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6-Deoxy-6-fluoro sugar oxazoline derivatives were synthe-
sized and evaluated their polymerizabilities with the catalysis
of chitinase. The polymerizability of an N-acetyl-6-deoxy-6-
fluoroglucosamine oxazoline was lower than that of non-fluori-
nated N-acetylglucosamine oxazoline, only providing the
ring-opened hydrolyzate. The disaccharide oxazoline derivative
of N,N'-diacetyl-6’-deoxy-6'-fluorochitobiose exhibited lower
polymerizability with the enzyme compared to that of the non-
fluorinated N,N'-diacetylchitobiose oxazoline, providing the cor-
responding fluorinated chitin derivative in good yields within
4h. These results suggest that the fluorine atom-incorporation
reduced the reactivity of the oxazolines.

Fluorine atom is frequently introduced to natural products to
investigate a number of biological events.! Particularly in the
study of carbohydrate-associated enzymes, due to similar size
of fluorine atom to oxygen atom (covalent radius: F = 0.64 A,
0 = 0.66 A),2 fluorine-incorporated carbohydrates are used as
synthetic substrates for enzymatic reactions.? Furthermore, the
characteristic of fluorine atom (strong electronegativity) is quite
useful to reveal biological activities by comparing with those of
non-fluorinated, natural substrates.

We have demonstrated various chitinase-catalyzed poly-
merizations of the sugar oxazolines.*® However, importance
of the hydroxy groups on the sugar oxazoline units has not been
well discussed in chitinase-catalyzed reactions. This study first
demonstrates the effect of fluorine substituent in the sugar oxa-
zolines on chitinase-catalyzed polymerizations.

Two kinds of 6-deoxyfluorinated sugar oxazoline deriva-
tives (1 and 2) were designed. The monosaccharide derivative
1° was synthesized via 6 step reactions starting from N-acetyl-
glucosamine (GlcNAc).!? The disaccharide derivative 2!' was
prepared from GlcNAc via 24 step reactions.'?

Compound 1 was subjected to enzymatic polymerization in
a phosphate buffer catalyzed by chitinase from Bacillus sp., and
the catalytic behavior was examined, comparing with a reference
reaction of a non-fluorinated GIcNAc oxazoline derivative 3
(Scheme 1, Figure 1).!3 Without enzyme, compound 1 was de-
composed to give the hydrolyzed product in a little slower rate
compared to that of 3. With chitinase, consumption rate of 1
was accelerated but significantly lower than that of 3. This en-
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Figure 1. Reaction time-courses of 1 (circles) and 3 (triangles)
with chitinase from Bacillus sp. (black symbols) and without
enzyme (white symbols) at pH 7.7.

zyme having (—2)(—1)(+1)(+2)(+3)(+4)-type subsite in the
active site!* produces mainly chitobiose, a disaccharide, as a
smallest hydrolysis product.

However, these monosaccharide monomers were recog-
nized at the —1 subsite due to the oxazoline structure, which
enhances the affinity to the —1 subsite. The initial rate of their
concentration changes were estimated to be —5.0 x 1077
mol-L~"-s~! (for 1 without enzyme), —6.4 x 10~7 mol-L~!
(for 3 without enzyme), —1.8 x 10~®mol-L="-s~! (for 1 with
chitinase), and —3.3 x 10~®mol-L~'-s~! (for 3 with chitinase).
Therefore, the fluorine-incorporation contributed a little to the
stability of 1 for the hydrolysis, but it reduced more the recogniz-
ability of 1 to the —1 subsite of chitinase, leading to drastic re-
duction of the reactivity of 1. Furthermore, no oligomeric prod-
ucts were produced during the enzymatic reaction of 1, whereas
3 provided the corresponding chitooligosaccharides in good
yields.!> These results clearly indicate that 1 and/or its hydro-
lyzed ring-opened compounds could not be placed at the +1
subsite, which is essential for the glycosidic bond-formation
by the catalytic center existing between the —1 subsite and the
+1 subsite; in contrast, 3 and/or its hydrolyzed ring-opened
compounds could be placed at the 41 subsite.

Polymerization behavior of 2 was examined in a phosphate
buffer by comparing with that of a non-fluorinated N,N'-diace-
tylchitobiose oxazoline 4 (Figure 2).'® Without enzyme, com-
pound 2 was decomposed very slowly to give the hydrolyzed
product in a similar rate to that of 4, indicating that the fluorine
atom incorporated at the C6" hardly affected the stability of the
oxazoline. With chitinase catalysis, consumption of 2 was re-
markably accelerated but slower than that of 4, which was con-
sumed more rapidly. The initial rate of the concentration
changes was estimated to be —2.2 x 1077 mol-L~!.s7! (for 2
without enzyme), —2.5 x 107" mol-L™!.s™! (for 4 without
enzyme), —7.1 x 107 mol-L~'.s~! (for 2 with chitinase), and
—2.1 x 103 mol-L~'-s~! (for 4 with chitinase). Therefore, the
fluorine-incorporation at the C6" did not affect the stability of
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Figure 2. Reaction time-courses of 2 (circles) and 4 (triangles)
with chitinase from Bacillus sp. (black symbols) and without
enzyme (white symbols) at pH 9.0.

the oxazoline, but it reduced a little the recognizability of the
sugar oxazoline to the active site of the enzyme, particularly to
the —2 subsite. During the enzymatic reactions of 2 and 4, white
precipitates were formed in both reaction mixtures. IR spectrom-
etry and size exclusion chromatography (SEC) confirmed that
these precipitates were the corresponding alternating 6-deoxy-
fluorochitin derivative 5 and synthetic chitin 6, respectively
(Scheme 2)."7 Thus, compound 2 could serve as a transition state
analogue substrate (TSAS) monomer®> for the enzyme. This
also indicates that TSAS monomer 2 and/or its hydrolyzed
derivatives could act as a glycosyl acceptor placed at the +1—
+2 subsites.

Notably, monomer 2 with lower initial consumption rate
(=7.1 x 1079 mol-L~"-s~!) provided polymer 5 in a higher yield
of 81% compared to that of synthetic chitin 6 (65%) from 4 with
higher initial consumption rate (—2.1 x 107> mol-L~'.s71). Tt
was reported that synthetic chitin was produced quantitatively
from 4 under higher pH conditions (10.6), where hydrolysis ac-
tivity of chitinase from Bacillus sp. was suppressed.’ Therefore,
the enzyme will maintain hydrolysis activity for monomer 4 and
the growing polymer 6 at pH 9.0, resulting in reduction of the
yield of 6. In contrast, monomer 2 and product polymer 5 have
6-deoxyfluorine structures, which will make their enzymatic
hydrolysis harder, leading to increased yield of 5 at pH 9.0.

In conclusion, incorporation of a fluorine atom into the
oxazoline derivative elevated the stability for hydrolysis of the
oxazolines, but it decreased the recognizability of the oxazolines
to chitinase. The effect of the fluorine substituent at the —1 sub-
site was investigated by using monomer 1; however, in general,
monosaccharide oxazoline was not well recognized by the en-
zyme. Further, chitinase-catalyzed reaction of 2 indicated the
recognition of 2 at the —2 subsite and provided a white precip-
itate of an alternatingly 6-fluorinated chitin derivative 5. Com-
pound 1 did not induce a glycosylation with chitinase catalysis,
which is due to its low recognizability with monosaccharide
structure at the —1 subsite; the enzyme produces a chitobiose
disaccharide as a minimum hydrolysis product. On the other
hand, the disaccharide compound 2 produced the fluorinated
chitin 5. These results clearly indicate that to be a recognizable
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substrate for chitinase as TSAS monomer, the disaccharide
structure is essential.
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