The Substrate Specificity of the Enzyme Amyloglucosidase
(AMG). Part lil. Synthesis of Epimers and Mono-O-methyl

Ethers of Methyl -Maltoside

Kim Adelhorst, Klaus Bock, Henrik Pedersen and Susanne Refn

Department of Organic Chemistry, The Technical University of Denmark, Building 201, 2800 Lyngby, Denmark

Adelhorst, K., Bock, K., Pedersen, H. and Refn, S., 1988. The Substrate
Specificity of the Enzyme Amyloglucosidase (AMG). Part III. Synthesis of
Epimers and Mono-O-methyl Ethers of Methyl B-Maltoside. - Acta Chem.
Scand., Ser. B42: 196-201.

The synthesis of 3,4’ and 6' mono-O-methyl ethers of methyl f-maltoside is
described using suitably protected alcohols followed by methylation with diazo-
methane catalyzed by boron trifluoride. Similarly, the 3,4’ and 2' epimers 4a, 7a
and 9 of methyl B-maltoside have been prepared by chemical modification of
maltose and lactosan derivatives for compounds 4a and 7a, respectively, whereas
compound 9 has been prepared in a glycoside synthesis promoted by silver triflate
and tetramethylurea.

All compounds have been tested and found not to be substrates towards the

enzyme amyloglucosidase.

We have recently'= discussed the substrate speci-
ficity of the enzyme amyloglucosidase (AMG)
towards modified deoxy maltose derivatives'?
and 6-substituted maltose derivatives.? In this pa-
per we report the synthesis and substrate activity
of three O-methyl ethers of maltose and three
epimeric a-1,4-linked oligosaccharides related to
maltose. Previous results have shown'” that three
key polar hydroxy groups (3, 4’ and 6') are essen-
tial for substrate activity of the parent synthetic
compounds. It would therefore be of interest to
study the behaviour of the corresponding three
O-methyl ethers, which can act towards AMG as
acceptors for hydrogen bonding but not as do-
nors.

The 3-O-methyl maltoside derivative 1a was
prepared from the known* methyl 2,6,2',3', 4’ 6'-
hexa-O-acetyl-B-maltoside by methylation with
diazomethane in dichloromethane using boron
trifluoride as catalyst.* The O-methyl compound
1b was formed in 30 % yield, and 32 % of the
starting material was recovered. Deprotection
with sodium methoxide in methanol gave 1a in
95% yield. Similar methylation of methyl
2,3,6,2',3',6'-hexa-O-benzyl-B-maltoside  (2d)'
gave the 4'-O-methyl ether (2e) in 50 % yield.
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This compound was converted into 2a in 82 %
yield by catalytic hydrogenation of the O-benzyl
groups. Finally, the 6-O-methyl ether was pre-
pared analogously by methylation of the known®
methyl 2,3,6,2',3',4'-hexa-O-acetyl-$-maltoside
(3¢c) in 75 % yield. The unprotected compound
was isolated in 71 % yield after deprotection. All
the compounds were characterized by their 'H
and BC NMR parameters, which in all cases were
consistent with the proposed structures.

None of the O-methyl ethers 1a, 2a or 3a were
substrates for the enzyme under the experimental
conditions described previously.'?

In order to further study the substrate specific-
ity, it would be of interest to synthesize the corre-
sponding 3,2’ and 4’ epimeric structures. The
3-epimeric compounds was prepared as described
by Hough and Richardson,* and was de -O-acety-
lated to give the unprotected compound 4 in 90 %
yield.

The preparation of the 4’-epimer was the result
of an unsuccessful attempt to photobrominate
hexa-O-acetyl-1,6-anhydrolactosan (5) as de-
scribed by Ferrier and Fourneaux.” The com-
pound decomposed partly during the reaction,
but it was possible to isolate 20 % of a compound
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6 which had been anomerized at the non-reduc-
ing unit, together with 30 % of starting material.
Repeated experiments showed the reaction to be
reproducible. The o-linked 1,6-anhydro com-
pound 6 was converted into the f-methyl glyco-
side 7b which was characterized and de-O-acety-
lated to give 7a.

The 2' epimeric compound 9 was synthesized
from methyl 2,3,6-tri-O-benzyl-g-p-glucopyrano-
side and acetobromomannose using silver triflate
and tetramethylurea as promoter. The disaccha-
ride 8 was isolated in 25 % yield and character-
ized by its 'H and *CNMR spectral data. Re-
moval of the protecting groups to give 9 was
accomplished in 65 % yield.

None of the epimeric compounds 4a, 7a or 9
were substrates for the enzyme AMG under the
experimental conditions described previously.'?
These results are all in complete agreement with
the proposal made by Lemieux,' that key polar
groups are essential for recognition of substrates
for the enzyme.

Experimental

Melting points are uncorrected. Optical rotations
were measured on a Perkin Elmer 241 polari-
meter. NMR spectra were recorded on Bruker
WH-90, HX-270 and AM-500 NMR instruments.
The spectra of protected compounds were mea-
sured in CDCl,, while those of unprotected com-
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pounds were measured in D,O relative to the
internal references: acetone (8 2.22) for 'H NMR
spectra and dioxane (67.4 ppm) for *C NMR
spectra. Microanalyses were performed by Novo
Microanalytical Laboratory, Copenhagen, Den-
mark. TLC was performed on silica gel-coated
plates (Merck F-254). Preparative TLC was per-
formed on 20x40 cm plates coated with 1 mm of
silica gel. The enzyme amyloglucosidase, AMG
(EC. 3.2.1.3), was a gift from Novo A/S, Den-
mark.

Methyl 2,6,2',3',4',6'-hexa-O-acetyl-3-O-methyl-
B-maltoside (1b). To a solution of methyl
2,6,2',3' 4' 6'-hexa-O-acetyl-B-maltoside*  (1c)
(200 mg, 0.33 mmol) in dichloromethane (10 ml)
was added 2 drops of boron trifluoride etherate
and an excess of diazomethane in dry ether, and
the solution was left for 5 min at room temper-
ature. The reaction mixture was filtered and the
filtrate was evaporated to dryness. The residue
was purified by preparative TLC using diethyl
ether as eluent. The main fraction (62 mg, 30 %)
was crystallized from ethanol to give 1b with m.p.
79-80°C and [a]5 + 22.9° (¢ 0.5, chloroform).
Anal. CH,;O,: C, H. 'HNMR (270 MHz,
CDClL,): & 5.48 (H-1'); 4.91 (H-2'); 5.42 (H-3');
5.19 (H-4'); 4.04 (H-5'); 4.05 (H-6a’); 4.25
(H-6b"); 4.31 (H-1); 4.92 (H-2); 3.50 (H-3); 3.78
(H-4); 3.59 (H-5); 4.49 (H-6a); 4.22 (H-6b); 3.45,
3.36 (OMe). *C NMR (67.89 MHz, CDCl,): 96.6
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ppm (C-1'); 70.5 (C-2'); 69.6 (C-3'); 68.3 (C-4');
68.4 (C-5"); 61.9 (C-6'); 101.5 (C-1); 72.1 (C-2);
83.5 (C-3); 75.1 (C-4); 72.5 (C-5); 63.2 (C-6);
56.7, 58.0 (OMe).

Unchanged starting material (1c) was also iso-
lated (65 mg, 0.11 mmol, 32 %), raising the effec-
tive yield of 1b to 62 %.

Methyl 3-O-methyl-B-maltoside (1a). De-O-ace-
tylation of 1b (25 mg, 0.040 mmol) with 0.1 %
sodium methoxide in methanol (5 ml) yielded 1b
(14 mg, 95%) as a syrup. 'HNMR (270 MHz,
D,0): 6 5.34 (H-1'); 3.50 (H-2'); 3.63 (H-3');
3.39 (H-4"); 3.89 (H-6a’); 3.72 (H-6b'); 4.35
(H-1); 3.37 (H-2); 3.69 (H-4); 3.76 (H-6a); 3.73
(H-6b); 3.53, 3.52 (OMe). BC NMR (125.7 MHz,
D,0): 99.2 ppm (C-1'); 72.1 (C-2'); 73.5 (C-3");
70.2 (C-4'); 73.5 (C-5"); 61.6 (C-6'); 103.8 (C-1);
73.0, 74.0, 75.3 (C-2,4,5); 87.0 (C-3); 61.2 (C-6);
58.0 (OMe); 60.2 (3-OMe).

Methyl 2,3,6,2',3',6'-hexa-O-benzyl-4'-O-
methyl-f-maltoside (2¢). To a solution of methyl
2,3,6,2',3',6'-hexa-O-benzyl-B-maltoside  (2d)’
(100 mg, 0.11 mmol) was added 2 drops of boron
trifluoride etherate and an excess of diazometh-
ane in dry ether. The mixture was filtered and the
filtrate was concentrated to dryness. Preparative
TLC using ethyl acetate — pentane (1:3) as eluent
yielded 2e (51 mg, 50 %) as a syrup with [a]3 +
46.6° (c 1.3, chloroform). Anal. C;Hg,0,,: C, H.
3C NMR (67.89 MHz, CDCl,): 104.6 ppm (C-1);
96.7 (C-1'); 60.6 (4’-O-methyl; 56.9 (1-O-
methyl). Other signals: 84.8; 82.4; 82.0; 79.5;
79.2; 75.4; 74.6 (2 carbons); 73.9; 73.5; 73.4;
73.3; 72.5; 71.1; 69.2; 68.4.

198

Methyl 4'-O-methyl-B-maltoside (2a). To a so-
lution of 2e (30 mg, 0.033 mmol) in methanol (10
ml) and acetic acid (2 ml) was added 5 % palla-
dium-on-carbon (10 mg). The mixture was stirred
under 1 atm hydrogen pressure for 16 h. The
catalyst was filtered off and washed with metha-
nol. The filtrate and washings were combined
and concentrated, and water (5 ml) was added
and co-evaporated twice to remove acetic acid.
This yielded 2a (10 mg, 0.027 mmol, 82 %) as a
syrup. '"HNMR (270 MHz, D,0): § 5.39 (H-1');
3.22 (H-4"); 3.70 (H-5'); 3.85 (H-6a’); 4.39
(H-1); 3.29 (H-2); 3.92 (H-6a); 3.57, 3.56
(OMe). BCNMR (67.89 MHz, D,0): 100.3 ppm
(C-1); 72.5(C-2', C-3'); 79.9 (C-4"); 73.5 (C-5");
61.1 (C-6'); 103.9 (C-1); 73.8 (C-2); 77.1 (C-3);
77.6 (C-4); 75.4 (C-5); 61.5 (C-6); 59.5, 58.0
(OMe).

Methyl 2,3,6,2',3',4'-hexa-O-acetyl-B-maltoside
(3¢c). A solution of methyl 2,3,6,2’,3'-penta-O-
acetyl-4',6'-O-benzylidene-B-maltoside (1.0 g,
1.53 mmol) in acetic acid (20 ml) and water (5 ml)
was heated on a steam-bath for 1 h. The mixture
was evaporated, and water (25 ml) was added
and co-evaporated four times to remove acetic
acid. The residue (crude methyl 2,3,6,2’,3'-
penta-O-acetyl-f-maltoside) was dissolved in
pyridine (20 ml) and trityl chloride (2 g, 7.18
mmol) was added. The mixture was left at 30°C
for 4 d. Acetic anhydride (10 ml) was added and
the mixture was left for 16 h at room temper-
ature. Conventional work-up yielded crude
methyl 2,3,6,2',3' 4'-hexa-O-acetyl-6'-O-tri-
phenylmethyl-B-maltoside together with tri-
phenylcarbinol. The mixture was dissolved in




acetic acid (50 ml) and water (25 ml), and the
solution was heated on a steam-bath for 1 h and
filtered after cooling. The filtrate was washed
with pentane (25 ml). The acetic acid — water
phase was concentrated, and ethanol (10 ml) was
added and co-evaporated three times to remove
traces of acetic acid. From the resulting syrup, 3¢
(529 mg, 57 %) could be crystallized from ethanol
(m.p. 181-183°C). Recrystallization from etha-
nol gave 3¢ with m.p. 186-187°C and [a]} +
66.7° (c 1.3, chloroform). Lit.® m.p. 187-190°C
and [o], + 49° (¢ 0.7, chloroform). *C NMR
(67.89 MHz, CDCl,): 95.6 ppm (C-1'); 70.3
(C-2"); 72.2 (C-3"); 75.5 (C-4"); 72.5 (C-5'); 62.8
(C-6"); 101.2 (C-1); 72.2 (C-2, C-3); 75.5 (C-4);
72.5 (C-5); 62.8 (C-6); 57.0 (OMe).

Methyl 2,3,6,2',3',4'-hexa-O-acetyl-6'-O-methyl-
B-maltoside (3b). To a solution of 3¢ (150 mg,
0.24 mmol) in dichloromethane (15 ml) was
added 2 drops of boron trifluoride etherate and
an excess of diazomethane in dry ether, and the
solution was left for 1 h. The mixture was filtered
and the filtrate was concentrated. The residue
was purified by preparative TLC by elution with
diethyl ether. This gave 3b (112 mg, 75 %), which
crystallized spontaneously; m.p. 160-165°C. Re-
crystallization from ethanol gave 3b with m.p.
162-163°C and [a]5 + 53.5° (¢ 1.1, chloroform).
Anal. C,H;,0,;: C, H. ®C NMR (67.89 MHz,
CDCly): 95.5 ppm (C-1'); 70.2 (C-2'); 69.5
(C-3"); 68.8 (C-4'); 70.2 (C-5"); 69.7 (C-6); 101.2
(C-1); 72.2 (C-2, C-3); 75.6 (C-4); 72.4 (C-5);
62.9 (C-6); 59.6, 57.0 (OMe).

Methyl 6'-O-methyl-f-maltoside (3a). De-O-ace-
tylation of 3b (50 mg, 0.080 mmol) with 0.1 %
sodium methoxide in methanol (10 ml) yielded 3a
(21 mg, 71 %) as a syrup. 'H NMR (270 MHz,
D,0): 6 5.49 (H-1'); 3.57 (H-2'); 3.67 (H-3");
3.42 (H-4"); 3.80 (H-5"); 4.39 (H-1); 3.29 (H-2);
3.58, 3.41 (OMe). *C NMR (67.89 MHz, D,0):
100.4 ppm (C-1"); 72.5 (C-2'); 73.6 (C-3'); 70.2
(C-4");72.2 (C-5"); 71.1 (C-6'); 104.0 (C-1); 73.8
(C-2); 77.1 (C-3); 77.8 (C-4); 75.3 (C-5); 61.5
(C-6); 59.5, 58.0 (OMe).

Methyl 4-O-(a-D-glucopyranosyl)-f-p-allopyra-
noside (4a). Methyl 2,3,6-tri-O-acetyl-4-O-
(2,3,4,6-tetra-O-acetyl-a-p-glucopyranosyl)-p-p-
allopyranoside (4b)* was de-O-acetylated as de-
scribed above to give 4a as a syrup (15 mg, 90 %).
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BC NMR (125.77 MHz, D,0): 96.1 ppm (C-1');
72.4 (C-2"); 74.2 (C-3’); 70.6 (C-4"); 74.0 (C-5');
61.7 (C-6'); 102.4 (C-1); 71.4 (C-2); 68.0 (C-3);
71.9 (C-4); 73.5 (C-5); 62.3 (C-6); '"H NMR (500
MHz, D,0): & 5.14 (H-1'); 3.59 (H-2"); 3.71
(H-3"); 3.44 (H-4'); 3.66 (H-5"); 3.85 (H-6a’);
3.76 (H-6b); 4.67 (H-1); 3.45 (H-2); 4.43 (H-3);
3.78 (H-4); 3.95 (H-5); 3.93, 3.73 (H-6a, H-6b
part of an ABX system).

2,3-Di-O-acetyl-1,6-anhydro-4-0-(2,3,4,6-tetra-
O-acetyl-a-D-galactopyranosyl)-B-D-glucopyra-
nose (6). To a solution of 125 mg (0.22 mmol) of
2',3',4', 2,3 hexa-O-acetyl-1,6-anhydro-p-lactose
(5)%in 5 ml of hot chlorobenzene was added 34 ul
(0.67 mmol) of bromine and the mixture was
heated under reflux for 1% h over a heat lamp
(250 W) with exclusion of moisture. The dark
brown solution was cooled to room temperature,
washed with 10 % (w/w) aqueous sodium thio-
sulfate (2x 15 ml) and saturated sodium hydrogen
carbonate (2x15 ml), dried (magnesium sulfate),
filtered through charcoal and concentrated. The
resulting mixture was purified by preparative
TLC, eluting with ethyl acetate-hexane (2:1).
The slowest-moving fraction gave 37 mg (30 %)
of starting material (5). The next fraction gave 25
mg (20 %) of the title compound 6, which was
characterized through its 'HNMR spectrum.
'HNMR (500 MHz, CDCl,): 6 5.33 (H-1'); 5.10
(H-2'); 5.42 (H-3"); 5.49 (H-4"); 4.56 (H-5'); 4.16
(H-6a"); 4.05 (H-6b'); 5.46 (H-1, J;, = 3.6 Hz);
4.79 (H-2); 4.58 (H-3); 3.56 (H-4); 4.75 (H-5);
3.97 (H-6a); 3.88 (H-6b).

Methyl  2,3,6-tri-O-acetyl-4-O-(2,3,4,6-tetra-O-
acetyl-a-D-galactopyranosyl-f-p-glucopyranoside
(7b). To a solution of 6 (40 mg, 0.07 mmol) in
acetic anhydride (5 ml) was added 2 drops of
conc. H,SO,, and after 5 min stirring the solution
was poured into water (40 ml) and stirred for
2% h. The mixture was extracted 3 times with
dichloromethane, and the combined organic
phases were washed with water and saturated
sodium hydrogen carbonate solution, dried and
concentrated. The residue was dissolved in di-
chloromethane (10 ml) and hydrogen bromide in
acetic acid (6 ml) was added. After 50 min at
room temperature the mixture was diluted with
cold dichloromethane (20 ml),; washed with ice-
water and saturated sodium hydrogen carbonate,
dried and concentrated. To the resulting glycosyl
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bromide in dichloromethane (10 ml) was added
dry methanol (10 ml) and silver carbonate (220
mg, 0.75 mmol), and the mixture was stirred
overnight in the dark. The silver salts were re-
moved by filtration through charcoal, and
washed with methanol and dichloromethane. The
combined filtrate was evaporated and purified by
preparative TLC by elution with ethyl acetate—
hexane (1:1). The main fraction gave 21 mg
(47 %) of methyl 4’'-epi-hepta-O-acetyl-p-malto-
side (7), which crystallized from ethanol with
m.p. 145-146°C and [a])%# + 61.0° (c 0.7; chloro-
form). Anal. C,;H;0y4: C, H. BCNMR (125.77
MHz, CDCl,): 95.9 ppm (C-1'); 66.8, 67.2, 67.2,
67.6 (C-2', C-3', C-4', C-5"); 61.3 (C-6'); 101.0
(C1); 72,1, 72,2, 72,6 (C-2, C-3, C-5); 75.4
(C-4); 62.9 (C-6); '"H NMR (500 MHz, CDCl,): &
5.45 (H-1'); 5.13 (H-2'); 5.25 (H-3'); 5.44 (H-4);
420 (H-5'); 4.09, 4.04 (H-6a’, H-6b'); 4.45
(H-1); 4.82 (H-2); 5.23 (H-3); 4.00 (H-4); 3.67
(H-5); 4.50, 4.23 (H-6a, H-6b).

Methyl  4-O-(a-p-galactopyranosyl)-B-p-gluco-
pyranoside (7a). Treatment of 13 mg of methyl
2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra- O-acetyl-a-
p-galactopyranosyl)-p-p-glucopyranoside  (7b)
with 0.5 ml of 0.1 % sodium methoxide in dry
methanol (5 ml) overnight gave 5 mg (65 %) of 7b
as a syrup. BC NMR (125.77 MHz, D,0): 100.7
ppm (C-1'); 69.6 (C-2'); 70.1 (C-3); 70.0 (C-4');
72.6 (C-5'); 62.0 (C-6'); 103.9 (C-1); 73.8 (C-2);
77.0 (C-3); 77.8 (C-4); 75.4 (C-5); 61.6 (C-6);
'H NMR (500 MHz, D,0): 6 5.42 (H-1',J;, = 3.6
Hz); 3.83, 3.89 (H-2’, H-3' AB system); 4.01
(H-4"); 4.01 (H-5"); 3.75 (H-6a’, H-6b’ AB sys-
tem); 4.40 (H-1, J,, = 8.0 Hz); 3.31 (H-2); 3.78
(H-3); 3.63 (H-4); 3.60 (H-5); 3.80 (H-6a); 3.97
(H-6b).

Methyl  2,3,6-tri-O-benzyl-4-O-(2,3,4,6-tetra-O-
acetyl-a-D-mannopyranosyl)--p-glucopyrano-

side (8). To a mixture of methyl 2,3,6-tri-O-ben-
zyl-B-p-glucopyranoside® (255 mg, 0.55 mmol),
silver trifluoromethanesulfonate (205 mg, 0.8
mmol), tetramethylurea (0.096 ml, 0.8 mmol)
and 4 A molecular sieves in dry dichloromethane
cooled to —20°C was added a solution of 2,3,4,6-
tetra-O-acetyl-a-p-mannopyranosyl bromide
(326 mg, 0.79 mmol) in dichloromethane (5 ml).
The mixture was protected from light and stirred
under nitrogen for 2 h. The reaction mixture was
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diluted with dichloromethane (25 ml) and filtered
into ice-water and sodium hydrogen carbonate.
The organic phase was washed with water, dried
(magnesium sulfate) and concentrated to yield a
syrup (540 mg) which wasa purified by prepara-
tive TLC by elution with ethyl acetate—pentane
(1:2). The slower-moving fraction gave 8 (107
mg, 0.13 mmol, 25 %), as a syrup, characterized
by 500 MHz 'H and ®C NMR spectra. 'HNMR
(500 MHz, CDCl): & 5.40 (H-1', J;, = 2 Hz),
5.28 (H-2'); 5.24 (H-3'); 5.20 (H-4'); 3.97 (H-5");
4.17 (H6a'); 3.88 (H-6b'); 4.35 (H-1, J;, = 8.0
Hz); 3.54 (H-2); 3.67 (H-3); 3.80 (H-4); 3.53
(H-5); 3.81 (H-6a); 3.73 (H-6b). *CNMR (500
MHz, CDClL,): 97.4 ppm (C-1'); 62.1 (C-6');
104.4 (C-1); 65.5 (C-6); 56.9 (OCH,); unas-
signed: 84.1, 82.0, 75.3, 74.7, 74.2, 74.0, 73.3,
69.2, 69.1, 69.0, 68.9. The faster- moving fraction
gave the aglycone (143 mg, 56 %).

Methyl-4-O-(a-D-mannopyranosyl)--p-glucopy-
ranoside (9). To a solution of 8 (107 mg, 0.13
mmol) in methanol (10 ml) and acetic acid (1 ml)
was added 5% palladium-on-carbon (40 mg).
The mixture was stirred for 16 h under 1 atm
hydrogen pressure and then diluted with metha-
nol (25 ml). The catalyst was filtered off and
washed with methanol. Concentration of the fil-
trate to dryness yielded a syrup (80 mg). The
product was de-O-acetylated with 0.1 % sodium
methoxide in methanol (8 ml). The solution was
neutralized with solid carbon dioxide, and the
sodium ions were removed by stirring with Am-
berlite IRC-50(H*) ion-exchange resin Filtration
through activated carbon and concentration gave
9 (32 mg, 69%). 'HNMR (500 MHz, D,0): &
525 (H-1", J,, = 1.8 Hz); 4.03 (H-2");3.78
(H-3'); 3.66 (H-4"); 3.67 (H-5); 3.86 (H-6a’);
3.73 (H-6b'); 4.34 (H-1, J, = 8.6 Hz); 3.26
(H-2); 3.64 (H-3); 3.59 (H-4); 3.52 (H-5); 3.91
(H-6a); 3.75 (H-6b). 3C NMR (500 MHz, D,0):
102.1 ppm (C-1'); 71.1 (C-2"); 71.1 (C-3'); 67.4
(C-4"); 74.5 (C-5"); 61.7 (C-6'); 103.9 (C-1); 74.0
(C-2) 77.1 (C-3); 77.0 (C-4); 75.4 (C-5); 61.6
(C-6); 58.1 (OMe).
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