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ABSTRACT

A synthesis of t-dendroketose (5) has been achieved by microbiological
oxidation by Acetobacter suboxydans of the branched-chain alditol 2-C-(hydroy-
methyl)-D-erythro-pentitol (4). Treatment of the oxidation product with acetone,
copper(Il) sulfate, and sulfuric acid afforded the two di-O-isopropylidene-L-dendro-
Ketose derivatives 6 and 7. Assignment of configuration at the branching carbon atom
(C-4) and at the anomeric center in 6 and 7 was made on the basis of the carbon-13
magnetic resonance spectra of these derivatives.

DISCUSSION

In 1949 a preparation of a branched-chain sugar, by self-condensation of
I,3-dihydroxy-2-propanone in the presence of dilute alkali, was reported by Utkin'.
The svgar was named dendroketose, and the L isomer was observed to be preferen-
tially fermented by a mold, leaving the b isomer, 4-C-(hydroxymethyl)-p-glycero-
pentulose. which could then be isolated (see Scheme ). A project in this laboratory
1s concerned with stereospecific syntheses of derivatives of one enantiomer of
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dendroketose, including nucleoside analogs. There has been considerable interest in
recent years in the synthesis of” branched-chain sugars, particularly because of their
occurrence in several antibiotics®. The present publication describes a synthesis of
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L-dendroketiose by way of a microbiological oxidation of a branched-chain alditol by
Acetobacter suboxvdans. The microbiological oxidation* of sugars and their
denvatives by the acetic acid bacteria*. Acerabacter suboxydans, has been studied
extensively. In the pH range 5-6.5. the oxidative specificity towards alditols has been
formulated as the Bertrand-Hudson rule’. Thus, a polyhydric alcohol containing
the structural unit 1 1s oxidized mainly to afford the ketose 2.
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2-C{Hydroxymethyl)-2,3:4,5-di- O-isopropylidene-D-erythro-pentitol  (3) was
prepared, as described® previously, by treatment of 2,3:4,5-di-O-isopropylidene-
aldefiydo-D-arabinose with formaldehyde in the presence of sodium hydroxide. Acid-
catalyzed hydrolysis of 3 afforded syrupy 2-C-(hydrosymethyl)-p-erythro-pentitol (4).
On the basis of the Bertrand-Hudson rule, the branched-chain alditol 4 was considered
to be a possible substrate for oxidation by Acetobacter suboxydans to yield 4-C-
(hydroxy methyl)-L-glvcero-pentulose {5, L-dendroketose). Indeed, compound 4 was
ovidized during 5 days 1o afford a compound that migrated in paper chromatography
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*For a survey of microbiological, alcohol dehydrogenation, sce ref. 2.
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at the same rate as an autheniic sample of bL-dendroketose', and which could be
acetonated by three procedures (see Experimental sectior) to give the 1,2:3,4- and
2,3:4,4’-d1-O-isopropylidene derivatives (6 and 7. respectively) of L-dendrcketose.
The configuration at the branching carboa atom (C-4) and at the anomeric
center in compounds 6 and 7. and the complete structure of 7. were assigned by carbon-
13 magnetic resonance spectroscopy. An earlier pubhcation” from this laboratory
described the solution of such stereochemical problems by application of this
technique to a series of dendroketose derivatives: one of the compounds studied was
t.2:3,4-di-O-1sopropyhdene-nL-dendroketose, and, on the basis of the results
obtained in that study, the structure of the L 1somer prepared in the present work can
be assigned as shown by formula 6. The ! *C chemical shifis of the di-O-isopropylidene
derivatives 6 and 7 and of three additional. relevant compounds are documented in
Table I. The three additional compounds are the mono-0O-isopropylidene derivative
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8, obtained by partial. acid-catalyzed hydroiysis of 7. 4-C-(hydrosymethyl)-2.3-0-
1sopropyvhdene-z-L-ervthro-pentulofuranose’-3 (9). and 3-C-thydroxvmethyl)-1,2-0-
isopropylidene-fi-L-threofuranose” (1.2-O-1sopropylidene-p-apio-fi-1 -furanose) (10).
The chemical-shift data for compounds 9 and 10 are those reported in the earlier
publication”. A comparison of the chemical shifts of the signals in the spectra of
compounds 8-10 establishes that the dendrohetose dernvatives 8 and 9 are epimeric
at C-4. Thus, the C-1 and C-2 chemical shifts in the spectrum of 8 are almost identical
to those of the corresponding signals in the spectrum of 9, whereas the C-3. C-4, and
C-4" chemical shifts in the spectrum of 8 are nearly identical to those of the cor-
responding signals (C-2, C-3, and C-3'. respectively) in the spectrum of 10. Clearly.
the establishment of the structure of the mono-O-1sopropylidene derivative 8 permits
formulation of the di-O-isopropyhdene precursor 7 as shown. The signal assignments
in the '*C n.m.r spectrum of compound 7 could be unequivocally made from the

proton-coupled spectrum.

EXPERIMENTAL

Genera! methods. — Melting points were determined on a Fisher-Johns
apparatus and are uncorrected. Optical rotations were measured with a Perkin-Elmer
Model 141 automatic polarimeter at 23 +3°. T.l.c. was performed with Silica Gel G
as the adsorbent in the following solvent systems (v/v) (4) 8:1 ethyl acetate—cthanol;
(B) 52 petroleum ether-ethyl acetate: (C) 1:3 petroleum ether—ethyl acetate. The
term “petroleum ether™ refers to the fraction of b.p. 60-80°. The developed plates
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were air-dried. and compounds located by heating the plates at ~ 150° after they had
been sprayed with 0% aqueous sulfuric acid containing 1%6 of cerium suifate and
1.5% of molybdic acid. Column chromatography was performed on silica gel
(70-230 mesh). Paper chromatography was performed by the descending method at
room temperature on Whatman No. | chromatography paper in the following
solvent systems: (1):7:1:2 (v/v) !-propanol-ethyl acetate-water; (II) 0.55% (w/v)
solution of benzeneboronic acid in 9:2:2 (v/v) ethyl acetate-acetic acid-water®
Sugars were detected on paper chromatograms by the following spray reagents:
(/) aqueous sodium metaperiodate, silver nitrate, and sodium hydroxide solutions'®,
(#/) triphenyltetrazolium chloride''. Carbon-13 magnetic resonance spectra were
recorded in chloroform-d on a Bruker HX-60 spectrometer equipped with an FT60M
Fourier transform accessory at 135.1 MHz, with terramethylsilane as internal standard;
chemical shifts are given in parts per million downfield from tetramethylsilane.
Proton-coupled spectra were recorded employving the usual gated-decoupling
technique.

2-C-(Hydroxymethy l)-p-erythro-pentitol (4). — A solution of 2-C-(hydroxy-
methyl)-2,3:4,5-d1-O-1sopropylidene-p-erythro-pentitol® (3) (2.0g) in 30 ml of 4:1
(v/v) ethanol-water was shaken with Rexyn-101 (H ") resin at room temperature until
t.l.c. (solvent 4) revealed only the presence of one major component (R 0.09) and a
trace of another ccmponent (R 0.53); paper chromatography (solvent I, spray /)
revealed the presence of one major component (Rsorpose 1.22) and traces of two
faster-moving components. The resin was removed by filtration, and the fltrate was
neutralized with a basic 1on-eschange resin; concentration of the solution afforded a
syrupy product. Column chromaitography (solvent A) afforded an analytically pure
sample of the alditol 4 as a syrup; [z]p + 14.8 & 1° (c 0.88, water).

Anal. Calec. for CgH,,0,: C, 39.6; H. 7.8. Found: C. 39.9: H, 7.8.

Oxidation of 4 by Acetobacter subosydans. — To a solution of compound 4
(4.6 g) in tap water (200 ml) were added p-glucose (0.1 g), potassium dihydrogen-
phosphate (0.1 g). and yeast extract powder (1.0 g, ICN Pharmaceuticals, Inc.). The
solution was divided into 50-ml portions, and each was placed in a 250-ml Erlenmeyer
flask. The solutions were autoclaved at }51ban~?* for 15 min, cooled to room
temperature and then inoculated with ~2ml of a 48-h culture of Acerobacter
suboxvdans (A.T.C.C. No 621H) grown in D-glucitol solution; within 2 days the
broths became very turbid. The progress of the oxidation was monitored by paper
chromatography (solvent 11, spray / or i), which showed that the starting material
( Rsorpose 2.24) was converted into a single component (Rggraose 2-00). The oxidation
was complete within 5 days; growth was then terminated by the addition of ethanol
(2 volumes) and a small amount of decolorizing carbon. The mixtures were filtered,
and the filtrates were combined and concentrated to a syrup (5.4 g); this syrup, which
consisted of the new compound in addition to L-sorbose and the other residues from
the oxidation mixtures, was employed, without fractionation, in the acetonation
experiments. The new compound migrated in paper chromatography (solvent I, spray
i or if) at the same rate as an authentic sample of pL-dendroketose’ (Rsorpose |-26)-
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Preparation of di-O-isopropylidene-L-dendroketose derivatives 6 and 7 — (a) A
mixture of the crude syrup obtained by oxidation of the sample of the alditol 4
derived from 18.5 g of 3, Rexyn-101 (H") resin ( ~ 100 ml, washed with anhvdrous
acetone). and molecular sieves (Davison, 3 A pore size) in anhydrous acetone
(600 ml) was shaken for 5§ days at room temperature; t.l.c. (solvent B) showed that
all of the starting material (R 0.00) had been consumed and revealed the presence of
two new major components (R 0.40 and 0.33). The mivture was fiitered. the filtrate
was neutralized with a basic ion-exchange resin, and the solution was evaporated to a
syrup; fractionation (solvent B) on silica gel afforded the di-O-isopropylidene-L-
dendroketose derivatives 6 and 7. The component having Ry 0.40 was obtained
crystalline and was identfied as 4-C-(hydroxymethyl)-1,2:3,4-di- O-isopropylidene-
B-L-erythro-pentulofuranose (6, 1,2:3,4-di-O-isopropylidene-L-dendroketose). Re-
crystallization from petroleum ether gave 6 as white needles (2.7 g, 14% from
compound 3), m.p. 87-887, [«]p + 117 £ 1°(c 1.2, acetone); lit.! for the b enantiomer.
m.p. 89, [a];° — 121" (acetone). The '*C n.m.r. spectra of the compound obtained
in this experiment and of 1,2:3,4-di-O-isopropylidene-pL-dendroketose (see ref. 7)
were identical.

The component having R 0.33 was also obtained crystalline and was identified
as 4-C-(hydroxymethyl)-2.3:4 4°’-di-O-isopropylidene-f#-b-threo-pentulofuranose (7.
2,3:4,4'-di-O-isopropylidene-L-dendroketose). Recrystallization from petroleum ether
(b.p. 30-60°) gave 7 as white needles (1.7 g, 9%% from compound 3), m.p. 58-59°,
[2]p —63.2° (¢ 1.6, acetone). Utkin'? has reported the preparation of a 2,3:4,4°-di-O-
isopropylidene derivative of b-dendroketose. m.p. 63.5-64.5, [x]},7 + 60.5° (acetone).
Carbon-13 chemical-shift data for compound 7 are given in Table I.

Anal. Calc. for C|,H;,0¢: C, 55.4; H, 7.8. Found. C, 55.1; H, 7.7.

(b) A mixture of the crude, oxidation product (derived from 18.5g of 3),
copper(ll) sulfate (40 g), and concentrated sulfuric acid (6 ml) in anhydrous acetone
(700 ml) was shaken for 60 h at room temperature. The mixture was neutralized with
concentrated aqueous ammonia, filtered, and the filtrate concentrated to a syrup:
t.lc. (solvent B) revealed the presence of two major components having the same R;
values as those obtained in experiment (a). The crude syrup was dissolved in dichloro-
methane, and the solution was washed with water (2x 75 ml), dried (magnesium
sulfate), and evaporated. Fractionation (solvent B) on silica gel afforded compounds 6
(1.3 g, 7% from compound 3) and 7 (0.8 g, 4.5% from compound 3).

tc) A mixture of the crude. oxidation product (derived from 3 3 g of 3), finely
powdered. anhydrous zinc(Il) chloride (1.5g), and copper(ll) suifate (4g) in
anhydrous acetone (100 ml) was stirred for 6 days at room temperature. The reaction
mixture was processed as described in experiment (b) to again afford compounds 6
(~0.1g) and 7 (~0.6 g).

4-C-(Hydroxymethy!)-2,3-O-isopropylidene-p-p-threo-pentulofuranose (8). — A
solution of compound 7 (390 mg) in 9:1 (v/v) acetone-water was stirred with Rexyn-
101 (H™) resin at room temperature until t.l.c. (solvent C) revealed that all of the
starting material (Rg 0'80) had been consumed and only one new component
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(Rg 0.25) had been formed. The resin was removed by filtration, and the filtrate was
neutralized with 0.1m sodium hydroxide solution and evaporated to a syrup. Acetone
was added, the mixture was filtered, and the filtrate was evaporated to afford the
mono-O-isopropylidene, derivative 8 as a syrup (225 mg, 68%), [z]p —14.3" (¢ 0.6,
chloroform). Carbon-13 chemical-shift data for coinpound 8 are given in Table I.
A 60-MHz p.m.r. spectrum of the product in chloroferm-d showed two, 3-proton
singlets at 4 1.37 and 1.53 p.p.m. atiributable 1o one O-isopropylidene group.
Anal. Cale. for CoH,304: C, 49.1; H, 7.3. Found: C, 49.4; H, 7.2.
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