METHODS FOR PURI FYI NG MONOSACCHARI DE M XTURES CONTAI NI NG I ONI C | MPURI TI ES
This application clainms the benefit of U S. Provisional Application No.

61/ 267, 12¥0 2billadsoDecenber 7, 2009, which is hereby i ncecparsatieosdzys

ref erence. 5BACKGROUND A variety of nmethods exist for separating

pol ar organi ¢ substances fromionic substances. Many of these nethods
require multiple purification steps and do not achi eve conpl ete separation.
For exanple, U. S. Patent Nos. 5,968,362 and 6, 391, 204 descri be mnet hods

i nvol viMB TH@DS $© B i Uad FadiNgh MO BiOSaNgH ARID MMIK TERBS€ OBaWINIBGal s and
acid fromorganic 10 subst angesNIHoviR R TIERese net hods are not anenable to
conplete acid renoval, nor do they allow for renoval of inorganic and

organic Cﬁtﬂﬂ)ﬁ%)lﬁ:aﬁorﬁ@laﬂﬁ§ tisd Brdriangaus| Proviibhdl ak pplicatibiSNPHI 187, INGS .
5,538, 637 and 547,817 describe nethods for separating acids from sugar

mol edlsdBecamneve200% whish inberplvincaieralediy wérenses epar at i ng aci ds and ar e
not applied to the sinultaneous renoval of all fornms of inorganic and

gani ¢ cations and ani ons 5 U S. Patent Publication Nos.
009/ 00556707 and 2008/ 0041366(ﬂi |¢slgpﬁisd%ﬁt}]§ng an ion exchange resin for

separating, fJraf, ¢al GLimysulat £t &%Qra?iﬁgh 01%12 %?%a%&tggshp% Steé”t?ém Fﬁ%a ver.

t hese processes re uire regeneratio are no nenable
t 0 a sabyidrcas) o Marpr Oﬁ&&Se methods dqeiey eungply ,puﬁﬁﬁﬁﬁiﬂl axpssigl omot aphiowed
met hods for separating ionic substances, including |nor(g4an| c .and t%e an| C

c

i ons COPPL %?P@%‘HPE Epibeenmie ) Sviatem Nos. HPe%. 402a14,6.89 1144 daseribam
pref erapl; Y GRIRRL ﬁheanmrgbt haf?%%]feeﬁce{uggﬂgeg&ﬁ&{]vgaiaet%%&%&d ﬁé}ﬁ%% &eds and

ot her nee resse rou i scl osed proces
BUMVARNStances. Hohvevgr desnmeihode nteons answebldits compleedadid atmaovahimor |drmh|afy ties

can b re ved from a nobnosacchari de. st ar mat e .canti us
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pur i fagat iNey, tesivduasd 4.5, @fﬁ%@&%b@%%th@@i Beehdraime aSHONREA d@ar
regenerate a resin, nor do mul iple different purification steps need to be

per f @nmlemﬁl@vvwewés@ Ipctbodeers linmgndow esdparplerglacads ansdaure et epted to the

simultaneous removal of all forms of inorganic and organic cations and anions. Additionally,
15  U.S. Patent Publication Nos. 2009/00556707 and 2008/0041366 disclose using an ion exchange
resin for separating first calcium sulfate then acids from sugar mixtures. However, these

processes require regeneration of the resin and thus are not amenable to a continuous process.

Accordingly, a need exists for improved methods for separating ionic substances,
including inorganic and organic ions, from organic substances, which is preferably efficient and
20  more preferably compatible with a continuous industrial process. These needs and other needs

are addressed through the use of the disclosed processes.

SUMMARY

The present inventors have discovered that ionic impurities can be removed from a
monosaccharide starting material in a continuous process using simulated moving bed

25 chromatography. Unlike other purification techniques, the process does not need to be stopped
to regenerate a resin, nor do multiple different purification steps need to be performed. This

process provides improved speed at reduced cost.

The present invention relates to methods for continuously and simultaneously

separating both inorganic and organic ionic impurities from a monosaccharide-containing
1



The present invention relates to nethods for continuously and

si mul t aneously separating both inorganic and organic ionic inpurities from
a nonosacwbaniidgiseont ai ning 1 process stream The invenPronsalismsed ates to
nmet hods of separating an ionic inpurity froma saccharide containing
process stream The invention also relates to L-glucose substantially
free (e.g., containing less than 5, 4, 3, 2, 1, 0.5, 0.3, 0.2, 0.1% by

wei ghproccbasadnonTAO Giehiddrahlsyvedlght tomethods bf gépaening, ani iogicugdipagtydfromsa
|npur|t|es or conpletely free of ionic (e.g., cationic and/or anionic

or ganttechan %¥“@ﬂ@g@&ﬁﬁﬁymﬁﬁﬁurrtres Preferably, the L-glucose is also
substantially pure, i.e., is 95 96, 97, 98, 99, 99.5, 99.7, 99.8, or 99. 9%
pure (by weicgiiohtioRPaR6%19Rs &hﬁ %1}%@4 sarﬁraah&uﬁreé &, Lcoeuﬁﬁﬁg foss klﬁﬁ'sUQ' ng its
inpurities). For instance, l'ucose carl be prepared by the sinulated
movi 3g2béd.ehb. 6n®t2p@}ﬂ%fplh>yvvprght;é@sedo¢n 1 0o potebenighi nf/‘élnth ghicoden inghweling

enbodj nent e ose I.S ree sub tantra free of all one

o, NenmaairitsD)” o5 AR, i3e ol 8% dF EouignFopiLor AR peaticsindpr,

anot hgsrgiibodipiEints. Pofrdbl ghHeDSBudoSe fsBR éﬁbstﬁﬁ’tihﬁl%ﬁ}ﬂtré akl ¥s 93,08 of ol |, or

one, two three, or four or nore of the follow ng ionic inpurities: a. The

m)n0§8d99||§1 997t 9%8 or 99.9% pure (by weight), based on the total weight of the L-glucose,
including its impurities). For instance, the L-glucose can be prepared by the simulated moving

bed chromatography process of the present invention. In one embodiment, the L-glucose is

10 free or substantially free of all, or one, two, three, or four or more of the following ionic

impurities:
a.
OH OH
b (35,45.,55)-2,3,4,5,6-pentahydroxyhexan-1-aminium
c. CH3NH;™ (methanaminium)
15 d. Na“ (sodium),
e. NH," (ammonium); and

f. SO4” (sulfate).



b. (3S, 4S,59)-2, 3, 4,5, 6-pent ahydr oxyhexan-1-am ni um 5c¢. CH3NH3+

(methanam niun) d. Na2SO4 e. (1\TH 1 SO and 4,2  f. H2MD7024 4. Al of

t hese i npwoi2vilgg1svay be formed during preparation of thecCrAgtaoose4bul k
material. The 10 L-glucose preferably has a conductivity of |ess than about
750, |l ess than about 500, |ess than about 300, |ess than about 250, |ess

t han about 200, |ess than about 150, |ess than about 100, |ess than about
50, an ahethsr ¢émhbodimbmty thell0-ghSben® e substantially fre¥edfl afinot by, teoibeicient is a
phar naceut i cal coqpﬁsition,conprlsing t he L-glucose of the present

i nven®¥an e gf thedplowingdenipympWaIesy ocess of the present invention) and a
15pharnmaceutical |y acceptable carrier or diluent. Yet anot her
enbodi ment is a nethod for colonic cleansing by adm nistering to a subject
(e.g., a human) an effective anount of the L-glucose of the present
invention (e.g., that nmade by the process of the present invention).
Addi ti onal advantages wll be set forth in part in the description that
follows, and in part

a. The monosodium salt of

OH OH

b. (35,45,55)-2,3,4,5,6-pentahydroxyhexan-1-aminium
5 c. CH3NH;™ (methanaminium)

d. NaQSO4
c. (NH4)ZSO4; and
f. H2M07024_4.

All of these impurities may be formed during preparation of the L-glucose bulk material. The
10 L-glucose preferably has a conductivity of less than about 750, less than about 500, less than
about 300, less than about 250, less than about 200, less than about 150, less than about 100,

less than about 50, or less than about 10 pSiemens/cm.

Yet another embodiment is a pharmaceutical composition comprising the L-glucose of
the present invention (e.g., that made by the process of the present invention) and a

15 pharmaceutically acceptable carrier or diluent.



5 wll be obvious fromthe description, or may be | earned by practice of
t he aspects descri bed bel ow. The advant ages descri bed below will be

real i zed wodonatt7asoned by nmeans of the el ements and conbiPOAUSEIS/059244
particularly pointed out in the appended clainms. It is to be understood
that both the foregoing general description and the follow ng detail ed
description are exenplary and explanatory only and are not restrictive.

10BRI EF DESCRhEhE@hKddinhEi i§h @ldBiod for colodibelcandngpaaymitgsténiguioe, subfecch i s
incorporated in and constitutes a part of this specification, illustrates
sevel&E- adpErangd 2g s5EFi seampt Gith @é#%?swf thegyesent YeRUAn Gre ohalamadsy| at ed

”DVi@9¢P§En€&£%?ﬁk EQRMYveltelAN LED DESCRI PTI ON 15Before the present
S,

materia conmpounds, conpositions, articles, devices, and nmethods are
di scl osed and described, it is to be understood that the aspects described
bel ow ar e Adblitidriahidvadtages spkld feit éorgyintpagtin chendsséradiondhatdpleavd, iand mepagent s,

such ,may, .of course, vary. It is also to be understood that ,the
o il BT RB B Horelblan arify B 1B n nidhed & 6 osheh dhribodispect s
onl'y vans.i Shd@ivahb&nieetiticd Heeow Willl bé RAlizMNdStairfeh fb?ﬂﬁéhﬂybf’éﬁéi&ements
specification, various publications are referenced. The discl osures of

t hes ang gbmbaatipenpartieulathe ppingadt gut én ithesappeadddeslaibis. | lhéotopls vrdsestend thet er ence
e . oA d 0 ;
0" bl e RO GEEL QB 01T sh U R0l K RS BELER L LS Bh B k0, 2

i ndi ekplaaitbyy @itdaspseinbt @siricsivé.ncor porated by reference herein for the
material contained in themthat is discussed in the sentence in which 25the
{eference is relied U%Pn. Def hjs specification and in

e clains that follo RlﬁéﬂgﬁéakiﬁﬁﬂfN‘%ET&Q%§I%6H§3nunber of terns, which

shal | be defined to have the fol| ow ng nmeani ngs - 4
T%e accompanying figure, which is ingorporated 911 and constitutes a part of this

specification, illustrates several aspects described below.
Figure 1 is an illustration of a simulated moving bed chromatography.

DETAILED DESCRIPTION

15 Before the present materials, compounds, compositions, articles, devices, and methods
are disclosed and described, it is to be understood that the aspects described below are not
limited to specific synthetic methods or specific reagents, as such may, of course, vary. It is
also to be understood that the terminology used herein is for the purpose of describing

particular aspects only and is not intended to be limiting.

20 Also, throughout this specification, various publications are referenced. The disclosures
of these publications in their entireties are hereby incorporated by reference into this
application in order to more fully describe the state of the art to which the disclosed matter
pertains. The references disclosed are also individually and specifically incorporated by
reference herein for the material contained in them that is discussed in the sentence in which

25 the reference is relied upon.

Definitions

In this specification and in the claims that follow, reference will be made to a number of
terms, which shall be defined to have the following meanings:
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Thr oughout the description and clains of this specification the word
"conprise" and other forns of the word, such as "conprising" and

"conpri ses020mmEN®oi ncl udi ng but not limted to, and isPootUusomasded to
exclude, for exanple, other additives, conponents, integers, or steps. 5As
used in the description and the appended clains, the singular forns "a,"
"an," and "the" include plural referents unless the context clearly

di ct at es dthiarghbosethe Tdesaiptioarandxdmplseof thdf greeificatidrothtawednogipiisenind

i ncludes m xtures of tmocﬁ;%ﬁpre of . the di;closed,gonpoungiﬁ,th di scl osed

conpOaOrms @bk merdotclli a3h ORHERINGH e COMPIse. | Bt ivdudingpyLRas, or

the dis i -t he d def i ned
ner el LT e T el Bl i e R ERRAA i Zen
"Optispal " or "optionally" neans that the subsequently described event or

ci rcunstance can or cannot occur, and that the description includes
instances where.the event.or cjrcunstance,occurs and, i nstances. where, it

os ot . Airgadn A5 SEeyr wiL S HRRERR St Bt A Bna i R ar
val uetheanfldlede plaral adreihis vhiesq ARt dRitexP alchil ¢ dlcBtevathét®iscWTEHusS R RxanprRNJe 1S
expressed, another aspect includes fromthe one particular value and/or to
t he defkencpy T eoumpositipa] insludsh mixtardsypl twipehmesd eleide diselosxhearpragdydhe

appr oxj i use . C " o ol d ood
£ ot IR 2D Rpeties 5 Rlo bR LR ST PranBRRHboqy' dgih ' douPuitih gt e
underdsdcned tchabpotihB, goldp@s i sdikibn® asththef cdnffuhdngesicanel g fithasthebot h i n
relation to the other endpoint, and independently of the other endpoint. It
& ophamgscyiialy scsotbiaigeredissise are a nunber of val ues discl osed herein
and that each value is also herein disclosed as "about"” that particular

value in LibhAP of CoptidRal?! Héars kRt subQqueX@MBdseribdd cvich€ord@ctBistar® 1S
di scl osed, hen "about 10™ is al so disclosed. It is al so understood that
when can verl wennad olicsc| esédhatt hien debagpdion hawludes agstahces owhereethealeuent bigr eat er

than or equal to the, val ue,” ﬁnd1§fssible ranges between val ues are al so
di scIYSEYS LS WGP RtRry WAdE /0658y the 25 skilled artisan. For

exanple, if the value "10" is disclosed, then "less than or equal to 10" as

vel | as " RapaéLsantteaRk pRkscitheadin ko b “dbbuttl e pditkala@sele, drid/drlo ahtsout”
under st ood t hat throuq@put the application data are provided in a nunber of

Hi f f apether pastierarsvabind When suchiasrapgs 4 crkpisped eanothon dischinsludagiramghe prgy

poi n I r i I i 0 , If a
part Peafr yERE SRl Sho PRGNS, SRR, B B R G REEN cea,
it i sipprdenaionschydie bathoimeatésnt tbisuut,” gredl vy uddeaodrth&qhi@partioylat edse t han,

| ess than or equal to, ual to 10 and 15 are,consider?d di scl osed as

and e
wel | fansynofhes Aspegt: ol avill he fpgthgrandersigod tpd tha guigomntef cagle t tsirangsatlieen t wo
R T R e Ty (T Y8
Her calso Ynderstddl thit there anpanember oinVades dpdesked ihewii, yand tlatt edcht valuhes dsntrary,

![ ﬁ eSE%%%gﬂgﬁpgq@s}‘%%gﬁaﬁt %Q}ticgfar E/a 1ele fn? {1 1t|i(?i;[ {oot e (\)75.111% ?tga?si:})rl gxrgln{prlle, 1 ch
the value “10” is disclosed, then “about 10” is also disclosed. It is also understood that when a
value is disclosed, then “less than or equal to” the value, “greater than or equal to the value,”
and possible ranges between values are also disclosed, as appropriately understood by the

25 skilled artisan. For example, if the value “10” is disclosed, then “less than or equal to 10” as
well as “greater than or equal to 10” is also disclosed. It is also understood that throughout the
application data are provided in a number of different formats and that this data represent
endpoints and starting points and ranges for any combination of the data points. For example,
if a particular data point “10” and a particular data point “15” are disclosed, it is understood

30  that greater than, greater than or equal to, less than, less than or equal to, and equal to 10 and 15
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By "feed" is neant a chem cal process streamto be separated. By "sorbent”
is meant a material, such as a sem-stationary material, that interacts

wi th the weeadiamdboal | ows sl ower or faster novenent of eohbaSanoesszsn the
feed to be separated. 10By "desorbant” is neant a liquid that is added to
effect the separation. By "extract" is neant an exit stream
cont ai ni ng sl ower novi ng conponent (s) bei ng separat ed. By "raffinate"
i s maantomidetod disclbscdaan welmhaibet’wtgntllmeaﬂdasi ellt+ Rodongndzenipandiat €sch igi ng
separated. 15By "eluted” or "eluting' is nmeant the process ofggﬁis ng

(eit r’?@?weéettwwayﬂ%#arw&é 2{retly9 dléP.IOéerduéﬁf YHPRIEgH 18 aHrlonte s thegsi n.

"D anijon 1Sy ROarR8ls8idkciRcgeneral |y refer to any ionic species having a
-2 formal’ charge. The term "nonosaccharide," as used herein, can include

any nonosaccharide, such as, 20 for exanple mannose, glucose (dextrose),
fructose (A thhbgel)centgﬂaxlta%t) ofe, comyplooed, unledsopecificalgnstatedndiratangnryofs any of

t f I d t, th har,i d L- I
- ardenn et ST e R HAR o AT Ta e, Sarbperepf s 0%
L- gl ygQs®dand L- mannose. According to the process of the present

invention, ions can be separated from a 25nobnosacchari de contai ni ng process
stream by |ntrodUC|ng t he nonosacchari de containin

y “feed” is meant a chemical process stream to be separated.
By “sorbent” is meant a material, such as a semi-stationary material, that interacts with

the feed, and allows slower or faster movement of substances in the feed to be separated.
10 By “desorbant” is meant a liquid that is added to effect the separation.

By “extract” is meant an exit stream containing slower moving component(s) being

separated.

By “raffinate” is meant an exit stream containing the faster-moving component(s) being

separated.

15 By “eluted” or “eluting” is meant the process of passing (either actively or passively) an

cluent through a chromatography resin.

“Dianion” is used herein to generally refer to any ionic species having a -2 formal

charge.

The term “monosaccharide,” as used herein, can include any monosaccharide, such as,

20 for example, mannose, glucose (dextrose), fructose (levulose), galactose, xylose, ribose or any
combination of any of the foregoing. In a preferred embodiment, the monosaccharide is L-
glucose. In another preferred embodiment, the monosaccharide is a mixture of L-glucose and

L-mannose.

According to the process of the present invention, ions can be separated from a
25 monosaccharide containing process stream by introducing the monosaccharide containing

process stream onto one or more columns of a simulated moving bed chromatography

6



process streamonto one or nore colums of a sinmulated noving bed
chromat ogr aphy apparatus and subsequently eluting the one or nore col unms
to provi dwoaniigwisyact streamthat conprises the nonosacelhanisdaoasdsa
raffinate streamthat conprises the ionic inpurity or inmpurities.
Preferably, the process is continuous, whereby the nonosacchari de
containing streamis continuously introduced into the apparatus while the
one @pp4aratue ad@‘smsbqlﬁﬁnmty&lﬁtr@cthé 0Ns oAh®reE odltimnk Odl poyidsl drhekt@enstream that
Additionally, the disclaosed roce s can be part of a | r ger. conti nuous

pr oc &S8P e 15pee°a¢ rié eAd i rathnae St dRat WI}E“SGM %6%‘3 a{%@é‘t}’so’bf t he
| nv ety Biicdt NPrIGIHAS ¥ bitcOss! REABhHITS wiRathy| MelfEnShitthatedomiing bed
chromat ogr aphy apparatus are not regenefated during the process e | arger
i ndustrednal is prontiesesly cdrodubatr aéftortbe rappamatushwtile ithe ene upt more Whahstwaal d

of herwi se be required to. ner te. colums in 10 th i mul at ed
BB S SHHEBGP PR and R (IOARIPE! P Gt BB Sl dtesces

al | owarser canl@ﬁu@as%&@@e@w%h ro%@@*{ealw@ﬁou@hﬂte@ﬁptfdﬂbsmm ireddn¥e &pbcth&f@he 70,

80, 85, 90, 95 or 99% by mekg organi ¢ and/ or inorgani c cations and/or

ani on@ventlhmsthaddmss wilthgn thlfrec \erens d$0§cmst§édlrablé‘¢é meying Ibad @dirqmiogrgpred

Chr On%t C{‘ ey IlOJf ene{g&e%c m C%ESCI[OI Q ed C lar 111? gl €S5S¢ Vél‘g

(SI\/B) RHT (%ra{o ra% 0 rem)@ ¥ Bi s?%srom §8]ha}l b ?3?3 €.9., process

st r eai® withadt ifRAUBIi¢h Sacwbadicdesvise Bt ity uaicado f@g\éhagtebﬁe o€ Roperedloghaphy is a

techni que that maintains the process features of continuous countercurrent

F) owteh piordated mpmie drd Kgmatanhy anpamétsuafiditigpally, tthee diselopedl preseses

Rat h V. f it Y

o gy TR EEOL P DSy LIP3 ) 2 RTS8 g0 v
chron@i@gnﬁpmgaumnmdkm1ﬁ@gm36cmhﬁ@ughQMMnkha1hhgmmhamg@ahamEapdmaﬁsai The
si mul ated novi ng bed techni que has been described in the literature, for
exanpP&¥9n R A Meyers, Handbook of Petrol eum Refining Processes, pages 8-
85 to 8-87, MG awHi || Book Company (1986), which is incorporated by

refeggﬁﬁgu&fkﬁhphéggdt%§o&ﬁ§g§ pgs of SMB techniques. An illustration of a

SMB process and apparatus is shown in 25Figure 1. Cenerally, solid
packed colyyy 86 RIGARIM iR Bed iR TRIAHEREAVEY Rforif td ons
w th one orggggesco uéns pe?lsectléh (see Flé%$e éﬁw PC (h e?ggﬁ@ﬁans

(feedmanﬂaebmemtmlandﬂmmdeouDMEbs(Sgueanse$emeﬁuﬂtkmukmwmm|$wwmﬁmb®e
direcgted, in alter t|n order to.an rom:t cal um ause the

col ugolatlaPy e iR G pB hEPab i AP B ATPE hpaLErD RS B ¢ ched
at r egiifout | ¥BnteRLAENBHEW alréﬂii@togfaﬁoﬁy tWﬂfbu@fhaWﬂg tol &%aﬁilyf meve thduslid

simul ating countercurrent nmovenment of colums. The di scl osed Process

i s nohase nRedgrto sms}atp@rmm@mea? of yhse sifd Qh%ﬁllataé@pmmﬁhﬁ@ biyegpntinuously
ronat o 1. C at ed
A omra BB SRERIG AR e XERSR SR Rhm R b b TR MR

t Ogetchﬁfmat@gr@plﬁarpﬂ@d’esi hﬂtheadlﬂnﬁlléﬁedeﬁ@hlrgoﬂ)ddmchmq@@ h@é btad dederibed e rihe
direction, depending on the elution phase c¥c The apparatus al so

|

typi éléffrﬁtyrf‘eéﬁﬁp@ia@&e BhR- 8r Mavews. Hgpdhpokofigiro (:}ﬁ]r %?%H%EH&%S%M@% Bant ),
d d

and QR&, @l TR Iﬁ&“ﬁmhﬁé%% ggrpgﬁlgf @bg@ékggcgﬁ i&{cldg%r&t%l Bg ra&%ﬁ&aﬁ&&n(féﬁe )

into the chrfonat ography atu SO conprise one or
nor e isaethirigs of SMBlitechh@ues. ngn lillwptiadon EAe ISMIB ptdvesseand apparatus is shown in

25 Figure 1.

Generally, solid packed columns are arranged in a ring formation made up of four
sections with one or more columns per section (see Figure 1). Two inlet streams (feed and
cluent) and two outlets streams (extract and raffinate) are directed in alternating order to and

from the column ring. Because the columns usually cannot be moved, the inlet and outlet



10 conduits can be controlled by automatic val ves, or by rotation of
colums to the conduits. The nunber and size of the colums can be

det er m nedohasiadisdn factors such as col um-type, conposiPCrars2ab/ osdres

m xture, flowrate of the m xture, and concentration of the m xture.

One advant age of sinulated bed chromat ography is that the process can be
carried out continuously, wherein various inlet and outlet streans are

char gesitiands witdhdd anregilar 8mkSa@ntalsnitahis diretiot fof tvd iduad floiv thek s Lnpd iy

Li kewi se, the position of the inlet and outlet streans can be changed

r el atPYRCICHTENdNQEMasobfoleBMtinns, in equal shifts. A variety of

si nul ated novi ng bed apparatuses are avail able commercially. For exanple, a

si mul at ed 1RV} fiGoRE hraRRATARHSIIBHEL 3D LRy HRficURE é%et br LRRIAEPL GRYdb&e! 0sed
herein is comercially avail able from Advanced Separation Technologi es

| ncorchumeategiapiyakepaaatds. Fpicadly, hivbdedrs al Grbdoa] amyinSERI lGX@00grapind
1J1inois Water Treatnent. (| Rockf 111, (ADSEP t
bha GPRERA sEmoR et PRGEI b o sstgheblsetiet MR arute BT BEs sbtt 2 The
Pi t t shmehtdOantRianaei@sr dcthivh] &pendheBnshs ¥lvaod phaR! iy, SPRELFRSARPY, New

Ol eans, Feb. 22, 1988). O her suitable apparatuses with various

conf iadpertzpirdhscammisspers ¢1 warcl gpndipisclios skarging stucak aleprrbant), and)oge opaiore Nos.
4,52 . 16 | f i iy i t hi
e oruRR P AR FASyy P e b LB Y PO ALY S

chr omcagpaphiy vafipasatsigsse one or mdied @AGuiaNd disdRiingdiquidNEeXCbURIcoN resin
is first contacted with the saccharide mxture (e.g., feed or process

K} 1 esRyduiticran e cpaispliediby apraairueahtqsy o tosaion 4 woglﬁnﬁdaél%ﬁ@né}% nthe puring
el uti LS t i t AQnary
phasdrg! (L S uanF SRR o6 APRRn ) RAREL 67 AANERGDY of Sl
exenpbapysidspetlthe niikerghioenstccdfabemiftore, Srdamacmtation ofishepaixturef t he overal |
process design are dianions, such as, for exanple, sulfate or phosphate. In

i on excl usion chromat ography,,t nor e densel arged a species is, the
ror e ef f oQUTAELGMRES il RS sl irEaePeBing i thob TSt SELE B8 o
exchapg@nfoslyn viicRGE +R8¢ Al faaaesuth reaens CRBt @afscd MORvikARsANt#af i on of
charged residues. Gven that some formof salt 5 may be generated fromthe
Bar | icentingiopp snaghen, wethpuloswsption. hikewissethgmosition of &, intchand owéet sUeams age of
the disglosed process i,S th oihce of sulfate as a counterion fromthe
stan&%%ﬁ%?ﬁ%nﬁe&e)geg%wgﬁo%heepsgpa c:glft(;cr?hfrosrhn%%ua{rr%lﬁ@%acchari des by the SMB

procedure fromthe nonosacchari de m xtures.
A variety of simulated moving bed apparatuses are available commercially. For

example, a simulated moving bed apparatus suitable for use with the process disclosed herein is
commercially available from Advanced Separation Technologies Incorporated, Lakeland, Fla.
20 (Models LC1000 and ISEP LC2000), and Illinois Water Treatment (IWT), Rockford, IIl.
(ADSEP system; see Morgart and Graaskamp, Paper No. 230, Continuous Process Scale
Chromatography, The Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy, New Orleans, Feb. 22, 1988). Other suitable apparatuses with various
configurations are specifically disclosed, for example, in U.S. Pat. Nos. 4,522,726 and
25 4,764,276, both of which are incorporated herein by this reference in their entirety for their

teachings of simulated moving bed chromatography apparatuses.

In one embodiment, an ion ¢xclusion resin is first contacted with the saccharide mixture
(e.g., feed or process stream) and the resin is subsequently eluted with an aqueous eluent.
During eclution, there is a constant exchange of species between the stationary phase and the

30 mobile phase, or the eluent (e.g., pure water). In one exemplary aspect, the anions chosen for
8



| on Excl usion 10An ion exclusion resin can be used to separate the ions

froma saccharide mxture. In general, any ion exclusion resin can be used,

for exanpwe,2otiosot hat are either (e.g., strongly aci dipcTaiskdionad2ed resi ns

(a resin bearing sulfonic acid residues)) in their alkali netal form or

guaternary amne resins in a neutral form (chloride or sulfate as

counterion). Typically the ion exclusion resin will conprise a cross-1linked

pol yseparitonpasopdrdel gicaddietallt yrotess tdesigh @sd diawhoink,esuah 20, 15 exarapler sudfatagr t he

abi | i f the resmto swel | Th n excl us nresmls present in all
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si nmul ated novi ng chromat ography tends to contaln the ions, which nove

qui c lsm;factels labuzgiy ctohtam:m thlntonWmltﬂaeon biechggedonsidues p€uv@sthatrsonteelorm xf sale,

inter _ali t he osagchari.des, etai ned | onger on the colum and
Ve e bS BHOTals; BRI TEnFALigh SR CL I BriocFhell | SH 8% APREICEHE dbin g

cormrausﬁnagaeoﬁﬁé @11s@1rosé‘épﬂ>r‘éeesfs @¢ TReQholcBR 564D as RBEMEHSY 1O hBR1HAFGHS | C

process. | on exclusion systens may enploy simlar resins used in ion

exchafigeassy of esrparaign &ioht ehe i monpracchanided dmi cthe uAMB oprakéduye ofromhéhe esi n

i's theon%ga har1demxﬁf0f the electrolyte and, therefore, there is little to

no nét°s ccﬁange OF''8hs. I'n one aspect, the ion exclusion resin does 25

not contal n a mxture of strongly acidic resin (e.g., a resin bearing

sul f abh Exalustbnr esi dues) and weakly basic resin (e.g., a resin bearing

tertiary am ne groups); for instance, in one aspect, the ion exclusion

resin doesAmph dxdliksiofiercéin cih ¥eds@Be. sephiatoatht liéﬁshﬁ(ﬁmatssme@dandé hhﬁxiu@é’] In

exclusion resin can conprjise a sulfopated po for exa
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| npar, a
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solutes. The degree of nolecul ar cross-linking wth DVB influenc t he

ext efECIYFIOU 57t vg CQIRRF 1§54t B3t 4nkeg PRI YIRRT 4Q B QY ?4%@}%&%?%%11%?18 el
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the resin mcrostructure, an electrolytic species, as sulfuric acid in
an acisell rmnmltmsammﬁamﬂ dnovmg(tbﬂd ghr@nitograpiyamppaatus.s ”élief ent exadlsyorprevent ed

from nt e us res ver. €, honi o acc ari s, are free
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within the resin's mcroporous structure. In applying the disclosed process

to efnfisbic.dniresci/id. Sepapagsaerhasied. lagr retonehéongenhan dhg éﬂua@e@ld moveteleati d
fq:(:hang:%l S(guem ghgl r%SI T eulso%dex% urglotrjlerean I itlscoh dr Oﬁ'le ac1 (r)rngmal‘(s)n% mpgpsed to
e Squ)l I um rgm I’l& er el’}lore 1 ON ange 8 occur 1n e syst em

Specitlfléﬁasim(@éﬁéh@ﬁg@flth@sjje&fe)p@d)dé&j on re5| ns that can be used with the
nmet hods descri bed herein include DEAE SEPHADEX, QAE SEPHADEX, DEAE

SEPHARCSE, DEAETRI SACRYL PLUS, DEAE SEPHACEL, [@E CELLULOSE, EXPRESS-| ON
EXCHANGER ¢3! © o AY TR DMOSENPIPE Sieiian 195iosse QPP ORRESE Y SO SERPRESS

I ON %ﬁ%‘r’pﬂﬂqﬁﬁ’t Re WRICRnBAGaBUALE AR Rl QMg iRl #lhd 8@th@°él@8fo§rtle Oa.'ﬁd St
Louis, Mb., BI ORAD AG 1X2, BIPORAD AG 1XI, BIORAD AG 1X4,

BI C]?Alﬁbr@t@rellﬂ&,re Bl IORAD AGn&t)@z@ha@eCd?AﬁlsAGnm asﬁcﬁ]%@loh@xzx&oanm@es
gy e ARy RS T P Mgt 1
weakly basic resin (e.g., a resin bearing tertiary amine groups); for instance, in one aspect, the
ion exclusion resin does not include a “mixed bed.” In a further aspect, the ion exclusion resin
can comprise a sulfonated polymer, for example, a sulfonated polystyrene with divinylbenzene
(DVB) cross-linking which imparts physical stability to the resin polymer. The sulfonic acid

30  functionality of the resin particles causes swelling in aqueous media. The resulting microporous



20 | RA-400C, AMBERLI TE | RP-67, AMBERLITE | RP-67M AMBERLI TE | RA- 410,

AMBERLI TE | RA-910, DOWNEX 1X2, DONEX 1X4, DOVNEX 21K, DOWNEX MSA-1, DONEX 1X8,
DONEX SBRyOR@AEX18bE, DONEX MSA- 2, DOVNEX SAR, DOVEX 2X4, PDD@ISROE/0ES44 1,

DUCLI TE A 101 D, 1 ONAC A-540, | ONAC A-544, 1 ONAC A-548, | ONAC A-546, |1 ONAC
A-550, 1 ONAC A-5, |1 ONAC A-580, I ONAC A-590, |1 ONAC 25 A0000, QAE SEPHADEX

A- 25, QAE SEPHADEX A-50, DIAION TYPE | and DIAION TYPE Il strong base anion

exchaege psacticit rcan gbsab evaadti ol mntdnan gauteesiThs degek wd en AMBERLIrd&HRRAGY
Bl ORAD AG- 1X10Q0, BI D AG 1X8 and DONEX 1X8. Anot her exanﬁlge is AVMBERLI TE
| RP- 67K DY&} indlysngest e o Septiog a9 Rrevenlootal disselpfion ob rﬁﬂr@és §fNani on
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by- products in one sinultaneous operation from saccharide m xtures wthin
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L-glucose. 10l n general, any ions can be separated from sacchari des using
tthe @ppescddethese Drgads esfarpenopp ssdhungewaeld qcpwi indee ©sicEhy particul ar
type of ion. However, in some aspects, the ions can be ionic inpurities

resul ting g,tam: %%ﬂ %§8Pﬁ’>hlc aﬁ;)éi%hf}gsﬁhssth &gﬁ%e Mth'tﬂém%%%d%@gslcflg& I n

vari ous as ect s, rganlc and organi c aclds an ases arged organic
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monosaccharide synthesis. In other aspects, as discussed above,
Kacc MR%SWQNUEXCM GERsQowbichrarermveilabiea fioonSignsus hirigh (éfupcbratl@l,o‘?rt

phosphat e Ly 1 ' [ i Sgl cess
an Dottt BRORRHT e oy BloRAT AT A PR A1 Ko ARG P12 50
pr es@IDRAD 3A SACH) amolemm XGUre1 oM BIORA Dt Re-mreedB fORAMUAG-PKE, BUORAIDCat i on
procedures, or even nultiple chr omat og a% asses. In one enbodi nent, the
i ni ticdP-2M 10 BIGRAASY, aAwJﬁ?lﬂeItTﬁvl%%@ Mff RIGE B8 @@MB@@LIEEOA 800,
1000, 29%913 | ingi mﬁ t ex ﬁ% Htgﬂ?
procezs63 asE%ﬂ%lééﬁﬁQAtzilo\?i ﬁ?@%%éﬁ?gboi\{ bﬁtq ess t a ouﬁﬁ‘é;‘(t)
1ess IRAA40D0EH O KMBBR LITES sIRthm ANMBER2FOE IIR$’S67tM,anAMRlElRLHQD Ik &84 0f han
about 150, | ess than about 100, 25| ess than about 50, or |ess than about 10
pSi efEUSERRITE TRA-910,” DOWEX" 1X2, DOWEX 1X4, DOWEX 21K, DOWEX MSA-1,
DOWEX 1X8, DOWEX SBR, DOWEX 11, DOWEX MSA-2, DOWEX SAR, DOWEX 2X4,
DUOLITE ES-11, DUOLITE A 101 D, IONAC A-540, IONAC A-544, IONAC A-548,
IONAC A-546, IONAC A-550, IONAC A-5, IONAC A-580, IONAC A-590, IONAC
25 AOOOO, QAE SEPHADEX A-25, QAE SEPHADEX A-50, DIAION TYPE I and DIAION
TYPE 1I strong base anion exchangers. Strong base anion exchange resins include
AMBERLITEIRP-67, BIORAD AG-1X10, BIORAD AG-1X8 and DOWEX 1X8. Another
example is AMBERLITE IRP-67M. Yet another example is Purolite A600. Specific examples

of anion exchange or exclusion silica-based chromatographic materials that may be used

30 include Absorbosphere SAX, Baker Quaternary Amine, Bakerbond Quaternary Amine,

10



In a non-limting exenplary aspect of the disclosed process, a mxture
conpri sing Lmannose and L-glucose can be subjected to sinulated noving bed
chr omat ogwepbhy/assadi scl osed herein. Initially, the m xtRCe/USMMPOFREs

L- mannose and L-glucose and the following ionic inpurities: b.
(3S,4S,59)-2, 3,4, 5, 6-pent ahydr oxyhexan-1-am nium, c. CH3NH3+

(et hanam niun) d. Na+ (sodium, 5e.NH4+ (ammoniun); and f.SO42- (sulfate).
Al ofucldosil ISBniPartisiTBWX tregel-E5K DHABBSW , @baned T SKaDEBE -3 Wakaitedséb@ t he
m xture in one continuous_operation, thereby |eaving an isol ated aqueous

f r act¥oh BPelcosibnnddel Wigel-%g 1208 4903 0%%8ssi ng | ow conductivity (<200

pSi enens/cn). 10In certain aspects, the extract stream obtained by the
di scl@saf - RIovesses can have a conductivity of |ess than about 1000
pSi emens/cm I n other aspects, the extract stream obtained by the process

has a Con%blcﬁfs&!lsgﬁd %BoJe?%ﬁe g%gﬁs?&)?iéﬁceiég’ dh&3S1 P affiahe! tseﬁg%tin%%ﬁl than

about 300, |ess than about , e t han about 200, |less t about 150,
|%ess indrgmiabodt od@bic lemss bykmodedout &R, siorultarssist drzmataino (ol Ga@Bamdens/ cm
In still another aspect, the extract, 15st.ream.obt ai ned by the process has a
cond BT YIBR rPOR Al TUERedaote DO oRBee 28 e $00.
fromm@Rews caibcdaid iRudr 1008onQhcdhafiRabRUN1PECte crbaple, ¢GnHsePRRSdLcM

In one preferred enbodi nent L-nmannose is renoved or substantially renoved
f r omnpieirer contpis ghe eor SV dhiomasasgharpley: | $n pedfharespecific example, the

monosaccharide mixture contains L-mannose and L-glucose.

10 In general, any ions can be separated from saccharides using the disclosed process and
thus the process is not limited to any particular type of ion. However, in some aspects, the ions
can be ionic impurities resulting from monosaccharide synthesis. Such impurities can include,
in various aspects, inorganic and organic acids and bases, and charged organic molecules. The
exact nature of the ionic impurities will of course vary depending on the particular saccharide

15 production process. Thus, the disclosed process can be applied to a variety of monosaccharide
process streams that contain ions, which can be ionic impurities resulting from a
monosaccharide synthesis. In other aspects, as discussed above, the saccharide mixture
contains one or more dianions, such as sulfate or phosphate. In general, it will be appreciated
that the disclosed process can be used to separate out all or substantially all ionic impurities

20  present in a saccharide mixture without the need for multiple purification procedures, or even
multiple chromatography passes. In one embodiment, the initial mixture has a conductivity of
more than about 200, 400, 600, 800, 1000, 2000, or 4000 uSiemans/cm and the extract stream
obtained by the process has a conductivity of less than about 750, less than about 500, less than
about 300, less than about 250, less than about 200, less than about 150, less than about 100,

25 less than about 50, or less than about 10 pSiemens/cm.

In a non-limiting exemplary aspect of the disclosed process, a mixture comprising L-
mannose and L-glucose can be subjected to simulated moving bed chromatography as disclosed
herein. Initially, the mixture comprises L-mannose and L-glucose and the following ionic

impurities:
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VWhile the ion exclusion resin within the SMB unit is continuously contacted
wth the mxture and eluted with water, a continuous stream containing the
dei oni zedwounogdcsdhar i des i s produced al ong with a secomrdTAaiSe@ansRent ai ni ng
the ionic by-products. EXAMPLES 5The foll owi ng exanples are put forth so as
to provide those of ordinary skill in the art with a conpl ete disclosure
and description of how the conpounds, conpositions, articles, devices
and/ or met hods cl ai med herein are nade and eval uated, and are intended to
be purely exenplary of the invention and are not intended to limt the
scope of what the inventors regard as their invention. Efforts have been
made to ensure accuracy with respect to nunbers (e.g., 10 anounts,
tenperature, etc.), but sone errors and deviations should be accounted for.
Unl ess indicated otherwi se, parts are parts by weight, tenperature is
expressed in degrees C or is at anbient tenperature, and pressure is at or
near atnospheric. Exanple A solution of L-gluco- and L-mannocyanohydrins in
325 L of Water was prepared by 15 reacting 76 kg of L-arabinose with 50 kg
sodi um cyani de whi ch had been al nost conpletely neutralized by sulfuric
acid, as described in US Patel 4, 58247, which is incorporated by
reference herein inits entirgty for §ts teachings of L-glucose synthesis.
The resulting m xture cya drin ed in the presence of
addi ti onal sul furigp-acid ng hydr’ogen d 5% pal | adi um on carbon, and the
resulting internmediate gl ugo and am no gl ycosi des were 20 hydrolyzed by
adjusting the solution to ®H 4 - % as described in US Patent 4,970, 302,
which is incorporated by referenc Hherein inits entirety for its teachings
of L-glycgfe SYkhesiss.o ¥4 § 8lnchBADYRkyRkat NEYALPIENat i on catal yst by
filtratior; the resulting 71%)kg aqueous solution was estimated to contain
about 30 kg of L-glucose, about 55.7 kg of L-nmannose, about 95.3 kg
equi val ent of <di SWEthaRAMIGmY apout 33.4 kg equival ent of anmoni um
sul fate. Also present 25 were about 0.3 kg of L-mannonate ion, about 0.2
kg of L-glducond¥e Guknkach in nmixed sodi um and amoni um forns), about 2.9
Eg of the prin%é%aanine by- product derived fromthe over-reduction of

nnosyl aft ne, (pBenivilsandy of the prinmary anine by-product derived
fromthe over-reduyction of glucosylam ne. In order to reverse
t he propodti on S8 I(syfaose and L- mannose present, the above 30 solution

was diluted with an additional 950 kg of deionized water, treated with 2.3
kg of 13 All of the ionic impurities, a-f, listed above, can be separated from the mixture in one

continuous operation, thereby leaving an isolated aqueous fraction of L-mannose and L-glucose

possessing low conductivity (<200 uSiemens/cm).

10 In certain aspects, the extract stream obtained by the disclosed processes can have a
conductivity of less than about 1000 pSiemens/cm. In other aspects, the extract stream
obtained by the process has a conductivity of less than about 750, less than about 500, less than
about 300, less than about 250, less than about 200, less than about 150, less than about 100,
less than about 50, or less than about 10 pSiemens/cm. In still another aspect, the extract

15 stream obtained by the process has a conductivity of from about 1 to about 1000, from about 25

to about 800, from about 75 to about 600, or from about 100 to about 400 pSiemens/cm.

In one preferred embodiment L-mannose is removed or substantially removed from the

mixture after SMB chromatography is performed.
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amoni um hept anol ybdate, and then heated at 90C for al nost 10 hours until a
rati o of 68:32 of L-glucose to L-nannose was reached as determ ned by HPLC
The resulwongligoissi on was treated with activated car borCrascadwse4€ol or,
and filtered to provide 1,668 kg of feed solution for the ensuing

dei oni zation purification step. 5The feed solution was mai ntai ned at 75C
and was passed at a rate of 0.4 L per mnute through a sinmul ated novi ng- bed
chr omat ogrwihily ttepiparcatlusioh awim@vithin el SVMBSynieRcdoniigenisiycadntactcl with yagpacked
with 4 L of Dowex 99 (Sodium form ion exchange resin and nai nt%in,ed at
65C. MipBIeaabelyiedtwitdiatki % entipap ey Srepiscontapngdhgdeipnigef mongsgecharideyy was

pasnggﬂﬁgf\&df[a%gsdvﬂﬁ‘%Qéc%ﬂdgﬁ&in'i'gérﬁﬁﬂir%%ﬁé BMi@ty-prongl of 1.9 L per minute.

Upon ¢ etion 10 of the romat ogr aphi ¢ sepdration, 4,452 kg of extract
was obtai ned conprising only the purified nonosaccharides in water as
determ ned by NVMR and conducti viEXAMBEEGSenents (<200 i uSi enens/cm. The
raffinate (16,288 kg) was confirmed to contain both the inorganic and
dr gani c i diiedoilorpungiexhmpleasradpdteorth necls iy poontubosevelt grdead, MRin the art

measur.enent s. her ~advant ages whi ch .are obvi ous and which.are inherent to
Cho. PHIBALIOGHITF 1 ob B G eg PP Ip Q56 R FUUPPIEHESHP . G Spe
undergetRedatdi@t me@biALIRINRIBRAEIR ArARE dS Uikt ERIIRItERLhANRR Aichded td1bé binkly, and
may be errgl oyed without reference to other features and sub-conbi nat’i ons.

Thi s exkemplant elntbt atvedtipy athareinot witendicd ta haitgbe pewpefol whet dicanyantorSiegerd many

possi bl.e .enbadi nen may. be made of the invention.w thout. depart.i from
P oo eyt TREMA "o Yo tooqlR Hndr Sk RIS Pt L IRE PR B F O,

W shawanisNtenliRrAGCOBRANMINGnd @vdrh@ad idsvid@ée deuldbeidbeited f& Unless
illustrative and not in a limting sense. CLAIMS Wiat is clained . is: 1.A
met hdediggted aharase. iyrtanrs BHichbY misightt Ymppighira iervewed Hadegeescofrds At ng

proc . 9@;@ { SLOG:.. Q. i ion exclusion resin within a
Si nu%gfbée}tt?m i n%tﬁ%g%{d F%%&ﬁ%&?gﬁﬁéﬁgﬁﬁ%&% t he nonosacchari de-cont ai ni ng

process stream and
Example

A solution of L-gluco- and L-mannocyanohydrins in 325 L of water was prepared by

15 reacting 76 kg of L-arabinose with 50 kg sodium cyanide which had been almost completely
neutralized by sulfuric acid, as described in US Patent 4,581,447, which is incorporated by
reference herein in its entirety for its teachings of L-glucose synthesis. The resulting mixture of
cyanohydrins was reduced in the presence of additional sulfuric acid using hydrogen and 5%
palladium on carbon, and the resulting intermediate gluco and amino glycosides were

20  hydrolyzed by adjusting the solution to pH 4 - 5 as described in US Patent 4,970,302, which is
incorporated by reference herein in its entirety for its teachings of L-glucose synthesis. After
removal of the hydrogenation catalyst by filtration, the resulting 717 kg aqueous solution was
estimated to contain about 30 kg of L-glucose, about 55.7 kg of L-mannose, about 95.3 kg
equivalent of sodium sulfate, and about 33.4 kg equivalent of ammonium sulfate. Also present

25  were about 0.3 kg of L-mannonate ion, about 0.2 kg of L-gluconate ion (each in mixed sodium
and ammonium forms), about 2.9 kg of the primary amine by-product derived from the over-
reduction of mannosylamine, and about 1.6 kg of the primary amine by-product derived from

the over-reduction of glucosylamine.

In order to reverse the proportion of L-glucose and L-mannose present, the above
30  solution was diluted with an additional 950 kg of deionized water, treated with 2.3 kg of
13



b. eluting the ion exclusion resin with water to produce an extract stream
t hat conpri ses nonosaccharides and a raffinate streamthat conprises the

i oni c i npaoi2b/o7i8er eby separating the ionic inpurity fPomuSke /059244
nonosacchari de-cont ai ni ng process stream 2.A nethod of separating an ionic
impurity froma saccharide-containing process stream conprising: a.
provi di ng the saccharide containing process stream wherein the process

st r eafnhéHitm&lepRAYHdSRS athch GEgad bcoGHCat @ltiosb 10 Gomisaatil HgatRiofl 63132
exclusion resin within a sinulated noving bed chromatography unit with the
saccivardi-gecessrie di-mangpsprioisasachsd pe datcraingd dy Pl Adetrpaltingnsadidianugpon

resi ’%re\é‘leg%ﬁ{‘a %H%H%%b%h‘i? ?éd th <Bif 9%ﬁeﬁ1f'e?ec?€6t r%ﬂde %téﬁﬁ%&hﬁ% d 8&{9@6 Ses

sacchari des an

sepaﬁbﬂﬂmgnﬁﬁﬁgd@mm&mnmnmnfbwmﬁr@mathe saccharrde cont ai ni ng process
stream 3. The nethod of clainrl or 2, wherein the method is continuous.
4. The nmethod of claim1l or 2, further conpri si ng |solat|n t he extract

st eam t hat h@éﬁ%ﬁ%@@ﬂtw rﬁ@ﬁt@é@é@ﬁé{?l%@%d yis B%“é%‘h%qu @ssof B.Athgeiimiéd of
cl ai f{ru%u £ 5i Hfatte{ﬁ -Béé'&lgoﬂl%gﬁghyg Qf’atﬁ Hal 738t §5 SE&%W &ty

conprrse wat er 'so | organi c an rgani c sa ts of sodium and ‘anmoni um
identically slurry- packed With 4 L of Dowex 99 (Sodium form) ion exchange resin and

maintained at 65°C. The desorbant (deionized water) was also maintained at 75°C , and was
passed into the simulated moving-bed system at a rate of 1.9 L per minute. Upon completion
10 of the chromatographic separation, 4,452 kg of extract was obtained comprising only the
purified monosaccharides in water as determined by NMR and conductivity measurements
(<200 pSiemens/cm). The raffinate (16,288 kg) was confirmed to contain both the inorganic

and organic ionic impurities as determined by conductivity and NMR measurements.

Other advantages which are obvious and which are inherent to the invention will be

15 evident to one skilled in the art. It will be understood that certain features and sub-
combinations are of utility and may be employed without reference to other features and sub-
combinations. This is contemplated by and is within the scope of the claims. Since many
possible embodiments may be made of the invention without departing from the scope thereof,

it is to be understood that all matter herein set forth or shown in the accompanying drawings is

20 to be interpreted as illustrative and not in a limiting sense.
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15 WD 2011/ 071890PCT/ US2010/ 059244 6. The method of claim5, wherein the
wat er sol uble inorganic salts of sodium and anmoni um conpri se sodi um
sul f at e awd 2ammoms9om sul fate. 7. The nmethod of clai m 5, pamarsesn/os4ze4 wat er
sol ubl e organic salts of sodium and ammoni um conpri se sodi um al donate and
ammoni um al donates. 8. The nmethod of claiml1l or 2, wherein the
nonosacchari de or saccharide containing process stream conprises an

L- nonosaccharide. 9. The nmethod of claim8, wherein the L-nonosaccharide
cont ai ni ng process stream conpri se€dAlM®Ennose and L-glucose. 10. The net hod
of claim1l1l or 2, wherein the ion exclusion resin is a cationic exclusion
resi NVhatlis climcoded:hod of claiml1 or 2, wherein the ion exclusion resin is
an anionic exclusion resin. 12. The nethod of claim1 or 2, wherein the ion
excl usi on A eRthodedREFar &R ad 16Mi0 SBplriityketh a snbeiraheillcpohiaiffig podessThe

met hod of claim1 or. 2, wherein the ion exclusion resin conprises a

cross- | i nREERMsGHBI¥Eed pol ymer is in its sodiumsalt form 14. The nethod
of claim1l or 2, wherein the aqueous eluent is water. 15. The nethod of

claiml ory 2, \WehEid: 4den TN HARSWIRh CMRaiciGnAGEE BG @ T egenerant to

the ion exclusion resin.
chromatography unit with the monosaccharide-containing process stream; and

b. eluting the ion exclusion resin with water to produce an extract stream that
comprises monosaccharides and a raffinate stream that comprises the ionic
impurity,

thereby separating the ionic impurity from the monosaccharide-containing process

stream.

2. A method of separating an ionic impurity from a saccharide-containing process stream,

comprising:

a. providing the saccharide containing process stream, wherein the process stream

further comprises an inorganic dianion;

b. contacting an ion exclusion resin within a simulated moving bed

chromatography unit with the saccharide-containing process stream; and

c. eluting the ion exclusion resin with an aqueous eluent to produce an extract
stream that comprises saccharides and a raffinate stream comprises the ionic
impurity,

thereby separating the ionic impurity from the saccharide-containing process stream.
3. The method of claim 1 or 2, wherein the method is continuous.

4. The method of claim 1 or 2, further comprising isolating the extract steam that

comprises the monosaccharides or saccharides.

5. The method of claim 1 or 2, further comprising isolating the raffinate stream that

comprises water soluble inorganic and organic salts of sodium and ammonium.
15



16. The method of claim1l or 2, wherein the ionic inpurity conprises both
an organic and inorganic inpurity. 17. The nethod of claim 2, wherein the
di ani on iwoaosul7ibe or phosphate ion. 18. The net hod ofCtlum2omohswng 2,
wherein the extract stream has a conductivity of |ess than about 1000

Cei nens/cm WD 2011/ 071890PCT/ US2010/ 059244 19. The nmet hod of claim1 or 2,
wherein the extract stream has a conductivity of |ess than about 200

p. Seisrens/ThemeBodroftadaitn 5)ucheseimeichogiciodohstep Aroatanivgsaltebf @dingn andl ani oni ¢
inmpurities froma L- nonosaccharide containing process stream conprising:
a. cont actPHPHIE SOMBHAT Bl1ym suléste prsrBmopst Hia i t s sodi umsalt form and
within a sinmulated noving bed chromat ography unit with the L-nonosacchari de
cont g ni NG HRHAGR&Bo LIRS IRRGD bhe WAHT doMEb1E Q&ahi@@al%&f* daiBaf@sin with
water to produce an extract streamthat conprises the L-nonosaccharide and
a raf fi natamsemearromipsise swimpn iaklegate had ganiconing aldedatani oni ¢ i npuriti es,

t hereby separating the cationic and anionic inpurities fromthe

L- nonosacchari ont ai. nj ng, pr.ocess, stream ,21.L-gl ucose having a purity of
o Bt IR Rl A L0 B GESE IO iR Reahlo iR e SN e

process stream comprises an L-monosaccharide.

9. The method of claim 8, wherein the L-monosaccharide containing process stream

comprises L-mannose and L-glucose.

10, The method of claim 1 or 2, wherein the ion exclusion resin is a cationic exclusion
resin.

11. The method of claim 1 or 2, wherein the ion exclusion resin is an anionic exclusion
resin.

12.  The method of claim 1 or 2, wherein the ion exclusion resin comprises a cross-linked,
sulfonated polymer.

13.  The method of claim 1 or 2, wherein the ion exclusion resin comprises a cross-linked,

sulfonated polymer is in its sodium salt form.
14, The method of claim 1 or 2, wherein the aqueous eluent is water.

15.  The method of claim 1 or 2, wherein the method does not comprise adding a regenerant

to the ion exclusion resin.

16.  The method of claim 1 or 2, wherein the ionic impurity comprises both an organic and

inorganic impurity.
17. The method of claim 2, wherein the dianion is a sulfate or phosphate ion.

18.  The method of claim 1 or 2, wherein the extract stream has a conductivity of less than

about 1000 pSeimens/cm.

16



free of the followng ionic inmpurities: a. W) 2011/071890PCT/ US2010/ 059244
22. The L-glucose of claim2l, wherein the L-glucose has a purity of at

| east 99.W&200A718Phe L- gl ucose of claim 21 or 22, whereiPaTiuseolbAogh2ucose has
a conductivity of less than about 200 p. Sienens/cm 24. L-glucose having a
purity of at |east 98% wherein the L-glucose is at |east substantially
free of the followng ionic inpurities: a.The nonosodi um salt of 25. The
L- gl uoose Tk nedthdédo2daimwher Biwherdie the @ltaciosieamais a cpudictiyitpbf kbs theast

99.5% 26. The L-glucose of claim24 or 25, wherein the L-glucose has a
conduct i vitPYUAOHSSENENILM about 200 p. Si enens/ cm

20. A continuous method of separating cationic and anionic impurities from a L-

monosaccharide containing process stream, comprising:

a. contacting a sulfonated ion exclusion resin in its sodium salt form and within a
simulated moving bed chromatography unit with the L-monosaccharide

containing process stream; and

b. eluting the ion exclusion resin with water to produce an extract stream that
comprises the L-monosaccharide and a raffinate stream that comprises the
cationic and anionic impurities,

thereby separating the cationic and anionic impurities from the L-monosaccharide

containing process stream.

21. L-glucose having a purity of at least 98%, wherein the L-glucose is at least substantially

free of the following ionic impurities:

a.
OH OH
b (35,45,55)-2,3,4,5,6-pentahydroxyhexan-1-aminium
c. CH3NH;™ (methanaminium)
d. Na“ (sodium),
NH;4" (ammonium); and
f. SO4* (sulfate).

17



27. A pharmaceutical conposition conprising the L-glucose of any of clains
21-26 and a pharnmaceutically acceptable carrier or diluent. 28. A nethod
for col orwo 2011am®png conpri sing adm ni stering to a subjpettusanopsfecti ve
amount of the L-glucose of any of clainms 21-26.

22.  The L-glucose of claim 21, wherein the L-glucose has a purity of at least 99.5%.

23.  The L-glucose of claim 21 or 22, wherein the L-glucose has a conductivity of less than

about 200 uSiemens/cm.

24, L-glucose having a purity of at least 98%, wherein the L-glucose is at least substantially

free of the following ionic impurities:

a. The monosodium salt of
OH OH

OH OH
b. (35,45,55)-2,3,4,5,6-pentahydroxyhexan-1-aminium ’
c. CH3NH;™ (methanaminium)
d. Na,SO4
(NH4)2S0O4; and
f. HMosO™.

25.  The L-glucose of claim 24, wherein the L-glucose has a purity of at least 99.5%.

26.  The L-glucose of claim 24 or 25, wherein the L-glucose has a conductivity of less than

about 200 uSiemens/cm.

27. A pharmaceutical composition comprising the L-glucose of any of claims 21-26 and a

pharmaceutically acceptable carrier or diluent.

28. A method for colonic cleansing comprising administering to a subject an effective

amount of the L-glucose of any of claims 21-26.
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