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When sodium a&mate IS oxldlsed m aqueous perlodate at pH -4 and low lonlc 
strength, only 0 44 mol of perlodate IS consumed per non-termmal, hexuromc acid residue’ 

Thus result IS obtamed regardless of the relative proportlon of D-D-mannopyranuromc and 

a-L-gulopyranuroruc acid residues m the chams (ManA/GulA ratlo)’ It corresponds closely 

to the value calculated’ * on the assumption that oxldatlon of any residue lmmedlately 
protects the two adlacent, unoxldlsed residues from subsequent oxldatlon For piotectlon 

of only one adJacent residue the calculated oxldatlon-hmlt IS 0 64 mol per hexuromc acid 

resldue’*3 

Methylatlon analysis’ and supportmg evidence IY4 have estabhshed that the protec- 
tlve mechamsm mvolves the formatlon of 6-membered hemlacetal rmgs (1 and 2) between 

the aldehyde groups of oxldlsed hexuromc acid residues and the closest hydroxyl groups 

on unoxldlsed residues adJacent to them m the chams 

It ~111 be notlced that the aldehyde group orlgmatmg from C-3 of the oxldlsed 

residue could, m prmclple, form a hemlacetal with HO-2 of an unoxldlsed nelghbour, either 
when the latter IS m Its 4C, (1) or ‘C, conformatlon (3) On the other hand, the aldehyde 
group orlgmatmg from C-2 of the oxldlsed residue could form a hemlacetal with HO-3 of 
an unoxldlsed nelghbour only when the latter IS m Its 4C, conformatlon (2), m the ‘C, con- 
formatlon (4), O-3 and O-4 are trans-dlaxlal, and too far apart to alIow ring-closure 

For long sequences of contiguous P-D-mannopyranuromc acid residues, It IS not 
surprlsmg that both kmds of hemlacetal(1 and 2, R’ = CO*-, R* = H) are formed, because 
the 4C, conformation IS predlcted by free-energy calculations’ , and confirmed by X-ray 
fibre analyst@ and n m r spectroscopy’** On the other hand, the same methods all mdl- 

cate that the cu-L-gulopyranuromc acid residues m algmates exist mainly m the ‘C4 confor- 

matlon5*‘-‘, even though the expected free-energy difference between the two con- 
formers IS, m thrs case, much smaller’ Evidently, therefore, under the conditions of 

perlodate oxldatlon used earher (25mM sodium metaperlodate at ZOO, either unbuffered 
or m the presence of sodmm-salt buffers of loruc strength not exceedmg 0 2), formatIon of 
2 (R’ = H, R* = CO,-) with unoxldlsed cr-L-gulopyranuromc acid residues entads a 
1C,+4C, transltlon, at the expense of some conformatIona energy 



Cl0 PRELIMINARY COMMUNICATION 

We now report that, when these perrodate oxrdatrons were repeated under the 
same condmons’ , but m the presence of sodmm chloride at a concentration of 2 S-5 O&f, 

the final oxrdatron-hmrt increased above the theoretrcal value for bilateral protectron 
(0 44 mol ), and the extent of the mcrease was clearly correlated wrth the proportron of 

cr-r_-gulopyranuronic acid residues m the sample For an aigmate havmg a very low content 

of L-guluronrc acrd (ManA/GulA = 13 5, heremafter referred to as “mannuronan”), the m- 
crease was neghgrb!e, whereas for an algrnate havmg ManA/GulA = 0 38, the final oxrda- 

tron-hmrt m 2 Shi sodrum chiorrde was 0 62 mol Wrth a fragment of algmate (heremafter 

referred to as “‘guluronan”) having dp, m-15 and composed almost entirely of cr-L-gulo- 
pyranuromc acid resrdues, there was, m 2 5M sodrum chlorrde, an nutral, raprd uptake of 
0 64 mol of perrodate per non-termmal residue, followed by a much slower consumptron 

of further perrodate. these results were obtamed after correctron for end-group consump- 

tron and over-oxrdatron, as described elsewhere” 
Conversron of the algrnates from sodmm salts mto propylene glycol esters drd not 

ehminate the salt effect, but enhanced rt Even m the absence of added salt, the propylene 
glycol ester of an algrnate havmg ManA/GulA = 0 38 showed an oxrdatron-hmrt of 

0 60 mol , and thrs increased to 0.70 mol m 2 5M sodrum chlorrde Lowermg the pH had a 

su-mlar effect, because of the msolubrlrty of algmates at low pH, thrs was shown by first 
oxrdrsmg them to their “normal” hmrt of 0 44 mol at pH -4 and low romc strength, ad- 

dmg varrous mrxtures of acrd and salt, and then measurmg the mcrease m penodate uptake 

Smce openmg a hemracetal rmg ehmrnates the chuahty of the aldehydrc carbon 

atom, it was expected that addrtron of salt or acrd to a solutron of penodate-oxrdrsed 
guluronan would have a large effect upon its opt& rotatron, whrch would not be shown 
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by penodate-oxldlsed mannuronan Tlus was mdeed observed, and It mdlcates a simple 

method for comparmg the effects of different salts upon rmg-openmg 

Evidence that It 1s mainly* the hemlacetal2 (R’ = H, R* = CO23 that 1s opened 

by salt, while the other hemlacetal(3, R’ = H, R* = CO,-) opens to a comparatively small 

extent*, was obtained by selective oxldatlon with aqueous bromme Earlier work4 had 

shown that, when sodium algmate 1s oxldlsed to its “normal” hmlt of 0 44 mol and then 

treated with aqueous bromine at pH -4 5, half of the hemlacetal rings are quantltatwely 

converted into lactones, while the other half are very resistant to oxldatlon ** The easdy 

oxldlsed hemlacetal must have been 1 (or 3), because acid hydrolysis of the product gave 

only traces of glyoxyhc acid, detected colorlmetr~cally’2J3 Guluronan was therefore 

oxldlsed, first with perlodate at low lomc strength to the 0 44 mol hmlt, and then with 

aqueous bromme as before 4, but m the presence of 2 5M sodium chloride The amount of 

rapidly consumed bromine (measured tltnmetrcally4) was now twice that observed 

previously4, and the equivalent weight of the isolated product (determmed by tltratlon 

with cetylpyrldmlum chlorlde’4) mdlcated that rather more than half of the aldehyde 

groups had been converted mto free carboxyhc acid, whde the remainder gave lactones as 

before The product ylelded approximately? the expected amount of glyoxyhc acid after 

acid hydrolysis 
Direct evidence that the ring-openmg of 2 (R’ = H, R* = CO?-) IS accompanred 

by the expected reconversion of the unovldlsed cY-L-gulopyranuromc acid residue Into Its 

energetically preferred ‘C, conformer (4, R’ = H, R* = CO23 1s lackmg, because the n m 

spectra have not yet been interpreted However, mdlrect evidence was obtained, when it 

r 

was observed that the pK, of the oxldlsed guluronan m Its free-acid form was considerably 

higher than that of the same material after reduction with borohydnde, but decreased to 

about the same value as that of the reduced material when sodium chloride was added to 

both soiutlons Smce equatorial carboxyl groups generally hdve a lower pKa than axial 

carboxyl groups (because the carboxylate amon 1s more easily stablhsed by solvatlon when 

It 1s equatorial”), this result supports the Idea of a 4Cl +‘C, transltlon, induced by salt 

It remains to be decided whether the 4C, +‘C, transItIon 1s related to ring-openmg 

as cause 1s to effect, or vrcc-versa This ddemma led us, several years ago, to investigate the 

posslblhty that morgamc Ions, m aqueous solution may change the magnitude of the 

anomerlc effect 16.17 The results’* clearly mdlcated that they do, and may be interpretedI 

m this case, as a selective saltmg-out*’ of the conformer III which O-l 1s equatorial We 

therefore suggest that the drlvm, a force for the transitlon was the anomerlc effect, WlllCh 

was increased m magnitude by so&urn chloride The effects of esterlflcatlon and low pH in 

*These e\presslons refer to the posltlons of the equthbrla that are very rapIdly established bctneen the 
aldehydlc and cyclic hemlacetal forms after o\ldatlon of dny resldue2*3 
**The work of Barher et ~1 I1 suggests that 2 should be reslstant III Its closed-rmg form In the Inter- 

mediate hypobromlte ester, the bulky bromme atom has to become antiperlplanar with the anonlerlc 
hydrogen atom (to ehmmate HBr) and m 2, but not m 1, It would encounter SYn-L\ld ~teractlonS In 

both confiiuratlons of the hemlacetal carbon atom 
?The colorlmetrlc method”*‘3 1s not very accurate, because the colour fades rapldly 
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promotmg the transltion may be seen as examples of the reverse anomenc effect”, or the 

enhancement 111 the magmtude of the anomerlc effect that IS known to be brought about 

by electron-wrthdrawmg substrtuents at C-5 of a pyranose rmg16 
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