nal use only:

Can. J. Chem. Downloaded from www.nrlzcr%archpr&ss.com by CLEMSON UNIVERSITY on 11/12/14
or persol (

THE OXIDATION OF SOME TERMINAL-SUBSTITUTED POLYHYDRIC
ALCOHOLS BY ACETOBACTER SUBOXYDANS!

L. Houen,? J. K. N. JonEs, anp D. L. MITCHELL

ABSTRACT

Various .terminal-substituted pentitols and hexitols, which possessed either the L-lyxo- or
the D-ribo-configuration at the three contiguous carbon atoms adjacent to the terminal
carbon atom, were oxidized to ketoses by Acetobacter suboxydans. The terminal hydroxyl
group of the polyol was replaced by -H, -OMe, -SEt, and -OAc groups; several 1,1-dithioacetal
derivatives of aldoses were also tested. The preparation of 1-O-acetyl-pL-galactitol, 1-deoxy-
1-S-ethyl-p-arabitol, and 6-deoxy-6-S-ethyl-L-sorbose are described. 6-Deoxy-6-S-ethyl-L-
sorbose was prepared by the microbiological oxidation of 1-deoxy-1-S-ethyl-p-glucitol.

INTRODUCTION

The oxidation of unsubstituted sugar alcohols by proliferating cells of Acetobacter
suboxydans has resulted in the formulation of the Bertrand—Hudson rule for oxidations
occurring within the pH range of 5-6.5 (1, 2). Thus a polyol with the D-erythro con-
figuration (I) is oxidized mainly at the secondary alcohol group adjacent to the terminal
primary alcohol to give a ketose (II). Many examples of this reaction have been re-
ported (3, 4, 5, 6, 7, 8). More recently, cell-free extracts have been used for the oxidation
of some polyols in an alkaline environment (optimum pH 7.8), although the reaction is
less specific since polyols possessing either the L-threo- (I1I) or D-erythro- (I) configura-
tions were utilized (9).

Investigation of the microbiological oxidation of various w-deoxy-sugar alcohols at
pH 5-6.5 has shown that w(n)-deoxy-polyols with the D-erythro configuration at the
carbon atoms (#-2) and (%-3) (where = equals the number of carbons in the chain) (e.g.
VI and VII) gave copper reducing products even when the favorable p-erythro configura-
tion was absent at the other end of the chain (10, 11). This configuration is present in
L-fucitol (6-deoxy-L-galactitol) (IV), which has been shown to be oxidized at carbon 4
to give l-deoxy-D-xylo-3-hexulose (L-fuco-4-ketose) (V). Hudson, Stewart, and Richt-
myer reconciled this evidence with the known specificity of the organism by suggesting
that the secondary alcohol at carbon 5 of 6-deoxy-L-galactitol (IV), which can be con-
sidered as a C-methyl derivative of a pentitol, serves at the enzyme surface in a capacity -
similar to the primary alcohol of an unsubstituted acyclic polyol. We have investigated
the specificity of this microbiological oxidation with a view to the preparation of 3-hexu-
loses and 3-pentuloses.

A limited number of polyols which possess the favorable p-ribo- (VI) or L-lyxo- (VII)
configuration adjacent to a substituent other than hydroxyl at the terminal carbon
atom have been tested as substrates for A. suboxydans and some gave reducing pro-
ducts. The substituents included a hydrogen atom (w-deoxy), w-O-methyl, w-deoxy-w-S-
ethyl, and an w-O-acetyl group. All of the unbranched polyols except 1-deoxy-1-S-ethyl-L-
arabitol were oxidized to reducing products, which unlike the polyols gave bright yellow
or orange spots with p-anisidine hydrochloride on paper chromatograms. Similar color
reactions were reported for 2-0-methyl-3-hexuloses (12) and more commonly for 2-hexu-
loses (13). Although 1-deoxy-L-arabitol (53-deoxy-L-lyxitol) was oxidized by A. suboxydans
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(11) to give a reducing product that resulted in a typical ketose reaction with p-anisidine

hydrochloride, the substitution of a thioethyl group for a hydrogen atom at carbon-1
in this molecule completely inhibited the oxidation. However, in the cases of 6-deoxy-L-
galactitol and 6-deoxy-6-S-ethyl-L-galactitol, both substrates yielded reducing com-
pounds in moderate yields. Terminal-branched polyols like diethyldithicacetals (alclose
mercaptals) were also tested but they did not appear to be oxidized by 4. suboxydans,
thus supporting the observations of Hudson (1) and Iselin (14).

Estimates of the amounts of reducing sugars formed from the oxidation of various
substrates by A. suboxydans were made by copper-reduction measurements on aliquots
taken from the culture medium at various times during incubation. However, this
determination was found to be unsatisfactory when the substrate contained sulphur and
unexpectedly high reducing values were obtained; w-deoxy-w-thioethyl polyols and
dithioacetals reduced the copper reagent when tested in control solutions. An approxi-
mate reducing value was obtained by subtracting a ‘control reducing value’ from the
reducing value of the medium which was being tested for biochemical oxidation. The
reducing values reported by Bollenback and Underkofler for sugar dithioacetals, when
they were used as substrates for A. suboxydans, were most likely due to the oxidation
of the sulphur atom(s) by the copper reagent (11).

The finding that 6-substituted derivatives of L-galactitol, such as 6-deoxy-L-galactitol
(1.-fucitol), 1,6-dideoxy-L-galactitol (1,6-dideoxy dulcitol (10)), and 6-deoxy-6-S-ethyl-1.-
galactitol were oxidized by .. suboxydans prompted an investigation of the preparation
and oxidation of similar derivatives. Two possible synthetic routes to 3-hexuloses might
use either L-galactose or pL-galactitol (dulcitol) as starting compounds.

Preferential esterification of the primary alcohol group at carbon 6 of D-galactose
and D-glucose has been accomplished by Duff (15, 16} using 509, acetic acid at 100° C.
Acetylation of pr-galactitol under slightly modified conditions followed by chromato-
graphy on charcoal (25) yielded a crystalline monoacetate as the major product. Periodate
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oxidation experiments revealed that esterification had taken place at one of the primary
alcohol groups, and the compound was therefore identified as 1-O-acetyl-pL-galactitol
(6-O-acetyl-DL-galactitol). Since only one-half of the pL-galactitol derivative, the p-isomer
(i.e. 6-O-acetyl-L-galactitol), can be utilized by 4. suboxydans, a lower copper reducing
value would be anticipated from this substrate than from an L-isomer, such as 6-deoxy-
L-galactitol, and this has been verified experimentally.

The oxidation product of 1-deoxy-1-S-ethyl-p-glucitol (VIII) has been identified
conclusively as 6-deoxy-6-S-ethyl-L-sorbose (IX), since after conversion to the 2,3-O-
isopropylidene derivative, reductive desulphurization gave 6-deoxy-L-sorbose which was
characterized as the derived phenylosazone.

At the present time, structural studies are in progress on the products formed by
oxidation with 4. suboxydans of 6-deoxy-6-S-ethyl-L-galactitol and 1-O-acetyl-pDL-
galactitol. From the known specificity of the microorganism, these products are probably
derivatives of 3-hexuloses.

EXPERIMENTAL

Solutions were concentrated under reduced pressure (ca. 15 mm). Optical rotations
were determined in water at 23°23° C unless otherwise stated. Paper chromatography
was carried out by the descending method (17) on Whatman No. 1 filter paper using
the following solvent systems (v:v): (a) ethyl acetate — acetic acid — water (9:2:2);
(b) ethyl acetate — acetic acid — formic acid — water (18:3:1:4); (¢) butan-1-ol-ethanol-
water (40:11:19); and (d) butan-1-ol-pyridine—water (10:3:3). Paper electrophoresis was
carried out on Whatman No. 3 filter paper impregnated with 0.05 M borate buffer
(pH 9.2 at 1800 volts for 1.5 hours). Reducing compounds were detected on paper
chromatograms and paper electrophoretograms by the p-anisidine hydrochloride reagent
(13). Non-reducing compounds were detected on paper chromatograms with an alkaline
silver nitrate reagent (18) and on paper electrophoretograms by 3%, (w:v) lead tetra-
acetate in absolute benzene (19). The rate of movement on paper chromatograms is
quoted relative to that of rhamnose (Rg, value). On paper electrophoretograms the
mobilities are quoted relative to that of p-glucose (M value), and are corrected for
endosmosis from the rate of movement of tetra-O-methyl-D-glucose relative to the
D-glucose standard.

Acetobacter suboxydans (A.T.C.C. No. 621) was kindly supplied by Dr. N. K. Richt-
myer. The stock culture was grown on agar slopes on a medium consisting of sorbitol
(6%, w:v), veast extract (0.569% w:v),* and potassium dihydrogen phosphate (0.059,
w:v) (10). The substituted polyols under examination (Table 1I) were made up as a
broth containing the polyol (1-39, accurately weighed), yeast extract (0.59, w:v),
potassium dihydrogen phosphate (0.05%, w:v), and were fortified with sorbitol (0.19
w:v). Control solutions, made up in duplicate, contained the above constituents except
the substituted polyol. The solutions (10 ml) in 75-ml conical flasks were autoclaved
(15 p.s.i., 20 minutes), cooled to room temperature, and inoculated with a 72 hours’
culture of A. suboxydans grown on sorbitol (1 drop). The flasks were stored without
agitation at 27° C.

At intervals, an aliquot sample (ca. 2 ml) was removed from the medium with a
sterile pipette and a little examined directly on paper chromatograms and paper electro-
phoretograms. The remainder (1 ml) was deproteinized and the reducing power estimated
using Somogyi’s microcopper reagent (20). Solutions of the sulphur-containing polyols

*Difco Laboratories Inc., Detroit, Michigan, U.S.A.
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were made up to identical concentration for copper-reduction estimation. The reducing
values of the two control solutions were then subtracted from the reducing value of
the medium containing the sulphur-containing polyols under biochemical test. The
reducing values are quoted in moles of reducing sugar (calculated as L-sorbose) /100 moles
of polyol.

The results are shown in Table II. The 1,l-diethyldithioacetals of bp-arabinose,
D-glucose, D-galactose, and the 1,1-dibenzyldithioacetal of pD-arabinose were not oxidized
by 4. suboxydans as revealed by the copper-reducing power of the culture medium
and the absence of any products on paper chromatograms.

Preparation of Substrates

2-Amino-2-deoxy-D-glucitol and 2-acetamido-2-deoxy-p-glucitol were prepared by
borohydride-reduction of the respective aldoses according to the method of Bragg and
Hough (21). 5-Deoxy-p-ribitol and 5-O-methyl-p-ribitol were prepared from p-ribono-
1—4-lactone (22). 1-Deoxy-1-S-ethyl-polyols were prepared from the corresponding aldose
diethyldithioacetals by partial desulphurization with aged Raney nickel (23).

1-Deoxy-1-S-ethyl-D-arabitol

D-Arabinose diethyldithioacetal (3.0 g) was partially desulphurized (23) to yield 57%,
of product melting at 124-125° C, and with |2 13°41° (¢, 1.1). Anal. Calc. for
C:H;0.S: C, 42.8; H, 8.2; S, 16.3. Found: C, 43.1; H, 8.2; S, 16.7.

1-Deoxy-1-S-ethyl-D-arabitol Tetraacetate

1-Deoxy-1-S-ethyl-p-arabitol was acetylated with acetic anhydride in pyridine. The
product crystallized when it was poured into a slurry of chipped ice and water, and it
was collected by filtration. Recrystallization from aqueous ethanol yielded flakes that
melted at 58° C, and with a |a|, 38°44° (¢, 1.3, chloroform). Anal. Calc. for C;sH20sS:
C,49.4; H, 6.6; S, 8.8. Found: C, 49.8; H, 6.8; S, 8.2.

1-0O- Acetyl-DL-galactitol (6-O-Acetyl-DL-galactitol, 1-0-Acetyl-dulcitol)

Dulcitol (100 g) was heated under reflux with 509, acetic acid (100 ml) for 36 hours
at 80° C (15, 16). Upon cooling, most of the unreacted dulcitol was recovered by filtration
and the soluble acetates were obtained as a white residue upon removal of the solvent.
Paper chromatographic examination of the residue indicated at least four constituents
which had Rg, values of 0.96, 1.23 (major constituent), 1.90, and 2.22 (solvent a). The
mixture (53 g) was fractionated on a short charcoal column (103X12 cm) of Ultrasorb
S.C.* 120-240 (24, 25). Elution was then carried out stepwise with successive fractions
(3EIiters) of water, and 1.5, 3, 5, 8, 12.5, and 259, ethanol; the major constituent was
found in the 89 ethanol fraction. This fraction was filtered, deionized with Amberlite
resins (IR-120 (H) and IR-400 (carbonate)) at 5° C, and concentrated to dryness. The
product (18 g—low yield due to an accident) after recrystallization from ethanol melted
at 131-133° C and possessed a strong adsorption peak in the infrared at vg,, 1745 cm™!
(nujol). Sorbitol hexaacetate gave an absorption peak at vy,, 1748 cm™ and p-glucose
diethyldithioacetal possessed a double-peaked adsorption at vma: 1730 and vmax 1750
cm™t Anal. Cale. for CsH;Or: C, 42.9; H, 7.2; OAc, 19.2. Found: C, 43.0; H, 7.1;
OAc, 19.7. )

Structural Determination by Periodate Oxidation Experiments
2 Oxidations were carried out in the dark at 18° C.

*British Carbo Norit Union Ltd., West Thurrock, Gray's, Essex, England.
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The sample (23 mg) was dissolved in water (21 ml) containing 0.3 M sodium meta-
periodate solution (4 ml). At intervals, aliquots (2 ml) were withdrawn for either the
determination of periodate consumption or the estimation of formic acid liberated (26).
Formaldehyde was estimated on aliquots that were diluted 10-fold prior to the esti-
mation (27).

TABLE I
The periodate oxidation of 1-O-acetyl-pL-galactitol

Hours 0.08 0.25 0.5 2.25 4.0 28
Periodate uptake* 3.7 3.9 3.9 4.0 4.0
Formic acid* 2.9 2.8 2.8
Formaldehyde* 0.95 0.95 0.95

*Moles/mole of 1-O-acetyl-pL-galactitol.

6-Deoxy-6-S-ethyl-L-sorbose Phenylosazone

A culture medium containing 1-deoxy-1-S-ethyl-D-glucitol was oxidized for?lO‘, days
with A. suboxydans. A portion of the solution was deproteinized, deionized with Amberlite
resins (IR-120 (H) and IR-4B (OH)), and concentrated to a syrup. The components
were separated by paper chromatography (Whatman 3MM) in the usual way (solvent
¢). Some of the syrupy ketose (18 mg) was dissolved in a mixture of phenylhydrazine
(0.1 ml), acetic acid (0.1 ml), and water (0.5 ml), and heated in a water bath at 70°EC
for 3 hours. The phenylosazone (18 mg) was washed first with water, followed by benzene,
and was finally recrystallized from aqueous ethanol to give a product melting at 185-
190° C. Anal. Calc. for Cy0HaN4OsS: C, 59.7; H, 6.5; N, 13.9. Found: C, 59.6; H, 6.5;
N, 13.7.

Reductive Desulphurization to 6-Deoxy-L-sorbose (via the O-Isopropylidene Derivative)
A solution of 6-deoxy-6-S-ethyl-L-sorbose (0.20 g) in acetone (20 ml) containing con-
centrated hydrochloric acid (0.2 ml) was shaken at room temperature for 2.5 hours

TABLE II

Substrates Products

Copper-reducing power (days)

Rpxe Mgb 3 5 6 14 21 Rpped Mgé
5-Deoxy-D-ribitol 1.2 0.75 81.5¢ — 91 72 — 1.7(Y) 0.89
5-Deoxy-L-lyxitol 1.2 0.83 — — — — — 1.6(Y) 0.8
6-Deoxy-L-galactitol (v-fucitol) 1.1 0.95 17.6 — 38 — 50 1.3 (Y) 0.80
5-0-Methyl-p-ribitol 1.3 0.72 6.7 — 154 229 244 1.8(Y) 0.81
6-0-Acetyl-pL-galactitol 1.2 — — 26 — 21.8 — 1.69(Y) ~—~
2-Amino-2-deoxy-D-glucitol — — — 6.9 — 6.9 — Nil —
2-Acetamido-2-deoxy-D-glucitol 0.82 — 51 — — 57 — 0.75() —
1-Deoxy-1-S-ethyl derivative of :
-p-Glucitol 1.6 — 19 — 87 116 116 2.1(Y) —
-L-Arabitol 1.8 0.85 — — — — — Nil —
-D-Arabitol 1.8 0.83 71 — 75 82 92 2.6 (0)s 0.84
-p-Galactitol 1.6 0.84 16 — 24 27 31 2.1(Y) 0.88

%Solvent (b) detected with silver nitrate - sodium hydroxide reagent.
bDetected with lead tetraacetate reagent,

Moles of reducing substance/100 moles of substrate.

dDetected with p-anisidine hydrochloride reagent.

?Orange color with p-anisidine hydrochloride (O).

/Yellow color with p-anisidine hydrochloride (¥).

IDetected with resorcinol reagent (13).
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followed by neutralization with silver carbonate. The filtrate was concentrated to a
syrup which was non-reducing and moved on paper chromatograms at a rate con-
siderably faster than the original ketose. The O-isopropylidene derivative (0.12 g) was
dissolved in ethanol containing freshly prepared Raney nickel W-2 catalyst (6 ml settled
volume) (28) and was heated under reflux for 4 hours. After cooling and filtering free
of nickel, a syrup (97 mg) was obtained which had |a|, 18°£2° (¢, 1.2, ethanol). (Lit.
for 2,3-O-isopropylidene-L-sorbose |a|, 17.9° (29).)

A solution of the syrupy O-isopropylidene compound (61 mg) was dissolved in a
mixture of phenylhydrazine (0.1 ml), acetic acid (0.1 ml), and water (2 ml), and heated
in a water bath at 70° C for 3 hours. The phenylosazone which crystallized from the
solution during heating was collected by filtration and washed with cold water followed
by ether. Its melting point (175-180° C) was not depressed when admixed with an
authentic specimen prepared from 6-deoxy-L-sorbose (30). (Lit. melting point 183-185° C
(29) and 168-172° C (9).) The infrared adsorption spectra of the derived and authentic
specimens were identical over the frequency range of 600-4000 cm—.

ACKNOWLEDGMENTS

The authors wish to thank Dr. N. K. Richtmyer of the National Institute of Arthritis
and Metabolic Diseases, National Institute of Health, Bethesda, Maryland, for cultures,
and Mr. D. J. Anderson for a specimen of sorbitol hexaacetate. One of us (D.L.M.)
thanks the Ontario Research Foundation for a scholarship.

REFERENCES

. Hann, R, M., TiLpeN, E. B,, and Hupson, C. S. J. Am. Chem. Soc. 60, 1201 (1938).
BerTRAND, G. Ann. chim. 3 (8), 209, 287 (1904).

. WHISTLER, R. L. and UnpERKOFLER, L. A. J. Am. Chem. Soc. 60, 2507 (1938).

BossaarDp, W. and RicusteEmN, T. Helv. Chim. Acta, 18, 959 (1935).

StewarT, L. C., Ricammyer, N. K., and Hupson, C. S. J. Am. Chem. Soc. 71, 3532 (1949).
. Prarr, J. W., RicatMyeERr, N. K., and Hupson, C. S. J. Am. Chem. Soc. 74, 2210 (1952).

. StEwart, L. C., RicatmyeRr, N. K., and Hupson, C. S. J. Am. Chem. Soc. 74, 2206 (1952).
. Pratr, J. W. and Ricetmyer, N. K. J. Am. Chem. Soc. 77, 6326 (1955).

. Arcus, A. C. and EpsoN, N. L. Biochem. J. 64, 385 (1956).

10. RicatMyER, N. K., STEwaRT, L. C., and Hupson, C. S. J. Am. Chem. Soc. 72, 4934 (1950).
11. BoLLEnNBACK, G. N. and UNDERKOFLER, L. A. J. Am, Chem. Soc. 72, 741 (1950).

12. Jones, J. K. N. J. Am. Chem. Soc. 78, 2855 (1956).

13. HoucH, L., JonEs, J. K. N, and WapmaN, W. H. J. Chem. Soc. 1702 (1950).

14. IseLin, B. J. Biol. Chem. 175, 997 (1948).

15. Durr, R. B. J. Chem. Soc. 4730 (1957).

16. Durr, R. B. Biochem. J. 70, 515 (1958).

17. PARTRIDGE, S. M. Biochem. J. 42, 238 (1948).

18. TrREVELYAN, W. E., ProcToR, D. P., and Harrison, J. S. Nature, 166, 444 (1950).

19. BucrawaN, J. G., Dexker, C. A,, and Long, A. G. J. Chem. Soc. 3162 (1950).

20. SoMoGgyi, M. ]. Biol. Chem. 160, 61, 69 (1945).

21. Bracgg, P. D. and Houcr, L. J. Chem. Soc. 4347 (1957).

22. HoueH, L., Joxes, J. K. N,, and MircueLr, D. L. Can. J. Chem. 36, 1720 (1958).

23. JowEes, J. K. N. and MrrcueLL, D. L. Can. J. Chem. 36, 206 (1958).

24, Hucues, R. C. and WaELAN, W. J. Chem. & Ind. 884 (1958).

25. Anprews, P., HoucH, L., and PoweLL, D. B. Chem. & Ind. 658 (1956).

26. HoueH, L., TavLor, T. J., TroMas, G. H. S., and Woobs, B. M. J. Chem. Soc. 1212 (1958).
27. O'DEa, J. F. and GiBrons, R. A. Biochem. J. 55, 580 (1953).

28. OrRGANIC SYNTHESES. Vol. 21. John Wiley & Sons, Inc., New York. 1941. p. 15.

29. MULLER, H. and REeicustEIN, T. Helv. Chim. Acta, 21, 263, 1023 (1938).

30. Houcr, L. and JonEes, J. K. N. J. Chem. Soc. 4052 (1952).

OO DU LN





