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In a previous commumcatlor9, we dlscussed the mteractlon of D-glucose and 
maltose wrth the hydroxides of barium, calcmm, and strontium Both sugars form 
1.1 adducts with these hydroxides Even though maItose has two D-glucose residues 
m Its molecule, It engages only one molecule of the hydroxides per molecule These 
findmgs gave nse to the folIowmg questlons What IS the behavior of ohgosacchandes 
and polysacchandes towards these hydroxides 3 Is the reducing end responsible for 
the adduct formation, and, if so, what ~111 be the behavior of sugars devoid of a 
reducmg group? And, finally, what IS the mode of attachment of the metal atom to 
the sugar moretyv 

In an attempt to answer the f&t two questlons, we studled the mteractlon of 
several disaccharides, both reducing and nonreducmg, and of amylose and amyfopec- 
tm We found that all of the dlsacchandes studled form 1 1 adducts with the hydrox- 
ides of barium, calcium, and strontium Several ratios (1 7, I 3, 3 5, 1.1, 5-3, 3 1, 
and 7.1) of the reactants m 80% methanol (acetone-water, m the case of calcmm) 
were mixed, the volume being kept constant (40 ml) The preclpltate formed m each 
expenment was welghed, and the pH of the mother hquor from each precipitate was 
measured The amount of adduct was found maximal at the ratio of 1 1 The slope of 
the curve for pH zx volume of sugar was also found maximal at the 1 1 ratio 
With a,a-trehalose, no preclpltate formed, but the curve for pH us volume of sugar 
had a slmllar shape, the adduct was, however, preclpltated by addmg 4.0 ml of acetone, 
and was collected by centnfugatlon Fig 1 shows the curves for the InteractIon of 
mehbiose and banum hydroxide, as a typIca example 

It 1s interesting that, although sucrose and a,cc-trehalose have no reducing group, 
each gves a 1.1 adduct MaItrto12, wbch has no reducing group but contams a 
D-glucitol residue, also mves a 1 1 adduct The weight of carbohydrate-banum hydr- 

*Part of a paper presented before the Carbohydrate Sectlon, 8th International Symposium on the 
Chennstry of NaturaI Products, New Delhi, Ind?a, February, 1972 
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Mole fract\on of meiib\ose 

Fig 1 Interaction of mehblose with barmm hydroxide by the constant-volume method Amount of 
adduct (hollow pomts) and pH (dark pomts) us mole fraction of sugar 

oxide adduct and the correspondmg pH value of the mother liquors for the 1 1 ratlo 
(total vol 40 ml) of the reactants are gven m Table I The yield of adduct varied, 
probably due to differences m solubrhty. Where the solublhty IS hgh, the pH of the 
mother hquor 1s also high 

TABLE I 

WEIGHT OFCARBOHYDRATE-BARIUM H~Ro~DEADDu~,A~THECORRE.~POND~G PH 
VALUES FORTHE 11 m-r10 (TOTALVOL 4Od) OFTHEREACTANTS 

Carbohydrate Weight of adduct (mg) 

Cellobtose 349 8 11 78 
D-Glucose 1502 12 08 
Lactose 327 8 1190 
Malntol 299 2 1120 
Ma!.tose 386 2 II 60 
Mehbmse 359 6 11 24 
Sucrose 343 4 11.50 
a,a-TrehaIose 00 12 50 

It was also found that amylose and amylopectm form adducts with the hydr- 
oxides of banum, c&mm, and strontmm when a 1% solution of the polysaccharldes 
m 0 5~ sodium hydroxide (10 ml) 1s added at room temperature to 250 ml of a 
saturated solution of calcmm hydroxide, of 0 05M strontium hydroxide, or of 0 0%~ 
banum hydroxide The adduct was preclpltated m each case, and was collected by 
centnfugatlon, followed by washmg with methanol, and drying Analysis for the metal 
atom showed that, in each adduct, there was one metal atom for every two D-glucose 

(or related) resrdues 
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Thus, both for the dlsaccharrdes and polysacchandes studred, one metal atom 
IS attached in some way to two D-glucose (or derived)) resrdues The reducing end IS, 
however, not necessary for adduct formation It IS premature at thrs stage to discuss 
the mode of attachment of the meta atom Sugars that have three adJacent hydroxy1 
groups in axml-equatonal-azual relatronshrp3 gave adducts wrth alkalme-earth metals, 
but none of the carbohydrates studied have such an onentatron in a single unit 

Most of the metals were determmed by acid-base trtratron Fnst an excess of 
acrd was added, and the amount of acrd consumed was determmed by trtratron with 
base. For the adducts of amylose and amylopectm, the metals were determmed by the 
grammetrIc or by the EDTA method 4_ The sugars were determmed by the phenol- 
sulfuric acid method5, The analytrcal results are summarrzed m Table II 

TABLE II 

ANALYTICAL DATA FOR DIFFER!ZNT ADDUCTS 

AdducP &feral (%) Sugar (%) 

Found Calc Found Cak 

W1t.h barium hydroxide 
Celloblose 
D-Glucose 
Lactose 
Malhtol 
Maltose 
Mellblose 
Sucrose 
a,a-Trehalose 

With calcium hydroxide 
Celloblose 
D-Glucose 
Lactose 
Malhtol 
MaItose 
Mehixose 
Sucrose 
qa-Trehalose 

WI& strontium hydroxide 
CeIIoblose 
D-Glucose 
Lactose 
Maltitol 
Maltose 
Meltbblose 
Sucrose 
a,a-Trehalose 

26 0 26 7 68 1 66 7 
39 1 39 1 540 51 2 
25 8 26 7 69 2 66 7 
257 26 7 67 5 66 7 
26 8 26 7 71 5 66 7 
27 1 26 7 66 0 66 7 
26 5 26 7 69 0 66 7 
27 2 267 70 1 66 7 

10 3 96 82 9 a2 2 
16 3 15 6 72 6 70 8 
10 2 96 840 82 2 
10 3 96 83 8 82 2 
98 96 83 8 82 2 

10 1 96 83 2 82 2 
10 1 96 82 4 82 2 
10 5 96 83 5 82 2 

18 5 18 1 75 1 73 8 
252 257 610 59 8 
I72 I8 1 74 5 73 8 
18 5 18 1 75 6 73 8 
18 0 18 1 762 73 8 
17 a 18 1 74 0 73 a 
17 5 18 1 74 6 73 8 
189 18 1 75 8 73 8 

uAdducts of D-ghCOSe and maltose have aheady been reported l. They are mcluded here only for 
comparison 
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