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ABSI‘KACT 

Equilibrium constants for the ionisation of several methyl glycofuranosides 

have been determined spectrophotometrically in aqueous alkali metal hydroxides. 

using aromatic nitrogen bases as indicators for the equilibrium concentration of the 

hydroxide ion. The results obtained have been compared to the retention of the 

same compounds on a strong anion-exchange resin. The effects of the glycon con- 

figuration on the acidity of methyl glycofuranosides arc discussed. 

INTRODUCTION 

Carbohydrates and their derivatives are weak polybasic acids. the first acidity 

constants’ of which fall in the range of 10 ‘J-IO-‘2 mol.dm ‘. Although there 

have been several investigations on the ionisation of free sugars’-’ and acyclic 

polyhydric alcohols2.‘,x ’ ’ , the data on the acidity of glycosides are quite limited. 

Michaelis reported’ that the acidity constants of methyl (Y- and p-D-gluco- 

pyranosides are 1.97 and 2.64 x 10 -” mol.dm- ‘, respectively. The longer reten- 

tion time of the p anomer on a strongly basic ion-exchange resin lends further sup- 

port for the suggested order of acidityr2. Examination of the relative reactivities of 

various hydroxyl groups with alkylating agents has revealed HO-2 to be the most 

acidic in glycopyranosides’“- Ih. This is expected because of the proximity of HO-2 

to the electronegative glycosidic and endocyclic oxygen atoms. In methyl P-D- 

glucopyranoside, the dipole moments of these oxygen atoms reinforce each other, 

making HO-2 exceptionally acidic, whereas they are partially cancelled in the (Y 

anomer and ionisation is facilitated to a lesser extent”. 

The only data on the ionisation of carbohydrate derivatives containing five- 

membered rings are the acidity constants reported for the nucleosides 

adenosines.‘7.‘x, guanosine’“, inosine’“. and xanthosine’“. The p-D-ribofuranosyl 

groups of these compounds exhibit pK, values ranging from 12.0 to 12.4 at 298.2 

K. Presumably, HO-2 is the most acidic hydroxyl-group. 

A knowledge of the acidities of the hydroxyl groups in glycosides is of impor- 

tance for several reasons. Firstly, oxyanions can act as intramolecular nucleophilic 

catalysts in numerous reactions of carbohydrate derivatives, particularly in alkaline 
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degradations2”. Secondl) . carbohydrates form reasonably stable complcws with 

wvcral metal ions In nquc~ws solution” . and lonisation of the hqdroxyl groups ma! 

affect the structures and \tabilitw of thrsc wmplews. ThirdI!, haw ion-cschungc 

resins can he utiliscd in prqwrativc wparatlons of glyctGdc\ and rcliit4 corn- 

pound\‘-‘ An understandinp ot thr factors that affect the twwation ot ttw h>drcj\>l 

groups ib essential in dcvclopmg the chromatographic mcthorls. 

The aim of the present study was to cluadatr the relutlonshtps Iwt&ec‘n the 

aciditv and contiguration ot glvcofuranosidcs. Attcntton ha hccn paid to the pos\i- 

hility that interactions with thi cation 01 the alkali metal h~drrwtlc twph)~ed m:iy 

affect the apparent acidity of the compounds mvestlgated 

Muteriuls. - Methyl P-D-lyxofur;lno~ide was prepared according to the 

method of Angyal et ul.“. The preparations of the other methyl glycoturanosidts 

have hecn described” ” Renzimidazole and ~-methylhen~rmld~~7~~1~ ucrc purch- 

ased from Flukn AG. and recry\talhscd from water prior to uw The Inorgamc \&tilt\ 

employed acre ot analytical grad,. 

:ll)p~r urlu.5 and prnt duw - The \pcctrophotometnc mwsurumrnts mcrc 

performed on a Gary l7D 4pectrophotomctet. ‘I’hc tcmpcruturc 01 the ccl1 com- 

partmcnt wa4 adjusted to YX.2 ?O. I K with water cn-culntlntl irom ,I thrrmostatcd 

bath. 

The acidity constant\ of methyl gl~~ofuri~nosld~s wrt Jrtcrmlncd :I\ 1ollc)\h\ 

The U.V. spectra of the indicators benzimidwole and 3-mcth~lhcnrimld~~~~le were _ 
recorded for solution4 containing hnown nmounts of the ;tppropri;itc glycosidc 

(0. I-0 3hl) and aliJi mctill h>droxidc (I). I OI fl.31): the indicator tioncc‘ntratlrw 

employed was 1SlIp~. I’hc equ~hhrium concentration\ of the h~Jrw.~ctc 1or1 bi\t’rc 

ohtaincd hy companng the ;thwrhance\ ut witahlc ~~~vclt’ngth~ xvlth tho\c oh- 

served iit various hydrowk-ion concentrations In the atwncc of the gl~coaie I hc 

wavelengths used Here 275. 22. and 2X.3 nm for hcnzimldit/c)lc. and _‘ii. 3.3. and 

7X5 nm tar ~-rnethvl~cn7irnicl~t/~~l~, The rcwlts cd~t;uncJ al Jltlercnt \\gl~clcngth\ 

were equal. wtthln the hrnlt\ of c\pcnmcntnl error. I’he cqullihrium c‘cw\tant. K. 

for the reaction of the plycosidr with the h!dmhide eon W;L\ c,iiculatcd hy usmp Eq. 

1. where [HO jCq IS the cqulllhrium concentration ot the h\drrwdc NW. and 

[MOHI,,,, and [S],,,, art’ the tc~tal concentrations ot the alhali metal h)Jrowdc and 

glycofurano\lde. respectl\cly. Multiplication ot the cqullihrium const,mt with the 

iomc product of uatcr un&r the q-wrnncnfal c‘ontlltlon\ 1 wld> the acltht\ ccm- 

stants ot the glyco\ide\. 

(1) 

The reliability of the method descrihcd ahovc’ ~3s chcckcd with Iwianmtol. 
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D-ghcitd, and myo-inositol, the acidity constants of which are given in the litera- 

ture. 

The retention of methyl glycofuranosides on a strongly basic ion-exchange 

resin was studied by elution with distilled water through a thermostated column 

(298.2 K; 1 x 35 cm) filled with Dowex l-X2 (HO-) resin (2W-400 mesh). The 

how rate was adjusted to 10 cm”.h-’ with a peristaltic pump. The appearance of 

the glycoside was determined by hydrolysing aliquots (0.5 cm3) of the collected 

fractions (4 cm3) in 0.1M hydrochloric acid and measuring the amount of the re- 

leased reducing-sugar by the method of Sumner2’. 

RESULTS AND DISCUSSION 

Table I records the acidity constants for the isomeric methyl glycofuranosides 

studied, namely, anomeric arabinosides (la,j.S), ribosides (2@), xylosides 

(3@), and lyxosides (4Q). The acidity constants of a few polyhydric alcohols, 

used as reference materials, are also included. The latter values are in a reasonably 

good agreement with those reported’.4s,“. when the differences in temperature 

and ionic strength are taken into account. Accordingly, the spectrophotometric 

procedure employed seems reliable. 

CHZOh 

HO 

la 

CH:OH 

HO tit-1 

2s 

H6 OH 

2P 

CHpOH CH,OH 

3-x 38 4a 4P 

As seen from the data in Table I, the acidity constants measured in aqueous 

lithium, sodium, and potassium hydroxides do not markedly deviate from each 

other; possibly, the acidities observed in potassium hydroxide are slightly lower. 

Complexing of anionic glycosides with various alkali metal ions appears to be too 

weak to cause marked effects on the ionisation equilibria of the hydroxyl groups. 

Alternatively, the interactions with all the cations are of comparable strength. The 

slightly decreased acidities in potassium hydroxide may reflect weaker interaction 

with potassium ion, which has the lowest charge density among the cations consi- 

dered. 



In Fig. 1. the retention of various methyl glycofuranosides on ;I strongly basic 

ion-exchange resin has been compared with the respective acidity constants. The 

linear dependence obtained. although rather rough, lends support to the suggested 

acidity order. 
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The acidities of methyl glycofuranosid~s fall in two groups, with the truns- 

1,Zglycosides (Icr, 2@, 3j?, and 4ar) exhibiting acidity constants 2-4 times greater 
than their cis counterparts. This regularity strongly suggests that the most acidic hy- 

droxyl group in glycofuranosides is HO-Z, as expected on the basis of inductive ef- 

fects. A possible explanation for the acidity difference is that given by Eliel et aL2’. 
The 2-oxyanion is more strongly solvated than the neutral hydroxyl group, and a 

neighboring cis-methoxyl group impedes solvation more efficiently than a tram 
group. Therefore, in each pair, the anomer having the cis-I,2-configuration is the 

weaker acid. 

Another factor that possibly affects the ionisation of glycofuranosides is the 

hydrogen bonding of the ionised HO-2 with the other hydroxyl groups in the 

molecule. Of the trans-1,2-glycosides, the most acidic is the a-lyxoside (4cy), which 

has both HO-3 and HOCH?-4 on the same side of the plane of the glycon ring as 

the ionisable HO-2. In contrast, the P-xyloside (3/3), which has no hydroxyi sub- 

stitucnts in the proximity of HO-2, is the least acidic of the frans-1.2- 

glycofuranosides. The cr-arabinoside (Icu) and /3-riboside (2/3), having one group 

capable of hydrogen bonding with the 2-oxyanion, constitute the intermediary 

group. With cis-1,2-glycofuranosides, the situation is comparable, although the 

differences are of the order of experimental errors. 

Comparison of the data in Table I with those reported in the literature reve- 

als that giycofuranosides are somewhat more acidic than glycopyranosides2, but 

less acidic than nucleosides ‘8*111 The latter ending is expected, because the elec- , 

tron-withdrawing nature of the aromatic base in nucleosides is greater than that of 

the methoxyi group in methyl glycofuranosides. 

In summary, two factors appear to influence the acidity of methyl 

glycofuranosides, namely, the steric orientation of HO-2 with respect to the 

glycosidic oxygen atom, and the possibility of intramolecular hydrogen bonding of 

the 2-oxyanion. Of these two factors, the former seems to be more important. 

ACKNOWLEDGMENTS 

The authors thank Professor S. J. Angyal for his advice during the prepara- 

tion of the manuscript, and the Academy of Finland, Research Council for the Nat- 

ural Sciences, for financial support. 

REFERENCES 

I J. A. RE?IDL.EYAN, JR .Adv. Chem. Ser., 117 (1973) 51-69. 
2 L. Mrcww~.~s. Ber , 46 (1913) 3683-3693. 
3 P. HIRSWAND R. SCHL.AGE,~. Phys. Chenr., Abt. A. 141 (i929) 387-112. 
4 J. THAWEN. Acta Chem. Stand.. 6 (1952) 270-284. 
5 R M. IzA~. J. H. RYTIING, L. D. HANSEN. AND J. J. CHRISTENSEY,~. Am Chem. Sot., 88 (1966) 

2641-2645. 

6 J. J. CHRISTENSEX J. H. Rvrr~w, AND R. M. IZATT,J. Chem. SK, E, (1970) 1646-1648. 
7 CH ~EGANI, Curbohydr. Rex, 18 (1971) 329-332. 



30 ,.\ V F S A I  A.  R K A P P I .  t1 l J ) N N B I : R G  

8 R SOUCH~'f X.Nl) R S( U ~ M  Bull .So( (Turn  Fr ,  (ltJ51~) SIU-S24  

tj j M t , r m  Acta  Chem S t a n d ,  18 ( 19641 I f l43-1053 

1(I P R ~ S A \ D H  Zc)Il lNC,t .R f fe lv  ( 'hint ,Iota, 49 ( lg t -~)  1411~-14117 
11 M \q (  H)~)'~q\l 4nn  ( 'h im fRomc t ,  11981 ~ 2 1 3 - 2 2 2  
12 A N V I ' B t R G F R A N I ) B  i~t~ W i l s O N  ( 'arboh~dr .g¢'s 1711t}7118t)-t~5 

13 1 ( 'R()(IN 5 v e n  Papper~ttdtl . ~3 (19011) 2 4 7 - 2 5 7  

14 R W L k \ z  J A m  ( ' he m  A',,~ , $2(P~611) lS2-1,~¢~ 
15 F- J R(>HFRTS ( ' .  P W xI)}..~,4I, ", p R(JX~I .x'~b. ( 'arboh~dr Re~ . 17 ( l O ' l  ) 3o t ->a ,*  

16 S P R(~x~ ¢ '4b  ( ' H l u l  ( he.1. l e c hn , d  , 14 (llJS[)) 423~43 t~ 

17 R M.  l i a l q  [ . D  ] I A N M \  1 I I  R'~I'F[N,I ,5,xI) T 1 C t I b ' [ " , I I N M \  / l m  {hc~l! % . . . .  S ~ ( I U 6 q }  

27~1 > 2 7 6  ] 
1,<'4 J J ( ' I IR I , ,T t  NM \ J H R'~ l ' l ] \ t ,  ,\NI'~ R M .  I/'~, I'1 ] .'t;<#l ( ]le,u'l 5+st' . N~ ( l W ~ )  5 Il I~ 5111t~ 
19 J .I ('ItRI~,II-N,,PN .1 H R3 Vil \ l ,  A'~l) R. M l z t g l  lzJlf*chdlrilxlrl. 9 ( 19711l 49{17-at)i ~ 
2(1 B ( M'~)'-4 (T/e ra  Rev , £~9 119~,9) 4117-49~; 

21 S .1 A \ { , ' ,  ~[ ( hem .So~ Roy , U (19gl) t 415-~12,~ 
22 P W A t . s T l \  F ]a MARl)', I (} BI. t I IA \ , \N .ANI '~ J  BADDI[I-'~ .1 ('/tent S<*t {lUt~3)5351b-51q3 
2 t  S J AN(,5  4I ( I_ B()I)KIN kNI) | ;  "%Iv P XRRI'qtl .'lust I ( hem . 28 ( 19791 1541 1540 

24 I t  L(JNNBt-R(, A K,\>4k\~ ,M' t  b~ "~ ~,\I) K I|3, A P \ k k &  ('arhohvd~ Rc~ . St, 1197")  27-  2S7 

25 [1 L~)NNt~;I-Rt, XXl) A Kill  (JM',x,x.A, hg ( 'hem .~cand . .g{'t ..1, 31 110771 t(lf-~-~,12 

21~ [ |  IA)NNBFR(, AND|  Va, l i ( ) N k \  I'lntl ( item l.¢ll , (1978)  2II9-212 
27 J B St XI\FR J Bud  ( ' he m  , t,2 f1924) 2g~-2911 

28 1:- L EI I I I  N k A l l  IN{,kR S-J  , \ \ l , ' ~  ~,1 \ \ D ( }  A M(IRRISON ('¢t#l£ortHtlt/o:,lai,-l~ltg/~sl~, h l lc r -  
sclencl.', New " fo rk ,  1065, pp lg f>187  

29 1| S H,xR\~ I) A'4'I) B 11 ()~,~,t N 711+" P/lv~t¢a[ ( ]lemlMrv ¢ff l?lc<mdvttc %/u ' l , ,n , .  R e i n h o l d .  N e w  

Y o r k .  1943, p 4Sg 


