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ABSTRACT 

The title compounds were prepared in _ 90 % overall yield by treatment of the 

appropriate aldodisaccharide (maltose or cellobiose) with boric acid and triethyl- 

amine in dilute, aqueous (pH 11, 70”) solution. When sodium hydroxide was substi- 

tuted for triethylamine, the yields were unaltered, but reaction rates were increased. 

In addition, in the sodium hydroxide system, reactions at higher concentrations of 

sugar (up to 407; w/v) could be performed with only slight decreases in overall 

yields. New methods were developed for the high-performance liquid-chromato- 

graphic analysis (Zorbax-NH, column, modified with Column Life Extension Agent) 

of the sugars involved in these isomerizations. Multigram quantities of pure keto- 

disaccharides were prepared with a simple semi-preparative l.c. system. 

INTRODUCTION 

As a part of a program to identify new carbohydrates having potential food 

applications, we have studied two ketodisaccharides, maltulose (d-&i-D-&CO- 

pyranosyl-D-fructose) and cellobiulose (4-0-fl-p-glucopyranosyl-D-fructose). Be- 

cause neither compound is readily obtainable from natural sources, and the common 

methods for their synthesis are quite tedious, little is known about their physico- 

chemical properties or their potential food and pharmaceutical applications. Recently, 

we developed a synthesis for a similar ketodisaccharide, lactulose’,’ (4o-D-D- 

galactopyranosyl-D-fructose). That sugar has several unique medical and food uses 

and is now an important commercial product. Because maltulose and cellobiulose 

have structures similar to that of lactulose, they may also have useful properties. 

Maltulose was first identified as a product from the action of salivary alpha 

amylase on liver glycogen3. Peat et ~1.~ synthesized it from maltose by a Lobry de 

Bruyn-Alberda van Ekenstein transformation. That transformation, involving base- 

catalyzed isomerization of an aldodisaccharide (maltose) into the ketodisaccharide 

(maltulose) was also the basis for several later syntheses of both maltulose4- 6, 

and cellobiulose”’ from their isomeric aldodisaccharides. These methods, however, 
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are far from ideal as the ketoses are produced in IOVV ytcld>. ;w un.stable under the 

reaction conditions. and must be tediously tsolated from a mikturc 01‘ alkaline 

degradation-products and families ofisomcric mono- and di-sacchartdc~. Mcndicinty” 

discovered that. in such tacttons. the yield of I\ctose could be ttnptmcd greatly bq 

the addition of borate to the Gartlng mixture. Hotxti: acts ;~j a ~ctose-cumylcxation 

agent that shifts the rqutltbrtum touard the hetosr and protect\ that product from 

degradation. Hecaus~ r-datf\c[y Ixrgr amounts of borate \\~‘rt‘ t‘o~nd neccss:uy for 

high yields of ketow (at lcnit ;t 50: 1 horatc-sugar ratio). this reagent hax been 

considered in~practical for nlost synthetic purposes. R*Iodific:ttton~ III \~htch borate 

is immobilized on anion-exc!innge resins ’ “.I ’ have also been uwd to preparc both . 

tnaltulose and ce11ob1uIow. but the yelds for these prowsscx \icrc not reported. 

and substanttal quantttics of concentrated borate nolutton ~erc rcqutred to clute the 

firmly bound ketoscc from the win. Other complexation reagents. \uch a5 I‘t-cc” 

and column-bound” alulninatc. have been used to prcparc maltutosc. .Aluminntc. 

however, v,n> very difficult to rctmo\e from the tinal product in the f<ol nier cat nncl in 

the idter. the product 11olds \\t‘t-c Ioucr. in part because of‘ incrcascd :dhaltnc- 

degradation react ions 

In this paper. k\t: dcscribc hou nialtwc and ccllobiose nia! bc isoimrrircd 

conveniently and etktcntly. in the presence of ;I mrntn~al amount nf boric md. tnto 

maltulose and cellohiulosc. kVe dcbcrtbo first. methoda for the ~cmi-preparatt\;c 

isolatton and qttantttativc dckxmination of these lictodts3cchariccs by hi$l-pcrform- 

3nce liquid chromato,rrraphq (1.c ). 

CI7~or?iuto~~~cr~?liic~ iditioil trid id~wfificcttim of‘ rmlr~clmc~ iid wllnhiiflorc~. 

When maltosc or ceilobiosc were initially lsotncrized under cnndittona similar to 

those described later, chrotmatographic analysis re\ caled the presence of at lcvst three 

minor components, in xldttton to the ne\vly generated disaccharides. Pure s:wnples of 

these disaccharides wcrc needed for identiiication purposes and ;tIs~~ 3s quantitative 

t.c. standards. Although certatn techniques. such as chromntoyxphy on charcoal - 

Celite or separation of the acetylated derivativea on Lilica gci. might ha\ e been useful 

for purifying the reactton products, it’ found direct, semr-proF3r-atrcr:lr~~tt~~ I.c on Arninex’l’- 

Q-ES resin (Ca2+ fortn) to bc ideally suited to this purpose. Fig. 1 illustrates the 

use of this techntque in tsolatin g the nxtjor product from th<k isomerizattnn of cello- 

biosc. Fig. I A demonstrates the .scparatiott of ;t test nlixturc ~)t’ the li)ur sugar-s 

expected in the reactiona. Fig. 1 F4 is a typical chromatogram of the crude mtxture: 

the shaded region corrchponrib to the ft-actton collected. In this tnanncr. I00 mg of n 

chromatoZraphical1~ pttrc (Fig. I C) product could bc tsol:ttcd in (40 min. The 

tsornerization product frotn maltose MXS similarly chronxttographcd to bicld the pure 
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Fig. 1. A. Semi-preparative separation of cellobiose (l), cellobmlose (2), glucose (3). and fructose (4) 
on an Aminex Q-l% (calcium form) column; flow rate of the mobile phase (water): 0.33 mL/min; 
sample: 20 /tL of solution containing 100 mg/mL of each sugar; detector: differential refractometer. 
B. Semi-preparative separation. showing the fraction collected (shaded region) from a ZOO-mg (1 mL) 
injection of crude isomerized cellobiose; other conditions, same as A; S: peak containmg organic 
and inorganic salts. C. Sample collected from B, chromatographed under the conditions of A. 

ketose. Retention data for maltose and its reaction product were similar to those 

of cellobiose and its reaction product in this chromatographic system. The chromato- 

graphic properties of these products give insight into their chemical structures. Sugars 

are separated on calcium-form cation-exchange resins by size exclusion’4 and by 

their differing abilities to complex with calcium ions’ ‘. Glucose and fructose are well 

separated on thse columns, presumably” because fructose exists partially as the 

p-furanose tautomer, which possesses a pair of cis-hydroxyl groups stereochemically 

favorable for complexing with calcium. Under the conditions of separation, glucose 
exists solely in pyranose forms, with hydroxyl-group orientations that do not favor 

complexation with calcium. The major products from the isomerization reactions 

of these disaccharides are eluted before both monosaccharides and have retention times 
consistent with those of reducing disaccharides. The fact that these major products 

are eluted after their corresponding aldodisaccharide is consistent with structures 

that bear the favorably complexed, reducing fructose residue. 

The product derived from maltose was identified as maltulose by its m.p. by 

elemental analysis of its crystalline monohydrate, and by complete 13C-n.m.r. 

characterization’ 6. 

The cellobiose derivative was identified as cellobiulose, based on its chromato- 

graphic properties, the results of partial acid hydrolysis, elemental analysis of the 

amorphous solid, and 13C-n.m.r. spectral characterization16. 

Anal~~tical l.c. of ketodisaccharides. - The yields of ketodisaccharides produced 
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Fig. 7. Separation of fructose (I J. glucose (2). maltulose (3). anti maltose (4) on Zorba+NHz mobile 

phase: 19:h (v/v) acetomtrile-water containing Column Life Extension Agent: llou rate. 1.5 mL, min; 

refractive-index detection, 81. a. Standard mixture. h. Profile of maltose isomer~zat~on rcactlon. 

Fig. 3. Separation of fructose (I ). glucose (2), cellobrulose (5), anti cellob~~se (6) on Zorba*-NH? 

moblie phase; conditions as in Fg _, ?. Flow r-ate. 2 ml~min. a, Standard ml\ttlrc b, f’rotilc of 

cellobiose isomerlratlon reaction 

under a variety of experimental conditions were conveniently deternuned hy I c. 

Because of poor resolution between aldo- and heto-disaccharides, and the rclativcly 

long analysis-titne, the Anlinex Q-l 5S column \vas not used for this ~LII’~OS~. Instead. 

an aminopropyl bonded-phase. packed column, used in the normal-phase part&on 

mode, \\as rnorc suited to ti~cse analytical separations. AIIIIIIO-type bonded-phase 

packrngs and sinlllar “carbohydrate” columns are now routinely wised for separating 

such sugar m ixtures as those of isornrrlc monosaccharides’ ’ or sniuhle oli~omer5 

from hydrolyzed polysaccharides’ ‘. The szparatlori of Ixornsric diuccharrdes 15 

challenging because of the cxtrerne siniilarity of their structure\. Howe\,cr. \VC were 
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TABLE I 

RETENTION AND RESOLUTION OF GLUCOSE, FRUCTOSE, MALTULOSE, AND MALTOSE ON ZORBAX-NH2 

MODIFIED WITH COLUMN LIFE EXTENSION AGENT’ 

Sugar hi (min) kb NC Rd 

Fructose 6.8 2.5 3130 
Glucose 8.0 3.3 2050 2.4 

Maltulose 13.4 6.0 (4.6)e 3200 (3600) 
Maltose 15.0 7.0 (5.1) 2600 (2950) 1.6 (1.2) 

aMobile phase same as in Fig. 2. bPhase-capacity factors. CNumber of theoretical plates. *Resolution 
between adjacent pairs of isomers. eValues in parentheses are for an identical separation without 
Column Life Extension Agent. 

TABLE II 

RETENTION AND RESOLUTION OF GLUCOSE, FRUCTOSE, CELLOBIULOSE, AND CELLOBIOSE ON ZORBAX-NH2 

MODIFIED WITH COLUMN LIFE EXTENSION AGENTa 

Sugar tR (min) RC 

Fructose 5.2 2.1 2.25 
Glucose 6.2 3.4 
Cellobiulose 9.9 6.0 1.8 
Cellobiose 11.5 1.2 

“Mobile phase same as in Fig. 3. %ame as Table I. cResolution between adjacent pairs of isomers. 

able in a previous study” to separate lactose adequately from lactulose. Direct 

application of that method yielded satisfactory results for the separation of cellobiose 

from cellobiulose, but was not effective for the maltose-maltulose system. Excellent 

resolution for both sets of isomers was obtained, however, with the amino column, 

when an organic amine modifier (Column Life Extension Agent) was added to the 

mobile phase. Separations of standard mixtures of the four major sugars found in 

maltose and cellobiose isomerization reactions are shown in Figs. 2a and 3a. 

Chromatographic profiles of reactions are illustrated in Figs. 2b and 3b. Complete 

separation, with excellent resolution between adjacent pairs of isomers (Tables I 

and II) was achieved in 1.5 min or less for these mixtures. 

Amine modifiers of various types have been used to improve the efficiency 

and/or selectivity of resin” and plain silica2’S22 columns for carbohydrate separations. 

The effect of the Column Life Extension Agent on the aminopropyl column used 

here is demonstrated in Table II for the separation of maltose and maltulose. Addition 

of the amine to the mobile phase decreased the column efficiency slightly, but in- 

creased the selectivity, resulting in an overall superior resolution between aldo- and 
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t’leldj of cellob~~~lose from cellohmae. Srartlng concentratron of ccllobto\c 5”,, (w, v); bow 

heto-disaccharide. Thih improvement allowed the quantitative determination of 

sugars present in disproportionate amounts (Figs. 2b and ?b). 

S~.;rti~,.ci.s of /\ (‘to(ji,\t/(.(,/l(/~;~/(,s -- In a previous stud))', WC TC~LI~C~ that l:tctohc 

could be efliciently convcrtcd into lnctulose in aqurnu~ solutinn \z IICII boric :jctd and 

a tertiary amine were present. A5 maltose and cclloi~iose ;!i-c ( I P~-l)-linketl aldo- 

drsaccharides. structurally analogous to lactose, ~\c pursued ;L biniilar conversion of 

these compounds into their correspondin, 4~ kctodisaccharldes Thus. uhcn ccll\jhiosc 

was allo\\fied to react in dilute solutjons (5 I’,, \++‘v) containln~ horlc acid and tricthyl- 

amine. another di\:~ccharidc \L;XS generated. This tlisaccilal idc. r<cjl;ttcd 13~ SC‘IIU- 

prepar:tti\e l.c.. was Identified 3s cellobiulo~c. Both the rnlc 01’ 11,) l~~~1.ill~ltiOll 2lld the 

reaction yield increased \vlth the pH of the mcdr~~m (Fi,. n 1). \Vhiti lhc tcmpernturc 

and concentrations 01‘ carbohydrate and bone acid \\w-e hcpt cc)n\tant. an inc,rcase 

in the concentratron of tricthylaminr (leading to Illgilcr pH \~ILIc\) Id to highel 

yields of product. The hghest yield obsrrvcd under thoSe conditic>ns (S6”,,) \~;Is at 

pH I I, after 5 Ii of reaction. ,A\ \\itii lactose’. these Ireactio;is prtt~ecdcd \+itli vcr! 

fe-\v alkali-catalyzed, degradativc side-reactions. l!\:cii under thif imoat basic condi- 

tions (pH 1 I) the yield of product wab high. and the total wright or hugars prcscnt 

in the final product ac‘cc~~mtcd for :.9-i ",, of the atar-ting ;t:nt>utlt ot’ ccllobiosc. The 

tinal mixture contained f’ructo\e (I ‘I,,). glucost’ (.3” (, ), cclloh~occ ( IO”,, ). and celln- 

biulose (86”,, 1. 

The isomenzation of maltose Into maltulose was also studied. Maltulo\e xo 

produced WE isolated by sclni-prepar:lti~e l.c. and idcntifird :a the crystall~nc mono- 



PREPARATION OF MALTULOSE AND CELLOBIULOSE 43 

80 

0 I I I I 
I 2 3 4 

Reaction time (h) 

Fig. 5. Yield of maltose from maltose isomerization reactions. Conditions: 59, (w/v) concentration 
of carbohydrate, pH 11,70”. A. pH adjusted with triethylamine, vented reaction-vial. B. pH adjusted 
with triethylamine, sealed vial. C. pH adjusted with dilute sodium hydroxide. 

hydrate. Because of the previously demonstrated pH dependence on reaction rate 

and product yield, the conversion of maltose was studied at pH 11 .O only. The yield 

of maltulose, from a solution that originally contained 5 p,; (w/v) of maltose, a 1 : 1 

molar ratio of carbohydrate to boric acid, and triethylamine (pH 11) as base, reached 

a maximum at -4 h (Fig. 5, curve A). This rate profile was similar to that seen for 

the conversion of cellobiose. The maximum yield, however, was slightly greater for 

the conversion of maltose (> 92 %) than of cellobiose (86 90). When this (curve A) 

reaction was performed, the reaction vessel was warmed to 65“ before sealing, and 

was then vented at hourly intervals when samples were withdrawn. During the initial 

heating-period, and when the mixture was vented, noticeable amounts of gases were 

emitted, undoubtedly including vaporized triethylamine (b.p. 88 “). To determine 

whether the small loss of this reagent affected product yield, a similar reaction was 

performed in which the vessels were sealed before heating and left unvented until 

analysis. The rate of product formation and final yield were nearly identical (Fig. 5, 

curve B) however, to the previous, vented reaction (curve A). The pH values of 

the two mixtures after 4 h of heating were 10.4 (vented) and 10.3 (sealed). Obviously, 

only a minor proportion of the triethylamine is lost during the warm-up and venting 

process. When a similar mixture was allowed to react for 4 h without sealing at any 

time, maltulose was formed in only 15 y/, yield. Therefore, it appears that some closure 

of the vessel is necessary for optimal yield, but dangerous pressures in the reaction 

vessel need not be tolerated. 

Triethylamine is a convenient catalyst for these isomerizations because it is 
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FIN. 6 Effect of startmg concentration oi‘ maltose on the q~elll of maltulose C‘ondltwns: pH I I, 70 . 
pH was adJusted with ~OL~ILII~ hydrwde. 

suitably basic. cannot cause glycosylamine-mediated. degradation reactions, and IS 

readily recovered and rqcled from one reaction to the next. These. and other ad- 

vantages of this amine have been discussed’.‘. Ho\\,eccr. because trrcthylamine is 

only slightly soluble in wnter. we could only conduct reactions under dilute conditions. 

When higher concentrations of reactant and boric acid were used. not enough triethyl- 

amine could be dissolved to reach pH I I and, hence. optimum reaction conditions 

were not obtained. As it was of interest to us to prepare LctodlXa<charldes in morc- 

concentrated rcactrons. the use of sodium hydroxide as 1 rcplaccment for triethkl- 

amine was investigated. The mnltulosc synthesis described in I-ig. .S (curves A and B) 

was repeated. but the pH was adjusted to I I wit!; dilute sodium h! droside. The 

rate of reaction (curve C) \vas higher than in the previous reactions. but the yield 

remained nearly the sxmt’. Maltose VGL’; then isomcrized in more-conccntratcci~ted solu- 

tions. from IU to 40 “() iI;, v (Fig. 6). It appears that opt~rn~~rn rcactlon-times. under 

these conditions. depend only kghtly on the initial concentrkon of reactant as the 

maximum \iieid. 111 cvel-4 case. occurred ;11 --I_5 min. The y-icldh. hcjwcver. were 

highest for the reactions at lower concentration. For CWIII~~C, chromatographic 

analysis of the 20 “,, (V/V) reaction at 60 min showed fructose (1.7” >). plucose (?.7”,,). 
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Fig. 7. Effect of starting concentration of cellobiose on yield of cellobiulose; conditions: pH 11, 70”. 
A. Maximum yield of cellobiulose (reaction time in parentheses). B. Percentage of unidentified 
materials in sample. pH was adjusted with sodium hydroxide. 

maltulose (92.6 %), and maltose, < 0.1 “/‘,; unidentified material (by difference) was 

1%. Analysis of the 40 % reaction at 45 min gave fructose (3.3 %), glucose (2.9 %), 

maltulose (84 %), maltose (3.1x), an d unidentified material (6.7 %). The unidentified 

material is the weight difference between the total dry weight of sample and the total 

chromatographically determined weights of known sugars in the sample. This material 

is a combination of unknown sugars or sugar by-products that are not identified and 

quantitatively determined. It is noteworthy that in all reactions, there was very little 

drastic degradation of sugar, or production of saccharinic acid. Sample aliquots at 

various times contained experimentally equal dry weights, even after purification 

by ion exchange. 

The isomerization of cellobiose at elevated concentrations did not proceed 

quite so readily as that of maltose. The maximum yields at specified reaction-times 

(Fig. 7, curve A) were proportionally less for the more-concentrated solutions and a 

larger amount of unidentified products was present in the final mixtures (curve B). 

It is noteworthy that, in the preparation of these ketodisaccharides in concen- 

trated solution, the final isolation procedure appears to be especially critical. It was 

noted that some and perhaps extensive loss of product may occur during the removal 

of boric acid if the process is not carefully controlled. When this occurred, new and 

unknown peaks having retention times slightly greater than those of monosaccharides 

appeared on the chromatogram. It is apparent that these side reactions are partially 

responsible for the lower yields seen in the more-concentrated reactions, where this 

problem was noticed more often. With careful technique, however, good yields of 

both products may be obtained. 



It has been shown her-c that t&+4)-linked ~idodis~~cch~lrjdes. In the presence of‘ 

an cquimolar amount ot‘bor~c acid and a basic catalyst. may he irotnerized to keto- 

disaccharides in nearly yuantitati\,e yields. rn previous studa ~vherc a~dodisaccharidc~ 

were treated with alkali alonci.7, loh’ yields of the ketoseq \VL‘K prociuc-cd and much 

of the sugar was lost through ~tlkaltnc-t’lepradatinn rcactionx. It 15 :tpparcnt th,lt 

boric acid in this system acts to increase tire yield of hetosc and to prolecl thi3 product 

front alkaline degrxlatiott. Boric acid C-S alhalt metal bomtes !XLX c prt~io~~~l~~~~’ ” 

been used as comple.*ation reagents fhr similar purposes. but not ;~luays with such 

high-yielding results. Phc nlcchanlsm ~hcrebj such comple\ntion reagents ;ts borate 

increase the yields of a particular reaction product is ~~11 knoun. In such basc- 

catalyzed isomeriration reacttons as these, a p4cudo-equilibrittr71 i:, c\tahlished brtlteecn 

aldose and ketose and. in some instances, other isomeric ~~~il~~~(~~~~~d~. 11‘ bitrate IS 

present, and if it preferentially EQUIPS 1~ ~tablc c~npl~~ with onI> ant’ of the cyuillbrat- 

ing tautomers, the equilibrium \\?I1 bc shifted totvard that spcc~c~. i‘h~ conrplesation 

reagent acts as a trap for that particular product. In practice ho\\ever. lincllng condi- 

tions that favor complexal ion of only one member 117 the rcactlon ~chemc is ol’tcn 

di~cult because of the varsity of factors that go\ em the deyrcc of’ ~~~l~~rle~~lli~~~l of 

sugars with borate. Some of thcsc factors’“. such as overall reaction col~~~litrati~;l~~. 

pti. and ratio of carbohydrate to borate. can be cxlwimcntally tnodilicd to optinwc 

the yield of product. Other factors are uncontrollable, such as the lixod stcrcochemical 

arrangement of hydroxyl groups in the product and reactant molrcule,s. Specificall>, 

borate or boric acid l’orrn\ stable complexes only \Lith ~u~~r-ll~~~r(~~~-l groups in 

favorable ~~rjeIlt~t;(~ns. The stereochemical features of borate-~\ugar ~(~l~~~~le~~~ti[~ll 

have been studied cxtensivoly’3 -“. It is now kno~~ii tftttt ccrtan :trrnngcment3 01‘ 

hydroxyl groups. such as ad.jaccnt (,bs-hydrouql groups on furanose rings. form strong 

hidentate complexes with borate. Tttese complexes are gcnersllv IllOlI! Stithle thll 

those derived from borate species reacting bvith iY\-hydrmyl ~!‘~~Ups f-1 (?111 pyranosc 

rii~~-systeins. The ( t +4)-linked alrfodisaccharrdes used in this btud\: dt) not contain 

furanose rins systems. nor cnn they form them through mutal-ctt;ttii,n. Only the 

hydroxyl groups at C-l and C-2 of the r-o-~l~~cop~ran(~~~l group \\ (‘ILII~ bc n\;lilable 

for borate cotnpleGng. This arrangement would lead to ;.I pred~ctahl~ weak hnrate 

complex. This nssumptlon has been contirmed in studies in\ ot\ ing conductivity 

rneasurelnel~ts~~. elcctrophoreais”’ , and n.m.r. spectroscnpl I”. On IIIC t)thcr hand, the 

isomerrc (I --+4)-linked ketodisaccharides contain reducing fructw,\/I groups that 

exist” partially in furantw form\. These ketose product5 ~n~~lcl, thcreforc, be 

expected to form strong complexes with borate through the c,;,\ J.- and 3-llydroxyl 

groups of the /i-u-fructof~lranosyl group, or even a atrongcr tndent;ptc (O-I, O-3, 

and O-6 of ,~-D-f’ructolitranosyl group) complcy, as has been propcwd for fructose’” 

in the presence of borate. WC haw ohtnlned indzrcct e\$dcncc for kctoilisaccharide- 

borate oompiexation bb, obwvi ng major changes in the ‘.‘C’-n.ni.r. 5cAution spectra of 

ketodisaccharides when borate i> added. The overall high yields nt’ 1 I -+-l)-linked 

ketodisaccharides in these LorneriTation reactions is therefore rcadlly exphcablc 

from these observations. When the monosaccharides. glucose :tnci @ctose2. :tnci 
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(1+6)-linked aldodisaccharides (unpublished results) were allowed to react under 

the same conditions described here, lower yields of the ketoses were produced. In 

these instances, both reactants and products can exist in furanose forms that contain 

favorably oriented hydroxyl groups. As both reactant and product are complexed, 

the equilibrium is not shifted to the extent seen in the (l-,4)-linked disaccharide 

system. It appears that the reagents and conditions used in this study are ideally 

suited for the preparation of 4-O-substituted ketoses. 

Of these two ketodisaccharides, only maltulose has as yet been isolated crystal- 

line. Maltulose does not crystallize well in the presence of maltose, or of oligosacchar- 

ide impurities’ ‘, and therefore we had to purify the product by semi-preparative l.c. 

prior to crystallization. Alternatively, the maltose (starting material) could be re- 

crystallized until it was oligosaccharide-free, isomerized, and the resulting maltulose 

crystallized directly. By the procedures outlined here, it is now possible to readily 

prepare gram quantities of pure maltulose and cellobiulose. 

EXPERIMENTAL 

General. - Maltose monohydrate (Sigma), cellobiose (Pfanstiehl Labs.), 

other sugar standards, boric acid, triethylamine, and sodium hydroxide were all the 

finest commercial grades available. Amberlite IR-120 (H') and Duolite A-561 (free 

base) resins were used for deionization. Amberlite XAD-4 was used for decolorization 

of solutions. Melting points are uncorrected. Elemental analyses were performed by a 

commercial laboratory. 

Anal.ytical, high-performance liquid chromatography. - Chromatographic sol- 

vents were all l.c. grade. Column Life Extension Agent (Alltech) was added to aceto- 

nitrile-water mobile-phase mixtures at a level of 2 drops per L of pre-mixed solvent. 

Chromatography was performed with a Beckman model 334 system, consisting of a 

model 421 controller, two model 110A high-pressure pumps, and an Altex universal 

injector. For sample detection, a Waters model 401 differential refractometer and 

MFE model 21125B recorder was used. Sugars were quantitatively determined by 

peak-height analysis and external-standard methodology. Prior to analysis, standard 

sugar solutions and reaction samples were both dissolved in 1 : 1 acetonitrile-water 

at concentrations ~20 mg/mL. Response factors for each sugar were calculated by 

linear-regression analysis of a plot of peak heights versus standard sugar concentra- 

tions. Correlation coefficients were, in all instances, >0.999. Standards were injected 

occasionally during analyses to correct for changes in detector sensitivity. Prior to chro- 

matography, all catalysts and boric acid were removed from samples. 

Isolation of ketodisaccharides by semi-preparative, high-performance liquid 
chromatography. - The previously described chromatographic system was used in 

conjunction with a 9 x 600-mm, waterjacketed (80”) column packed with Aminex 

Q-15s (Ca’+ form). Pure, degassed water was used as the mobile phase. The deionized 

samples to be injected were dissolved in water at total sugar concentrations 6400 

mg/mL. A 1-mL injection loop was used. Samples of pure ketodisaccharides were 
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collected, pooled, and evaporated in IY~IC~Z~O in the presence of methanol. to yield light, 

fluffy powders. Maltulose was crystallized as the monohydratc. accordlns to the 

procedure of Hodge”, m.p. I I&j-I IS.5 . Partial acid hydrc>lysis af the hctodi- 

saccharide at 80 -’ in 0.1 M sulfuric acid. yielded ho monosaccharldcs that had retention 

times identical to those of fructose and glucose on both Zorba\-NH, and Amine.\ 

Q- I5S columns. 

A/IN/. Calc. for C, ,Hz20,, . H,O: C. 40.00: H, 6 77. Found: C. 39.96: H. 6.81. 

Cellobiulose was likewise isolated as a white. fluffy. hygrosccjplc. andamorphous 

powder. Partial acid hydrolysis yielded the monosaccharides glucose and fructobc. 

w1w.s. -- Within an eficlent fume hood, four mixtures conlainrng 5.0 g of cellohiosc 

or maltose, 0.90 g of boric acid. and 85 mL of \\ater \vcre tit rated in I OO-ml, beakers 

to pH X.0, 9.0, 10.0, or I I.0 with triethylamine. All mlxturcs k\‘er‘o then drluted to 

100 mL, and then transferred to 250-mL round-bottom flasks that v,cre immwxd 111 

a bath thermostatted at 70 -, The vcssols were allowed to I-each 65 and were then 

sealed with rubber septa. In another set of experiments, the vessels werts sealed bclhr-e 

heating to determine whether loss of volatile amines, escaping during the warns-up 

period, afFectcd reaction yield. The reactions Lverc sampled inltiallq,, and during the 

course of the reaction, by removln, _ 0 5-m L aliquotn. Each niiquot \\,a\ deionized and 

decolorized by passage through a column ( I x I5 cm) containing 7.5 ml_ or I K- I70 

(H+), 2.5 mL of Amberlitr XAD-4, and 2.5 mL of Duolite .4-561 (free base) rcsinh. 

The column etlluent was carefully evaporated i/t wmo at 30 tn ;I thick syrup. but 

not to dryness. At this point, 10 mL of abs. methanol were added. and the syrup \~a\ 

then evaporated to dryncsx. This process was rcpeatcd twlc‘t‘ more to remove the 

boric acid as methyl borate. Evaporation of the original colunln cifiuent to complett’ 

dryness at higher temper;Ltures resulted in the formation of ~c‘vcral ne\\ and un- 

identified products. These compounds were not produced \\ hen the f<)rcgoing prc- 

cautions were taken during the isolation procedure. The dry supr rehiducs wcrc then 

dissolved in equal volumes of acetonitrilt‘-uater and analy7cJ. by anal>tic:J I.c 

Pyarrrtioti qf‘ ~etorli.~tri~c~lrrr~iif~~~ ut r~liwtcd c~otrr~clit~~ititfti~. - Multos2 and 

cellobiose were isomerized to ketodisaccharides at IO. 20. 30, and JO”,, (\\,;v) concen- 

trations of starting sugar. Under these conditions. so&urn hydroxide US used as the 

base catalysr. All concentrated reactions were conducted at 79 and pH I I. In ;I 

typical reaction at 40”,, (b+ ,‘v), 30 g of celIobiosc and 7.2 g of boric acid \\ere dissolved 

in water (30 mL) as the solution uas titrated to pl-l I I by dropwisr addition of 

IO mL of 4~ sodium hydroxide. This solution was diluted to exactly I00 mL and 

placed in a X0-mL. round-bottom flask kept at 70 . The tla+ \\a5 ~.&d and the 

contents analyzed as described for the prevlouc reactions. 

Pwpwuf ioli qf ‘crj~.rtrrllim~ fdt~~l0.w ~~~itlwut .sCt3ii;l?si~~(ll.(itii’(, clli.orlltr foKic'I,/!,'. -~ 

Maltose was recrystallized 3 times to retnobc trace impurltic:, of oliS~~s~lcchari(ie~3*. 

A 20.0-g sample of the purified maltose was mixed with boric acid (3.56 g) and 60 

mL of water and then titrated to pH I1 with 4r~1 sodium hydroxide. The entire sample 



PREPARATION OF MALTULOSE AND CELLOBIULOSE 49 

was diluted to 100 mL and then heated for 3 h at 70” in a 250-mL, septum-sealed, 
round-bottom flask. The solution was then cooled, poured through a column con- 

sisting of 100 mL of IR-120 (H+), 90 mL of XAD-4, and 70 mL of A-561 (free-base 

resins). The effluent was collected, evaporated, and treated with methanol as described, 

to remove boric acid. The residue (17.0 g) was then dissolved in water (80 mL), in 

a 1-L round-bottom flask that was placed in a thermostatted bath at 45”. Slowly, a 

total of 500 mL of acetone was added to the flask, which was kept at 45 ’ during, and 

for 1 h after, the addition. The solution was then allowed to cool slowly to room 

temperature. The solid material, which crystallized from the solution during the 

next week, was filtered off; yield 10.25 g. This maltulose contained small amounts of 

monosaccharide impurities. The filtrate was placed in a 1-L flask again, and acetone 

was added dropwise until the solution became turbid. As the solution cleared, 

crystals of maltulose monohydrate deposited on the sides of the flask. This process 

was repeated until no more maltulose would crystallize. The crystals (3.75 g) were 

isolated by filtration, m.p. 116-l 19”. The chromatographic and 13C-n.m.r. spectro- 

scopic properties of this compound were identical to those of the previously described 

sample of maltulose. 
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