne: dodecanol _ gi.xture. The portion of
1st | ower phase used contained 11. 3g DM, 0.48g

aceti g 6@%51%0 §H6n J)f ﬁ@fu‘%ym%hgs@ﬁ% @f(t@actg@ﬂnth 66.9g of the

resul ting l“ower ase, designated the ;58 ond | ower
bRV dodeEaRp i e QISR S B30 BUNatE 1355,
@cﬁrﬁélhﬁd agigdy A1 226 QaetidIsdi® Sendd6.88¢ satrése-bhecetgipeThe mixture
wagggp%/ﬁetlgg ed 20&89?%% e % 71ﬂlt[ﬁ%rlg\|€\§rn I?afsteaggsigc‘r%‘fgé]%e second
fokniek @ua%d a\mumfedoﬁnjeg andlcomtiaktedr 39. 3@ BMFp 6r&@digmateti¢ agiddand

ase. 6 2 t
ats su§r°a<§% JRoeE oSt phadta M 9380 Mo | wer
phase, E@'&SH of 'E‘I’?e g&bﬁ&‘ |Av@é’ﬁl’ha§@®%§ ex%ttﬂb@ﬂtl*%@@@ of the

and cont a| 6g acetic _agjid

B i bay Bmineaecatpl MogIS: HESe BEgR &k of Habver pepss used
LSdRRE Y 71 R BME! 8QUgGREHIE QJEN:I EarkdIg 265 Subroae-Gt adetatkr Ofle mixture

ytag/gﬁlggrg@tphb;ctgl({t% gteélgtpf ?E r‘rLWaS Wer gh%s%}’vp%%ﬁgtgd ﬁ:il;]eethlrd
Riwfe phiaves . welghes] 3ms@ads corﬁtair’mdlel iy OMF, Or23oravetidecid, and

ellent r of acetic acid from DVMF sol uti ons of
gL}%lgosé‘goée & f%?te Exanple 2 Using a separatory

f unnel‘|'he ?ed]u%]nong ard c]:eof‘HMI; n\eth%qgﬁersﬁﬂa%@mé#é ek peBively 13%,

was extracte an_extractlon
ﬁ;ﬁ?gh mmﬁc?@ﬁ/g, ot extfectiohs d, 2; ang - V@egﬁguq;ﬁo)p@lﬁgcgﬂc acid in the

idvidrahayd ARt Rspad v@ﬂﬂ@@%nﬁé% -Ehﬂ 4%/ bt e ri@Bns 1 2, and 3. The
separated by centrifu atlon a %onan

_lgaow’ arngl:yrgt o&@ggro gc:?cdatatgda t%e géver phase were respectively
39¢, r-QS’@(aﬁnﬁ@Qdir@H encrédue) | el vaat exipgueionyg tx2 rarot 3.0ft can thus be
\ﬁg?rbﬂ-g% Ig%g Srgla\r’\\@ V\ggajcgégégaebég F@crbsﬁa acg% ntgl?ﬁégxtractlon
heturadetritimat campared t3. £§§C acid resyactiem et dhes thﬁﬁ@qu%'O” can
%E%s?@r St@éj;férgl% Jée ie bRV 59%§@-6Aac@@at35$nﬂﬂértw QIMIOBas a

ase was extracted

preater ianriarem'ymarw aBABRIRIETHPSYERYE) P[Tlﬁ%e tha tq°8F1 aB?Gt'C acid,

1rdudronsirso é@t&a tsRAnEPAS idresk-dSctiptéMHpwiver2 pMrdlesses may
aci d, and sucr

?@ﬂﬁ'rné[f‘gﬁd w rg linppftﬁfj gg}l%acse;}ﬂ%%elt%gr?ﬁe?r@ extlréc%o\qﬁs%ep, i.e.,

Rbadeddeish grasdrginalifeed sizeard, as stmmsepﬂnaeeenahwaghed
56. 6g and contained 39. 3g DMF, 0.64g acetic acid,
%gg)%elgg sucrose-6-acetate. The upper phase wei ghed

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
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
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
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A 39.16g portion of the second | ower phase was
extracted with 39.0g of the 1: 1
W@ eiovauyt am ne: dodecanol m xture. The porti onP@F/U9AI/037079
| oner phase used contained 27g .29 DVF, 0.44g acetic
acid, and 4.26g sucrose-6-acetate. The m xture o was

éﬁoﬁ)?{t%tnqqechﬁrrpﬁms@ friIARL 1308 & répRsEMBblE EHErMAWRIF the general
phase designated the third | ower phase, wei ghed

'?CS%”%ﬁﬁ’d contained 21. 7g DMF, 0.23g acetic acid,
and rose

FOVENT TR PO AL RAPNE SEROLEIBRS P (g gpeuna the

audﬂ@ﬁ%astepelema(cbmbrrsed]feecﬂ;s raixed 3n aTeentegduoentofiashiof in the

B b 9 o S AR s
Prehyytihose! ¢qmmwmmthed1ecm¢d;§waﬁé@§m|@5iqq“lighb Phasgsr

9m5ﬁ5|ﬂ'§rtﬁe EQSRRIh M@JhM Wl'ggﬁ E@N %%Ws@sdﬁé@irﬂ% Bart of the
2% at extractijons

t hu
SUDRY I ACIER e Al an e Tesoekid B¢ eabeSibep 1 Sprcally

SOdURERT £t AERhRdreture betvided Examdass Pan TedeedTpHSs typically about
g} i mal conpared to acetic acid extraction, and thus
extraction can 0 be used to separate acetic acid

f Ly
| enaetts PR R B AR A A o1 AR HERI o
dhese acseccprtta@ted i atchooigh cwcuentsfgslgp@mltftapqréwatémwaé@: (7). The

%Hﬁfo@é oF %l@@@pﬁg o réTQ‘O@Yﬁ‘é extPMEiohAReBEm & ankSesidual DMF with

m nimzed by returning the agueous phase to the first

Expima remAvalial phe Faré’oxylt,C(ﬁF!ﬂsné:d’r\XP‘Fﬁe?sr?@ i8S @H‘rr‘f%flat'?'éétfp Is

%tsb%mle@@utcﬁt&éméﬁﬂﬂuﬁégfcﬁis@&b@\/rﬁbler& (E8eqip| B iSddsirable to keep
escri &etrl on of

P caraterabie Anidhyof Ao Ra S IR o TlisnlBr@e ddicuon
priieaiird e s cfesl:rhbndepfebyousllgetheelmalvvsaqcéowmqsbdﬂ?) ENEFing the

BHLhéétﬁa tét&p?s &%gl% ﬂh\g’l%%etdh:{t%ogrpfﬂr aHjﬁris ﬁay the maximum

ver sl on
amsuag ef @Mﬁu&r&cevmedonlm steqarts ) IB}eshgl"é\Paﬁ%é*'Eng s

BQHﬁ@emo@uts'ta?@@)t i€lth@ ExNER A edibFrPpRE, bl 16886d WitA\daRshbxylic
SIX mxer-settler st ageS 'per ati ng rn a count er
r

@GP SHE SHRRAERNYidevPider! &\Iﬂ action step and a simlar
t
p\S?I ?ﬁg%ﬁs%ﬁ%e rgéthnrgmgawhég (183 eﬁilo{qgv\i]te%ﬁr%%%e hot water

siash soepypitiese g exXtraptioo ouettiem is gontentedst agws ntantsioknt fashion
&Htrh hétSWé“tgp E@)Cett%jtaﬁ'geﬁen‘r%@%ﬁe AN rO°\“:’:t %l&@mc;\)e?nqgsttome

ounter curren action nedi um outl et
ofrbopwlidecids fm@rthgth@bt pxtragsiongnedidm phaspd 1 bk andetadyses a heavy

$haesus hdtbste BHQJ e(tl'Oﬁ‘Qoﬁtréﬁm"i__&Wcﬂ oF ePcboxylic acid.

t heext racti on nedi um phase. Figure 3 is a
I epr e3R R 1Y enSEMEBRhe Ge@bvaINg BRI AE 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
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
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.
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process used. The feed stream (1) is mxed wth the
heavy aqueous phase (15) exiting the purification

wWee@p/117BnT s conbi ned feed is mixed in a count ePCTYUR20891037079

fashion in the extraction stgg.with extracti on nmedi um
(5). This extraction step generates a "heavy phase”

Co”pruﬁﬁdqgwet%vé%gyl@ée%dp%s(a@j abpakls, e@@ra@tlod U@'atwere
phase” risi ng the extraction % é %n oW,

Bonioed as losnd Lo SreRemAreg o i A 4 WEienand 6%

Retigbaaldnya vBighbeadieaas fdg intd kiee exttacaiohisgstest atpa rate of 4

[ d d
SR TRt 1o S ol FTRE R 1 oS bR fom B 5
pmlfxdaihmashed (emdutad: 7 igminjedidutime (cRInbirsdf feed Was ded ingo the mixer
s%&ré x‘fr%?.fl(?rp Ste %’her &s #Jnté&e& g %8&&@{ %l)ﬁ\'réh_l'gq@émérﬂmth

ent ash purirti cati on wat
101!5 @é@m @ffthtemxsraﬁtl@pmeglttr@ phase eveixtye Qfdofgeaneband

FRAiriah e Shainf cgauaf|6°/PNEdé@ah5l dﬁdM:i%'trlra@mHmineQi:hd b&lance
car boxylic aci ds. For IS reas

Beelly Fansistiag of &’lalt?réﬁ‘do‘?,ft'"‘QP"'P%%BEFS’EUP&EE‘ (9?'85%erf alograde amine
a%m)aiecmol ( 28631 $Hovissthdeshdiibheusal foeelpe exteadtionpandither @sults

(ﬁ:ﬁgmg% ﬁigljrﬂss 1D IgY Vﬁﬁ]}dnﬁg‘etrn qe}gcsyjcl;égs&lseo;nhsdélfe |ﬁ$l'i:ét%t8 ﬁgfIN’ ouT

esCrl r evi ous
JreBINT @qpenivslyphase (15) exiting the purlflcation step
is conbined with the feed stream (1) - in this way the

TabderisExtnagtion s¥fepDVF i s recovered into stream (6).
The i ghm@d BT T[T _RIEvEEa btk BRT 1 P ERT 1631, 41160 Extraction (2)
the extrgctrion nedj unjphasg, S{iTTgl oafed o t g
Feh ey [C mci ds heef bubsdumti al | g.etlevpi dingf DVF.  Thés
'Tght exfraction nmedl im phase (8) is fgd into the
Fee- st ageshot wawer | vaghi’st ep, Weref t Hbﬂ@xtractpéﬁ*
S ((:Qﬂ’nt act g((]) [ at;b{yémter %Wrewt 'T%(Shl on vvlt1 b
: at t af get®enper af e )f )C. Thi
pogsnsy iof t ¢ carbc?;&/ ic achBS f{om&f e i ghty oo
ormafe ) di umOBha e (ol ) and ppdut eSO@% heavy 0000
agueous ot wast e prnase (1U) contal ni ng much of the
cargoxyl ic acid. In order to maxi m ze the renoval of
car bo acids.fromt r [ ' ;
phasezf%/‘/if rePW&;ﬁX{tﬁ%%ﬁ%?x s@ Ly ‘PI’? HEQM?ERQ?M&%% g/min)
tarhprisedotene DG H4ash e\mterTancsaMItrﬁrZ%eB&eaC B6id- earsggeonding to an
C&%QE Jen’ﬁalillgr S Ubolk $8%, S%é f &{t' pHa@e ‘(‘@)lt%tl%h%&ﬁ&%%b@ﬁexwed

I'S contact saturate
gmdeumcacetsmpeat(qmte ofrﬁb@utslt%é 94i@n rd F%agaﬂ &c{g DYIF, 1.5%

gv'gier', 12 4SqdHdcath whted ot eriruRiighineHad Gl atl).6%nacetater

The light (extraction medium) phase was then continuously fed to a

eC

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
(measured as acetate ion, using an ion analyzer available from Dionex Corporation
of Sunnyvale, CA).
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ensure that all the carboxylic acid noieties are in
the anionic form (nore water soluble) and (ii) the

wa@reani3has a hi gher specific gravity to facil PCEHUS2009/037079

phase separation. In this step,. further renoval of
carboxylic acids is achieved, |eaving an extraction

qgg'eupls&,r,ﬁ@;@,(gﬁgtéﬂ om whi ch the vast majority of the
carboxyl i c aclds has heep rennved MASLO 2QUSQLS
sodi um acet pt Exi{ V&Y. irification | cRurificatjdd water(7g |
salts al so pxits%the base wagh stepjUsitg the g
ERAY /mslRSCr ped|NpF oce$s andaqyoar at hs, pxtrgctianm daj a
WeT e obtal Npd as 1ol TowWs. A T1quid ptream conprising

BSHrBivE,—3 % r and 6% £lic a‘ld 5} a WEI
1 §il o :
oS —S—was—Hpd the ext on s
°the c?r

. Th|1s étreamvva ine
nd thé63Mrificati h’%k ep (1b0910/°2 7 gl
Amithuryiemnenpi ndd.8feed was f5%0B2 nt o | heOffxer s@tQQOer
fAacti on ptepi.gfere it was1¥ont ac| ed0iOfe a coW0er
@%ﬁqg@t fashi omp.get h 12. 5 agyoogr _of |heo@sd r act ioc000
meadr um pnase, a m xtuare of dodecanol and
trilaurylam ne containing ca. 46% dodecanol and 43%
tril aV’lE ¥h&awh 'B@I»OV\I inerdpfd anee r@’s'lﬁinhg’ pGafsd é)ttrawloﬁfmdmmmrphase

and |rrpur| i es in the commrer
WA ﬁ%i (9% Achok MERTOaSaIEp ST AgE ! %%ﬂ%”gﬂt&r@t%%f%? 12.5
bphlrr, et it vt doptactedth 4 baunteselrteht dhdhaomedh hbhevater being fed

Pﬂﬂf%"ﬁt 23‘53%/%1 N, %-F g épﬁahﬁé ed § ggrta?{}elfm%?mtid at a rate of

Ext Y26 tg/ mim snadporgaingd 1s@%YoeiE aast Iot”é’@ qcﬁ@tQXﬂ-hQ@Pt wAater exited
E%ﬁ%ﬁ%‘@t !:?34\@/ ﬂ: %@&&%aé 005/ dFethke C ARSI thE hot R¥ter wash

S WAt er an 2% acetic acid,
mp@bbﬁép%gw@eame%%trat@ Pdrastian msdiWBout 95% The
l'ight é\?hase (extraction medi umtghase exi te # £12.5
ext r abftebHhestyvater waphythe SrtrapiR MEgium YeRTe ahgrate o
gpRAiratondd ba%e Wiker vﬁaéﬁ%/h\a’e&f wad 28ntdade ¢a b aouared cBiFéht fashion

(Vé&f{qfarg%ﬁeg}{ms %glajlr ssﬂléilm ace at%o/tl%%% gf% H of-lirleS ! ;]'%]B?se wash

O

o7

en con nuousl
avapied bt g atieai 12t ep/ minearel llhle nirbaft thist tekapuen fewﬁaugutbﬂ base water
\O@Eg #be\hggalgcﬁ% 1'0"8[‘6{8‘3 Qé'mc%lbn HefdCdle {O%Q'Ma@ of%of’rﬂat e

he extraction nmedi ump
@irbtowhq#@ Ui the Bayeays p@?% pe sxtr%ﬁt@"dﬁe@am &*?SS (5> Sxited
P dTbEseANEHCREP ok S8 8telofOPD. Blfminlakd Gorwained 4646 %odecanol and 43%
dodecanol and 41%trilaurylamne, along with 1.6%
Jdlgramive neasur ed as acetate ion, using an ion

Y SEhel P U ST B 0 L0

Hot water Waste wash water Ext. Med. After hot wash.
% g % g % g
Flow g/min IN 41.8 ouT 1.7 INT 12.45
DMF 0.0% 0.000 0.4% 0.167 1.0% 0.125
Water 100.0% 41.800 99.8% 41.617 1.4% 0.168
D nol 1.0% 0.418 0.0% 0.000 45.0% 5.602
Trilaurylamine] 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
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



As shown below in Table 3, the resulting purified
extraction nedi um phase was fed into a hot water wash
wWee@p/1{1BhT ee- st age m xer settler) at a rate of PCHUSDRY/E37079

g/mn, where it was contacted,in a counter current
fashion with hot water being ted at a rate of 42
éﬂd'@lcgh ofTMréqﬁgggﬁheJlﬁ%ﬁh?c@pﬁxﬁthﬂéﬁ b rBHbM Bh@Xbitesl of

a rate of 5 g/mn and contai ned 1.0% DMF and
@rrxp%%téé%aqr@ P"\'HE hot vvater exited as a waste at ca.

42 g/n1n cont ai ned. 0 596 ceta th
wat erAiRRYY tgﬁﬁn\)’&ﬁ‘t'?@ '%HJ'%%? dff%éfréqeéj% '{]h‘@th Reference to
@et:rﬁacammmembsume |Af/érﬁrontllaelohmtervme]0 bedirhited trethe details
trac n ned r £ : Vilhi
st B O Rcafeh Fned e Hhauch e AL ThiA fhe scope
amumnge ocfaquwnltentsafs‘rtheﬁlarmﬁ witheubderastig Faruthetipgention.
sodi um acetate streamat a pH of 11.5. The base wash
was fed at a rate of 12.5 g/mn and the pH of this
streamon exiting the base water wash step was about
10.8, the reduction being due to the uptake of sone
carboxylic acid into the agueous phase. The extraction
medi um phase (5) exited the base wash step at a rate
of 12.5 g/mn and cont ai ned 46% dodecanol and 43%
trilaurylam ne. Table 3: Hot water wash and base wash
As can be seen fromthe above data, 95% of the acetic
acid present in the incomng feed was renoved, wth
little loss of DMF. It will be apparent to those
skilled in the art that further optimsation of this
process is possible with theaddition of extra stages
in different steps, further optimzation and contro
of tenperatures and pH etc. Although the invention is
illustrated and descri bed herein with reference to
speci fic enbodi nents, the invention is not intended to
be limted to the details shown. Rather, various
nodi fications may be made in the details within the
scope and range of equivalents of the clainms wthout
departing fromthe invention Wiat is Cained: 1. A
met hod of renoving a carboxylic acid froma liquid
conprising a tertiary am de solvent, the nethod
conprising a step of contacting the liquid conprising
the tertiary am de solvent and the carboxylic acid
with an extraction nedium conprising an anine that is
immscible with both water and the tertiary am de
sol vent, thereby form ng a phase conpri sing
de-acidified tertiary am de solvent and a phase
conprising the extraction medi um and the carboxylic
aci d.



2. The nmethod of claiml1l, wherein the tertiary amde

solvent is dinmethyl formam de. 3. The nethod of claim
wa2ep/1P31addi tional |y conprising a step of treR€T/O82009E37079

de-acidified tertiary amde _sg vent to further purify

it. 4. The nethod of claim 3, wherein the step of

Whsald Agingyrpri ses distilling or evaporating and
condensing the tertiary am de solvent. 5. The method

?r];nggy pr eﬁ&?étﬂ@d of ?érﬁbvnM@@rc@II'qﬂbtxt/hea@Mﬂ’cbﬂ\ b $igaid comprising a
m ne not conpri si r
RBe R AT GG M aT oG Macgt eGSR e asging e lguic
arrﬁﬁresihgm thectedtiany aﬁhde gblvebthandathenmrihoxydic beidtwithr n extraction
t

glug?nc%lgpn%ﬁ%méorngﬂe %?tqgifrne ?qu?ruw tﬁﬁ%ﬁ’%ﬂer&mary
a@ode sofiveRrt, thlezebe(rfqrmg@pmmmmm;m de-aefliied dertippoamide
%Jlserg:ra(ﬁ 23 9&%‘ C%H;ﬂﬁjr%fth'él e&ﬂ%c@m Qidrh BR&EhOEarboxylic acid.

ranche kyI cyc alicyclic, alkenyl, aryl,

aral kyl , a‘T‘F’e %&ﬁédbf daigl @Swh@l’feﬂVtHéet@rtH?rWarrﬁtﬂe k@lasit is
one of Rl and R3 is not H 8. The nmethod of claim

¢|me;m\élrfgrrnawp§: total nunber of carbon atons in RlL, R2

Sche i ngn‘ﬁlbgﬁdﬁ Fg?leai ﬁé%élﬁ]dgltloggﬁp%&%%d)g s?é?)yof treating

ne conpri ses

thd diaam;dlfamtemarylem|€rdweolvmttrtocﬂurcblﬁerairwifprtecedl ng claim
wherein the am ne does not have a boili ng poi nt | ower
t han #hat ®he nmeshedkef ¢lainy 3awhewisBlasap of treatingygomprises

%Finﬂﬁ o‘?fevaﬂé(ragﬁg‘aﬁg'cBHdQsﬁig"‘Eh‘éﬂ@Ft%‘T ahli® i, has a

g point of at nost e nethod of any

precedi ng ghaimBthydef %Wﬁﬁelaédlﬂgtcfaaﬁt vaBrdifetheldmine is a
Con‘prlses a m xture of e amn

AR 4 ST UG SR G thehe oy 2fagpof the
Bpaiacar byl group. 13. The nethod of claim 12, wherein

the water-inmm sci ble al cohol conprises dodecanol. 14.

The mét hod Toe nmtyocppéere,dprege@hauclﬁlmmeﬁealmtheh@mme is a tertiary

%ﬁ,]r“p@xyl ic acid conprises acetic acid, formc acid, or
m Xture of these.

7. The method of any preceding claim, wherein the amine is according
to the formula NRIR?R? where each of R?, R? and R? is independently selected from
the group consisting of H and C;-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 R3 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.
12. The method of any preceding claim, wherein the extraction medium

comprises a mixture of the amine with a water-immiscible alcohol R!OH, wherein

R! is a C;-Cyo hydrocarbyl group.



15. The nmethod of any preceding claim further
conprising the steps of washing the phase conpri sing

W@ b@gxBiact i on nedi um and the carboxylic aci drP@ld/Uk2009/037079
water at a tenperature in a_rghge from 100C to 400C to
forma purified extraction nmedi unm washing the

purified extd HthRNofMBAhHND Wikdreitethe wakbr-Anh DR ALK
in arange from500C to 900C to give a partially

%U&réﬁeéiqg‘]’ﬂ%%?r@ktracti on medi um and washi ng t he

partially de-acidified extraction mediumw,th an_ . .
aqueoi‘é‘ bag%e frl?t@‘?c{/%feac{‘yswﬁgef (0 Flglm'ywh%r-eg‘\(l:\%haﬁa&eod(yhc acid
eoth prasiisi ageticred d uformicGacid e ameiXto affthesey precedi ng

claim wherein the tertiary am de sol vent constitutes

at | edSt 6Theviietidd ofrenyl prgadding thrim, Tivethee coroariging g steps of
preceding claim further conprising formng a solution
of suwpeag ithe phesereosuArisinggthectiagion Bedien e vameargpwylic

SHB SRR ¥t 8 QBMBELILHG ik RErahE FRRE1 b e sr@ @SBrm EBpurified
The nethod of claim 17, wherein said converting

pghsftioadeedigMerting the sucrose to a

sucrose- 6-acyl ate,_ and subsequeptly converting the .
Sucr ovasna s Rudr b SuTATER dueimdy B R B ghiprature in o
edrgierfrakB 500 &6 ODPC tdgive ecpaosel\bdaayidified dxgrastion owdign; and
acetate. 20. The nethod of any of clains 1-3 and 5- 16,

wher eivashiog fthe hartiaily diecacixtifiq exfrangion eediemt widh gn aaiierus base
gpnéigsréts@egnhaﬁy RRASRIFRI B 2tiBY ntlen@hi dified tertiary

e solvent further conprise a sucrose-6-acyl ate.
21. The, nmetrhethhod bRaRY glceding chah, WABRIA Be@rtiary amide

converting the sucrose- 6-acylate to sucral ose. 22.
?‘P‘léerﬁectoﬁéat“é?s H '5?%6?0""6)4" °§It'£‘? ﬁ‘ﬂ‘ﬂi; wherein the

suer °§9.‘ 6- q‘ﬁglmaettﬁo& gf §r‘#y°5r%%§ai§§ % aler%?FuFT"ther comprising forming a
solution of sucrose in the resulting tertiary amide solvent and subsequently

converting the sucrose to sucralose.

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

sucrose-6-acylate to sucralose.

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

acetate.

20. The method of any of claims 1-3 and 5-16, wherein both the liquid
comprising the tertiary amide solvent and the phase comprising de-acidified

tertiary amide solvent further comprise a sucrose-6-acylate.

21. The method of claim 20, further comprising converting the sucrose-

6-acylate to sucralose.

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

sucrose-6-acetate.



