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The methyl a- and /3-D-glycosides of malto-oligosaceharidcs were synthesized enzymatically from cyclohexaamylosc and 
appropriate cosubstrates, methyl a-D-glucoside or methyl /S-D-glucoside, by use of macerans amylase. The glycosides of 
maltose, maltotriose and maltotetraose have been isolated in pure form by chromatographic procedures. Methyl /3-D-
maltoside, methyl a-D-maltotrioside and methyl a-D-maltotetraoside have been obtained in crystalline form. Yeast maltase 
and fungal amyloglucosidase hydrolyzed the methyl raaltosides to D-glucose and methyl D-glucoside. Crystalline salivary 
amylase hydrolyzed all of the a-D(I —*• 4)-glucosidic bonds in the trioside and tctraoside but at varying rates and was without 
action on the bonds of the methyl maltosides. 

Prior to the recent report of Peat, Whelan and 
Jones,3 the synthesis of methyl a-D-maltoside and 
the methyl glycosides of higher molecular weight 
malto-oligosaccharides had not been achieved. 
Methyl heptaacetyl a-D-maltoside had been pre
pared earlier by Inouye, et al.,4 by isomerization of 
the corresponding /3-compound with the aid of anti
mony pentachloride catalyst . Dcacetylation of the 
a-compound should yield the methyl a-D-malto
side. Although this procedure could be used for the 
synthesis of the methyl glycoside of maltose, it is 
not readily applicable to the synthesis of glycosides 
of higher molecular weight malto-oligosaccharides. 
Peat and associates3 prepared the methyl a-D-
glycosides of maltose, maltotriose and malto
tetraose in amorphous but chromatographically 
pure form by an enzymatic procedure. Methy l 
a-D-glucoside and amylopectin incubated with D-
enzyme6 were converted into a series of non-
reducing methyl malto-oligosaccharides and into a 
series of reducing malto-oligosaccharides. The 
separation of the complex mixture of compounds 
though eventually achieved was nevertheless 
quite tedious. In our laboratory the enzymatic 
synthesis of the methyl glycoside series of malto-
oligosaccharides has been effected by use of the 
coupling and redistribution reactions of macerans 
amylase. This method possesses certain advan
tages as pointed ou t below and has resulted in the 
preparation of some of the glycosides in crystalline 
form. Information on the course of hydrolysis of 
the methyl glycosides by yeast maltase, fungal 
amyloglucosidase and salivary amylase has been 
obtained and is also presented. 

Earlier studies6 have shown that macerans 
amylase effects a transfer of the glucosyl units of 
cyclohexaamylose to methyl a-D-glucoside to form 
methyl a-D-maltoheptaoside which, in turn, via 
redistribution reactions,7 is converted into a homol
ogous series of methyl glycosides. Since in the 
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macerans digest no reducing co-substrate is present, 
the reducing series of malto-oligosaccharides is not 
produced and the difficulty of separating the re
ducing and non-reducing compounds as experienced 
by Peat , et al.,3 is not encountered. The individual 
methyl glycosides are resolved easily by chroma
tography on paper or on cellulose powder columns 
with a n-butyl alcohol-ethyl alcohol-water system 
(4:1:1 by volume).8 

The methyl /3-D-glycosides of the malto-oligo
saccharides also have been prepared by use of the 
macerans enzyme. In this case the cosubstrate 
employed was methyl /3-D-glucoside. From a 
digest of methyl /3-D-glucoside and cyclohexa
amylose with macerans amylase, methyl /3-D-
glucoside and methyl /3-D-maltoside were isolated 
in crystalline form and methyl /3-D-maltotrioside 
and methyl /3-D-maltotetraoside in amorphous 
form. The apparent Rf values for the /3-series 
of compounds, for the a-series and for the un-
substi tuted malto-oligosaccharides are recorded in 
Table I. 

TABLE 1 

APPARENT Kt VALUES" OF MALTO-OLICOSACCIIARIOFS ANL 
THEIR METHYL GLYCOSIDES 

Reducing 
compound 

o. 58 
.21 
.07 

Methyl a-n-
series 
0.80 

.54 
O O 

.06 

Methyl /3 
series 
0.87 

. 55 

.24 

.07 

"Three ascents of the solvent system K-butyl alcohol-
ethyl alcohol-water (4:1:1 by volume) were employed. 
The apparent V?t value is the distance traveled by the com
pound divided by the total height of the paper. 

Of the methyl a-D-glycosidcs, methyl a-D-
glucoside, methyl a-D-maltotriosidc and methyl 
a-D-maltotetraoside were obtained in crystalline 
form. The methyl a-D-maltoside was chromato
graphically pure bu t has not yet been crystallized. 
The specific rotation of the methyl a-D-maltoside 
is + 1S4° aud agrees with a value reported by Peat, 
et al.3 Paper chromatographic mobility and the 
nature of the products of acid and enzyme hy
drolysis of the compound substantiate the methyl 
a-D-maltoside structure for this non-reducing 
compound. Yeast maltase and fungal amylo
glucosidase cleaved the a-D(l—>-1)-glucosidic bond 
of the maltoside to yield D-glucose and methyl a-D-
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glucoside but did not hydrolyze the methyl gluco-
sidic bond of the compound. 

The specific rotation and the melting point of 
the crystalline methyl a-D-maltotrioside were 
+202° and 145-147°. Crystalline salivary amyl
ase hydrolyzed the maltotrioside in a pattern very 
similar to that for the hydrolysis of maltotriose,9 

i.e., bond I10 of the trioside and triose were hy
drolyzed at a faster rate than bond 2. Use has 
been made of the difference in rate of hydrolysis 
of the two bonds in the trioside to obtain two 
hydrolytic fragments which aided in the character
ization of the non-reducing compound as methyl 
a-D-maltotrioside. These were methyl a-D-gluco-
side and maltose, the former being identified by its 
melting point and X-ray diffraction pattern and the 
latter by its specific rotation and X-ray diffraction 
pattern. 

The methyl a-D-maltotetraoside crystallized 
as a dihydrate with a specific rotation of +201° 
and a melting point of 170-172°. Paper chroma
tographic evidence indicates that the methyl a-D-
maltotetraoside was hydrolyzed by salivary amylase 
in a manner quite similar to maltotetraose.11 

The major products of hydrolysis of the tetraoside 
were maltose and methyl a-D-maltoside, tentatively 
identified by paper chromatography. Small 
amounts of reducing compounds which appear to 
be glucose and maltotriose also were detected 
on the chromatograms. The concentration of 
maltotriose in the hydrolysate was greater than 
that of glucose indicating that the terminal bond 
I10 was hydrolyzed at a somewhat faster rate than 
the terminal bond 3. On the basis of the chroma
tographic evidence the rate constants for the hy
drolysis of the terminal bonds of the tetraoside 
are much smaller than the constant for the hy
drolysis of the central bond. These patterns of 
hydrolysis of the maltotrioside and maltotetraoside 
by salivary amylase differ from those reported by 
Peat, et al} Apparently, in the experiments of the 
investigators mentioned above, the slow rate of 
hydrolysis of the terminal bonds of the tetraoside 
and bond 1 of the trioside escaped detection. 

Enzymatic hydrolysis of methyl (S-D-maltoside 
by yeast maltase and fungal amyloglucosidase oc
curred by routes similar to those for the methyl 
a-D-maltoside. Likewise, salivary amylase hy
drolyzed methyl /3-D-maltotrioside and methyl 
(9-D-maltotetraoside by patterns very similar to 
those for the a-series of compounds. 

Experimental 
Enzymes.—Macerans amylase was prepared from Bacillus 

macerans by methods previously described." The enzyme 
sample used in this study possessed 1.4 units13 of activity 
per ml. It was free of hydrolytic activity as indicated by 
the absence of reducing products in digests of methyl o-D-
glucoside and cyclohexaamylose. Crystalline salivary amyl
ase11 was the gift of Dr. Jytte Muus. In our experiments, a 
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solution of the enzyme containing 28 SKB units" per ml. 
was employed for hydrolyzing the triosides and a solution 
containing 9.0 SKB units per ml. for hydrolyzing the tetrao
side. Yeast maltase of Saccharomyces cerevisiae was pre
pared by a published procedure1' with slight modifications. 
Amyloglucosidase of Aspergillus niger was obtained in a 
highly purified form by a chromatographic procedure em
ploying cellulose ion exchange material." The details of 
the preparation of this enzyme will be published elsewhere. 

Preparation of the Methyl Glycosides.—Four grams of 
methyl a-D-glucoside and 4 g. of cyclohexaamylose" were 
dissolved in 80 ml. of water and mixed with 20 ml. of 
macerans amylase solution (1.4 units per ml.). Aliquots 
of the digest were examined for reaction products by paper 
chromatography (solvent system, n-butyl alcohol-ethyl 
alcohol-water, 4:1:1 by volume). The non-reducing 
compounds were detected with permanganatt-period ate 
reagent" and reducing compounds with copper sulfate and 
phosphomolybdic acid reagents." In the macerans digest 
there was produced a series of non-reducing compounds 
(Ri values shown in Table I) but no reducing compounds. 
A plot of the Rt values in Table I versus degree of polymeri
zation as outlined by French and Wild" resulted in a straight 
line relationship. As pointed out by French and Wild such 
a linear relationship indicates strongly that structural ir
regularities do not exist in the series of compounds. 

The digest of non-reducing compounds was concentrated 
to a volume of approximately 10 ml., mixed with 5 g. of 
washed cellulose powder,* and taken to dryness in a vacuum 
desiccator. The material was stirred with a small volume 
of a solution of n-butyl alcohol-ethyl alcohol-water (4:1:1 
by volume) and introduced on a cellulose column (70g.; 300 
mm. X 40 mm.) which had been thoroughly washed with 
the above solvent mixture. The development of the 
column was continued with the n-butyl alcohol-ethyl alco
hol-water solvent until 250 fractions (10 ml.) were collected. 
Aliquots of these fractions were heated with diphenylamuie 
reagent" to locate the tubes containing carbohydrates and 
the identities of the compounds in the various fractions were 
then determined by qualitative paper chromatography. 
Pure methyl a-D-glucoside was present in fractions 21 to 38, 
pure methyl a-D-maltoside in fractions 42 to 78, pure methyl 
a-D-maltotrioside in fractions 90-135 and pure methyl a-D-
maltotetraoside in fractions 162-195. The fractions con
taining the individual pure components were combined, 
concentrated under vacuum to a small volume and allowed 
to stand at room temperature. Methyl a-D-glucoside, 
methyl a-D-maltotrioside, methyl a-D-maltotetraoside were 
obtained in crystalline form from the solutions. Methyl 
a-D-maltoside came out of solution as a sirup which after 
evaporation of the solvent was dried in a vacuum desiccator 
to constant weight. The yields of compounds were as 
follows: methyl a-D-glucoside, 0.6 g.; methyl a-D-malto
side, 0.5 g.; methyl a-D-maltotrioside, 0.4 g.; methyl a-D-
maltotetraoside 0.3 g. 

A similar procedure was used for preparing the methyl 
/3-D-glycoside series of malto-oligosaccharides. In this 
experiment 4 g. of methyl (3-D-glucoside was used as the co-
substrate. The chromatographic behavior of the methyl 
^-series of compounds was quite similar to that of the a-
series (see Table I). The methyl /3-D-glycosides of D-glucose 
and maltose were obtained in crystalline form while those of 
maltotriose and maltotetraose were obtained in amorphous 
form. 

Methyl a-D-Glucoside.—The compound with R, value 
0.86 isolated from the enzymatic digest of methyl a-D-gluco
side and cyclohexaamylose proved to be methyl a-D-gluco
side. The melting point of the compound was 167° and 
the mixed melting point with an authentic sample of methyl 
a-D-glucoside was 166°. The specific rotation of +157° 
agrees with the literature value for methyl-a-D-glucoside. 
An X-ray diffraction pattern81 of the material isolated from 
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the enzymatic digest was identical to the pattern of methyl 
a-D-glucoside. 

Methyl a-D-Maltoside.—The compound with iff value 
0.54 was non-reducing and possessed a specific rotation of 
+ 184°. In an acid hydrolysate of the compound (0.05 N 
HCl a t 100° for 1 hour) two reducing fragments, one with 
Ri value identical to that of D-glucose and the other with 
Ri value identical to tha t of maltose were detected by paper 
chromatography. The concentration of maltose in the 
hydrolysate was considerably lower than that of D-glucose 
even m the early stages of hydrolysis, indicating tha t the 
a-D-(l—>4)-glucosidic bond in the compound is hydrolyzed 
more rapidly than the methyl glucosidic bond. 

The compound (0.05 g.) dissolved in 0.5 ml. of water was 
treated with 0.5 ml. of a solution of fungal amyloglucosidase. 
After a 6-hour incubation period the sample was heated at 
100° for 5 minutes to inactivate the enzyme and the com
pounds in the hydrolysate were separated on cellulose pow
der column (7 g.; 230 mm. X 12 mm.) with the »-butyl 
alcohol-ethyl alcohol-water solvent system. From the 
combined eluates in tubes 23-32, there was obtained a crys
talline compound with m.p . 166° and with X-ray diffraction 
pattern identical to that of methyl a-D-glucoside. From 
the eluates in tubes 38-50 there was obtained a crystalline 
reducing compound with specific rotation of + 5 3 ° . The 
compound yielded an X-ray diffraction pattern identical to 
that of D-glucose. 

Methyl a-D-Maltotrioside.—The crystalline non-reducing 
compound with R, value 0.22 and specific rotation of +202° 
is evidently methyl a-D-maltotrioside. The melting point 
of the compound was 145-147°. 

Anal. Calcd. for Ci9H34Oi6: C, 44.05; H, 6.56. Found: 
C, 43.77; H, 6.90. 

The X-ray diffraction data on the compound were: 
12.01n-70,2 3 9.64-60, 7.93-50, 7.12-80, 6.47-80, 5.45-50, 
5.19-60, 4.80-50, 4.56-40, 4.37-40, 4.08-100, 3.77 (double)-
80, 3.58-70, 3.42-50, 3.19-30, 3.08-30, 2.94-30, 2.81-20. 

In preliminary experiments, it was found that the methyl 
a-D-maltotrioside was hydrolyzed by crystalline salivary 
amylase to D-glucose, maltose, methyl a-D-glucoside and 
methyl a-D-maltoside. This action pattern on methyl 
maltotrioside is very similar to that observed earlier for the 
action of salivary amylase on maltotriose.9 A sample of 
0.12 g. of the trioside in 2.0 ml. of water was treated with 
2.0 ml. of salivary amylase solution (28 SKB units per ml.) . 
After a 12-hour incubation period at room temperature, the 
products in the hydrolysate were separated on a cellulose 
powder column (20 g.; 220 mm. X 22 mm.) with rc-butyl 
alcohol-ethyl alcohol-water (4 :1 :1 by volume) solvent. 
Paper chromatograms of the eluate showed that tubes 25 to 
36 contained a compound with Ri value of methyl a-D-gluco
side. The samples from these tubes were combined, con
centrated to a small volume and allowed to stand at room 
temperature. On further evaporation of the solvent a 
crystalline compound with m.p. 166° and with an X-ray 
diffraction pattern identical to that of methyl a-D-glucoside 
was obtained. The solution from tubes 91 to 135 contained 
a reducing compound with Rt value typical for maltose. 
There was obtained from the combined solution from these 
tubes a crystalline product with a specific rotation of +129° 
and with an X-ray diffraction pattern identical to that of 
maltose. 

(22) Interplanar spacings, A., CuKa radiations. 
(23) Relative intensities on the basis of 100 for the strongest line. 

Methyl a-D-Maltotetraoside.—As indicated in Table I , 
the R1 value of the fourth member of the series of compounds 
was 0.06. The specific rotation of +201° for the crystalline 
product is lower than that reported by Peat, el al.,* indi
cating that the compound contains some solvent of crys
tallization. Quantitative values for the elemental compo
sition of the compound agree with the values for a dihydrate 
of the compound. 

Anal. Calcd. for C25H14O21.2H2O: C, 41.92; H, 6.72-
Found: C, 41.85; H, 6.68. 

The specific rotation calculated on the anhydrous basis 
is +212° and is in good agreement with the literature value. ' 
The X-ray diffraction data on the crystalline compound 
were: 8.54"-7023, 7.86--50, 7.34-10, 6.47-20, 5.87 (double)-
80, 5.10-100, 4.87-80, 4.48-60, 4.05-50, 3.85-100, 3.63-80, 
3.35-40, 3.14-50, 3.02-70, 2.85-60, 2.76-20, 2.68-30, 
2.62-40, 2.56-10, 2.49-20. 

A sample of 0.005 g. of the compound dissolved in 0.1 ml. 
of water was treated with 0.1 ml. of salivary amylase 
(9.0 SKB units per ml.) for 3 hours. Analysis of the 0- and 
3-hour aliquots by paper chromatography showed the pres
ence of three reducing compounds in the 3-hr. digest. The 
one present in highest concentration had an i?f value of 
0.42 (Rt value of maltose under the same conditions 0.42) 
and the other two present only in trace amounts with Ri 
values of 0.68 and 0.35 (Ri values of D-glucose and malto
triose, 0.67 and 0.35, respectively). 

Methyl 0-D-Glucoside.—The fastest moving compound 
in the enzymatic digest of methyl /3-D-glucoside and cyclo-
hexaamylose proved to be methyl /3-D-glucoside. The 
m.p . of this compound was 105°; mixed m.p. with authentic 
methyl /3-D-glucoside was 105°. The specific rotation of 
— 33° and the data for X-ray diffraction diagram of the 
compound agree with the values for methyl /3-D-glucoside. 

Methyt-0-D-Maltoside.—The second member of the 0-
series of compounds also was obtained in crystalline form; 
m.p. 110° and specific rotation + 8 4 ° . These values agree 
with the literature values for methyl /3-D-maltoside." The 
X-ray diffraction pattern of this compound was identical 
to that obtained for pure methyl /3-D-maltoside.8 

The compound (0.01 g.) dissolved in 0.1 ml. of water was 
incubated with 0.1 ml. of yeast maltase solution at 30° for 
0, 1, 2, 4 and 6 hours. In the 1-hr. hydrolysate there was 
detected by paper chromatography a reducing compound 
and a non-reducing compound which are, in all likelihood, 
D-glucose and methyl /3-D-glucoside. The concentration of 
these compounds increased progressively up to the 6-hr. 
sample. 

Methyl /S-D-Maltotrioside and Methyl /S-D-Maltotetrao-
side.—The third and fourth members of the 3-series were 
also obtained in chromatographically pure form; Ri values 
for these compounds were 0.24 and 0.07, respectively. 
On the basis of chromatographic behavior and the experi
ence in the preparation and characterization of the a-serles 
of compounds these compounds are probably methyl /3-D-
maltotrioside and methyl /3-D-maltotetraoside. Reducing 
fragments detected by paper chromatography in hydroly-
sates of these compounds with salivary amylase were D-
glucose and maltose from the trioside and D-glucose, maltose 
and maltotriose from the tetraoside. Detailed structural 
information on these two compounds has not yet been ob
tained. 
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