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One-pot regio- and stereospecific synthesis of chitoheptaose
((GlcNAc);) has been achieved by using chitopentaose
((GIcNAc)s) and chitobiose ((GlcNAc),) as starting materials.
The key intermediate, 1,2-oxazoline derivative of (GIcNAc)s,
could be directly prepared in water and successfully trans-
glycosylated to (GlcNAc), catalyzed by a mutant chitinase with
lower hydrolyzing activity.

Chitoheptaose ((GlcNAc);), the B-1,4-linked linear hep-
tamer of N-acetyl-D-glucosamine (GlcNAc), shows higher
elicitor activities, inducing the production of phytoalexin in
suspension-cultured rice cells.! In spite of strong demand for
chitoheptaose, its specific preparation has not been accomplish-
ed yet due to the difficulty in controlling degree of polymer-
ization (DP). Chemical and enzymatic degradation of naturally
occurring chitin afforded mixtures of chitooligomers having
different DPs.>* Enzymatic polycondensation techniques have
also been attempted; however, the production of a monodisperse
chitooligosaccharide was extremely difficult. Here we report
a new chemoenzymatic process for exclusive formation of
(GIcNAc); starting from commercially available chitopentaose
((GIcNAc)s) and chitobiose ((GlcNAc),) via 1,2-oxazoline
derivative of chitopentaose ((GIcNAc)s-oxa) as synthetic inter-
mediate.

The process was designed based on the retrosynthesis of
(GIcNAc); by cleaving the second glycosidic bond from the
reducing end, which corresponds to the catalytic point of
chitinase Al from Bacillus circulans WL-12 (ChiAl), giving
rise to (GlcNAc)s-oxa (1) and (GIcNAc), (2) (Figure 1). Based
on these analyses, we postulated that a regio- and stereoselective
synthesis of (GIlcNAc); would be possible if both of the

HO HO HO HO HO HO HO
Q o, o, o, or. o, o,
HO' o o o o \/o o
Ho. Ho. Ho- HO. Ho. S Ho- HO: oH
e c N, M N
NHAc NHAc NHA NHAC o NHAc NHA
HiC

OH OH OH OH OH ﬂ
. N . . . o o
o o o o o o 3
o o o o o A
rre Mo 1 \ere [N vo. vo. o
Niae

e 9

mm

Donor site ! Acceptor site
Catalytic point

Figure 1. Retrosynthesis of (GlcNAc); considering the cata-
Iytic point on the chitinase-template. The numbers —5 to +2
denote the subsites that recognize each GIcNAc unit of
(GlcNAc);.
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substrates 1 and 2 were recognized by ChiAl at the donor site
(from subsite —5 to subsite —1) and the acceptor site (subsites
+1 and +2) as glycosyl donor and acceptor, respectively.

In a series of our studies on direct activation of the anomeric
carbon atom,’ we developed a facile method for synthesis of
sugar oxazoline derivatives starting from the corresponding
unprotected sugars® by the intramolecular dehydration reactions
in water using 2-chloro-1,3-dimethylimidazolinium chloride
(DMC)’ as a dehydrating agent. According to this method,
(GleNAc)s can be converted to the corresponding (GlcNAc)s-
oxa (1) almost quantitatively without protecting the hydroxy
groups.

These findings prompted us to develop a one-pot process
toward (GlcNAc); where both the synthesis of the glycosyl
donor 1 and the subsequent transglycosylation can be performed
in the same aqueous solution without isolating the synthetic
intermediate 1 (Scheme 1). Since sugar oxazolines are known to
behave as transition-state-analogue substrates,® we postulated
that the reaction would proceed smoothly even if the template-
protein possesses nearly no enzyme activity,” affording a
monodisperse (GlcNAc); without accompanying hydrolysis of
the product. After screening various mutants of ChiAl, we
found that the enzyme whose tryptophan residue 433 was
changed to an alanine residue (W433A ChiAl) could behave
as a template for the addition reaction of 2 to the oxazoline
1 without cleaving any N-acetylglucosaminide units in the
substrates. The W433 residue is essential for hydrolysis of
chitooligomers by distorting the conformation of the GIcNAc
unit incorporated into the —1 subsite.’”

After investigating the reaction conditions with respect to
reaction time, donor/acceptor ratio, DMC concentration, and
enzyme concentration, we demonstrated the one-pot synthesis of
(GlcNAc); as follows.'? A mixture of (GIcNAc)s (2.6 mg, 2.5
umol) and triethylamine (7.8 uL, 56.3 umol) in water (80 uL)
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Scheme 1. One-pot synthesis of (GIcNAc); by the addition
of (GlcNAc), (2) to (GlcNAc)s-oxa (1) catalyzed by a mutant
chitinase, W433A ChiA.

www.csj.jp/journals/chem-lett/


http://dx.doi.org/10.1246/cl.2012.689
http://www.csj.jp/journals/chem-lett/

690

(GleNAG), [M+Na]"
(GleNAG), Taee
448

(GlcNAG),
1261

(GieNAC),
1058
L .

(b) (GleNAC),
1464

500 1000 1500 2000 2500
miz

Figure 2. MALDI-TOF MS of the transglycosylated product.
(a) Crude reaction mixture. (b) Product after washing with 50%
aqueous methanol solution.

Figure 3. CP/MAS solid 3CNMR (200 MHz) spectrum of
(GlcNAc); prepared by enzymatic addition reaction of
(GleNAc), (2) to (GleNAc)s-oxa (1).

was treated with DMC (3.2mg, 18.8 umol) for 12h at 0°C
followed by the addition of the glycosyl acceptor (GIcNAc),
(1.1 mg, 2.5 umol) and W433A ChiA1l (10 pg), giving rise to the
corresponding transglycosylated product (MALDI-TOF MS
shown in Figure 2a). The resulting crude products were then
washed with 50% aqueous methanol solution (1.0mL) three
times and dried in vacuo, giving rise to (GlcNAc); (1.8 mg,
1.3 umol, 52%) with higher purity (Figure 2b).

The 'HNMR spectrum of the product showed signals
around 4.44 ppm due to the six anomeric protons of internal
units.'? The CP/MAS '3CNMR spectrum of the product showed
a signal at 105.7 ppm due to the C1 of the N-acetylglucosamine
unit (Figure 3).'2 The other signals at 84.7, 77.6, 75.0, 62.7, and
56.9 ppm correspond to the carbons C4, C5, C3, C6, and C2,
respectively. No signals derived from the B(1 — 6)!° and
B(1 — 3)!! glycosidic linkage were observed around 70 and
80 ppm, respectively. These results clearly indicate that the
glycosidic bond formation between chitopentaose unit and
chitobiose unit occurred in a regio- and stereoselective manner
with the inversion of configuration at C1, giving rise to the
stereoregular oligosaccharide having a S(1 — 4) linkage.

This is a completely protection-free process for construction
of chitoheptaose where both glycosyl donor preparation and the
subsequent enzymatic transglycosylation can be performed
in aqueous media without using any organic solvents. The
combined use of a transition state analogue substrate and a
deactivated enzyme allows an efficient synthesis of (GlcNAc),
while suppressing hydrolysis of the product.
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