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The Synthesis of N-Acetyl-lincosamine (6-Acetamido-6,8-dideoxy-
D-erythro-p-galacto-octose), a Derivative of the Free Carbohydrate Moiety in
Lincomycin

By G. B. HowartH, W. A. Szarek,* and J. K. N. JonNgs
(Department of Chemistry, Queen's University, Kingston, Ontario, Canada)

Summary 6-Acetamido-6,8-dideoxy-D-erythro-D-galacto-
octose (N-acetyl-lincosamine), the N-acetyl derivative of
the free carbohydrate moiety in lincomycin, has been
synthesised from 1,2 : 3,4-di-O-isopropylidene-a-p-galacto-
hexodialdo-1,5-pyranose by two routes.

LiNcomycCIN is an important antibiotic produced by
Streptomyces lincolnensis var. lncolmensis' with activity
against Gram-positive organisms. The antibiotic con-
sists of the methyl 1-thioglycoside of an aminodideoxy-
octose, methyl 6-amino-6,8-dideoxy-1-thio-p-erythro-a-D-
galacto-octopyranoside} (XI),? bound to an amino-acid,
L-trans-4-n-propylhygric acid,® by an amide linkage. In a
recent publication* some syntheses related to the carbo-
hydrate moiety were described. Here we report two
syntheses of the N-acetyl derivative of the free sugar,
6-acetamido-6,8-dideoxy-D-erythro-D-galacto-octose (N-
acetyl-lincosamine) (IX).

A Wittig reaction® between ethylidenetriphenylphos-
phorane and 1,2:3,4-di-O-isopropylidene-a-D-galacto-hexo-
dialdo-1,5-pyranose (I) has been shown® to give predomin-
antly cis-6,7,8-trideoxy-1,2 : 3,4-di-O-isopropylidene-o-D-gal-
acto-oct-6-enose (II) (see Scheme 1). Treatment of the

Wittig product with aqueous KMnO, gave a crystalline
vic-diol, whose structure has been established as 8-deoxy-
1,2 : 3,4-di-O-isopropylidene-D-erythro-a-D-galacto-octopyra-
nose (III).® Compound (III) could be selectively benzoyl-
ated with benzoyl chloride in pyridine to afford the 7-O-
benzoyl derivative (IV)} in 729, yield, m.p. 141—142°,
[elp — 82° (¢ 1-2, EtOAc). Oxidation of (IV) with
ruthenium tetroxide by an improved procedure’ gave
crystalline 7-O-benzoyl-8-deoxy-1,2 : 3,4-di-O-isopropyli-
dene-p-glycero-o-D-galacto-octos-6-ulose (V) in 789, yield,
m.p. 83—84°, [a]p —135° (¢ 1:3, EtOAc). The appearance,
in the n.m.r. spectrum of (V), of the terminal methyl group
as a doublet with a spacing of 7 Hz established that the
benzoyl group was at C-7. Treatment of compound (V)
with hydroxylamine hydrochloride in aqueous EtOH,
with pyridine as the acid acceptor and catalyst, afforded
both geometrical isomers of the oxime (VI). Reduction
of the preponderant isomer (479,), which had m.p. 185—
187°, [alp — 97° (¢ 1-2, EtOH), with LiAlH, gave a mixture
of stereoisomeric vic-amino-alcohols, which on N-acetyla-
tion yielded two crystalline 6-acetamido-6-deoxy-deriva-
tives. One of these was shown to be 6-acetamido-6,8-
dideoxy-1,2 : 3,4-di-O-isopropylidene-D-erythro-u-D-galacto-

octopyranose (VII) (11%), m.p. 166—167°, [a]p, — 53°

t The trivial name methyl thiolincosaminide (MTL) has been given to this compound.
1 All new compounds gave satisfactory elemental analyses, and gave i.r. and n.m.r. spectra in agreement with the assigned structures.
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(¢ 2-5, CHCl,); the other is, therefore, 6-acetamido-6,8-
dideoxy-1,2 : 3,4-di-O-isopropylidene-p-threo-a-D-galacto-

octopyranose (VIII) (7%), m.p. 173—174°, [a], —91° (c
1-1, CHCl;). Acid-catalysed hydrolysis of (VII) afforded
the free sugar (IX) as an amorphous solid in 809, yield,
[a]lp +37° (¢ 0-8, H,0). Reduction of compound (IX)
with NaBH,, and acetylation of the resultant product, gave
the crystalline hepta-acetyl derivative (X), m.p. 160—161°.
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The same compound was obtained from authentic methyl
thiolincosaminide§ (XI) by treatment with mercury(11)
chloride and cadmium carbonate, followed by reduction of
the free sugar with sodium borohydride, and then acetyla-
tion of the resultant product, thus establishing that the
structure of the sugar (IX) is that of 6-acetamido-6,8-
dideoxy-D-erythro-D-galacto-octose, a derivative of the free
carbohydrate moiety in lincomycin.
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The key intermediate (VII) has been prepared also by an
alternative synthesis (Scheme 2). During the course of our
earlier synthetic studies related to lincomycin,? an approxi-
mately 1:1 mixture of two stereoisomeric 6-acetamido-6,7-
dideoxy-7-C-nitro derivatives (XII) was obtained from the
aldehyde (I). Oxidative denitration with KMnO,® of the
mixture gave two crystalline 7-ketones, thus establishing
that compounds (XII) differ in configuration at C-6. The
two ketones are 6-acetamido-6,8-dideoxy-1,2:3,4-di-O-
isopropylidene-L-glycero-a-D-galacto-octos-7-ulose (XIII)
(66%), m.p. 1564—155°, [a]p, — 76° (¢ 1-1, EtOAc), and the
D-glycero-isomer (XIV) (23%,), m.p. 207—208°, [a]p, —55:6°
{c 0-9, EtOAC). Reduction of (XIV) with NaBH, gave a
mixture of two vic-acetamido-alcohols, from which the
desired isomer (VII) was isolated in 479, yield by fractional
crystallisation.
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