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Pancreatic a-amylase is a target for type 2 diabetes mellitus treatment. However, small molecule
inhibitors of a-amylase are currently scarce. In the course of developing small molecule a-amylase
inhibitors, we designed and synthesized conjugates of glucose and acarviosin. The synthetic
compounds showed mild o-amylase inhibitory activity with higher activity compared with non-
glucose conjugated compounds, but lower activity compared to acarviosin. Comparison of these
activities revealed transglycosylation of acarviosin during the enzyme reaction. Additionally, the a-
amylase inhibitory activity of acarviosin is expressed through these transglycosylation products.

2009 Elsevier Ltd. All rights reserved.

Type 2 diabetes mellitus (T2DM) is a metabolic disease that
develops through either impaired insulin secretion or decreased
insulin sensitivity.' Insulin is a peptide hormone that functions to
decrease gluconeogenesis, enhance glucose utilization and lower
the blood glucose level.> Failure in insulin’s function therefore
results in uncontrolled blood glucose levels that cause chronic
high blood glucose levels. This is particularly problematic after
food consumption, because absorption of food derived
saccharides is the main process that rapidly elevates the blood
glucose level.

Pancreatic a-amylase (EC 3.2.1.1) is an enzyme that catalyzes
hydrolysis of starch, the 1,4-connected poly-a-D-glucose.
Carbohydrate is an essential nutrient included in foods and starch
is the major source of this nutrient. For absorption of starch into
the body, hydrolysis of starch by a-amylase together with other
intestinal glucosidases is an essential process. Thus, the enzyme
is important for the body. Since a-amylase functions as a key
enzyme for the digestion and absorption of starch, it can also be a
target for the treatment of T2DM.

Inhibitors of a-amylase function by modulating the blood
glucose level after a meal. Acarbose, the tetrasaccharide mimic
with potent a-amylase inhibitory activity is employed in the
current treatment of T2DM.> A number of a-amylase inhibitors
have been identified from nature and reported;*® however, potent
and selective a-amylase inhibitors remain scarce.

We are working to develop novel a-amylase inhibitors by
modification of a-glucosidase inhibitors. We reported previously
the synthesis and o-amylase inhibitory activity of glucose-

deoxynojirimycin conjugates and their a-amylase inhibitory
activity.'"” The addition of a glucose moiety through a
hydrophobic linker increased the a-amylase inhibitory activity of
deoxynojirimycin, thus showing the potential of this method to
prepare useful a-amylase inhibitors.

Here, as a continuation of the previous report,'’ we conjugated
glucose to acarviosin,'"'> the core structure of acarbose with
potent a-glucosidase inhibitory activity, to test the generality of
our previous finding to enhance a-amylase inhibitory activity of
a-glucosidase inhibitors.

Glucose-acarviosin conjugates were designed and synthesized
following the structure and synthesis of a glucose-
deoxynojirimycin conjugate (Scheme 1).'° A mixture of methyl
o- and B-acarviosin, prepared from acarbose by methanolysis,"
was reacted with 2,2-dimethoxypropane and then purified by
silica-gel column chromatography to obtain the pure a-anomer.
The obtained isopropylidene protected methyl a-acarviosin was
hydrolyzed, reacted with a,a-dimethoxytoluene, and partial
hydrolysis of the obtained multi-benzylacetal compound gave
4,6-benzylacetal (2). Hydroxyl groups of 2 were then reacted
with p-methoxybenzyl chloride to give 3. Benzylacetal was
removed from 3 under acidic conditions and the resulting
primary hydroxyl group was protected by the triisopropylsilyl
group to give 4. Iodoalkyl glucoses 5a-c, prepared independently
(see supporting information), were reacted with 4 and the
resulting product was deprotected by trifluoroacetic acid to yield
the desired products (6-8). Additionally, compound 9 was
synthesized from 4, which has no glucose moiety and the shortest
alkyl chain (Scheme 2).
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Scheme 2. (k) CH;l, NaH, DMF, THF, 75%; (I) TFA, MeOH,
92%.

The a-amylase inhibitory activities of the synthetic
compounds are summarized in Table 1. Methyl a-acarviosin (1)
showed mild a-amylase inhibitory activity at 500 uM and strong
inhibition at 2 mM. In contrast, the synthetic compounds (6-8)
showed scarce or no inhibition at 500 uM and mild inhibitory
activity at 2 mM.

Unlike the previously synthesized glucose-deoxynojirimycin
conjugate, no enhancement of a-amylase inhibitory activity was
observed for any of the synthetic compounds when compared
with the inhibitory activity of 1. However, when the activity of
6-8 is compared with 9, clear enhancement is observed,
indicating the effect of glucose addition. Thus, our concept to
enhance o-amylase inhibitory activity through conjugation of
glucose is still effective. Therefore, we postulate that for the
activity of 1, the free hydroxyl group at the C-4 position of
acarviosin may have some function in the a—amylase inhibitory
activity, and derivatization using this residue decreases its
activity.

In the case of acarbose, the hydroxyl group at the C-4 position
is known to participate in the transglycosylation reaction and
produces a product with stronger affinity to a-amylase during the
enzyme reaction.* To test if a similar reaction occurs for 1, we
analyzed the enzyme reaction mixture. Analysis of the reaction

mixture by UPLC-Tof-MS (Supplementary Figure 1) showed
two peaks, the minor peak with m/z 498.2179 ([1+glucose-
H,0+H]’, CyH3NO,; requires m/z 498.2187) and the major
peak with 660.2714 ([1+maltose-H,O+H]", CysHygNO5 requires
m/z 660.2715), which corresponds to the transglycosylation
products of 1 (Figure 1A). Similar transglycosylation products
were also detected from the analysis of enzyme reaction mixture
of 6-8, except glucose transferred products were more abundant
(Supplementary Figure 2-4). No transglycosylation products
were detected for 9 (Supplementary Figure 5).

Table 1

a-Amylase inhibitory activity of glucose-acarviosin conjugates

Inhibitory activity (%)

Compound 0.5 mM 2.0 mM
Methyl a-acarviosin (1) 65 85
6(n=4) 4 45
7(n=6) 2 43
8(n=9) 5 43
9 (n =1, without glucose) 0 5
Acarbose (5 uM) 55

From these results, o-amylase inhibition of the tested
compounds is summarized as followings. Methyl o-acarviosin
(1) itself has low affinity towards a-amylase. However, during
the enzyme reaction, 1 undergoes the transglycosylation reaction
to form maltose or glucose attached products. These products
mimic trisaccharides or tetrasaccharides and occupy one or two
additional subsites of a-amylase when compared with 1. The
subsite is a part of the substrate binding site of a-amylase that
interacts with a single glucose unit."” a-Amylase shows strong
affinity towards starch by interacting with multiple glucose units
with multiple subsites and therefore, the transglycosylation



products show higher affinity to a-amylase and possess higher

inhibitory activities. Thus, the transglycosylation process of 1
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Figure 1. Binding of the inhibitors by a-amylase. (A) Methyl a-acarviosin reacts with starch through transglycosylation by a-amylase.
The transglycosylation products have high affinity towards a-amylase. (B) Compounds 6-8 undergo the transglycosylation reaction but
the reaction has low effect on inhibition. (C) Compound 9 does not receive the transglycosylation reaction.

can yield products that show stronger inhibitory activity (Figure
1A). In comparison, compound 9 does not receive
transglycosylation reaction because the C-4 hydroxyl group is
not readily accessible, and the inhibitory activity of this
compound results from their original structure (Figure 1C).
Compound 6-8 are susceptible to transglycosylation reaction.
However, the reaction have lower effect on the inhibitory
activity since there are only two subsites above the acarviosin
binding position,'* and additional glucose is not recognized by a-
amylase enzyme (Figure 1B). Therefore, the glucose-acarviosin
conjugates (6-8) or their transglycosylation products interact
with three subsites, thus bypassing one in the middle and 9
interacts with two subsites. Thus glucose-acarviosin conjugates

show higher activity compared with 9; however, all synthetic
compounds show lower activity compared with 1, because the
transglycosylation products of 1 interact with more subsites.

In conclusion, we have synthesized glucose-acarviosin
conjugates and tested their a-amylase inhibitory activity. Our
concept to enhance a-amylase inhibitory activity by conjugating
glucose to a-glucosidase inhibitors was proven to have some
effect when compared 6-8 with 9. In addition, we found that the
a-amylase inhibitory activity of methyl acarviosin arises from
transglycosylation products.
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