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Proces I ve oxidation of primary al cohols *166166* The i nvention
rel ates to.dobde+sel ective oxidation of primary al cohols, usisngicaa®drdizeiong
agent in the nge of a catalytic amount of adi-tertiary-%' yl
5 conpound, é‘%@?ﬂg %1 y 2,2,6,6-tetrarnethyl pi peridi n-1-oxyl ( w’@é% a
process is known from Tetrahedron Lett 34, J; 18 | -J J 84 ( i 993}, which
descri bes the oxidation of nonosaccharides wherein the non-pgi yl
groups are parpdofeRfoF Sdt@ilic dxsdanpnsaf@ritimanygostivloril e, pot aglwﬂmmw g’ "me
and TEMPO i n a twophase sol vent system (diclrl oronmethane and

produce the corresponding uronic 10 acid. WO 95/ 07303 descri bes "3%}focess
for oxidising carbo M LG Re T, U Bm - -

in an aqueous nedi umﬁ#%‘%gg%g%l?%%Q(ggmcgérrl%oxgrret a;ﬁonand It)g/’gfggggl/}]e(?%iy‘?slﬂggan
derivatives ofoxsdiginghagand i6 ahé yresacand oichalytist ancimtedhar di-witiahy-FEYP@itrexyl
described in WO 9G 38484. These prior art_ oxidations e t he advant age of
bei ng sel eét \f@,“_‘ﬁ(’r‘l‘“fi~kf%§?e%%1ilyd%gi(’cﬁilei@m(?’fhyb?'?m?"éﬂ"é’b&a#Mé)@ups is strongly
favoured over oxidat %;\96?1 g r&%gsoﬁqa{&&nafrfhﬂhﬁérrcﬂfeQ;%SLezﬁ'3'49V1"?k’ﬁﬁ ?184 PRYSNONAich
processes use hypochlorite as the actual oxidising agent and thus produce
chl oride and sdwerilgRltior oxidaesh dfyponshacdhandésowhaenmphehen-pxinday hodrogy! groupsaary

al cohol s to carboxylrc %‘%i ds, t | ar equi val ents qf hy(%gchl orite are
used and two rRVAY PEYERIGSI BHigsSshup Hyepslierilsy rolgiyn duarmidenand T EMIEY jig gstwo-
drawback as t [ 2N el &ass 2d,f1Qkatk | i ;
chl orine-f requi;?ig%zka?liv%ﬂ %ggggg({sleg&o%lﬁv@sd‘?‘ounzg ﬂ%ﬁ?ﬁg{d&p %Qg&r%g’? id‘gﬁ ‘g?mc
primary all@ohaddcid.undtO ows/07303 belesartres edh optocedst hfont axsdimgg e quartwdlydrites  with
anounts of chlorine co and with t ossibility of ysing_hydrogen
peroxi de as tH@'pﬁF[P'PHE‘[}Eg@Qﬁi iy 2a n‘B‘hS‘r' e'pPOAEEEC T MEARM: nv N O BIRYPY of
defined by the.chanacignl sld8ydd)dhASdQivalile BPRERG! A8d TeBliidBe a8 diRer A8rch
foll owi ng description, reference 1s made to TEMPO only for the sake of
sinplicity, butthérs watholiENIPYRisulesebetd ooV @ Raf3888%her di -tert-al kyl nitroxyls)
such as 4, 4di met hyl oxazol i di ne- N- oxyl ( DOXYL . . R
2,2, 5.5 Lot ramst hyl py oI AL OBLOTS 'ﬁﬂﬂﬁéﬂ&@vag\ﬂae 2! hyine sxgetivemshaipyidation
derivativgs thar gafhadndidonen 8raips Gk | sty NaVELRE/ 43 Akidaidnh6r SeddmlihdyUhREhol
for T(: MPO The catalytic anbunt of nitroxyl is preferably 30 0.1-2.5% by
wei ght, based @ruphéloyaviearhe knqwmprocesscpuse-lypgcivprife, asihe hctpalspedisingggemeand

primary al cohol . T | .de . Nt | - C e.l nyention se )
for regenerati lrll‘glis 14?8‘1‘%% ' 838?%:‘%% %(H{épn%%qwgreghﬁ%??g‘é&%u{érp%l(g'f'gfrg é:bloéu{arlgli] sof
brom de the haprirderyhidohidds toecarbdxyhNovieidbamwo2Q0Rr V4GV ABhtS 1 HSp&hldrive 289 d§HdZAA
2 added to the reaction m xture such, but it may al so be added as an .
equi val ent t heMSoROoBY cqEvRlEnECef| aﬁowg YgarodueRe: ﬂgﬁi'ﬂéerf"dﬁsd"&‘ﬁ'@“@fxfisd'i@'é’d‘stnﬁ
nmol ecul ar -hal oy i ; t ner at es
B e e e St
amount only. The cat hlwids fouadmuwt thaf thhakiddeomal pbmady dlediy! Bngioat enalbk carricd
from0.5 to 10 not% wth respei:t to the ?rh ry al cohol . 'I;Ce,ge ocid_nﬁy
be any peral kaMBivethout ysivgequiyalepbrRerrts ©f LBiogint seppPEpisomIdcwWiRthe possibility of
perlauric aci t AR 6x A _ ; on i
peroxytrifl uo?%ﬁi%ﬁcga%%ipg?ogﬁeoag? }i]%lrllgmé gﬁ%?tnlqi ﬁ%égg 12?0%2% ?Sé Oigélr‘eag}v "'s"&"cﬁ
as perben~ui ¢ ¢dindd by the diratoparbieatunisef aled appeodingrlaimsr gani ¢ peraci d such

as persul pjluric aci r |ts of any.of the above 10 acids, e
pot assi um“per oxynnnogrhﬁ‘ﬁﬁéﬂgf"m&o _ ?%‘foé‘l’lr VAN fsa'BF“ic Wﬁﬁg%{(ﬂé’"%ﬁ’g ths Stk of
~. The peraci dsmphYitPebdtOf Bguldnbé iuhlerbtodd tAaPH@EN HE R%1- AN N nAfoxyRE such as 4.4-

correspondi ng al dehyde, (carboxylic) acid, acid anhydride, estef or am de,
e.g. tetra-acedigietinhigiazabdinadi-auyl wi t HDOXYL).abl e 2iab Sgemarethglpyurliding itgxyl

aaction or ou e e ol EE R TEARY IRD 4B PERELE ISR B iRt v

results in oxigoTI03 @n B butktidu@ CRNTENPON e alalafyticOarhbh® TAHIfr&BR AR GrdTBrably
al dehydes, and eventually to the correspondi ng carboxylic acids. In

~erreral, he Qéchhd xreiburhpsed ep the pomarl dephgider 0.3-TarolkyMmid wmepag! to the
proceeds at a tate than the f ~rst step, i e. the oxidation from

al cohol to aldﬁﬁégﬁaﬂfﬂgﬁr usr.ral exPerinmenm conditions, the nmaxi num
fracti m of al dchydeThenediidonsicpmesianthe Wpiokeden2ehcbaiverenn alput 49 REEhdrHl
(based on the nunber of primary hydroxyls available for oxidation). Tlle

pr esent procesgﬁhﬁwééﬁ@bB@kam@&¢6uﬂéﬁﬂk~P&YPVW@“@@U&GTPVE“@XiHatbéwkbﬂmvlw
primary hydroxyl groups in atcohols having a secondary al cohol function in
addition to the primary al cohol, such as | ,6-octanedtul,

1, 9- oct adecanedi ol , sugar al cohols, glycosides, and in particul ar

car bohydrates having primary al cohol functions such as



25 gl ucans {starch. cellulose), filranofructans, gal actans,

(gal act o) mannans, and the like. A particular group of conpounds suitable

for oxidation with the present process are hydroxyal kyl ated, espesidbdy 2002
hydr oxyet hyias es7¢sar bohydr at es such as hydroxyet hyl starch orpayoiexgRihyl
inulin. These derivatives result in an alternative way for producing

fornyl net hyl and car boxymet hyl car bohydrat es? 30 The oxidation of

car bohydrates,c i n| r T r n

cor r espondi ﬁad%‘g bBﬁ{/ed’Fé 3 ”b‘gﬁet% ﬁnﬁr’ rP%(Ytlnazg{gggﬁe aﬁ& /gesn%“ce X JAFenf thereof

Wi th itltaetysmhhdlecuRl Kliédeh! Bhe ha‘Dﬂc&m@JnQ%ref 6%idls¥dGo anolécular halogen by the pcracnd
.4-gltrcan-h-.rlcl.~llycics. f~ 2 1 uctan-C~_al dcl | ydcs and (3

2. <~ froct . mnd thainelash djel@gewegnn«tmlecl%é\ﬁ FOsghys. both T EMEROQ japd the hft!ldﬁcﬂee%

V' h hc~ IN 19910027 |1
Soniain thelaPEdtRbCin ¢ RubBYF AR 816, ThHEl 00878, RS SR 8154

car bohyds at gse (ah8lefrAint011al HRbldewllh aspsctas thd pHirhsTaldobart ed with e. g.
anm ne conpounds and the |ike. They are also useful intermediates for

crosslinked car bohlfr peraeiyl may hmiaek rerdkarioie Ayidesugh s sTagetic fagids REFPIPRIARE ed

with e.g. diamne reagen Acc ne a
i nvention, taﬁerHr genlaunprzbc\lltls ?ﬂlé:d aa‘sugslgc{eztgsatll?agrglco%l%Igléalnas ;gergx)llquﬁ %g?ctlic aC}d an

usi ng an OXIdi!)lllShzﬂgf mntummaﬁoh%npr,&smeuaf ad ;ﬁaﬁ@bﬂlz&:caﬁwmchmo@rbemmc
di-tertiary-alkyl nitroxyl, characterised in that the oxidisrng agent is a
peracid or a@cpir € LTS B0 AN @slramdan'emh%péssph&mrlérﬂ% ok ls @ff apyt ofi thet shove
presenc 1- 0 not % of. hal i de ect t r TR,

Q<anpth9 @erac &t iCvn TR Wy Feroxxmﬂno url%}}:ao ycroe'irr‘lrlrj1 ccflcl%(&f&g&) dgggﬁam 0
MGP {5.15 mmoneV@sTiH s&adidethay Be Grnidd iafsitwdi®h agired@sUnNsteREMa cbfréspohding
this solution were added 200 ng Na(3r ( 1.94 nmmi), 20 ng TCMPU (0. | 3
mol ), 10 npldebyde.(flearbexdis| iasidngatie ashydyidg, ngslagem)man& 2e 8. glchNatacetgh3,

i "eracctic Iaelql,)q fodtid2e W"‘mHm&% mga,?ﬂgé?@x%s. n? Qxclx%@%gsrl%gfg '%?5'6%

m nut es unt an excess ampun on a Bretical
oxi dati on t mroxggdholydrefaetid ((\(idialifb.nﬁemmh)o,r dhadglueedxnmldﬁdeacnbnhe pfd was
mai ntai ned at 7 by_addition of M NaQ f_using pt |-slat. The reactijon

time wad’8 hr The B*efgp@é%éfofdk? uatcnbw regele Y ﬂ’f'ﬁ‘éﬂo'hgf RMARe ety Hubd ARt ~
thod with gaf
met hod wi e c@ﬁ%%{]%f Aghithags Jsve%'im)@em WRS. c%ﬁag% rg%.lég gbrbfoxaﬁe‘ REEBNRS

Ani on 15 Exchange t ogr aphy tf" APC) shows egree o
oxi dati on i secgrebtier secdoad U%i%unmelupt frem gpddisictthans liolaglicunn'dl proamdd atndasder

trace of starti er were detecte Nov er Ex le 2:
<).rrdution fafreaq% gﬁ}l?c H‘fi R SRRt &4 e]b‘i iRtiaR &“ ngﬂ:‘ ‘5"5'% ﬁ'g‘gbf"s"a'
a-dc-1-P (ZKpebmbndi’ Qhdidons2Ihd 2hximus MA&QALD omk‘ﬂlbl&.SQLN&an I'I#CSGQ Wi e

water 20 at roomtenperature. To this solution was added 210 Kt 3r S t 76
mmot ), 20 ngPerean alpot (19, 28! §baS¢d onrife FoTber pidpranarg ydcoxyls @galable for

Egr ranC?]L{ gsaCI (ijdan()b Orv\ggs})rr%%?nﬁt aﬂg%?ésa c)sg&%ﬁl)ﬁgadzotulrz%)}j]e %?T %Meﬁgcu%gooxuﬁ'mo e(;pfl

| -slat. Aft Gp’nrﬂfry yldhex yil @ediips an a‘?ﬂﬁloﬁdmhﬁj £ seddiiapl Sldoled] fanotidndinl ztdliﬂd)nf toom
the m xture after addition of MeA |l to obtain a-D 2S &éﬁl;co(i)yranuromc aci d
| - phosphat &h¢ 3pKwagh| algaho].~puch sps  Bf-octanedigl.g)! . Aropladersngdighoguparvricolsds

I:\),/I.1 35 ? ﬁ;) | [&'g&@ﬂe?’i %“‘z‘} é'gfgﬁéélagfj&ﬁ?&zvé?‘%?ﬂa‘f'“igz&"?%‘l.’z'l Ficogpt Bpio 3}5, S%.f‘e%))

(dd, FI23) Jdueans (QaﬁhFicel]ulds’&ai, fnrzﬁwoﬁ—ufcian})ga!&t% ((glz)ladtbﬁmarﬂ\qn:S and9h9 lkkzA) ,
S.30 (dd. li-1, ], f J,.z = | z) C§714 (CG2), 71 .~
(G 3,CG4), 7@?‘&@%‘5 %50”p9‘3 (50(“@0”1“15) )S”’i% éb( (‘?"6‘)‘3“(’90W"h e99703‘?'1‘88“)“55 are

hydroxyalkylated, especially hydroxyethylated carbohydrates such as hydroxyethy! starch
or hydroxyethyl inulin. —These denivatives result 1n an alternative way for producing
formylmethyl and carboxymethy! carbohydrates.

30 The oxidation of carbohydrates containing primary hydioxyl groups results in the
corresponding carbohydrates contauning aldehvdes and/or carboxyhic acids with intact ring
systems. Examples mclude o-1.4-plucan-6-aldchydes, p-2.1-fiuctan-6-aldchydes and -

2.6-fructan-1-aldehydes, with the correspondine casboxvhe acids. Where these products



. 4 Exanple 3: Oxidation of D-gfucuronic acid 5 Novenber 2002 PCT/ NL99/ 00272
1.94 g of D-glucuronic acid (10 mol) was dissolved in 50 Ml water at room
tenperature. To this solution was added 196 ng KBr ( 1.6S mmol),

TEMPO (0.20 mmol ), t 0 ng EDTA, and 1.0 g Ki-C03. Perace?iN¥owRike ]{82@
1.69 mol/m) S was added at a rate of 200 girl per 10 m np¢emLswbeTIpl - |
was mai nWA WEJ!¥t 8 by addition of 2M KOl using a pll-scat. After 16 h the
reaction was conplete The reaction m xture was acidified with cone. HC to
pH = 3.4 and the product was crystallized to obtain D-glucaric aC| , hono
pot assi unyifatdntdiffthe GlddhydgsOmRhdy ﬁmovsefulSGIlfgmedla@Z fﬁmﬁuncww& anhphperaey (tn

cml ): 3379 (s 32G 1 (s), 2940 S 138S
(tn), 134»2he(rq‘rp texqzlé?hxdﬁ(grommafs N‘}c' ‘ia‘i%’gw ") 3 iR ?n’j“f %.é%?& 1@65% (.
Exanpl e Oxi dafd pLFrbssSmlecgmm) drimet, ahowkitB s aliehykiz
mmol ) was }beéfl A4t ns’loze ﬁj‘ 'ﬁ%grhgam\?\gﬁarr at | 00C. Tow{ his 1 S solution were
added 200,/80p Mbamr(erlea%dnmwg domimg, reqEmsl' O (0. | 3 mml), | 0 ng EDTA
and 2.S ¢ SOdI um acetate at roomtenperature. |'eracetic acid { 1.51

mmol /m ) was adcJed at a rate of 200 N1 per 10 m nutes until :111 ex(:CSS
all7<)rtllt, pGorhigeutRtonefl agpeca dfi &E:Cpr@ient-a)xvtramrs frare neopﬁfmdediatl on to
6- carboxylic acid | 3.6. nmol). had ngp added- . =I.~I ~c {)mu}e ese‘gﬂ pt ai ned
at Swith & 0 wregssfer ggdisgsa P}S‘F“aiy algabp! usingpn odizipg 2gen Ra urs.
The 20 degr by BahP@hihe Bkidis ntN@s ?6%
6- car boxygcaggg?%ﬂ%‘gg%gl?%éw@g{t%ﬂ%ﬁmgfa’?ch crt j~I f gfglé%'r am of
potat o st apedicid @r ibrmmbb theeesf, ged dtel midation isrcag®drrut wethe presencecd @ 149 thi s
sol uti on were added 200 NaBr (1.94 I)) 20 mg TEMPO (0 13 nmol ), 10 ngy
25 EDTA, mOQ/SOQhMFr‘TﬂPGAP“&hH’ the E@“@‘Yﬁgng O/ P04 at room tenperature
1'cracetic acid ( 1.30 mmol/m ) was added at a rate of 200 NI per 10

m nutes until an excess anount, calculated on a theoretical basis for 100%
oxidation to 6-carboxylic acid ( 13.R rrm)l) had been added. The ply was

mai nt ai neq, at nga '-1-slat The reaction time was
8 hours. %H‘é"ﬂgb\lime X’Jf’”%’?(?fdﬁf 2Un°‘ PBKL!H%’HW’&‘H#Q (M6l ygal act ur on| c aC| d) was
40" ," ~~ tar I r it I~
i ~f:m ~r l@g\e:\gi‘ixﬂg%%(}lg? é?é%hnm'bff \U%] (Hn% gveaq\ %b ~nil~6~ftu/w{ 5& roPm tempgraﬁrc 110

W Ucr at 1hig y¢ipti@ wereoadded r2§0 mg NaBr (1.94 mmot), 20 mg TEMPO (0.13 mmol), 10 mb
EDTA (for stabilising the oxidising agent) and 25 g NallCOj;. Peracetic acid (1.32

10 mmol/ml) was added at a rate of 200 pl per 10 minutes until an excess amount, calculated

on a theoretical basis for 100% oxidation to 6-carboxylic acid (14.6 mmol), had been

added. The pH was maintained at 7 by addition of | M NaOll using a pti-stat. The

reaction time was 8 hr The degree of oxidation, determined using the Blumenkrantz

method with galacturomc acid as a reference, was 95%. lligh Performance Anion

15 Exchange Chromatography (IIPALEC) shows that the degree of oxidation is greater than

95%. No other peaks than the uronic acid and a trace of starting material were detected.



-5 Novenber 2002 WO 99/5T158 PCTI NL99100272 S sol uti on were added 200 ng
NaBr (1.94 mot). 20 nb "1'EM 'O (0.13 mmol ), 10 ng EDTA and 2.5 g NaHCO03.
Peracetic acid (I.35 molIm) was added at a rate of 200 G°VFEPEDD 260%3ut es
untrl an excess amount, calculated on a theoretical basis for |100%
oxidation to 6-carboxylic acid ( 18.4 mml), had been added. The pl 1 was
mai ntained at 7 Swith 1.0 M NaOl1-1 usi a pH-slat. The reaction tinme was
11.5 hr. The degree of oxidation, determned using the Bl unmenkrantz nethod
wth pol ygal acturonic acid as a reference, was 95% 6-car boxyl starch. The
degree of oxidation, determned with HPAEC was 86% 6-car boxyl starch. 10
Exanpl e 7Ex:§%hﬂcf Do opED iyl S DIATBAR. B . f.ppeat ed, hovever
mai nt ai ni n e reaction pH consunption of peracetic acid was

I 3 9 mmol L. 9Tlgeafd>eﬂcr-éé’ oK o&aldaOpBM(BDrrﬁOrlkmmumq pgosylyat as 6Qmelnefcwatei d)

% 6- car box st ar ario
Examle suizony syt SRe. b Vs oY s gt w0 ook pB i e pnih 2o
Consurmt I PEMETO PG 3GRIOF). 301 AgVEDTA, knd 79 Kikhe,. dragﬁ@@mo&c.emxd%! 0|n69
((3l nnenkrairtz - polygal acturonic acid) was 90 'O 6-carboxyl starch. 20

Exanpl e 9mno}/ml) sab iaddedittsd me eh2Qt phper ll(DmE)Gé?ﬁpﬂé‘eG’N\H@?rlewemw ufsbing

2.5 g of 11i i,n d of Nal 3) opsSUuU pera tig acrd
( 1.42 r’r‘rﬁ’%%z‘m'} O?%ylﬁgﬁg Phof . pl“'hgdé\élrcé ?‘@‘)%I %‘F{‘%‘r‘] W ‘)F cg‘“'boxyl
starch. plodhavenienii203rdh %99.%&%25&&51@6%.1 ofBQlc‘tiﬂ"rﬁP%tam a-D-
PCT/ 1 ~I L. 99| 00272 6 EPO - DG ~ ~ .. 200 c] ains 46 | 4h‘grocess f or

oxi diZi ngg'ac?ﬂ)ifi*m#f?"lélaé%ﬁpheﬁ?'ﬁ‘&% &@'&‘bvpg%'g@nt’ H0re. e mnels 3% of a
catalytlc [y t Vi ryact err ged i t
the oxidis ng agefg/{h ? aff y@c Ik 5%2 %yegﬁ?s{ér t(ﬂgr}e'g‘f}“ g% Hg 513%1531
oxi dat i on(m s}laaﬂﬁ.izedlmtlzj n2t41@ 4|drlﬁsbrjee96fHﬂ) 3- @O(dmI}%Qj“h@bliin W, t-h

respect to the pri mary al coho 5pr ocess accor di n% to da Wner
t he hali d23itd2)b3et ¢bH-3, J4<»99H/:) 30 (dd. H-1, Jpy = 7.3 1z, J,7~34Hz)

71.4 (C-2), 71.5 (C-3,C-4), 72.4 (C-5), 93.0 (C-1), 176.6 (C-6).
30



3 A process according to Caiml or 2, wherein the di-tertiary-al kyl
nitroxyl is 2,2,6,6tetranethyl piperidin-I-oxyl (TEMPO . 10 4. A process

according to any one of dains I-3, wherein a pH of 5-1 15 & 210
is used S AWPBYEL4E8 according to any one of Clains | -4, mﬁ?ﬁgﬁ"t‘iﬁh%&”?

peracid is a peral kanoic acid, especially peracetic acid. 6 A process
according to any one of Claims | -S, wherein'the peracid is produced in |5

situ from hygl{‘p,gﬁm PeHulbn §f D-JNOH9RR @sgording to any one of Cains |
-6) wherein the primary alcohol 1s a carbohydrate. 8 A process according to

any one of d.8#ng df D-glyersin achie(]cﬁ imael) mMas otissolvel an h%mlxwllq(yetatr@dn

s
S‘{\/}bg?{gr ;tU]e 20 ANENEEJ% §|||_|SEsEolu(|01’l was ad(ﬁd% & A( @r (1 ff" mm IY ff) mg TEMPO

U]VJ C?U] ]ca] a]adocﬁ)\%ﬁmalwlgcgme}w &7 e8] g aUlce] cpladikalgalgahca\draleahan) C
al ca] ca] caU] ca] cRa
$' 29" v" #5H#! #@tﬁdﬂcﬂ#ﬂ#@&}moh@@ﬂ MEpera) @ afivatt < allljecedl owad] waintapehbay) & by edildwn] ¢

Sbrosdechencsl 2K (0T FRbE PG ARGE Y T SO PR PR PRl ds] TB5 saytion
?U] i:a] ca] caVinsalfahvaaherl il wahcaXt caltad oall €3 aad ¢sd 9&1@@%@@1;@%]@1@&@@%%
calca

..... 2/ 1111 008m0Paintario 208k mes) 3555606} % HE G d b kdhiQa) £2\4.cdpapowlca
!at]cg!a]cg!a]cg;q gg:} Z\/J cal] ca] ca] ca] caV] ca] ca] ca] ca] caV] ca] cal] ca] ca

66D6. ..y // FTQQQQOZMiﬂ&ii@%%}kﬂﬁ&@?ﬁ.&@ﬁﬁ})wm&ﬂ cab] @al ¢aTcay, a3ks angal

ca]ca]ca]ca caJc

a] ca] ca] ca] chltaimkdRead wk] Cdpday] bb@&:@]’d@@é]’ﬁagﬁ%é{]‘bé@]%ﬂl])ca -cleC's

%4 0%V &' () - 6' ks %40%?& ()-6$10%& ()-"-109& ()-10%& ()-,10% ()-1Y"b

wX6!ys 9%40%VME' ()-6s Y0%& ()-6's %40%& ()-6'ys %d0%vIVE () - 6! ks

%092 ?& () - BESafMOR OYiclbhor of starcBat pMys Y10%WM s@10%\ & ()- 10jj 10j ]

10jj!'ns %40% ) & ()-6!'s %40%e& §%- 6!s %409\ () - 68 )

63} [ <M y$10% &rgm-aixgraopstarciz(¢.y 7 s@mebowas pelanzeeriroof pa vys @eiess To) tis

0s @10V (L5l WePe added 200 mg NaBr (1.94 mmol), 20 mg TEMPO (0.13 mmol), 10 mg
EDTA and 2.5 g sodium acetate at room temperature. Peracetic acid (1.51 mmol/ml) was
added at a rate of 200 pl per 10 nunutes until an excess amount, calculated on a theoretical
basis for 100% oxidation to 6-carboxylic acid (13.6 mmol) had been added. The pH was
mamtatned at 5 with 1.0 M NaOIll using a pll-stat. The reaction ttime was 8 hours. The

20 degree of oxidation (Blumenkrantz - polygalacturonic acid) was 26% 6-carboxyl starch.

Example S: Oxidation of starch at pH 6
I gram of potato starch (6.17 mmol) was gelatinized in 60 ml water at 100°C. To this
solution were added 200 mg NaBr (1.94 mmol), 20 mg TEMPO (0 13 mmol), 10 mg
25 EDTA, 1.25 g NaH,PO4 and 1.25 g Na,HPO, at room temperature Peracetic acid (1.30
mmol/ml) was added at a rate of 200 ul per 10 minutes until an excess amount, calculated
on a theoretical basis for 100% oxidation to 6-carboxylic acid (13.8 mmol), had been
added. The pH was maintained at 6 with 1.0 M NaOll using a pH-stat The reaction time
was 8 hours. The degree of oxidation (Biumenkrantz - polygalacturonic acid) was 40% 6-

30  carboxyl starch.

Example 6 Ovidation of starclvar plf 7

1 eram of potato starch (6.17 nunol) was eebitinized i 60 e water at 100°C To thus
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EDTA and 2.5 g NaHCO;. Peracetic acid (1.35 mmol/ml) was added at a rate of 200 pl

per 10 minutes until an excess amount, calculated on a theoretical basis for 100%

oxidation to 6-carboxylic acid (18.4 mmol), had been added. The pll was maintained at 7

5  with 1.0 M NaOH using a pH-stat. The reaction time was 11.5 hr. The degree of
oxidation, determined using the Blumenkrantz method with polygalacturonic acid as a

reference, was 95% 6-carboxyl starch. The degree of oxidation, determined with HPAEC

was 86% 6-carboxyl starch.

10 Example 7- Oxidation of starch at pH 8
Example 6 was repeated, however maintaining the reaction pH at 8. The consumption of
peracetic acid was 13.9 mmol. The degree of oxidation (Blumcenkrantz - polygalacturonic

acid) was 91 % 6-carboxyl starch.

15 Example 8: Oxidation of starch at pH 9
Example 6 was repeated, however maintaining the reaction pll at 9. The consumption of
peracetic acid was 11 9 mmol. The degree of oxidation (Blumenkrantz - polygalacturonic

acid) was 90 %6 6-carboxyl starch.

20 Example 9: Oxidation of starch at pli 10
Example 6 was repeated (using 2.5 g of Na,11POy instead of Nal1CO3). The consumption
of peracetic actd (1.42 mmol/ml) was 14.3 mmol. The degree of oxidation was 37% 6-

carboxyl starch.
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3. A process according to Claim 1 or 2, wherein the di-tertiary-alkyl nitroxyl 1s 2,2,6,6-

tetramethylpipendin-1-oxyl (TEMPO).

10 4. A process according to any one of Claims 1-3, wherein a pH of 5-11, especially
7-10 1s used
5 A process according to any one of Claims 1-4, wherein the peracid is a peralkanoic

acid, especially peracetic acid.

6 A process according to any one of Claims 1-5, wherein the peracid is produced n

15 situ from hydrogen peroxide

7 A process according to any one of Claims 1-6, wherein the primary alcohol is a

carbohydrate.

8 A process according to any one of Claims 1-6, wherein the prnimary alcohol is a

hydroxyalkylated carbohydrate

20
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