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ABSTRACT 

Methods are reported that facilitate the structural characterization of complex sulphated galactans 

of the red algae. Two procedures have been developed for the production of alditol acetates from 

carrageenans and agaroids. Both procedures generate 3,6-anhydrogalactitol acetate from the easily de- 

stroyed 3,6-anhydrogalactosyf residues in near quantitative yield. The “double hydrolysis-reduction” 

method involves preliminary hydrolysis under conditions sufficient to cleave all of the 3,6-anhydrogalacto- 

sidic bonds, but mild enough to avoid significant further degradation. The “reductive hydrolysis” method 

uses the acid-stable 4-methylmorpholineeborane to reduce the 3,6-anhydrogalactose end groups as they are 

released during acid hydrolysis. An aldltol acetate sample can be prepared from a polysaccharide in a single 

tube, ready for g.1.c. analysis, in less than 2.5 h, i.c~. more quickly than by any previous procedure. Problems 

associated with incomplete methylation of sulphated carrageenans and agaroids by the Hakomori proce- 

dure have been overcome by first converting the sulphated polysaccharide into its triethylammonium salt 

form. The reductive hydrolysis method is effective for the production of partially methylated alditol acetates 

from the methylated polysaccharides, enabling the rapid determinatron of the substitution pattern of these 

polysaccharides. These improved analytical methods have been applied successfully to K-. I-, and I.- 

carrageenans, as well as some agars. 

INTRODUCTION 

Constituent-monosaccharide analysis, involving the conversion of the constitu- 

ent sugars of a polysaccharide into their alditol acetate derivatives, and methylation 

analysis, involving the methylation of a polysaccharide and subsequent production of 

partially methylated alditol acetates, are two fundamental chemical procedures used for 

the structural characterisation of polysaccharides. The volatile derivatives produced are 

analyzed by g.1.c. and g.l.c.-m.s. to provide information about the compositions and 

structures of complex polysaccharides. 

Red-algal galactans contain up to 50% 3,6-anhydrogalactosyl residues (see Fig 1 

for structures) and are not amenable to analysis by the above procedures directly 

because the 3,6-anhydrogalactosyl residues are rapidly destroyed (both in the native 

and in the methylated form) under the harsh acidic conditions typically used to 

hydrolyse the polysaccharides into their constituent monosaccharides. Thus, no in- 
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3,Canhydrogalactose reducing end groups’,“. No further advantage appears to have 

been taken of these crucial observations. We have now incorporated such a preliminary, 
mild hydrolysis into a double hydrolysissreduction procedure, and demonstrated that 
under standardised conditions this procedure affords alditol acetates from all of the 
neutral sugars, including the 3,6-anhydrogalactose, of carrageenans and agars. 

(a) Optimisation of the procedure, The alkali-modified agar from Pterocladia 

Iucida (Fig. 1) was an ideal substrate for the initial studies, since it is virtually an 

unsubstituted agarose’“. Samples of this agar were hydrolysed in O.lM trifluoroacetic 
acid (TFA) at 80” for varying lengths of time. The agar was not soluble under these 

conditions but it slowly dissolved as hydrolysis progressed. The resulting mixtures were 
reduced with aqueous sodium borohydride. The 3,6-anhydrogalactosyl residues whose 

glycosidic linkages were hydrolysed during the acid treatment were thereby converted 
into acid-stable 3,6anhydrogalactitol derivatives*. The samples were then fully hydro- 
lysed with 2M TFA for 1 h at 120”, reduced a second time, and acetylated. The resulting 
mixtures of alditol acetates were analysed by g.1.c. The molar ratio of 1,2,4,5-tetra-0- 

acetyl-3,6-anhydrogalactitol (AnGal) to hexa-O-acetylgalactitol (Gal) as a function of 

preliminary hydrolysis time is shown in Fig. 2. Since the galactosyl residues are not 
significantly degraded during the hydrolysis”, the hexaacetylgalactitol produced served 

as an internal standard for determining the recovery of 3.6-anhydrogalactose. Without 

the preliminary hydrolysis and reduction, all 3,6-anhydrogalactose was destroyed 

during hydrolysis with 2111 acid. However, with the preliminary hydrolysis and reduc- 

0 2 4 6 8 10 12 14 16 

Tune (h) of prellmlnary hydrolysis 

Fig. 2. Molar ratios of the acetylated derivatives of 3,6-anhydrogalactitol (solid lines) or 3,6-anhydro-2-0- 
methylgalactitol (dashed line) to galactitol as a function of time of preliminary hydrolysis (0.1~ TFA, 80”) 
for Pterockzfiu lucidu agar (o), Grucilaria eucheumoides agar (a). h--carrageenan (a), and r-carrageenan 
(a), all subjected to the double hydrolysis-reduction procedure. 

* The absolute configurations of the alditols descrited herein were not determined and are therefore not 
indicated. According to systematic nomenclature the alditol from 3,6-anhydro-L- (but not-D-)-palactose 
would be designated 1,4-anhydrogalactitol. However. to avoid confusion, the original galactose numbering 
has been used throughout the present paper. 
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When the hydrolysis experiment was repeated with the sulphated, water-soluble 

polysaccharide K-carrageenan (see Fig. l), the maximum yield of 3,6-anhydrogalactitol 
resulted after 2 h (Fig. 2), but had not changed significantly by 3 h. The increased 

hydrolysis rate was probably due to the water solubility of the polysaccharide. Howev- 
er, because of the slow rate of degradation of 3,6_anhydrogalactose in 0.1 M TFA at 80” a 
3 h hydrolysis time could be used to analyse both cold-water-soluble rc-carrageenan and 
insoluble agar. 

To ascertain the effect of a sulphate group attached to O-2 of the 3,6-anhydroga- 

lactosyl residue, the hydrolysis experiment was repeated a fourth time on the water- 

soluble, sulphated polysaccharide z-carrageenan (Fig. 1). The 3,6-anhydrogalactosidic 
bonds of polysaccharides bearing an O-2 sulphate substituent are hydrolysed more 

slowly than those of polysaccharides without such a substituent15. Our results agree with 
this observation (Fig. 2), however, a 3 h preliminary hydrolysis again gave the maximum 
yield of 3,6-anhydrogalactitol. 

To produce volatile alditol acetates from sulphated sugar residues, the ionic 

sulphate groups must be removed during hydrolysis. To ascertain that sulphate groups 

were fully hydrolysed during the second (2~) acid hydrolysis, the amount of inorganic 
sulphate released from A-carrageenan upon hydrolysis in 2~ TFA at 120’ was measured 

using a barium rhodizonate colourimetric assayi (Fig. 3). )“-Carrageenan was chosen 
because it contains primary sulphate esters (Fig. l), which are relatively resistant to acid 

hydrolysis”. The colourimetric assay also detects sulphated polysaccharides, but with 
significantly lower sensitivity than for inorganic sulphate. An untreated sample of 
/I-carrageenan thus had an apparent inorganic sulphate content of 6.6% (left arrow in 
Fig. 3). To monitor sulphate release, aliquots of the hydrolysate were taken to dryness at 

room temperature prior to being assayed. Some hydrolysis of the half-ester sulphate 
groups must occur during this process, since an unheated sample (t = 0 in Fig. 3) had an 

apparent inorganic sulphate content of 14.2 %. The maximum release of sulphate had 

occurred after hydrolysis for 15 min, at which time the 29.5 % apparent sulphate content 

compared favourably to the 27.5% total sulphate determined after complete oxidation 

of the sample (right arrow in Fig. 3). Clearly, therefore, all sulphate groups would be 
removed during the double hydrolysis-reduction procedure, since it entails a treatment 

with 2~ TFA for 1 h at 120”. 

0 T,rk 2 
(h) 

Fig. 3. Apparent content of inorganic sulfate during the hydrolysis (2M TFA, 120”) of I-carrageenan in the 

@NH + form. Left and right arrows mark the apparent SOf- contents of untreated and fully oxidized 

I-carrageenan, respectively. 
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3,6-anhydrogalactosyl residues, but also had significant proportions of glucosyl (from 

floridean starch” and possibly cellulose), 6-O-methylgalactosyl (from 3-linked residues 
of agar), and galactosyl residues (from floridoside’“, 3-linked residues of agar, and 
4-linked precursor residues of agar). 

Constituent-sugar analysis by the reductive hydrolysisprocedure. - An alternative 

method for producing alditol acetates from carrageenans and agars was suggested by 
the work of Garegg et al.“, who hydrolysed polysaccharides in acid containing 4- 

methylmorpholine-borane (MMB). MMB is somewhat acid stable”, and can be used to 
reduce, and thus stabilise, newly released sugars in situ. Garegg et al. reported that on 

treatment of agarose with 0.5~ TFA containing MMB for 15 h at either 65” or loo”, 
hydrolysis was complete and all the 3,6_anhydrogalactose was reduced to its alditol, but 

virtually no galactose was reduced”. We have since developed these initial observations 
into a useful method for analysing the glycosyl composition of carrageenans and 

agaroids. 
(a) Development of theprocedure. There are two limitations associated with the 

use of MMB as an in situ reductant. The degradation of MMB in aqueous acid is more 

rapid than the hydrolysis of “normal” glycosidic bonds, such as those of hexosyl 

residues. Furthermore, MMB is a relatively weak reductant under acidic conditions in 
comparison with sodium borohydride under alkaline conditions. Fortunately, those 
sugars that are both hydrolysed readily and destroyed easily also seem to be reduced 
readily. Because of these considerations, a three-step procedure, involving the addition 
of fresh MMB at each step, was required. The steps are (see Experimental for details): 1) 

a sample (1 mg) of carrageenan or agar is prehydrolysed in 2.4~ TFA containing MMB 
at 80” for 5 min; 2) aqueous MMB is added, bringing the effective concentration of TFA 

down to -2~, and the sample is fully hydrolysed for 1 h at 120”; 3) aqueous MMB is 
added and the sample is concentrated to dryness at 50”. Acetylation of the residue in 

acetic anhydride using TFA as a catalyst yields the alditol acetates, which are purified by 
extraction and analysed by g.1.c. 

Pterocladia lucida agar was initially subjected to this procedure but the prehydro- 
lysis step 1 was omitted, and the resulting sugars were converted to alditol acetates and 

analysed by g.1.c. The observed molar ratio of 1,2,4,5-tetra-O-acetyl-3,6-anhydrogalac- 
titol to hexa-O-acetylgalactitol was close to that obtained using the double hydrolysis- 
reduction method. However, under the conditions of step 2 (2~ TFA, 120”) MMB was 
hydrolysed within 2 min (data not shown), and thus the anhydrogalactosyl residues of 

the agar sample must also have been hydrolysed and reduced within 2 min. In such a 
rapid hydrolysis, the potential exists for the MMB to be depleted before the sample is 

fully dissolved, resulting in a low recovery of 3,6-anhydrogalactitol. To avoid this 

perceived problem a prehydrolysis step in the presence of MMB was included to ensure 
effective dissolution of the sample (step 1). Under the conditions used (2.4~ TFA, 5 min, 

SO’) MMB was not fully depleted (data not shown). 
The final MMB treatment (step 3) was necessary because reduction of hexoses by 

MMB is incomplete under the conditions required to completely hydrolyse polysaccha- 
rides (2~ TFA, 120”, 1 h). In a control experiment, a sample of galactose was only 



- 
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in Table I (Method B). A typical gas chromatogram is shown in Fig. 5. No 3- 

deoxyhexitols were produced. In most cases, the two methods for the conversion into 
alditol acetates gave comparable results. The yield of 3,6-anhydrogalactitol was higher 
using reductive hydrolysis, but when the yields of 3-deoxyhexitols and 3,6-anhydroga- 

lactitol are summed, the two methods gave comparable results. The one case in which 
the two methods gave different results was the analysis of dried seaweed, in which the 
yield of 3,6anhydrogalactitol was higher and the yield of glucitol was lower using the 

reductive hydrolysis procedure than with the double hydrolysis-reduction procedure. 
It should be noted that while the reductive hydrolysis procedure is particularly 

useful for the analysis of red-algal polysaccharides, its use is not limited to these 
polysaccharides. For polysaccharides that do not contain easily degraded residues (such 
as those of 3,6_anhydrogalactose), the procedure can be abbreviated, in that both the 

prehydrolysis (step 1) and the addition of MMB in the second hydrolysis (step 2) can be 
omitted. This method is more rapid than other methods for the production of alditol 
acetates”.‘“. 

(c) Deuterium labeling. Alditols containing a deuterium label are produced when 
aldoses and ketoses are reduced with NaBD,. Such labeling is useful in the identification 
of constituent sugars using mass spectrometry. Trideuterio-MMB is not commercially 

available, but borane amines are known to undergo rapid D-H exchange in D,O under 
acidic condition?. In an attempt to modify the reductive hydrolysis procedure to 
permit deuterium labeling, the alditol acetates from P. lucida agar were prepared as 
described, except that all reagents were prepared in D,O rather than H,O. The resulting 
alditol acetates were analyzed by g.l.c.-e.i.m.s. Approximately 85% deuterium label 

would be expected if the reductant had equilibrated with the D,O and TFA. Dis- 
appointingly, while the 3,6-anhydrogalactitol tetraacetate had - 75% deuterium label 
on C- 1, the galactitol hexaacetate had only -50%. The disparity in the levels of 
deuterium incorporation arises because the 3,6_anhydrogalactose and galactose reduc- 
tions occur in different steps of the procedure. Greater effective equilibration of MMB 

with D,O evidently occurs at 80” in step 1. Thus, it is apparent that to get complete 

deuterium labeling, trideuterio-MMB must be prepared and used with DzO and deute- 
rio-TFA. 

The two methods for the production of alditol acetates from red-algal poly- 
saccharides gave comparable results (Table I). The method using MMB is preferred for 
routine analyses because it is much quicker than the double hydrolysissreduction 
method, and does not produce 3-deoxyhexitols, However, the latter method is useful 
when deuterium labeling is required. 

Methyfation analysis. - As discussed in the Introduction, the major problems 
encountered with conventional methylation analysis applied to red-algal polysaccha- 
rides are the incomplete methylation of hydroxy groups of sulphated polymers and the 
degradation of methylated 3,6-anhydrogalactosyl residues during hydrolysis. We re- 

port here that complete methylation can be accomplished if the sulphate groups are first 
converted into the triethylammonium salts and demonstrate the near quantitative 
determination of 3,6-anhydrogalactosyl residues in the methylated polymer, using the 
methodology described in the first part of this paper. 
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I I , I I 

0 4 8 12 16 20 

Time (h) 

Fig. 6. Molar ratios of the acetylated derivatives of 3,6-anhydro-2-0-methylgalactitol to 2,4,6-tri-O- 
methylgalactitol for methylated Pterocludiu lucidu agar (a), and to 2,6-di-0-methylgalactitol for K- 
carrageenan methylated in the Et,NH+ form ( n ), as a function of time ofpreliminary hydrolysis (0.5M TFA, 

80”) in the double hydrolysisweduction procedure. 

(c) Deuterium labeling. Deuterium labeling is important for the mass spectral 
identification of partially methylated alditol acetates, even more so than for alditol 
acetates. However, as was the case with unmethylated P. lucidu agar, the application to 
methylated P. fucida agar of the reductive hydrolysis procedure with all reagents 

dissolved in D,O led to insufficient yields of deuterium-labeled products, giving - 80 
and - 25% deuterium label on the anhydrogalactitol and galactitol derivatives, respec- 
tively. When deuterium labeling was required to identify partially methylated alditol 
acetates, a portion of the methylated polysaccharide was converted to such derivatives 
by a standard procedure using sodium borodeuteride reductiot?. While this procedure 
yielded no useful 3,6-anhydrogalactitol derivatives, otherwise identical derivatives, 
such as those of 3-O-methyl- and 4-O-methyl-galactose, could be distinguished by m.s. 
analysis. 

(d) Methylation analysis of K-currageenun. Methylation analyses were carried out 
on the freeze-dried triethylammonium salts of K-, z- and L-carrageenans and on freeze- 
dried P. fucid~~ agar (Table II). One portion (- 1 mg) of each sample was methylated 

using single additions of base and methyl iodide (“lx” in Table II) as described in the 
Experimental section, while the other portion (- 1 mg) was methylated using two 
preliminary methylations, followed by a final (standard) methylationZ4 (“3x” in Table 
II). Partially methylated alditol acetates were prepared from each methylated poly- 
saccharide by the reductive hydrolysis procedure. The triple-methylation procedure 
should result in complete methylation. Thus, the extent of substitution effected by the 

single-methylation procedure could be assessed by comparison. 
The triethylammonium salt of K-carrageenan from Eucheuma cottonii dissolved 

readily in DMSO, but formed a gel upon the addition of potassium methylsulphinyl- 
methanide. Despite the gel formation, the single-methylation procedure gave the result 
expected from the structure of K-carrageenan (see Table II and Fig. 1) and was in good 
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Methylation analysis of the triethylammonium salt of this A-carrageenan generat- 

ed the major derivatives expected for a hybrid or mixture of I- and c-structures (2,3-, 

2,4- and 2,4,6-Gal in Table II; see Fig. 1) but revealed other residues to be present as 
well. The sample was methylated fully in the single-methylation procedure, since the 

proportions of the highly acetylated alditols did not decrease in the triply methylated 
sample and were thus not due to incomplete methylation. The presence of galactitol 

hexaacetate (2,3,4,6-Gal in Table II) is usually associated with incomplete methylation. 
However, by using an enzymatic analysis 3s this A-carrageenan (Et,NH+ form) was 
shown to contain 1.8% pyruvate, corresponding to one pyruvate ketal for every 6 
disaccharide repeat units. The presence of pyruvate ketals and the frequency of their 

occurrence was confirmed by solid-state ‘“C-n.m.r. spectroscopy. Signals observed at 

26.2 and .176.2 p.p.m, corresponded to the methyl and carboxylate carbons of the 

pyruvate group. The galactitol hexaacetate obtained from this methylated i-carragee- 

nan in an amount corresponding to - 1 per 6 disaccharide repeat units was thus derived 

from 3-linked galactosyl residues bearing a 4,6-pyruvate ketal group, and a sulphate 

group on O-2. 
A-Carrageenan contained very few 3,6-anhydrogalactosyl residues (Table I), but 

a substantial proportion of “precursor” residues, i.e. 4-linked residues with a sulphate 
group attached at O-6, were identified. These precursor residues can form 3,6-anhydro- 

galactosyl residues under basic conditions’h, but they were stable during the methyla- 
tion, since the amount of 3,6-anhydrogalactitol derivatives found in the methylation 

analysis was no higher than that found in the constituent-sugar analysis. 
(g) Methylation analvsis ofagurs. The nonsulphated, freeze dried agar from P. 

lucida was fully soluble in DMSO and methylated readily in the single-methylation 

procedure, showing only minimal undermethylation of O-2 of the 3,6-anhydrogalacto- 

syl residues. Partial degradation of the 3,6-anhydro-2-@methylgalactosyl residues 
during the preparation ofpartially methylated alditol acetates from this water-insoluble 

substrate was suspected, since the 4-linked anhydrogalactosyl residues constituted only 
42% of the residues identified by the methylation analysis, whereas the glycosyl analysis 

confirmed that at least 49% were present. Thus, methylation analysis of water-insoluble 

nonsulphated agars using the methods described herein can only be regarded as 
semiquantitative. 

In addition, quantitative differences were observed” in the partially methylated 

alditol acetates that were prepared from the methylated polysaccharide of C. macro- 

carpa by the reductive hydrolysis method and by the standard procedure”. The stan- 
dard procedure gave lower yields of the alditol derived from terminal xylosyl residues, 

while the reductive.hydrolysis procedure gave lower yields of the alditol derived from 
4,6-disubstituted galactosyl residues (data not shown)‘x. 

These problems need to be further investigated. Considering the difficulties 

associated with methylation analyses and the lability of 3,6-anhydrogalactosyl residues, 

however, we regard these results as very promising. 
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remove. The alditols were acetylated in acetic anhydride (0.1 mL) and pyridine (0.1 mL) 

at 120” for 20 min. Toluene (- 1 mL) was added and the solution evaporated to dryness. 

(cIH_,Q.) -2.4m&> was rIbe~~aadderZ)aad rhhe nrgarJjc@ase was extracfer3 twice tirhhH,O 

( - 2.5 mL), discarding the top layer each time. The CHzClz layer was then evaporated to 

near dryness and excess water was removed azeotropically by adding CH,CN (-0.5 

mL) and evaporating to dryness. The residue was then dissolved in acetone (- 0.1 mL), 

with the aid of mild heat if the residue was crystalline, and analysed by g.1.c. on a 15 m x 

0.25 mm (i.d.) SP2330 fused silica column maintained at 230”. 

(b) Using reductive hydrolysis. A fresh stock solution of aqueous MMB (80 

mg/mL, 0.2 mL per sample) was made beforehand. MMB readily dissolves in water at 

- 50”, but will recrystallise if the solution is allowed to cool below - 20”. Polysaccharide 

( - 1 mg) was placed in a tube. Aqueous MM B (0.05 mL) and aqueous TFA (3~, 0.2 mL) 

were added and the tube was heated (80”, 5 min), during which time all solid material 

U%SS&‘e~. jw?&Mj?+?~: h+D~$IS 05 MMB Qi?lX~alES ML_. WSille nD pTDb>em Was 

~~fcJ~~e,~~~~f~gf~~R~~~~~ ~?<&&Xf?J~ ,a~~~~~rJ?,~~~u~~~~~~~~~~,. TZl%%!rr& 

was cooled, a second portion of aqueous MMB (0.05 mL) was added, and the tube was 

heated again (1 h, 120”). The tube was cooled, a third portion of aqueous M MB (0.1 mL) 

was added, and the solution was evaporated to dryness at 50”, taking about 15 min. 

Residual water was removed by adding CK,CN (-0.5 mL) and concentrating to 

dryness again. Acetic anhydTjde In.\ mL) ano TFA (0.5 mL} were adder3 anrS Ihe tube 

heated (SO’, 10 min). Toluene (- 1 mL) was added and the solution evaporated to 

cdryness. CH$?, 1 -2.5 mL) was ado& and the organic phase exrracted firs1 with 

aqueous Wa,CO~ @.%P, ‘_ 2.5 mLj al& Z&Y? Gth waler {‘- 2.5 mzj, hiscar&ng tIiY? 

upper, aqueous ‘rayer each time. The CH,C’rZ iayer was then evaporated to near irryness 

and excess water was removed by adding CH,CN (-0.5 mL) and evaporating to 

dryness. The residue was then dissolved in acetone and analysed as described above. 

Experiments to monitor the reduction of galactose with MMB were performed as 

follows. A solution of aqueous TFA, MMB, and galactose was heated at the required 

temperature. Aliquots were periodically removed and the excess MMB quenched with 

acetone. The sample was acetylated and analysed by g.1.c. for galactitol hexaacetate and 

galactose pentaacetate. To monitor the reduction of galactose during concentration 

(step 3), small aliquots were removed periodically, quenched, and analysed as just 

described. 

Procedures for methylation analysis. -- (a) Methylation. Dry, sulphated poly- 

saccharide (- 1 mg per analysis) was placed in dialysis tubing with water. The sample 

was dialysed against aqueous Et,N.HCI (_ O.~M, pH 7) several times, then against 

distilled water, and finally freeze dried. The freeze-dried material (- 1 mg) was trans- 

ferred to a tube for further treatment similar to that described by Harris et a1.‘4. First, the 

polysaccharide was dissolved in dry DMSO (0.2 mL) with stirring. Next, the tube was 

purged with argon and potassium methylsulphinylmethanide (2~ in DMSO, 0.2 mL) 

was added. The solution was stirred at room temperature for 10 min, then cooled in an 

ice bath. After the addition of methyl iodide (0.15 mL), the mixture was allowed to 

warm to room temperature and stirred for an additional 20 min. Water ( - 2 mL) was 
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Anal. Calc. for C,,H,,O,: C, 50.6; H, 6.1. Found: C, 50.5; H, 6.0. 

1,2,4,5,6-Penta-O-acet_$3-deo.xy-ribo-_ -lyxo-, and -xylo-hexitol. ~ An authen- 

tic standard of the ribo isomer was prepared from 2-O-acetyl-1,6-anhydro-3-deoxy-P_D- 

riho-hexopyranoseJn, using the double hydrolysis-reduction procedure. Analysis by 

g.1.c.e.i.m.s. gave a single peak having m/z (%) 303(4), 231(19), 201(22), 154(14), 

145(27), 141(1 I), 129(57), 112(21), 103(36), 95(13), 94(23), Sl(lOO), and 69(72). The two 

products from samples that contained significant levels of 3,6-anhydrogalactosyl resi- 

dues and were processed using the double hydrolysis reduction procedure had e.i. mass 

spectra similar to that of the standard, differing only minimally in relative abundances. 

They were assumed to be the 1~x0 and .X$O isomers of the title compound. 

1,4,5- Tri-O-acetyl-3.6-anhydro-2-O-methyI-~-ga~act~tol. - Agar was per-O- 

methylated, partially hydrolysed (0.5~ TFA, 6 h, SO’), reduced (NaBH,), fully hydro- 

lysed (4~ TFA, 4 h, reflux), reduced (NaBH,), and acetylated in a manner similar to that 

described above. The partially methylated alditol acetates were separated by flash 

chromatography on silica gel, and the fractions containing the title compound were 

further purified by vacuum distillation to yield a chromatographically pure, colourless 

oil having the expected e.i. mass spectrum3,‘9. 

Anul. Calc. for C,,HzoO,: C, 51.3; H, 6.6. Found: C, 51.0; H, 6.6. 

1,5-Di-O-acetyl-3,6-anhydro-l-deuterio-2,4,6-tri-O-meth~~~-~-galactitol. ~- Me- 

thyl 3,6-anhydro-P-D-galactopyranoside was prepared from methyl /Y-D-galactopyra- 

noside as described4’, except that CHI, was used4’, instead of tribromoimidazole. The 

product was acetylated and purified by column chromatography on silica gel. The 

deacetylated product (NaOMe, MeOH) was methylated (THF, NaH. CH,I) and the 

resulting product purified by flash chromatography on silica gel. The methylated 

glycoside was hydrolyzed (0.1~ TFA, 30 min, SOO), reduced (NaBD,), and acetylated 

(NaOAc, Ac,O). Analysis by g.l.c.e.i.-m.s. gave a single peak having m/z (%) 2 17 (1) 

213(2), 189(4), lS5(9), 175(7), 171 (8) 159(23), 143(40), 118(100),99(28),87(17),71 

(40), and 59 (49). 

1.2,5-Tri-O-acetyI-3,6-anhydro-4-O-met~~y~~alactitol. ~ In the analysis of triply 

methyiated z-carrageenan a major component was identified as the title compound on 

the basis0fitse.i. mass spectrum: m/:(%)212 (4) 170(9), 159(34), 153(11), 130(7), 129 

(14), 125 (9) 124 (14), 115 (17) 111 (23) 110 (18) 99 (loo), 87 (96) and 71 (90). 
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