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CONVERSION OF MONOSACCHARIDES

INTO THEIR CORRESPONDING 2-GLYCOSULOSES
BY INTACT CELLS OF THE BASIDIOMYCETE
Oudemansiella mucida
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The production of p-arabino-, p-lyxo-, and D-ribo-2-hexosuloses and D-threo-2-pentosulose from
their respective aldoses was demonstrated with washed mycelium suspensions of the basidiomycete
Oudemansiella mucida. 1L-Sorbose was shown to be converted into D-threo-2,5-hexodiulose.
The dicarbonyl sugar produced were isolated as their hydrazones, whose structures were inferred
from spectroscopic evidence and the method of preparation.

Microbial oxidations of saccharides into their dicarbonyl derivatives have been
shown to occur with some bacteria. Acetobacter suboxydans oxidizes methyl o-
and B-D-xylo-pyranosides into respective glycosid-4-uloses'. The formation of glyco-
sid-3-uloses from disaccharides was demonstrated with growing cells of Agrobacte-
rium tumeofaciens®. Production of 2-hexosulose has been reported for the p-ara-
bino compound by Acetobacter roseus grown on D-fructose* and for the L-xylo
compound by Gluconobacter melanogenus grown on L-sorbose medium®. The
diketose, D-threo-2,5-hexodiulose, is a known metabolite of numerous Pseudomonas
and Gluconobacter species®™®. Previously we have shown that submerged cultures
of the basidiomycete Oudemansiella mucida, growing on synthetic glucose medium,
accumulate D-arabino-2-hexosulose®. In this paper, we report the oxidation capacities
of resting cell suspension of this wood rotting fungus with regard to different mono-
saccharides. The purpose of our work was to establish a convenient method for
biological conversion of some aldoses to 2-glycosuloses*®.

Dicarbonyl sugars were revealed by paper chromatography in the filtrate resulting
from the biotransformation of D-allose, D-galactose, D-glucose, D-xylose, and L-sorbo-
se. No oxidation was observed with D-arabinose, L-arabinose, D-lyxose, D-ribose,
D-mannose, D-fructose, and D-tagatose.

To be isolated and identified, the oxidation products of aldoses were transformed
into their peracetylated diphenylhydrazones which afforded good mass spectra
(Table I). Oxidation products of p-allose, D-galactose, and D-glucose yielded mono-
(diphenylhydrazones) Cp,H,5N,09 I—III; the oxidation product of D-xylose gave
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analogically the hydrazone C,3H,,N,0, IV. Infrared spectra of compounds [—1V
contained absorption bands both of ester and conjugated ketone carbonyls. The
'H-NMR spectra (Table 11, 111) confirmed the presence of two phenyl groups (ten
aromatic protons), four acetoxy groups with compounds I —11I (three with IV), one
isolated proton and five protons of the CHO type with compounds I—1I11 (four
with IV). The one-proton singlet at approximately 6-6 ppm can be assigned to a
CH=N— proton, whose vicinal atoms are devoid of protons. The protons of the
CHO type constitute a contiguous five-spin (four-spin with IV) system consisting
of three oxymethine (two with IV) and one oxymethylene groups. The first member
of this system gives rise to a doublet exhibiting a detecable long-range coupling

CH=N—N(C¢H5),

=0 H=N—N(C,HJ):
COJCH=N—N(C,Hs),
(CH—OCOCH,), =0'"
H,OCOCH, " h
I—111, n=3
1V, n=2

to a & 6:6 singlet indicating the proximity of both groups. The molecular ion, besides
common loses of 42 and 60 mass units, decomposes according to a pathway M —
- 223(a) — 195(b) — 168. The diagnostic ion m[z 223 has the elemental composi-
tion C;oH,,N,O and evidently contains the atoms C(y, and Cy,,. Taking all the facts
into account, it can be stated that compounds I —IV are peracetylated 1-diphenyl-

TasLE ]
Mass Spectroscopic Data of Acetylglycosulose Hydrazones I—IV*

Ion Composition ! u ur v
mfz mfz mfz mfz
M* C6HpgN,0 512 212 512 120 512 81 440° 247
M—42 468 0-1 468 02 468 01 398 01
M—60 452 1-4 452 07 452 02 380 0-8
a Cy4H;N,0 223 818 223 699 223 719 223 602
b Cy3H N, 195 10-3 195 11-4 195 119 195 8:4
c Cy2HyoN 168 924 168 100 168 831 168 100
c—1 Cy,HgN 167 409 167 494 167 348 167 376
d C,H,0 43 100 43 100 43 100 43 967

@ Values for III were taken from®. ® Composition C,3H,4N,04.
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hydrazones of the corresponding 2-glycosuloses. Therefore, the enzymatic oxidation
of the above aldoses by washed mycelium has occurred at the position 2, converting
p-allose, D-galactose, D-glucose, and D-xylose into D-ribo, D-lyxo, and D-arabino-
-2-hexosulose, and D-threo-2-pentosulose, respectively. The physical constants

TasLe T

1H-NMR Chemical Shifts of Acetylglycosulose Hydrazones I—IV
Deuteriochloroform as a solvent, hexamethyldisiloxane internal standard 6(H) = 0-06 ppm.,
chemical shifts expressed in the §-scale; multiplicity: s singlet, d doublet, t triplet, mt multiplet.

Proton g n ke é%
H-—1 662s 667 s 6:57s 6:60s
H-3 626d 629d 632d 633 d
H—4 598 dd 672 dd 6:02 dd 591 mt
H—5d 5-26 mt 550 mt 5-40 mt 4-88 mt
H—5u - - - 427 mt
H—6d 431dd 4-35dd 4-44 dd —
H—6u 4-24 dd 4-06 dd 418 dd —
CH;CO 1825 197 s 191s 1:99 s

191s 2:02s 2:04s 2:07s

2:07s 2:11s 2208 219s

2:13s 2:12s 220s —
CgH; 7-29 mt 7-32 mt 7-31 mt 7-32mt

959:797 MHz; ® 80 MHz; ¢ Values for I/ taken from®.

TasLE III
YH-NMR Coupling Constants in Hz of Acetylglycosulose Hydrazones I—IV

J @, 5)° 1 i ur w

J(3,4) 42 74 16 2:8
J (4, 5d) 68 30 92 58
J (4, 5u) — - - 68
J (54, Su) - — - 113
J (5, 6u) 22 50 23 —
J (5, 6d) 10 58 40 -

J (6u, 6d) 15-1 11-8 12:2 —

@ J (1, 3) was in all compounds different from zero.
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of hydrazones II and 111 agree well with the published data for the same derivatives
of p-lyxo*! and p-arabino-2-hexosulose®*!!, respectively.

The oxidation product of L-sorbose, which did not react with N,N-diphenyl-
hydrazine under given conditions, gave a crystalline derivative V with phenylhydra-
zine, whose infrared spectrum showed no carbonyl band. According to the ratio
of signal intensities of aromatic to CHO type protons in the 'H NMR spectrum,
the molecule of ¥ contains two phenyl groups. One AB-system (2 H, 4 4-66 and 491,
Jas = 35 Hz) is due to two isolated vicinal protons; another AB-system (4H, 5437
and 4-54, J,p = 13 Hz) represents two magnetically equivalent isolated terminal
methylenes. The '*C-NMR spectrum of V taken in hexadeuteriodimethyl sulfoxide
was found to be symmetric: 147-1s, 146-4s, 113-6d, 129-7d(2C), 1201 d(2C),
76:0d, 581 t. The ion with the highest mass appeared at m/z 179 and accounted for
one half of the molecule. Using the above data, V was identified as 2,5-bis(phenyl-
hydrazono)-D-threo—2,5-hexodiulose. Therefore, D-fructose was oxidized at the
position 5. i

The yields of biotransformations were determined colorimetrically for p-arabino-
-2-hexosulose production. The conversion of D-glucose into the above hexosulose
in shaked flask experiments amounted to 45—60%. On incubations in a laboratory
fermentor, yields up to 73% were obtained. The remaining (unoxidized) glucose
content amounted to 7-5% of its original value as estimated by the glucose oxidase
method*2.

The production of 2-glycosuloses from aldoses by intact mycelial suspensions has
not been so far reported. However, enzymatic activities responsible for the glycosulose
formation by C,, oxidation of D-glucose'®>™'* and D-xylose'* were observed in ex-
tracts and plasmolysed preparations of several higher fungi. Preparations of the
green alga Iridophycus flaccidum'® cazalyzed the conversion of D-galactose into
D-lyxo-2-hexosulose while Cs, specific oxidation of the former sugar was accom-
plished by an extracellular oxidase from the basidiomycete Polyporus circinatus'’.
According to our knowledge, there is no mention in the literature about the bio-
logical formation of D-ribo-2-hexosulose.

The sugar biotransformations described above represent a preparatory useful
route for rare naturally occurring glycosuloses, whose biochemical role has not
been fully understood. In addition this dicarbonyl derivatives offer a convenient
synthesis of sugars having specific C,deuterium (or tritium) labelling by appropriate
reduction or by enolization procedures.

EXPERIMENTAL

Evaporations were performed in vacuo at 35°C. Melting points (uncorrected) were taken on a Ko-
fler hot stage apparatus. Infrared spectra were measured in KBr pellets with a Unicam SP-200
instrument; NMR spectra were measured at 80 MHz on a Tesla BS 487 spectrometer, at 59-797
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and at 15036 MHz on a Jeol FX-60 FT NMR spectrometer (' H-NMR spectrum of / and 3c.
-NMR spectrum of ¥) under conditions shown in Table 1I. Mass spectra were determined with
a Varian MAT-311 spectrometer using the direct inlet, ionizing voltage 70 eV and ion source
temperature 200°C. Metastable transitions were measured by the Direct Analysis of Daughter
Ions (DADI) !echniquels. Optical rotations were determined with a Bendix-Ericsson 143A
polarimeter. Thin-layer chromatography was performed on *‘ready-for-use” 20 Silufol UV, s,
(Kavalier Glassworks, Votice, Czechoslovakia) silica gel foils in the system chloroform-ethanol
20 : 3. Descending paper chromatography was made on paper Whatman No | using the system
n-butyl acetate-acetic acid-acetone-water 140 : 100 : 33 : 80. Diphenylamine-aniline-phosphoric

acid reagent was used for detection'?.

Dicarbonyl Sugar Production

The basidiomycete Oudemansiella mucida (SCHRAD. ex Fr.) HOHNEL, strain 111 (obtained from the
fungal collection of the Institute of Microbiology, Czechoslovak Academy of Sciences, Prague,
Czechoslovakia) was cultured in an 18-litre laboratory fermentor on a chemically defined gluco-
se medium® and harwested at the exponential growth phase (6th day). For transformations
of sugars other than p-glucose, the mycelium was grown in the same medium with p-glucose
replaced by p-mannitol. It was separated from the culture broth by filtration, washed extensively
by tap water and centrifuged at 10000 g for 10 min. Wet mycelium (250 mg of dry weight) was
transferred to the 250 ml flasks containing 50 ml of 140 mM sugar and 50 mM sodium fluoride
in distilled water. Suspensions were incubated on a rotatory shaker (3 Hz) for 24—32 h at 25°C
during which time the sugar conversion was followed by paper chromatography. The broth
filtrate was deionized on columns of ion-exchange resins (7 X 50 mm of Dowex 50W, H*-cycle
and Amberlite IRA-400, CH;COO ™ -cycle) and concentrated to yield syrupy product. The
large-scale preparations of D-arabino-2-hexosulose were performed in a laboratory fermentor
by treating the sugar (140 mm in 50 mM sodium fluoride, 10 litres) with a suspension of washed
mycelium (corresponding to 75 g of dry weight) for 28 h at 25°C and aeration of 8 litres air/min
and a frequency of rotation of 6 Hz.

Yields of p-arabino-2-hexosulose were measured colorimetrically by determining the reduced
2,3,5-triphenyltetrazolium chloride®. Chromatographically pure hexosulose, quantified as a reduc-
ing sugar (ferricyanide method?®) and expressed in glucose equivalents, was used for the con-
struction of the calibration curve. The paper chromatographic mobilities of the sugar trans-
formation products were: R 15 076, blue spot; Eg,jyc e 085, blue violet; R, 0-72, blue;

glucose
Ry ytose 073 blue; Ry, o5, 0°57 and 0-77, two yellow spots.

Preparation of Glycosulose Derivatives

The treatment of syrupy oxidation products (0-5 g in 4 ml of 75% ethanol) obtained by the above
described procedure with N,N-diphenylhydrazine (0-5 g) at room temperature for 24 h yielded
a yellow crystalline derivative directly in the case of D-glucose and p-allose. With the oxidation
product of D-galactose, the reaction mixture was extracted by ether, the extract was washed
with water and evaporated to obtain a crystalline product. The hydrazon of the oxidation product
of p-xylose was obtained in the crystalline form after purification by thin-layer chromatography.
The resulting glycosulose hydrazones were acetylated by 1:1 acetanhydride-pyridine mixture
24 h at room temperature and then crystallized from 509 aqueous ethanol.

3,4,5,6-Tetra-O-acetyl-1-(diphenylhydrazono)-p-ribo-2-hexosulose (I): The oxidation product
of p-allose yielded a hydrazone (206 mg) with m.p. 123—124°C, [az]ZD3 —865° (¢ 085, chloroform);
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IR spectrum: 1750 (ester CO), and 1675 cm™ ! (ketone CO). For CygH,5N,0, (512:5) calculated:
60-93%; C, 5:51% H, 5:47%; N; found: 61-21% C, 5:45% H, 5:65% N.

3,4,5,6-Tetra-O-acetyl-1-(diphenylhydrazono)-n-lyxo-2-hexosulose (1I): A derivative of the
p-galactose oxidation product (172 mg) had m.p. 129—130°C, [ac],%,3 +119:5° (c 0-86, chloro-
form); lit.'": m.p. 131°C, [1],230 +110° (¢ 1-0, chloroform); IR spectrum: 1745 (ester CO) and
1675 cm ™' (ketone CO).

3,4,5,6-Tetra-O-acetyl-1-(diphenylhydrazono)-n-arabino-2-hexosulose (111): A hydrazone of the
p-glucose oxidation product (372 mg) had m.p. 129~ 130°C, [2)33 4 38° (¢ 0-85, chloroform);
lie L m.p. 133°C, [:1159 +27° (¢ 1:0, chloroform); IR spectrum: 1750 (ester CO), and 1680 cm ™!
(ketone CO).

3,4,5-Tri-O-acetyl-1-(diphenylhydrazono)-p-threo-2-pentosulose  (1V): Pale yellow crystals
(185 mg) of the title compound, originating from p-xylose, had m.p. 111—112°C, [a)3? - 83°
(¢ 09, chloroform); IR spectrum: 1745 em™! (ester CO) and 1685 em™?! (ketone CO). For
C,3H,4N,0, (4405) calculated: 62:72% C, 549% H, 6:36% N; found: 63:06% C, 5:67% H,
6:26% N.

2,5-Bis(phenylhydrazono)-p-threo-2,5-hexodiulose (V): The syrupy product of biotransformed
L-sorbose (0-5 g) was dissolved in water (2 ml) and mixed with a solution of phenylhydrazine
hydrochloride (1 g) and sodium acetate (1*5 g) in 5 ml of water. Within 30 min, the mixture
Jeft at room temperature afforded yellow crystals (240 mg) with m.p. 133 — 135°C after recrystaliza-
tion from 50% aqueous ethanol, [x]3% —163° (c 085, pyridine); lit.2': m.p. 133—135°C, [alp
—164° (¢ 1-2, pyridine); IR spectrum: 3360 (OH), no carbonyl band present; mass spectrum:
m/e 268 (19), 253 (8), 178 (69), 132 (38), 93 (100).
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