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ABSTRACT 

For oxldatlon In aqueous sodium metaperlodate aLt 20” rate coeBiclents 

descrlbmg the decay of Intact glqcoslde (LJ and the consumption of perlodate (I,,) 
were measured for the methyl rl- and /I-glycopyranosldes of o-glucose, o-galactosc 
D-mannose, D-xylose, and D-(Or L-)arabmose, and for methyl y-L-rhamnopyranosIdc 

For glycosIdes contammg a CIS-1,2-dlol group, k, was four to sixteen times large1 
than for those contammg only trmzs-l,2-dlol groups For anomerzc pairs, (X,),/(I\-,),, 
varied from 0 6 to 1 7 The kinetzcs showed that the singly oxzdlsed Intermedldtes 

exzsted partly m an unreactive form, which was Inferred to be a cyclic hemlacetal 

For hexopyranoszdes, but not pentopyranosldes, the stabrlltles of the hemlacetals, ‘114 
Indicated by the hmztmg values of X,, were much greater with tl than with /I anomels 
From a conslderatzon of possible structures and conformations of the hemtacetal\ 
zt was inferred that thus result was a mamfestatlon of the anomerlc effect 

INTRODUCTION 

Although the methyl glycopyranosldes of the common aldohexoses and aldo- 
pentoses were among the first carbohydrate derlvatlves to be studled by perlodatc 
oxldatzon’, measurements of the rate of reactzon have been restrIcted to I-O-, 4-O-, 
and 4,6-dl-0-substituted derlvatlves that contam only one oxLdLsable sLte’ We habe 

Investigated the more-complex kmetlc behawour of unsubstltuted glycopyranosldes, 
to provide a background for such developments as the selective Smith-degradation 
of termmal groups m heteroglycan? A, and zrz sztzz modlficatlon of membrane-bound 
antigens on whole cells5 6 

We now report kmetlc data for eleven common methyl glycopyranosldes In 
unbuffered sodzum metaperlodate The results mdrcate the extent of varzatlons m 
reactiwty that can arlse from differences In configuratlon, especially at the dnomerlc 
centre, and illustrate the role of IntermedIate hemlacetals m determlnmg overall 
reactlon rates 

*Present address KJemlsk InstKutt, Norges LrcrerhDgskole, N-7001 Trondhelm, Norway 
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THEORY 

The perlodate ovldatlon of an ahcychc rw-tnol IS a competltlve, consecutwe, 
second-order reactIon’, wth the added comphcatlon that the intermediates formed 
after the first oxldatlve attack may extst either m a reactive, acychc form, or an 
unreactwe, CJ chc, hemlacetal form’- I O The complete reaction scheme 1s shown m 

Fl,o 1 Gonzdlez has prowded a theoretIca analysts of this system which, m prmclple, 

could be used to evaluate all of the eight rate-constants, but more than one solution 
IS possrble ~tith easily accessible data” 
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Fig I General scheme for penodate oxldatlon of an ahcychc wc-trlol OnIy the hmetwally relevant 
steps are shown, and the formation of addItIona hernIaIda structures, as well as hydrates of the 
aldehydes, IS expected 

The followmg, slmphfied dIscusston shows how a maxImum of useful mforma- 
tlon can be obtamed from the two quantltles that are easy to measure accurately 
These are the molar proportIons of perlodate consumed (P,) and formic acid released 
(F,) at any time, t, where P, = 2 0 and F, = 1 0 Together wth the mltlal concentra- 
tions of perIodate (P) and glycoslde (G), these data permit calculation of the concen- 
trations at any time of (I) perlodate P - G P, ([I) unreacted glycoslde, G(1 - 
P, + F,), ([IL) smgly ovtdlsed mtermedlate(s), G(P, - 2I;;), and (IV) doubly oxldlsed 
glycoslde, G F, 
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ExpressIons (I) and (u) furmsh a rate constant, k,, descnblng the dcc.ly of 

Intact pyranose rmgs, namely, 

d(L - P, + F,) 

dt 
= -&(I - P, + F,)(P - G P,), 

whence 

(1) 

A plot of the left-hand side of Eq I agamst f should give J stratght hne ofslopc 
k, This IS a true rate comtmt, ldentlcal wth j/l(k, + X’,) In Ftg I’ 

With expressIons (I) (II), and (m), It IS possible to define CL second-order rcltc 
coefficient, k,, descrlbmg the rate of consumption of perIodate at any tlmc 

d(P - G P,) 

dt 
= --x1. G(P - G P,)[2(1 - I’, i F,) + (P, - W,)] 

whence, 
= 4, G(P - G P,)[2 - P,] (2) 

(3) 

A plot of the left-hand side of Eq 3 ag‘unst I wll, In gener,ll, be ‘1 curve L\ host 
slope at any time IS I\, The lrutlal slope, (X,),, and the final, llrnltlng slope, (XP),,,,, 
‘u-e of special Interest_ because they prowde lnformatlon about X,/k, (and/or Xl,/X:) 

and X,/k, (and/or Xi/L;), respectively This cdn be seen by cxplessmg the rate of 
consumption of penodate m terms of X, and another second-order rate coefficient, 
k,, which describes the decay of the smgly oxtdlsed mtermedlates 

d(P - GP,) 

dt 
= -2k, G(P - G P,)(l - P, + f,) 

--k, G(P - G P,)(P, - ZF,) (4) 
Combmmg Eq 2 and Eq 4 gives 

k, = 
2k,(l - P, + F,) + k,(P, - 2f-,) 

(2 - P,) 
(5) 

It IS ewdent from Eq 5 that (kp), should normally be ldentwzal wth X,, but 

an exceptIon occurs’ when X, S- kG The rate of formatlon of doubly oxldlsed product, 
represented by k&P, - 2F;) m Eq 5, then becomes almost ldentlcal wth the rate of 
decay of Intact glycoslde, represented by 2k,(l - P, + F,), and P, IS only shghtly 

greater than 2F, Imposltlon of these condltlons on Eq 5 gwes k,. = 2kc as L_/k, + XI 

*In a prehmmary commumcatlonJ, values of the sum (XI _t Xi) were tabulated The present definmon 
of XC faclhtates comparison wth XP 
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..- 

It 13 well known that acychc carbohydrates consume perlodate much faster rhan 
pyranord rmgs, and, Indeed, it was found (Table I) that for all glycopyranosldes 
studled (Xp),/(kc) had a value between 1 and 2 This Implies that kz and k, (or 

Xl and Xi) In Fig 1 are generally rather slmllar rn magmtude, and both very much 
larger than k, (or X-1) The fraction of molecules that are doubly oxldlsed, wIthout 
exlstmg at any ttme as an unreactive hemlacetal IS thus [(&.),/(XG) - I] 

TABLE I 

o,[DATIO, OF VETHYL GL\COP\RXhOSIDES (2 .hh’f) Ih 12 5\11\1 SODIUM METAPERIODATE AT 20’ 

Meth,sI gfb co- br” (b+l’ (icl’)O&-) - 1 (Pdbmk (k&nlD (P, - 2Ft)mz\ 
p I ratlosmde 

r-D-Gluco- 0 67 10, &Ol 052 =oos - 1 55 023 =OOl 047 

P-D-GIUCO- 0 39 OS2 =_oos 
a-D-Galacto- 4 85 605 -=I 0 
/?a-Gaiacto- 6 1s 109 =I5 
x-o-hlanno- 3 I5 130 =03 

/3-D-axlro- 5 15 s30 :os 

a-r-Rhamno- 3 03 360 =02 

7-D-x) IO- 0 50 107 TOO3 
p-D-x> IO- 049 OS5 zoo4 
a-D-Arabmo- 650 120 =os 
@_-Arabmo- 6 00 II 2 -07 

105 LO IO 
023 zo20 
077 =025 
038 IO 10 
064 $006 
0 23 =O 06 
11-I ZOO6 
OS0 zoo9 
OS5 =o 12 
0 s7 x0 I I 

- 1 55 07s -002 0 IO 

- 145 021 ZOOI 0 71 
> 1 95 UncertanF 044 

-135 011 zoo05 0 6S 
N175 063 ~003 0 33 
- I 20 009 ZOO05 0 75 

None 145 =015 0 15 

None 125=010 0 23 
- I 90 I 33 zoo3 031 
-1 so 231 5005 0 30 

“In Iare> per demlmole per mm “In Imes per lrc-dlo1 group per mm See te\t for dlscusslon of 
hmlts ot error 

At some rntermedlate stage rn the reactIon, all Intact $ycosrde molecules have 

reacted, and P, becomes equal to (1 -I- F,), gvmg X;, = ks from Eq 5 At this pomt, 
X, does not necessarily become constant, because there may be two smgly ovldlsed 

intermedIates which decay at different rates In most cases, k, did m fact become 
constant, glvtng well-defined values for (/,Y~)~~,,~ These values are clearly determmed 
(FIN 1) by an equlhbrIum constant, correspondmg to X,/k, (or Xi/k;), together \\lth 
k2 (or I!->) They therefore reflect the stabIhtles of the hemlacetals For groups of 
hexopyranosldes, or pentopyranosldes, cleaved In the same posttton, and espectally 

for anomerlc pan-s of @ycopyranosldes, the values of (kp)ll,,, should prowde a direct 

comparison of these stablimes, because the values of X, (or k>) are expected to be 
cIosely stmtlar (see Dtscusston) 

EXPERibIEh’T4L 

Matet iais - Methyl u-D-arabmopyranoslde was a gft from the late Professor 
J K N Jones Methyl P-D-mannopyranoslde was kmdly donated by Professor 
P J Gareg The other glycosldes were purchased from Koch-Light LaboratorIes, 
Ltd , Colnbrook, England Where necessary, samples were recrystalhsed from ethanoi 
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until they consumed 2 00 L-0 O-I mof of perlodate and flberated I 00 _+O 02 mof 
of formic acid All samples \\eere dried 111 ICICUO over phosphorus pentaollde at 77” 

for 6 h before use 
Alet/zor/s - Glassware was cleaned wth aqueous chromic acrd and ‘ Decon 

90‘ laboratory detergent Stock sofutlons (0 25~) of sodium metapellodate were 
prepared m subdued hght, and kept m flasks covered wth alumrmum folf for a maw 
mum of 5 days Sofutlons of lOmu sodium thlosulphate, 5mu sodium hydrowde, 
and 60”! (w/v) aqueous potassium lodldc were freshly prepared every day 

The reactlon mixtures were prepared by rapldfy mwng equdf volumes of 
sodrum metaperlodate (25mll) and gfycoslde (5mxl) solutions, prevrousfy brought 
to 20” In a large, shallow, thermostatic water-bath Rapid mlxmg at 20” was faclhtated 

by using wrde-necked comcaf flasks and magnetic stirrers wth the drwmg mechamsm 
under the water-bath The temperature of the laboratory wab not normally more 

than 22O Periodate-contalnmg solutions were protected from Ilght by covering the 
tLtsks wrth dfum!mum foil, and all plpettmg and mlxlng operations were performed In 

subdued Irght 
PerIodate was dbsayed by transferrmg portIon (10 ml) of Ieactlon mixture 

to Ice-cold mixtures of sodmm phosphate buffer (0 531, pH 7 0 20 ml) .md ‘lqucous 

potnsslum lodlde (60 % w/v 3 ml), followed by rapld tltratlon wth lOma sodium 

thlosufphate, wth starch as mdlcator The ex‘lct procedure was determlned by the 
dehvery times of the pipettes III relation to the cm~e of re&tlon For short rcdctlon 
times, the portlon (10 ml) of reactlon mlwue \\ds first transferred to d IOO-ml comccd 
flask at 20” and reactlon WCLS stopped at the required time by very rapId .Iddltlon 
of buffered poLLssIum lodtde from another t&k wth wgorous swrflng 

Formic acid was assayed by mwng portlons (10 ml 50’%, V/V) of leactlon ml\- 
ture wth aqueous ethane-1,2-drof (3 ml), followed after IO mm, by tltrcltlon wth 

5rnhl sodturn hydroxide, wth Methyl Red ‘1s IndlCdtOr For short times of reactlon, 

‘L procedure slmlfdr to that described above wets used 
Blank sofutlons of 12 5m\r sodium metdperlodate were prep,wed and titrated 

slmIfarfy In connectIon wth every experiment The blank tltr&ons were normClffy 
performed wthm IO mln of the test assay 

RESULTS 

A complete tabular and graphIca presentation of the results IsgIven in a thcsls”, 
which IS avalfabfe upon request In Fogs 2-5, a selectIon of results IS given which 
Illustrates the scope of vanatlon from one glycoslde to another In the top diagrams, 
the unprocessed data for P, and F, are shown, together wth calculated values of 

(P, - 2F,), the mole fraction of smgfy oxldlsed mtermedtates In the central diagrams, 

the results for k, are plotted accordmg to Eq /, and m the bottom dl<lgrams, the 
results for k, are plotted accordmg to Eq 3 

In most cases, the plots for 4-, showed a falrfy well-defined break after P, 

became equal to (I + F,), and k, was thereafter constant at (kP)lLm The value of 
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Fig 2 Methyl cc-D-glucopyranoslde 
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Fig 3 Methyl p-D-glucopyranoslde 



FIN 4 Methyl cx-D-mannopyranosIde 
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P, \\hen this occurred ( P,)brraL, was generally greater than umty by an amount 

closely slmdar to [(X,),/(X,) - I], the fraction of molecules passms directly to the 
fully o\ldtsed state. wrthout formm g an unreactive hemlacetal A summary of all 

these quantltles for the eleven z ~ 4vcos~des IS presented In Table I Also mcluded are 

values for (P, - 2Fz),,,,_ the mawmum yield of smgly oxldlsed IntermedIates, smce 

these prowde an addItIonal Indlcatton of the stablhttes of the unreactive hemlacetal 

forms 
Some comments about accuracy <ire needed in most cases, the values for X, 

\\ere prowded by good straight-hne plots of Eq I through 9 or IO points and should 

therefore be particularly rehable The consldcrable hmlts of error Indicated for 

(k,), are LL consequence of the difficulty III drawn, 0 tangents. accurately, at the orgn 

when the slope IS changtng rapIdly This was p,u-tlcularly dlificult wth the faster- 

reacting glycosldes because It \\\as not practically possible to take reading more 

frequently than every 3 mm The values f-or (l<p)ll,,, also became unrehable when 

(P,Llr was Hugh With methyl P-o-g~lactopqr‘lnoslde, for example the relevant 

readmgs represent the last 2 5 ‘;,, of the reclctron <md \Ince the presence of on14 I OA, 

of an lmpurlty could mabe the results me,mmgless they are not reported 

DISCIJSSION 

For ptactlcal purposes the Lalues of X, should be particularly useful They 

readily permit calculation of the time required for wrtually complete (say 99:<) 

o\ldatlon, ‘Lt 20”. wth my gtven Imtlal concentr&ons of reactants They ‘ire the 

most relevant quantltles for use III connectIon with selectlvc Smith-degradatlonT3 4 

and tn stttt modGcatlon of whole cells’ ’ because for these purposes, It 1s unneceswry 
that both oxidlsable sites be cleaved Caution IS nonetheless needed m evtrapolatlng 

these results to heteroglycans and gll coconJugates The results obtamed so far& lo ’ ’ I3 

mdlcate that the methyl glycopyranosldes are good models for termmal groups 

when these are Iml\ed to the rest of th e &can cham vtct postnon 6 of a hexose residue _ 
As regards the retnamder of the reactIon, It IS clear that the scheme shown III 

FIN I IS usually fully apphcable m the sense that X--, (or k;) IS usually of the same 

order of magmtude as A3 (or IL;) This findlng means that the form&Ion of unreactive 

hemlacetals by smgly oxldlsed IntermedIates usually has a maJor Influence upon the 
overall kmetlc pattern In some ccLses, however L, (or X!J exceeds k, (or 12;) to such 

an extent that the uptake of perlodate approx[mates to that special case of a snnple. 

consecutive, second-order reactIon’ In M hlch X, + k,, and k, remams almost constant 

throughout at a value of -2, 
This raises the questlon of what happens when the lnltral concentration of 

perlodate 1s mcreased above 12 5mu Since k, and Xi are first-order rate-constants, 

It would be expected that all o\ldatlons of glycopyranosldes should approach the 

special case Just mentloned as the concentr&lon of periodate increases This, how- 

ever, IS not so Prehmmary observations mdlcate that k, and k; are profoundly 

sensltwe to the presence of all salts, mcludmg both perIodate and inert buffer salts, 
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and that, In some cases, they mcrease wrh Increa5mg perlodare concenrrcmon Thl5 

may be most simply Interpreted as ‘1 large, pnmary salt cflcct but the pocJtblllty of 

complex formatIon bet\\een periodate and the unrcactkve hem~acetals has not occn 

chmInated 

The results In Table I show that, wthout ewcptlon, the singly owdlssd Inter- 

medIatcs dewed from the v anomers of hc\opyranosIde\ text more slowly than those 

derwed from the corre%pondIng p anomerb It 14 hard to Interpret this as Indlc,Itlng d 

lower reactlwty of the acyclx foIms, because the aldehydc group IS \ymmctrxcal 

and there IS no ewdent way In which the chlr&ty at C-l could af?ect the form&Ion 

of a cyclic esterI wth perlodate It IS therefore more likely th,lt the Intermcdlates 

derived from 7 anomers form more-stable hemlncetals 

It IS estclbhchedS “ that at least after O-acetyl&ron, the smgly o\IdI\ed product 

from methyl p-L-arabmopymno\idc has the structure 1 (R = H), 111 \\h~ch the rlx~rtl 

onentatlon of the methovyl group IS expected to be st,lblhsetl by cln clcct~onlc 

effect sImIlar to the dnomeIIc efl‘ectIi By sIrn11,I1 methods8 9, WC have confirmed”’ 

that all the singly o\Idlsed IntermedIates from all the glycopy~ .mosIdes named III 

Table I yIeId upon acetyl&Ion structures 1, 2, 3, or 4, where R = CH,OAc for 

products from bcxopyr‘mosldcs .md R = H for products from pentopylanoslde\ 

The product from methyl 7-L-rh,~mnopyranosldc IS the mtrro1 ~m,lgc of 3, wth R = 

CHJ 

P' 

1 RI = I-l PI = ot4e 3 RI = H R’ = OMe 

2 R’ = OMe R’ = H 4 i?’ = 0r”le 4 = h 

Although It IS not cle,w whethe; s~m~l,u, blcycllc stl uctuIes ‘ue fog med 111 

aqueous solution, It IS certam that the 1,4-dIo\.mc rmgs mubt be TOI med bec,wsc the 

hcmIacetals do not react wth perlodatc The stcric bull\ of the hydro~ymethyl group 

m the products from hexopyranosldes and of the methyl group III the pl oduct liom 

the rhamnoslde, would Impose a strong prefcrcnce fol the &ur conform,ttlon of the 

I Lt-dloxane rrngs In which these groups die cquatorlJ It turns out th,lt, III tiii\ 

conformatlon, the metboxy group IS dimc~y~ rw.~c~l In products dcr~ved from Y anonx~s 

and equ,Itonal In products derived from /1 dnomers 

Th15 findIng provIdcs a ratIonalIsatIon of the results III terms of the ‘momerIc, 

elect It presumes, of course, that the acyclIc forms of the products from /j Lulonicr\ 

are free to take up a gmr~/ze,gmr~/~c conformatIon about the bonds .~tI~o~nrng O-I, 

C-l, and O-5 wthout severe sterlc clashes, and this ‘lppears from models to bc the 

case With pentopyranosldcs, the ‘momerIc ConfiguratIon dots not marhcdly affect 
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the stabllltles of the hemlacetal mtermedlates, probably because the I ,Cdloxane rmgs 
are more free to accommodate the anomerx effect, by taking up the appropriate 

chair conformatlon 

A more detalled account of the structures and conformatlons of the hemlacetals 

s 111 be presented elsewhere 
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