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Process for selective oxidation of primary alcohols *166166* The invention
relates to the selective oxidation of primary alcohols, using an oxidising
agent in the presence of a catalytic amount of a di-tertiary-alkyl nitroxyl
5 compound, especially 2,2,6,6-tetrarnethylpiperidin-1-oxyl (TEMPO). Such a
process is known from Tetrahedron Lett 34, J 18 I -J J 84 ( i 993}, which
describes the oxidation of monosaccharides wherein the non-primary hydroxyl
groups are partly protected, using sodium hypochlorile, potassium bromide
and TEMPO in a twophase solvent system (diclrloromethane and water) to
produce the corresponding uronic 10 acid. WO 95/07303 describes a process
for oxidising carbohydrates with hypochlorite/TEMPO, using a pI-1 of 9-13
in an aqueous medium. The oxidation of carboxymethyl and Itydroxyethyl
derivatives of starch and cellulose and other starch ethers with TEMPO is
described in WO 9G/38484. These prior art oxidations have the advantage of
being selective, in that oxidation 15 of primary alcohol groups is strongly
favoured over oxidation of secondary alcohol groups. E-lowever, the known
processes use hypochlorite as the actual oxidising agent and thus produce
chloride and some chlorinated hyproducts: for complete oxidation of primary
alcohols to carboxylrc acids, two molar equivalents of hypochlorite are
used and two molar equivalents of chloride are produced. This is serious
drawback as there is an 20 increasing need for low-chlorine or even
chlorine-free oxidation processes. It was found now that the oxidation of
primary alcohol functions can be carried out without using equivalent
amounts of chlorine compounds and with the possibility of using hydrogen
peroxide as the ultimate oxidising agent. The process of the invention is
defined by the characterising features of the appending claims. 25 in the
following description, reference is made to TEMPO only for the sake of
simplicity, but it should be understood that other di-tert-alkyl nitroxyls)
such as 4,4dimethyloxazolidine-N-oxyl (DOXYL))
2,2,5,5-tetramethylpyrrolidine-N-oxyl (PROXYL) and 4-hydroxy-TEMPO and
derivatives thereof and those described in WO 95/07303 can he substituted
for T(:MPO. The catalytic amount of nitroxyl is preferably 30 0.1-2.5% by
weight, based on the primary alcohol or 0.1-?.5 mol/, with respect to the
primary alcohol. The halide present in the process f the invention serves
for regenerating TL!~1t'C) The halide may be chloride hut preferably it is
bromide the halide halide be   5 November 2002 W O 99I57158 PCT/N L99100272
2 added to the reaction mixture as such, but it may also be added as an
equivalent thereof or as molecular halogen. The halide ions are oxidised to
molecular halogen by the peracid, and the molecular halogen regenerates
TEMPO. Thus) both TEMPO and the halide need to be present in a catalytic
amount only. The catalytic amount of halide may be 0.1-40, 5 preferably
from 0.5 to 10 mot%, with respect to the primary alcohol. The perocid may
be any peralkanoic acid such as peracetic acid, perpropionic acid,
perlauric acid etc_, a subslltuted alkanoic acid such as
peroxytrifluoroacetic acid, an optionally substituted aromatic peracid such
as perben~uic acid or m-ehloroperbenzoic acid, or an inorganic peracid such
as persulplluric acid or salts of any of the above 10 peracids, e.g
potassium peroxymonosulphate, commercially available under the name Oxone
~. The peracids may be formed in situ from a precursor such as the
corresponding aldehyde, (carboxylic) acid, acid anhydride, ester or amide,
e.g. tetra-acetylethylcnedramrne, with a suitable halogen-(i-ee oxidising
agent, such as hydrogen peroxide or oxygen, either before the oxidation
reaction or during the oxidation reaction. 15 The process of the invention
results in oxidation of primary alcohols initially to tile corresponding
aldehydes, and eventually to the corresponding carboxylic acids. In
~erreral, the second uxrdaturn step, from aldellyde to carboxylic acid,
proceeds at a faster rate than the f ~rst step, i e. the oxidation from
alcohol to aldchyde. Under usr.ral exPerimenml conditions, the maximum
fractimn of aldchyde functions present wiil be 20 between about 10 and I S%
(based on the number of primary hydroxyls available for oxidation). Tlle
present process is cspeciaily favourable for the selective oxidation of
primary hydroxyl groups in atcohols having a secondary alcohol function in
addition to the primary alcohol, such as I ,6-octanedtul,
1,9-octadecanediol, sugar alcohols, glycosides, and in particular
carbohydrates having primary alcohol functions such as 



25 glucans {starch. cellulose), filranofructans, galactans,
(galacto)mannans, and the like. A particular group of compounds suitable
for oxidation with the present process are hydroxyalkylated, especially
hydroxyethylated carbohydrates such as hydroxyethyl starch or hydroxyethyl
inulin. These derivatives result in an alternative way for producing
formylmethyl and carboxymethyl carbohydrates. 30 The oxidation of
carbohydrates cons;lining primary hyiroxyl groups results in the
corresponding carbohydrates cont:llnrng aldelwies .lnd/em cm hnxyloe ;kids
with itltaet ring S1`SlCIlIS. l~xamplcs rrlcludc a- I
.4-gltrcan-h-.rlcl.~llycics. f~_2_ 1 _ pr uctan-C~_aldcllydcs and (3_
?.<~-froct.rn-1-alclcllydcs, wish tllC CorTCSp()rl-fit~ cv,im~cvlrc acids.
V'hcrc thc~c procHcts   5 November 2002 PCTIN L99100272 WO 99I57158 3 still
contain the aldehydcs, they are useful intermediates for functional
carbohydrates wherein the aldehyde groups are further reacted with e.g.
amine compounds and the like. They are also useful intermediates for
crosslinked carbohydrates) in which the aldehyde groups arc further reacted
with e.g. diamine reagents. According to one aspect of the present
invention, there is provided a process for oxidising a primary alcohol
using an oxidising agent in the presence of a catalytic amount of a
di-tertiary-alkyl nitroxyl, characterised in that the oxidisrng agent is a
peracid or a precursor thereof, and the oxidation is carried out in the
presence of 0.1-40 mot% of halide, with respect to the primary alcohol_
Cxamptc 1: C~xidalivn of melhj~l a-D-glrccohyranuSidc (A4Gl') One gram of
MGP {5.15 mmol) was dissolved in 60 ml of water at room temperature. To
this solution were added 200 mg Na(3r ( 1.94 mmoi), 20 mg TCMPU (0. I 3
mmol), 10 mg CDTA (for stabilising the oxidising agent) and 2 5 g Nal iC03.
i'eracctic acid ( 1.32 10 mmol/ml) was added at a talc of 200 pl per 10
minutes until an excess amount) calculated on a theoretical basis for I00%
oxidation to 6-carboxylic acid ( I 4.6 mmol), had been added. ~I he pfd was
maintained at 7 by addition of I M NaQI f using a pt I-slat. The reaction
time was 8 hr The degree of oxidation, deterrnrned using the 131urnenkrant~
method with gafacturonrc acid as a reference, was 95%. 1 ligh f erformance
Anion 15 Exchange Chromatography (I tf'APC) 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 November 20Q2 3a Example 2:
<).rrdution ofa-D-gluc~pvrcnrmt~l plm.vhlurte (c,c-Glc-!-l') 1.97 g of
a-Glc-I-P (2K+.C~t 1"Oyf 2-.21 i20) S.S mneol) was dissolved ire GO mi of
water 20 at room temperature. To this solution was added 210 mg Kt3r ( t 76
mmot), 20 mg TEtvt PO (0.13 mmol), I 0 mg EDTA, and 2. S g K t IC03.
Peracctrc acid ( t 0 ml) 1.69 mmol/ml) was added at a rate of 200 Frl per
10 minutes. The pFi was maintained at 8 by addition of 2M KOI i using a p1
I-slat. After 16 h the reaction was complete. The product crystallized from
the mixture after addition of MeOll to obtain a-D 2S gtucopyranuronic acid
I -phosphate (3 K+.Chl IHO,~P'-.SI-tz0, t .90 g) 4.0 mmol) 73%). NMR (S00
Mhz, D20, in ppm): ~i t 8 3,32 (dd. H-4. J3.,, = 9.S FIz, J4.5 = 9.9 I-Iz))
3.3S (m) I-I-2. Jr.i,z = 1.8 Flz, Jr.z = 3.4 I Iz, Jz.3 = 9 5 f-tz), 3.62
(dd, FI-3) Jz.~ = 9 S Fiz, J3a = 9.S fiz)), 3.99 (d) H-5, Jq.S = 9.9 Flz,),
S.30 (dd. li-1, J,rt, = 7.3 I Iz, J,.z = 3.4 I Iz), ~'C S 71.4 (C-2), 7l .~
(C-3,C-4), 72.4 (C-S), 93.0 (C- I )) 17G.6 (C-6). 30   WO 99/S71S8 
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1.94 g of D-glucuronic acid (10 mmol) was dissolved in 50 ml water at room
temperature. To this solution was added 196 mg KBr ( 1.6S mmol), 30 mg
TEMPO (0.20 mmol), t 0 mg EDTA, and 1.0 g KI-C03. Peracetic acid (8 ml,
1.69 mmol/ml) S was added at a rate of 200 girl per 10 minutes. The pl-I
was maintained at 8 by addition of 2M KOII using a pll-scat. After I6 h the
reaction was complete The reaction mixture was acidified with cone. HCI to
pH = 3.4 and the product was crystallized to obtain D-glucaric acid, mono
potassium salt (Kf .Cr,l IyOR.I 1z0) 1.55 g, 0.62 mmol, 62%). 10 FT-IR (tn
cm-1 ): 3379 (s), 32G 1 (s), 2940 (m), 1738 (s)) I 4S3 (m), 1407 (m), 138S
(tn), 1342 (m), 12G7 (m(, 121 S (m), 1 108 (s), 10S0 (m)) 8G2 (m), 6S7 (m).
Example 4: Oxidation of.starc~h at pFl S 1 gram of potato starch (6.17
mmol) was gelatinized in 60 ml water at l00C. To this 1 S solution were
added 200 mg NaI3r ( 1.94 mmol), 20 mg, TEM 1'O (0. I 3 mmol), I 0 mg EDTA
and 2.S g sodium acetate at room temperature. I'eracetic acid { 1.51
mmol/ml) was adcJed at a rate of 200 N1 per 10 minutes until :111 ex(:CSS
a117<)rtllt, c;rle:ulatecf on a ti~ec~reti~a) basis for 100% oxidation to
6-carboxylic acid ( I 3.6 mmol) had been added- ~I~I~c pt 1 was maintained
at S with I.0 M Na011 using a pl 1-slat. 'fhe reaction time was 8 Hours.
The 20 degree of oxidation (Blumenkrantz - polygalacturonic acid) was ?6%
6-carboxyl starch. Example 5: Oxidation of starch crt j~l f 6 1 gram of
potato starch (6.17 mmol) was gelatinized in 60 ml water at 100C. To this
solution were added 200 mg NaBr (1.94 mmol)) 20 mg TEMPO (0 13 mmol), 10 mg
25 EDTA, 1.2S g Nai-1zP04 and 1.2S g Na21 /P04 at room temperature
1'cracetic acid ( 1.30 mmol/mi) was added at a rate of 200 NI per 10
minutes until an excess amount, calculated on a theoretical basis for 100%
oxidation to 6-carboxylic acid ( 13.R mmol), had been added. The ply was
maintained at 6 with I.0 M Na01 I using a pl'-I-slat The reaction time was
8 hours. The degree of oxidation (Biumenkrantz - polygaiacturonic acid) was
40",' ~~ 30 carboxyl starch. rr:mylu fi ~Orclrrtiurr rrf vlm c It al J~ll ~
i ~r;m ~rl~ i~<Uato starch (6.17 minol) w~av ~~~~I W nm~,l ir; <,f) o:,
w:Ucr at 1 ()()"C ~I~o tlrrs   



5 November 2002 WO 99/5T158 PCTlNL99100272 S solution were added 200 mg
NaBr (1.94 mmot). 20 mb '1'EMI'O (0.13 mmol), 10 mg EDTA and 2.5 g NaHC03.
Peracetic acid (l.35 mmollml) was added at a rate of 200 ul per l0 minutes
untrl an excess amount, calculated on a theoretical basis for l00%
oxidation to 6-carboxylic acid ( 18.4 mmol), had been added. The pI 1 was
maintained at 7 S with 1.0 M Na01-I using a pH-slat. The reaction time was
11.5 hr. The degree of oxidation, determined using the Blumenkrantz method
wrth 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- nxidcr~r~rn of search al hH 8 Example 6 was repeated, however
maintaining the reaction pH at 8. ~'he consumption of peracetic acid was
I3.9 mmol. The del;ree of oxidation (BlmncnkranU - polygalacturonic acid)
was 91 % 6-carboxyl starch. 1 ~ Example 8: (~xrdarion of slar-ch at pH 9
Example 6 was repeated, however maintaining the reaction pl 1 at 9. The
consumption of peracetic acid was 1 1 9 mmol. The degree of oxidation
((3lnmenkrairtz - polygalacturonic acid) was 90 '0 6-carboxyl starch. 20
Example 9: ().rrdaliun ufslcrrch at hll l0 Example 6 was repeated (using
2.5 g of Na211i'04 instead of NaI /C03). The consumption of peraeetic acrd
( 1.42 mmol/ml) was l 4.3 rnmol. The degree of oxidation was 37% 6 carboxyl
starch.   5 November 2002 NL 00990027 25-05-2000 .  BO 41746PCT
PCT/I~IL.99I00272 6 EPO - DG ~ ~ 5. 05. 200 claims 46 I A process for
oxidising a primary alcohol using an oxidising agent in the presence of a
catalytic amount of a di-tertiary-alkyl rutroxyl, chcrracterrsed in that
the oxidising agent is S a peracid or a precursor thereof, and the
oxidation is carried out in the presence of 0 1-40 mol% of halide, with
respect to the primary alcohol. 2 A process according to Claim i , wherein
the halide is bromide 



3. A process according to Claim I or 2, wherein the di-tertiary-alkyl
nitroxyl is 2,2,6,6tetramethylpiperidin-I-oxyl (TEMPO). 10 4. A process
according to any one of Claims I-3, wherein a pH of 5-I 1, especially 7-10
is used S A process according to any one of Claims I -4, wherein the
peracid is a peralkanoic acid, especially peracetic acid. 6 A process
according to any one of Claims I -S, wherein the peracid is produced in l5
situ from hydrogen peroxide 7 A process according to any one of Claims I
-6) wherein the primary alcohol is a carbohydrate. 8 A process according to
any one of Claims 1 ~, wherein the primary alcohol is a hydroxyalky(ated
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