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Abstract —Title derivatives of 2,6-diamino-2,3,6-trideoxy-D-ribo-hexose (tobrosamine), the amino-sugar
component of the antibiotic nebramycin factor 6, have been prepared in a stereospecific manner, based on the
Tischenko rearrangement of methyl 3,6-dideoxy-a-arabino-hexopyranoside in the presence of benzaldehyde

and Lewis acids.

The highly successful clinical applications of aminog-
lycoside antibiotics has stimulated numerous
investigations' in order to establish structure-activity
relationships and to prepare more active compounds.
At the same time an understanding of the mechanism
of aminoglycosidic antibiotics resistance? has opened
the way to the synthesis of new and improved
compounds. For example, as one of the most
frequently encountered means of inactivation of these
antibiotics is phosphorylation at C-3,* gentamycin,
sisomicin and tobramycin having a 3'-deoxy-sugar
unit are among the most active derivatives of this
class.* Following from these observations a large
number of 3-O-methyl and 3’-deoxy or 3'.4’-dideoxy
derivatives have been synthesized and in particular 3'-
deoxy-kanamycin B or tobramycin.’

Derivatives of the sugar component of tobramycin,
tobrosamine (2,6-diamino-2,3,6-tri-
deoxy-p-ribo-hexose) 13 have already been described
by Guthrie et al.® (methyl 2,6-diacetamido-4-O-mesyl
tobrosaminide) and Gero et al.” (ethyl 26-diacet-
amido tobrosaminide). In a report of our laboratory®
we have already described a new route to its methyl
diacetamido derivative 12 by azidolysis at the allylic
position of an enol ether sugar prepared from
mannose.

We now wish to report a new higher yielding and
stereoselective synthesis of the hexoside 12 based upon
a Tischenko type rearrangement” of the key inter-
mediate 6, methyl 6-acetamido-3,6-dideoxy-2-D-
arabino-hexopyranoside.!® As previously published,®
the starting materials for this synthesis, methyl 6-
azido-a-D-mannopyranoside 1 and its 23-O-
benzylidene acetal 2 were prepared respectively in 90 %,
and 72 %, overall yield from methyl x-D-mannoside. As
observed for other 2,3-O-benzylidene acetals of hexose
of manno configuration®!'! and for the corresponding
4-0-mcethyl ether® treatment of 2 with NBS led regio-
and stereospecifically to the bromo-sugar 3. This latter
was converted by lithium aluminium hydride re-
duction followed by N-acetylation into the crystalline
intermediate 6.

A more direct route from 1 to 6 was also explored.
Barton et al.'? have shown that treatment of 1,2-diols
at room temperature with imidoyl chloride derived
from dimethylbenzamide led to the regiospecific
formation of the chlorhydrin benzoate in excellent
yields. Under similar conditions but in presence of ten
molar equivalents of imidoyl chloride, the azido-sugar
1 gave a mixture of the 3-chloro-sugars 4 and 5 (809
yield, ratio 4/5 = 0.75/1). The formation of § can be
explained by esterification of the OH-4 due to the
excess of reagent. If lower concentration of imidoyl
chloride are used, the ratio 4/S increases but unfor-
tunately the total yield drops, a part of the reagent
being probably consumed by the free OH on C-4. In
fact the formation of § is not inconvenient since the
next step is the LiAlH, reduction of the mixture
followed by acetylation which gave exclusively the
acetamido-sugar 6 with an overall yield of 40 % from 1.

In contrast with the results obtained for methyl 3,6-
dideoxy-a-D or L-arabino-hexopyranosides,® treat-
ment of a benzaldehyde solution of 6 with different
acids (ZnCl,, AICl, or TiCl,) did not give any of the
expected Tischenko type rearrangement product but
led to a degradation of the starting material.
Fortunately we found after many experiments that in
the presence of an equal amount of AICl; and ZnCl,, 6
rearranged to 7 in rather good yield (65 -70°;). The
structure of 7 was established from its spectroscopic
data to be a furanoside derivative with a benzoic ester
on C-2 and a benzyl ether on C-5. Catalytic
transesterification of 7 gave 8 and subsequent
treatment of 8 in a dichloromethane solution with
triflic anhydride according to the procedure of Hall et
al.'? gave the sulfonatc 9. Azidolysis of 9 in HMPT at
room temperaturc led to the azido-sugar 10 as the
exclusive product (659 after purification).
Hydrogenolysis of 10 in the presence of palladium-on-
charcoal followed by acetylation in methanol of the
crude product afforded the methyl furanoside of N,N'-
acetyl tobrosamine 11. Finally methyl 26-
diacetamido-2,3,6-trideoxy-a-D-ribo-hexopyranoside
(methyl 2.6-diacetamido-tobrosaminide) 12% was
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Stereospecific synthesis 1

isolated after acid hydrolysis and glycosidation with
methanolic solution of hydrochloric acid.

EXPERIMENTAL

General. All m.ps were determined on a Biichi apparatus
and are uncorrected. IR spectra (film or Nujol suspension)
were registered on a Perkin—-Elmer Model 257. 'HNMR
spectra werce recorded at 90 or 240 MHz with TMS as internal
standard, the chemucal shifts being expressed in ppm. Optical
rotations were measured on a Perkin-Elmer Model 141 MC
polarimeter and 1-dm tubes were used. TLC used Merck silica
gel GF,,, plates. Column chromatography was conducted
using Merck silica gel type H. Microanalysis were performed
by the Service Central de Microanalyse du CNRS. Extraction
in usual manner means that the organic layer is washed with
dil HCl or aq NaHCQ)j, dried. and concentrated in racuo.

Methyl  6-azido-2-0-benzoyl-3-bromo-3,6-dideoxy-x-D-
altropyranoside 3

To a solution of 2* (10.9 g, 35mmol) in carbon tetra-
chloride (500ml) was added N-bromosuccimmide
(8¢g) and barium carbonate (10g). The suspension was
heated with stirrng under reflux for 3h. After cooling
and filtration. the filtrate was extracted with dich-
loromethane in the usual manner. The solvent was
removed in racuo giving pure 3(12.32,90“,)as a syrup, (22"
+ 18° (CHCI;). IR (film): 2100 (N,) 1725, 1265 and
1105¢m ' (ester). NMR (CDCl,. 60 MHz): & = 5.52 (d, J
= 2.5, H-2),4.81 (s, H-1). 4.57 (dd. J =)'=2.5. H-3), 4.03 (m,
H-4. H-5), 3.6 (m. H-6, H-6'). 3.47 (s. OMe). Calc. for
C,,H, O.N,Br (386.21). CHN.Br.

Methyl 6-uzido-2-0-benzoyl-3-chloro-3,6-dideoxy-x-v-altro-
pyranoside 4 and methyl 6-uazido-2.4-di-O-benzoyl-3-chloro-
3,6-dideoxy-x-n-altropyranoside §

Reaction of the mannose derivative 1* (236 mg. 1.08 mmol)
with  pyridine (0.5ml) and N.N-dimethyl-x-chloro-
benzylidene ammonium chloride (prepared as described!?
from N.N-dimethylbenzamide (2.5 g)) for 16h at reflux gave,
on evaporation, a syrup. TLC (hexanc-ethyl
acetate-dichloro-methane, 5:1:1, v/v) showed two spots.
Column chromatography on silica gel (same solvent as for
TLC) gave 5 (197mg) and in the later fractions 4 (146 mg):
total yield 80, 4: syrup, [2]3° + 70° (CHCI,). IR (film):
2100 (N;), 1725, 1250 and 1105cm ~ ! (ester). NMR (CDCl,,
250MHz): 6 = 542 (dd, J = 0.7, )’ = 3, H-2), 479 (s, H-1),
4.49(dd,) = 3.5,J' = 3,H-3),4.11 (m, H-4, H-5), 3.63 (m, H-
6), 3.55 (m, H-6), 3.47 (s, OMe). Calc. for C, ,H,,N,0,Cl
(341.70). CH.N. §: syrup, [«]3® + 34.5° (CHCl,), NMR
(CDCl,, 250MHz): § =548 (dd, J =9, J' = 4, H-4), 5.46
(dd. ) =1,J =4,H-2),487 (s, H-1).4.71 (1, } = J' = 4 H-3),
4.56 (q, ) =9,J =5,J" =4, H-5). 3.55 (m, H-6 and H-6"),
3.51 (s, OMe). Calc. for C, ,H,,N;0,Cl (445.80). CH.O.

Methy! 6-acetunmido-3.6-dideoxy-a-D-arabino-hexopyranoside
6

To a solution of 3 (13g, 35mmol) in a mixture of
tetrahydrofuran (150 ml) and ether (150 ml) was slowly added
lithium aluminium hydride (5g). After stirring under reflux
for 4h, the cxcess of hydride rcagent was destroyed by
addition of a saturated solution of ammonium sulfate. The
mixture was filtered and the solids washed with a mixture of
chloroform and methanol (1:1. 2 x 100 mi). The combined
filtrates were evaporated 1o dryness to give a syrup. This
syrup was dissolved in anhydrous pyridine (75 ml) and acetic
anhydride (25ml) and stirred overmght. Water was then
added (100 ml) and then aqucous bicarbonate and extraction
was carried out with dichloromethane. The organic layer was
washed with aqueous solution of hydrochloric acid 1N, water
and then with aqueous bicarbonate. After cvaporation to
dryness, the syrup (5g) was dissolved in a methanolic solution
of sodium methanolate (02N, 100 ml) and stirred for 2h.
Neutralisation was effectued with Amberhite IR S0(H*) and

after filtration the solvent was removed under reduce
pressure. The residue (3.5g) was chromatographed on silica
gel (solvent: dichloromethane-methanol, 9:1, v/v) to give 6
{3.1g, 42",): m.p. 141-142 (methanol-ether), (212" + 93°
{MeOH, ¢ 2). IR (Nujol): 1650, 1570cm ™' (amide). NMR
(pyridine-d, 250 MHz): 4 =49 (s, H-1), 3.35 (s, OMe).
2.6-2.25 (m, H-3 and H-3'). 2.07 (s, OAc). Calc. for
C,H,-O:N (219.23). CH.N.

Methyl 6-acetamido-2-0-benzoyl-5-0-benzyl-3,6-dideoxy-a-
D-arabino-hexofuranoside 7

Zinc chloride (1 g, 7mmol) and aluminium chloride (0.9 g
7mmol) were added to a solution of 6 (493mg, 2.2 mmol) n
benzaldehyde (15 ml). The suspension was stirred for 3h and
then the cxcess of rcagent was destroyed by addition of
methanol (2 ml) and prolonged stirring for 5 min. Extraction
with dichloromethane in usual manner and purification by
preparative chromatography (solvent: hexanc-dichloro-
methane-ethylacetate, 1:1:1. v:v) gave 7 as a syrup: [«]3°
+ 16° (McOH). IR: (film): 1725. 1275 and 1100cm "' (ester),
1610 and 1495 (acetamide). NMR (CDCl,. 60 MHz): &
=74 &(m, Ph),7.32 (s. PhCH,), 5.30 (m. H-2), 5.05 (s, H-1),
4.68 (wide s, CH,Ph), 3.40 (s, OMe), 1.87 (s, Ac). Calc. for
C,,H,-O,N (413.45). CH.N.

Methyl 6-ucetamido-5-O-benzyl-3,6-dideoxy-2-nD-arabino-
hexofuranoside 8

A solution of 7 (1.06 g, 2.6 mmol) in ethanolic KOH (4,
50ml) was stirred at room temperature for 3h. Extraction
with dichloromethane afforded pure 8 (TLC dichloro-
methane-methanol. 7:1. v.v) (595 mg, 75 %, ) as a syrup, [2]3°
+ 58° (McOH, ¢ 1.75). IR (film): 1655 and 1540cm ™!
(amide). NMR (CDCl,. 90MHz): é = 7.36 (m. Ph).
4.70-4.75 (m, 3H, CH,Ph and H-1) 3.25 (s. OMe), 1.87 (s,
Ac). Cale. for C, H,,0.N (309.35). CH.N.

Methyl  6-acetamido-5-0O-benzyl-3,6-dideoxy-2-0-
triffuoromethanesulfonyl-a-n-arabimo-hexofuranoside 9

Pyridinc (1.13 ml) and then a solution of triflic anhydride
(1.13g, 4mmol) mn dichloromethane (5ml) werc added
dropwise to a solution of 8 (515Smg, 1.67 mmol) in
dichloromethane (25 ml) chilled at — 15°C. The mixture was
kept at this temperature until TLC (solvent: dichloro-
methanc-methanol, 7:1, v.v) showed complete disappearance
of the starting material (3h). The mixture was then poured
into a chilled saturated solution of sodium bicarbonate and
then cxtracted in the usual manner with dichloromethane.
After concentration in vacuo, the residue (795mg) was
chromatographed on silica gel (dichloromethane-methanol,
33:1. viv) to give 9 (569 mg. 90°,) unstable, immediately
converted into 10

Methyl 6-acetamido-2-azido-5-0-henzyl-2,3.6-trideoxy-x-1-
ribo-hexofuranoside 10

Sodium azide (100 mg) was added over 15mn to a cooled
(0°) solution of 9 (480mg, 1.2mmol) in HMPT (15mi).
Stirring was then continued for 2h at room temperature.
Extraction with benzene ether (1:1, v;v) gave a syrup which
showed a single spot in TLC (dichloromethane-methanol
95:5, v/v). Purification by preparative TLC afforded 10
(234mg, 60",) as a syrup: [x]3° + 115° (CHCl,). IR:
2100em ' (N;). NMR (CDCl,, 240 (MHz): 6 = 492 (d, J
= 4, H-1), 480 (m, CH,Ph), 3.43 (s, OMe). 1.6-2.3 (m, H-3
and H-3%), 1.84 (s, OAc). Calc. for C, H,,N,O, (334.37).
CHN.

Methyl  2,6-diacetamido-2,3,6-trideoxy-2-D-riho-
hexofuranoside 11

A solution of 10 (141 mg, 0.42 mmol) 1n methanol (20 ml)
and acetic anhydride (1 ml) was surred for 2h under
hydrogen 1n the presence of palladium-on-charcoal (10°,,
150 mg). The catalyst was then removed by filtration and the
filtrate evaporated under reduced pressure, and evaporation
repeated thrice after addition of toluene (10m!).
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Chromatography of the residue on silica gel
(dichloromethane-methanol, 14:1, ¢/v) gave 11 (64 mg, 65%,):
mp L76-177° (acctone), [2]3° + 120° (c 2, methanol). IR
(Nujol): 1635 and 1555cm™! (amide). NMR (240 MHz,
pyridine-d;}: 6 5.07 (broad s, H-1), 3.30 (s, OMe), 2.09 (s, Ac).
Calc. for C, H;04:(232.27). CH,O.

Methyl  2,6-diacetamido-2,3,6-trideoxy-o-D-ribo-
hexopyranoside 12

A solution of 11 (50mg) in a methanolic. solution of
hydrochloric acid (7ml, 39, v/v} was heated under reflux
overnight, After cooling and neutralisation with Amberlite IR
45 {(OH™), the filtrate was evaporated in vacuo. TLC
(dichloromethane-methanol, 12.5:1, v/v) showed two prin-
ctpal spots. Chromatography on silica gel gave starting
material 11 (15mg) and 12 (25 mg) whose constants are in
agreement with those previously described in the literature.®
mp, 207° {acetone-methanol); [«]3° + 90° (CHCI,).
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