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ABSTRACT

3.,4,5-Tri-O-acetyl-D-erythro-pentosulose 1,2-bis(phenylhydrazone), its 1-N-
acetyl derivative (D-erythro-4), 3,4,5,6-tetra-O-acetyl-L-xylo-hexosulose 1,2-bis-
(phenylhydrazone), and its 1-N-acetyl derivative have been treated with
nucleophiles. Reaction of 3,4,5,6-tetra-O-acetyl-D-lyxo-hexosulose 1-acetyl-
phenylhydrazone 2-phenylhydrazone with sodium azide-acetic acid afforded a
diastercoisomeric mixture of 4,5,6-tri-O-acetyl-3-azido-3-deoxy-D-lyxo- and -D-
xylo-hexosulose 1-acetylphenylhydrazone 2-phenylhydrazones. Treatment of L-
erythro-4 with methanolic sodium methoxide gave 3-O-methyl-L-erythro- and -L-
threo-pentosulose  1,2-bis(phenylhydrazone). By treatment with methanolic
ammonia, diastereoisomerically pure 3-acetamido-3-deoxyaldosulose 1,2-bis-
(phenylhydrazones) with unidentified chirality at C-3 were obtained starting from
O-acetylaldosulose 1,2-bis(phenylhydrazones) or 1-acetylphenylhydrazone 2-
phenylhydrazones. Treatment of the 3,4,5,6-tetra-O-acetyl-D-Jyxo-hexosulose 1,2-
bis(acetylphenylhydrazone) with methanolic ammonia afforded D-lyxo-hexosulose
1,2-bis(phenylhydrazone).

INTRODUCTION

Many of the reactions of sugar osazones! with nucleophiles can be explained
by the transitory formation of a reactive 2-phenylazo-2-ene?=. Thus, in acidic
media, hexosulose and heptosulose 1,2-bis(arylhydrazones) give 3,6-anhydro-
osazones!’ with high stereoselectivity, whereas similar treatment of pentosulose
1,2-bis(phenylhydrazones) in the presence of alcohols yields diastereoisomeric 3-O-
alkyl derivatives®.

Alkaline deacetylation of (O-acetylosazones effects the above-mentioned
transformation of the 2-arylhydrazono meiety and yields products of various types.
O-Acetylated hexose osazones bearing monosubstituted hydrazono moieties give

*Dedicated to Professor Rezs6 Bognar in the year of his 75th birthday.
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Percival’s dianhydro-osazones (e.g., 14, R = H)!®? in alkaline aqueous acetone,
because of the presence of nucleophile NH groups. As O-acetyl-3,6-anhydro-
hexosazones (e.g., 16 and 20) fail to give dianhydrohexosazones, the formation of
a tetrahydrodiazine ring is postulated to precede® that of the 3,6-anhydro ring.
Thus, (even temporary) acetylation of the NH group of the 1-phenythydrazono
moiety [e.g., 3,4,5,6-tetra-O-acetyl-D-lyxo-hexosulose 1-acetylphenylhydrazone 2-
phenylhydrazone, (D-Iyxo-6)] results in the formation of 3.,6-anhydro-p-lyxo-
hexosulose 1,2-bis(phenylhydrazone) (15) upon deacetylation in aqueous alkaline
acctonc'?. Protection of HO-4 of an osazone with an alkali-stable substituent
prevents the formation of dianhydro-osazones. Thus, lactose!!, maltose'f, and
cellobiose'> phenylosazone hepta-acetates give 3,6-anhydro derivatives. The
mechanism of the formation of 3,6-anhydro derivatives from O-acetylated osazones
proved that the mixed osazone A reported by Votoc¢ek and Vondradek!*!* was
D-arabino-hexosulose 1-methylphenylhydrazone 2-phenylhydrazone!® and not 2-
methylphenylhydrazone 1-phenylhydrazone as claimed!'®’. Similarly, the product
of the sodium hydroxide-mediated deacetylation of tetra-O-acetyl-p-lyxo-
hexosulose 1-methylphenylhydrazone 2-phenylhydrazone is 3,6-anhydro-p-fyxo-
hexosulose 1-methylphenylhydrazone 2-phenylhydrazone!'® (18) and not the bicyclic
pyrazolidine derivativel®.

Findings on the deacetylation of various acetylated sugar osazones, the effect
of the basicity of the reaction medium, and intra- and inter-molecular nucleophilic
reactions are now reported.

RESULTS AND DISCUSSION

The reaction of 3,4,5,6-tetra-O-acetyl-D-lyxo-hexosulose 1,2-bis(phenyl-
hydrazone) (D-lyxo-5), 1-acetylphenylhydrazone 2-phenylhydrazone (D-Iyxo-6), or
1,2-bis(acetylphenylhydrazone) (D-Iyxo-7) with methanolic sodium methoxide or
that of D-lyxe-6 in aqueous sodium hydroxide—acetone gave 3.6-anhydro-p-/yxo-
hexosulose 1,2-bis(phenylhydrazone) (15) with high sterecoselectivity. Similar
treatment of 3,4,5,6-tetra-O-acetyl-L-xylo-hexosulose 1,2-bis(phenylhydrazone) (L-
xylo-5) with methanolic sodium methoxide afforded 3,6-anhydro-L-lyxo-hexosulose
1,2-bis(phenylhydrazone) (19, the enantiomer of 15)1Y. These findings show that
the rules of stereochemistry®!?, found for the formation of 3,6-anhydro derivatives
from osazones in acidic media (the configuration is identical on C-3 and C-4 in the
favoured product, i.e., the two hydrazone groups assume a position opposite to
that of the HO-4), are also valid for the transformation of acetylated osazones in
alkaline medium. The presence of an acetyl group on the 1-hydrazono moiety of
the starting osazones facilitates the formation of the anhydro-osazones with smaller
amounts of impurities, which eases the isolation of the pure product. The finding
that the use of a small excess (~1.1 mol/mol of substrate) of sodium methoxide in
methanol results in the transformation of D-lyxo-6 into 3,6-anhydro-D-lyxo-
hexosulose 1-acetylphenylhydrazone 2-phenylhydrazone (17) indicates that the
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elimination of AcO-3 and cleavage of AcO groups precede that of the N-Ac bond.
Acetylated pentosazones cannot form 3,6-anhydro rings in the deacetylation
reaction, which explains why treatment of 3,4,5-tri-O-acetyl-L-erythro-pentosulose
1-acetylphenylhydrazone 2-phenylhydrazone (L-erythro-4) with methanolic sodium
methoxide gave L-erythro- (L-erythro-8) and L-threo-3-O-methylpentosulose 1,2-
bis(phenylhydrazone) (L-threo-8) in about the same yield. The physical and micro-
analytical data (Table I) of the products accorded with those of the known
enantiomers (L- and D-erythro-8 and D-threo-8), obtained either by osazone
formation?®?! or from D-erythro- or D-threo-pentosulose 1,2-bis(phenylhydrazone)
by treatment with sulphuric acid in methanol’. Although the stereoselectivity of the
1,4-addition of methanol to the cyclic phenylazo-ene system is high?>2, it was not
observed in the deacetylation of the acyclic acetylated pentosazones in alkaline
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media described here or in the transformation of pentosazones in an acid—-alcohol
solution?.

When a 2-phenylazo-2-ene structure cannot be formed during the cleavage of
OAc groups, addition or anhydro products are not formed. Thus, treatment of the
1,2-bis(acetylphenylhydrazone) derivative D-lyxo-7 in chloroform—methanol with
traces of conc. ammonium hydroxide, added at intervals of 1-2 h, afforded!® the
deacetylated osazone D-lyxo-2. Moreover, the same result was obtained using a
large excess of anhydrous, saturated methanolic ammonia at 0° (see Table I).

Treatment of pentosazone and hexosazone derivatives containing 2-phenyl-
hydrazone moieties and suitable C-3 leaving-groups with conc. ammonium
hydroxide or anhydrous methanolic ammonia yields 3-acetamido-3-deoxyaldos-
ulose 1,2-bis(phenylhydrazones) as a consequence of 1,4-addition of ammonia to
the 2-phenylazo-2-ene system, followed by O — N acetyl migration. Thus, 70% of
3-acetamido-3-deoxy-L-pentosulose 1,2-bis(phenylhydrazone) (L-9) was obtained
from 3,4,5-tri-O-acetyl-L-erythro-pentosulose 1,2-bis(phenylhydrazone) (L-erythro-
3), or, more conveniently, from the corresponding 1-acetylphenylhydrazone 2-
phenylhydrazone derivative (L-erythro-4) on treatment with methanolic ammonia.
In a similar reaction, D-erythro-4 gave 77% of the 3-acetamido derivative D-9
(Table II). Whereas the addition of methanol to the 2-phenylazo-2-ene system of
the osazone gives a 1:1 mixture of C-3 diastereoisomeric methyl ethers, the
addition of ammonia is highly stereoselective, probably because of the chirality
control exerted by C-4. This effect is even more evident with hexose derivatives.
The reaction of 3,4,5,6-tetra-O-acetyl-D-lyxo-hexosulose 1-acetylphenylhydrazone
2-phenylhydrazone (D-lyxo-6) yielded 3-acetamido-3-deoxy-D-4,5-threo-hexosulose
1,2-bis(phenylhydrazone) (D-4,5-threo-11). The same reaction of 3,4,5,6-tetra-O-
acetyl-L-xylo-hexosulose 1,2-bis(phenylhydrazone) (L-xylo-§) or the l-acetyl-
phenylhydrazone 2-phenylhydrazone derivative (L-xylo-6) gave 3-acetamido-3-
deoxy-L-4,5-threo-hexosulose  1,2-bis(phenylhydrazone) (L-4,5-threo-11), the
enantiomer of the former product, clearly by change of the configuration at C-3 in
the lyxo or xylo starting compounds. When the reaction was interrupted or carried
out at a lower temperature, the intermediate 3-acetamido-3-deoxyhexosulose 1-
acetylphenylhydrazone 2-phenylhydrazones (D- and 1-4,5-threo-10) could be
isolated.

Treatment of the penta-acetate D-lyxo-6 with hydrazoic acid resulted in
exchange of the AcO-3 group (Table II). The 'H-n.m.r. data (Table III) revealed
the purified amorphous product to be a ~2:1 mixture of the corresponding xylo
and lyxo diastereoisomers (D-4,5-threo-13). Treatment of this with methanolic
sodium methoxide gave (t.l.c.) the 3,6-anhydrohexosazone, whereas reaction with
methanolic ammonia afforded 35% of the 3-acetamido-3-deoxy derivative, D-4,5-
threo-11. Since NHAC is not as good a leaving group as OAc, treatment of D-4,5-
threo-11 with hot acetic anhydride gave the penta-acetate D-4,5-threo-12. Similar
treatment of O-acetylaldosulose 1,2-bis(phenylhydrazone)®* or 1-acetylphenyl-
hydrazone 2-phenylhydrazones® yielded acetylated dianhydroarylosazones (25)
with a pyrazole structure.
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H
C==N—N-—Ar
C==N
I \N—Ar
~
C==C
W
(CHOAC),
CH,0AC
23 X == N=—=N—Ph 25
24 X = CH=N-—NR—Ph
(R = H, Ac)

The 1,4-addition of nucleophiles (NH;, HN,, etc.) to phenylazohexopyrano-
enosides takes place?>?* with high stereoselectivity. Similar stereoselectivity was
observed in the reactions of (O-acetyl sugar formazans with ammonium hydroxide
in ethanol. This reaction takes place via an intermediate having a 1,1-
bis(phenylazo)-1-ene moiety?. Thus, 2,3.4,5,6-penta-O-acetyl-D-galactose (D-
galacto-21) and -glucose diphenylformazans (D-gluco-21) react with retention of
configuration at C-2, whereas the corresponding D-manno derivative (D-manno-21)
reacts with inversion of configuration to give 2-acetamido-2-deoxy-D-2,3-threo-
hexose diphenylformazans (p-galacto-22 and D-gluco-22)%° with high stereo-
selectivity. Presumably, the products with the preferred 2,3-threo configuration are
formed in such a way that the 1,1-bis(phenylazo)-1-ene intermediates, produced by
the elimination of AcO-3, have a planar zigzag conformation, and the addition of
NH; to the AcO-3 carbonyl group would form a tetrahedral intermediate responsible
for the transfer of ammonia to the preferred side of the 1-ene bond (23) and O —
N acetyl migration would also take place. If this assumption is correct, then 9-11
would be expected to have the 3,4-threo configuration. The favoured role of AcO-3
in the formation of the 2-phenylazo-2-ene moiety renders the 3-acetamido-3-
deoxyosazone structures of the products probable. 'H-N.m.r. and mass-spectral
data {m/z 308 [M* — CH(OH)CH,OH] for -9, or 350 [M* ~ (CHOH),CH,OH]
for p-4,5-threo-10, see Tables IT and 111} prove these structures.

There was a direct connection for the 3-acetamido-3-deoxy derivatives (D-
and L-9, D- and L-4,5-threo-11, D-4,5-threo-13) and also for one (L-threo-8) of the
3-O-methyl compounds between the chirality of C-4 of the osazones and the {a],
values (similar to that found” for unsubstituted sugar osazones). C.d. spectra give
information!% on the chirality of C-3 of sugar osazones. Because of the inter-
mediate J values observed in the '"H-n.m.r. spectra, c.d. studies are in progress in
order to determine the chirality of C-3 of the products obtained from acetylated
osazones with nucleophiles.
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EXPERIMENTAL

General methods. — Melting points are uncorrected and were determined on
a Kofler block. Solutions were concentrated at }40° (bath)/~17 mmHg. T.l.c. was
performed on Alurolle-Kieselgel 60F,;, (Merck). Optical rotations were measured
with a Schmidt-Haensch visual polarimeter (1-dm pathlength). I.r. spectra (KBr
discs) were recorded with a Perkin—Elmer 283B spectrophotometer and 200-MHz
'H-n.m.r. spectra (internal Me,Si) with a Bruker WP 200 SY spectrometer. Mass
spectra (70 eV) were obtained by using a VG-7035 GC/MS/DS instrument (ion
current, 0.1 mA; direct insertion technique).

Preparation of 3-acetamido-3-deoxyhexosulose 1,2-bis(phenylhydrazones) (9-
11) (¢f. Table ITI). — (a) The acetylated osazone (or its solution in anhydrous
chloroform) was added with ice-cooling to anhydrous methanol saturated with
gaseous NH; at 0°. When dissolution was complete, the solution was kept at the
temperature stated, and then concentrated. The residue was triturated with ice-cold
water, and the crude product was collected and crystallised.

(b) The acetylated osazone was stirred with a mixture of concentrated,
aqueous ammonium hydroxide and methanol until dissolution was complete. The
solution was kept for the time stated at room temperature, and then processed as
in (a).

4,5,6-Tri-O-acetyl-3-azido-3-deoxy-D-lyxo- and -D-xylo-hexosulose 1-acetyl-
phenylhydrazone 2-phenylhydrazones (D-4,5-threo-13) (cf. Table 11). — Powdered
sodium azide was added to a solution of the penta-acetate D-lyxo-6 in acetic acid at
40-42°. The mixture was kept for 70 h at 50-52° and then concentrated, and the
residue was triturated with water. A solution of the crude product in benzene was
washed with aqueous NaHCO,; and water, dried (MgSQO,), and concentrated.
Column chromatography (silica gel, 2:1 benzene—ethyl acetate) of the residue gave
(*H-n.m.r. data) a product suggested to be a ~1:2 mixture of the D-lyxo and D-xylo
diastereoisomers (see Tables II and III).

3,6-Anhydro-D-lyxo-hexosulose 1-acetylphenylhydrazone 2-phenylhydrazone
(17). — Methanolic 0.5M NaOMe (6.5 mL, 3.25 mmol) was added to a solution of
the penta-acetate D-lyxo-6 (1.706 g, 3 mmol) in anhydrous chloroform. The
solution was kept for 24 h at room temperature (by this time, it was not alkaline to
phenolphthalein paper). The crude 17 (0.415 g, m.p. 199-200°) was collected, and
the mother liquor was treated with Amberlite [R-105 (H*) resin, and then con-
centrated. The residue was crystallised from methanol to give more 17. Recrystalli-
sation of the combined products from methanol yielded material (0.645 g, 56%)
having m.p. 202°; vXBr 3409 (OH), 3223 (NH), 1668 (NAc), 1582 and 1530 cm™!
(Ar). Mass spectrum: m/z 382 (Mt), 364 M+ — H,0), 322 M* — H,O —
CH,CO), 135 (AcHNPh).

Anal. Calc. for C,0H,,N,0,: C, 62.81; H, 5.80; N, 14.65. Found: C, 62.84; H,
5.91; N, 14.80.
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