
Carbohydrate Research, 31 (1973) 81-86 
0 Elsevler Sclentlfic Pubhshmg Company, Amsterdam - Prmted m Belgmm 

LSOMERIZATION OF PO-METHYL-D-GLUCURONIC ACID IN 
NEUTRAL, AQUEOUS SOLUTION 

KENNETH LAR~SON AND OLOF SAFJUEISON 

Department of Eagmeertng Chemwtry, Chalmers Unroerslty of Technology, Goteborg (Sceden) 

(Recewed Apnl 16th, 1973, accepted for pubhcatton, May 24th, 1973) 

ABSTRACT 

Aqueous solutions of 4-0-methyl-D-glucuromc acid at pH 7 were heated at 
loo”, and the monocarboxyhc acids formed by lsomerlzatlon were separated by amon- 
exchange chromatography and further ldentlfied by gas-liquid chromatography- 
mass spectrometry After 6 h, the followmg yields of acids were obtamed 3-O- 
methyl-D-Zy,ro-5-hexulosomc (47%), 3-0-methyl-L-rzbo-5-hexuloscmc (12%), 4-0- 
methyl-D-mannuromc (4%), and 3-0-methyl-L-rrbo4hexulosomc (1%) 

INTRODUCTION 

Earher mvestlgatrons showed that D-glucuromc and D-galacturomc acids, 
when heated m a neutral, aqueous solution, gave nse to several hexuromc and hexu- 
losomc aclds1-3. Their formatlon could be explamed by Lobry de Bruyn-Alberda 
van Ekenstem transformatlons4_ Large proportlons of 4-0-methyl-D-glucuromc 
acid moletIes are present m wood hemlcellulose As a rule, hydrolysates, as well as 
acid and neutral spent-liquors obtamed from wood, whch contam tIus uromc acid 
also contam a number of unknown acids; from their chromatographc behavlour 
and color responses, It 1s suspected that these acids are formed by Isomenzation We 
now report on the monocarboxyhc acids formed by lsomeruatlon of 4-O-methyl- 
D-gkcuronlc acid m neutral, aqueous solution 

EXPERIMENTAL 

4-0-Methyl-D-glucuromc acid was prepared from extracted birch powder 
(Befrh uernrcosa) by partml hydrolysis urlth 0 25M sulphunc acid at 100” for 15 h, 
and Isolated as a syrup after anion-exchange chromatography m acetic acid and 
sodium acetates An aqueous solution contammg 1 g of the syrup was neutrahzed 
with M sochm hydroxide and kept at room temperature at pH 8 0 for 5 h with the: 
help of an autotltrator Acetic acid was added to pH 7 0, followed by water to obtam 
a final concentration of 12 mg of uromc acid per ml The solution was then heated 
m round-bottomed flasks under reflux for 4 and 6 h, respectively, the temperature of 
the polyglycol heatmg-bath was 100” In the 6-h expernnent, a stream of mtrogen 
was passed over the solution The pH dropped to -6 m both expervnents 
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Chart reading, mm 
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FJg 1. Separation of Jsomenzation products formed at 100” after 6 h Resin bed 6X 620 mm, 
Dowex-1 X8, 23-27 pm, eluent M acetIc acxd, nommal flow 4 3 cm/mm Chrormc acid ( -1, 
carbazob (- - - ), and penodate-formaldehyde (- - - ) channels. 

After the heatmg penod, sodium hydroxide was added to pH 8 0 and the acids 
were separated on a column (87 x 2 cm) of Dowex-1 X8 resm (25-39 pm) with M 

acetlc aad as elucnt. Fractions were collected as rndlcated m Fig I, which refers to a 
paraIle1 run on an analytical colur~ coupled mth a three-channel analyzer6 In 
ad&bon to the numbered fractions, the overlappmg zone between peaks 4 and 5 
was analyzed separately and found to contam no addltronal compounds The amounts 
of acids present in thus zone were added to those found m fractions 4 and 5 The acids 
contained ILI fractions 2 and 6 were re-chromatographed on a preparative scale m 
0 08~ sodmm acetate (with acetic aad added to pH 5 9) This medium, as well as M 

acetic acid and 0 15~ potassnun tetraborate, was used to determine tie volume 
Qstnbutxon coefficxents of the acids contained m the fractrons Isolated by amon- 
exchange chromatography on Dowex-1 X8 

AII acids Isolated were reduced wxth sodium borohydnde, as described by 
Perry and Hulyalkar’, and the reductron products were studzed by amon-exchange 
chromatography m sodmm acetate and tetraborate, usmg the eluent concentrations 
given above, and also in 0 5M acetrc acid, w&h sves a better separation of aldomc 
acrds than the higher concentration used above The three-channel analyzer was 
used m all expenments to faahtate the Identification 

Both the isomenzation acids and their reduchon products were studied by 
g I c-m s after transformation of their sodmm saits mto fully tnmethylsllylated 
esters’ The s&cone fluid, QF-I, was used as the stahonary phase 
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The &stnbutron coefficrents hsted m Tables I and II refer to the experrment 
carrred out for 6 h The values relahve to glucomc and galacturonic acids (apphed as 
standards) dflered by less than 2% from those obtamed m the 4-h expenment 

TABLE I 

YIELDS AND CHROMATOGRAPHIC DATA OF ACIDS” 

Identzfied aced 

- 

Yield (%) Dxstrlbutron coejicrent (03 

4h 6h HOAc NaOAc K&O, 

Acids produced by 
reductron 

4-O-Methyl-D- 32 22 16 8 7 07 3 26 3-0-Methyl-L-gulomc 
ghlcl3ronlc 

3-O-Methyl-D- 34 47 150 107 11 5 3-0-Methyl-L-gulomc 
Zyxo-5-hexulosomc 3-0-Methyl-D-mannoruc 

4-O-Methyl-D- 35 42 13 0 7 71 5 11 3-0-Methyl-D-mannomc 
mannuromc 

3-O-Methyl-L- 09 10 102 100 110 3-O-Methyl-L-gulomc 
rrbo4hexuIosomc 3-0-Methyl-r-allomc 

3-O-Methyl-L- 56 12 220 9 56 641 3-0-Methyl-L-alIonIc 
nbo-5-hextiosomc 3-O-Metnyl-D-talomc 

3-Deoxy-4- 06 04 11 3 113 3-Deoxy-erythro-pentomc 
pentulosomc 3-Deoxy-three-pentomc 

uPresent after heatmg an aqueous solutlon of 4-0-methyl-D-gh~curomc acid at 100” for 4 and 6 h 

TABLE II 

CHROMATOGRAPHIC DATA= OF REDUCTION PRODUCTS 

Idenrzfkd aczd Dlstrzbutton coefictent (DJ 

HOAc NaOAc K&O, 

3-0-Methyl-L-gulomc 10 9 4 87 554 
3-0-Methyl-D-mannomc 14 5 6 32 7.51 
3-0-Methyl-L-allomc 8 76 6 87 6 81 
3-0-Methyl-D-talomc 495 5 23 6 35 

‘In 0 5~ acetic acid, 0 08~ sodmm acetate (PH 5 9), 0 15~ potassmm tetraborate 

The yields of acrds were determmed by werghmg the isolated, syrupy frachons 
A correctron for rumor rmpuntres was obtamed by planimetratron of the chromato- 
grams The results from the isomerrzahon experiments camed out for 4 and 6 h are 
mcIuded rn Table I. 

SEPARATION AND IDENTIFICATION 

As can be seen in Frg 1, after heahng a neutral soluhon of 4-O-methyl-o- 
glucuromc acid at 100” for 6 h, SIX peaks were recorded on the chromatogram obtained 
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by amon-exchange chromatography m acetzc aczd Peak 5, whzch was recorded only 
m the chrormc aced and carbazole channels, had a position correspondmg to that 
of the startzng matenal The zdentzty was confirmed by g 1 c-m s (all mentzons of 
thzs technique imply analyszs of the trzmethylszlylated esters), and by zdentzficatzon 
of the aczd formed after reductzon with sodzuzn borohydrzde (3-0-methylgzzlonzc aczd, 
Table II) 

The most promznent peak, 4, gave a response zn the perzodate-formaldehyde 
channel also The fozmatzon of formaldehyde, together wzth the strong response 
wzth carbazole, suggested that the solute was a ketoaldonzc aczd G 1 c -m s showed 
the presence of a 3-0-methyl-5-hexulosonzc aced denvatzsed zn the acyclzc and one 
furanozd fez-m As expected, zon-exchange chromatography of the reductzon products 
gave two peaks wzth strong responses zn the chromzc aczd and perzodate-formaldehyde 
channels, typzcal of aldonzc aczds One of the acids exhlblted dzstnbutzon coefficzents 

zdentzcal wzth those of 3-0-methylgulonzc aczd m acetate and acetzc aczd G 1 c -m s 
co-ed zts zdentzty and showed that, as expected, the other reductzon product was a 
3-0-methylhexonzc aczd The results pez-zmt the concluszon that the keto-aczd formed 
by isomerzzatzon was 3-0-methyl-l’xu-5-hexulosonzc aced, and that the other aldonzc 
aczd formed by zts reductzon was 3-0-methylmannonzc aczd. 

The thzrd peak zn Fzg 1 was recorded zn the carbazole channel, but not zn the 
penodate-formaldehyde channel, suggestzng the presence of a uronzc aczd G 1 c -m s 
showed that the aczd was a 4-0-methylhexuronzc aczd; both derzvatzsed pyranozd 
forms were recorded Reduction wzth sodium borohydrzde and Ion-exchange chro- 
matography showed the presence of one aldonzc aczd as the only reductzon product 
Its behavzour dunng ion-exchange chromatography zn acetate and acetzc aczd was 
identzcal wzth that of the 3-0-methylmannonzc aczd obtained from fractzon 4 zn Fzg 1 
The Identity of the aldonzc aczd was co-ed by g 1 c -m s The results show that the 
orzgznal zsomerzzatxon product was 4-0-methylmannuronzc aczd. 

When re-chromatographed zn 0 08~ sodzum acetate, the fzrst peak gave rzse to 
one ma_ror aczd, recorded zn all channels, zndzcatrng a ketoafdonzc aczd In addztzon, 
trace amounts of at least four other aczds were recorded (D, zn sodzurn acetate 
3 03,3 60, 5 42, and 7 60) G 1 c -m s showed that the maJor aczd was a 3-O-methyl- 
Chexulosonzc acid Ion-exchange chromatography of the reductzon products zn 
acetate, as well as zn acetzc aczd, showed that two acrds wzth color responses typzcal 
of aldomc acids were obtamed G I c -m s showed the presence of two 3-O-methyl- 
hexonzc aczds One of these exhzbzted chromatographic data rdentzcal wzth those of 
3-O-methylgulomc aczd Sznce the keto group was located at C-4, zt can be concluded 
that the zsomerzzatzon product was 3-U-methyl-rrbo-4-hexulosonzc acid and that the 
other reductzon product was 3-0-methylallonzc aczd 

Re-chromatography of peak 6 in sodzum acetate revealed that the mazn aczd, 
which was recorded zn all three channels, was contamznated wzth a trace amount of 
another aczd (13, zn sodzum acetate, 11 3) The color responses suggested that the 
mam acid was a hexulosonzc aczd G 1 c -m s showed the presence of a 3-O-methyl- 
5-hexulosonzc aczd (denvatzsed as zts acychc and furanozd forms) Ion-exchange 
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chromatography (m acetate and acetic acrd medra) of its reductron products gave 
responses typlcal of two aldomc acrds The peak posttrons of one of them were the 
same as those of 3-0-methyIaIIomc acrd prepared from fraction I in Fig r , whereas 
the eluhon propertres of the other actd, obtamed after reductron, differed from those 
of the other 3-0-methylaldomc acrds G 1 c -m s confirmed that both acrds were 
3-O-methylhexoruc acrds Thus means that the aad contamed m peak 6 was 3-O- 
methyl-rrba-Shexulosomc actd, and that the other reductton product was 3-0- 
methyltalomc actd. To obtam futher evtdence, the reductton products were separated 
on a preparatrve scale The 3-0-ruethyltalomc actd thus Isolated was demethylatedg 
Ion-exchange chromatography III acetate and acetrc acrd medra showed that the 
only acrd produced by demethylatron was talonic acrd 

The second peak, whrch contamed only mmor amounts of acid, gave three 
peaks when re-chromatographed m acetate Two of these, w&h contained only 
trace amounts, gdvt responses m the chromrc actd and carbazole channels (9, tn 
sodmm acetate, 3 77 and 5 51) The major acrd was recorded m all channels The 
isolated acid was strldted by g 1 c-m s and shown to be a 3-deoxy-4-pentulosomc 
acrd Ion-exchange chromatography (m acetrc acid) of rts reductton products gave 
responses typtcai of two aIdontc actds The D, values were the same as those obtained 
for 3-deoxy-erytlrro-pentomc and 3-deoxy-three-pentomc actds G 1 c -m s confirmed 
the Identity of these actds These results confirmed that the acid, which was a minor 
constttuent, was 3-deoxy-4-pentulosonic actd. The amount was too small for dzternn- 
natton of the absolute configuratton 

DISCUSSION 

The results presented above show that 4-O-methyl-D-glucuromc acid IS SO- 
mertzed readily m neutral, aqueous solutton The maJor products were three hexuloso- 
mc acrds and the C-2-eprmertc uronrc acid. Evrdently, other reactrons, such as the 
formatron of aromatrc compounds’ * or reacttons analogous to sacchanmc acrd 
formation, are less tmportant 

The appearance of the hexzulosomc acrds and the eptmertc uromc acrd IS explained 
by Lobry de Bruyn-Alberda van Ekenstem transformatrons, m which the substrtuents 
at C-l, C-2, and C-3 are involved As m the prevrous studtes of gh~curoruc~ ’ and 
gaIacturomc3 acrds, no lsomenzatron products were found havmg an Inverted 
configuratron at C-4 and C-5 relative to the starttng matenal Lt can therefore be 
concluded that the absolute configuratrons of the acids are those grven m the Tables 
Ltke D-glucuroruc aad, the methylated acrd gave nse to the correspondmg D-Zyxo-5- 
hexulosomc acid as the mam rsomenzatton product Wrth both startmg materials, 
the second most-abundant products were the r.-rz6o-5-hexulosomc acrds The third 
most-abundant products were D-mannuroruc and 4-0-methyl-D-mannuroruc acids, 
respecttvely D-Ahruronrc and D-alluromc acids were obtamed m smaller amounts 
from D-glucuromc acid’, whereas no detectable amounts of the correspondmg 
methylated species were formed from 4-O-methyl-D-glucuronic acid. Lrkewtse, not 
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only was the C-2-eprmenc uromc (taluromc) acid obtained from D-galacturomc acid3, 
but mmor amounts of D-guluromc and D-iduronic acids were also found A possible 
explanatron of the absence of methylated altruronic and alluromc acids IS that HO-4 
IS substrtuted and that, for thts reason, the furanord form cannot be formed 

Very small proportrons of L-rzbo-4-hexulosomc acid were produced from D- 
glucuromc acrd’ and, as can be seen from Table I, a small proportron of the cor- 
respondmg methylated acrd was obtamed m the present work The correspondmg 
5-hexulosomc acrds and the C-2-epimenc uromc acrd were the preponderant acrds 
formed from galacturomc acrd as well, but the formatton of Chexulosonic acrds 
was also estabhshed here The results show that, hke D-glucuronic and D-galac- 
turomc acrds, 4-O-methyl-D-glucuromc acrd rsomenzes very easrly and mves very 
good yrelds of several rsomenc acrds The rsomenzatron occurs more raprdly wrth the 
methylated acrd than wrth the non-methylated specres The results explam the appear- 
ance of the rsomenzatron products m several types of waste water from the wood- 
pulp and wallboard mdustries 
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