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AMINOGLYCOSIDE ANTIBIOTICS:
OXIDATIVE DEGRADATIONS LEADING
TO NOVEL BIOCHEMICAL
PROBES AND SYNTHETIC
INTERMEDIATES"

Sir:

Subtle chemical (functional) modifications in
the area of aminoglycoside antibiotics® are
known to have a profound effect on biological
activity.”  Such modifications are based on
biological rationales at the molecular level,*™
and may involve the chemical alteration of a
specific, peripheral functional group in the
molecule, with the objective of rendering it
inert to the action of inactivating enzymes,
such as the phosphotransferases.”™' Experience
has shown that the maintenance of significant
biological activity, invariably imposes the ex-
istence of a delicate balance between functional,
structural, configurational, and conformational
aspects in the aminoglycoside molecule. One
of the obstacles in deciphering the relative
importance of these aspects has been the limited
number of appropriate model compounds.

We report herein, on the preparation of two
novel pseudosaccharides by a sequential oxi-
dative, and p-eliminative degradation reaction
of the readily available aminoglycoside antibi-
otics, neomycin and paromomycin.

Treatment of dry penta-N-carbobenzoxyparo-
momycin'’ (1) with periodic acid (8 equiv.) in
tetrahydrofuran containing 4 A molecular sieve
at 1°C for 20 hours, followed by neutralization
with aqueous sodium bicarbonate, gave the
corresponding tetraaldehyde resulting from the
cleavage of the two diaminosugar subunits, as
a chromatographically homogeneous amorphous
solid in 89 % yield. The tetraaldehyde under-
went smooth p-elimination in methanol con-

0

CbzNH NHCbz HO NHR o
[o] 0 o) (o]
HO NHCbz HO— 0o NHR HO [¢} NHR
9 OH OH
|
¢}

THE JOURNAL OF ANTIBIOTICS 835

taining triethylamine (25°C, 15 hours), to give
the pseudodisaccharide derivative 3 in 42~45 %5
yield. Recrystallization from ethanol gave
a pure product, mp 235~237°C (sintering);
[a]i—44° (c 1, MeOH);*' the corresponding O-
TMSi derivative showed a fragment at m/e 675
corresponding to the deoxystreptamine portion,

attached to a ~CH-OTMSi unit resulting from
the anomeric carbon of D-ribosyl portion and
migration of an OTMSi group.” Compound
3 could also be obtained from neomycin, and
from 4’,6’-O-benzylidene-penta-N-carbobenzo-
xy-paromomycin.”’  In the latter case the
sequence involved periodate oxidation, acid
hydrolysis of the acetal function, oxidation,
and finally, g-elimination.”’ Hydrogenation
of 3 in the presence of palladium hydroxide-
on-charcoal catalyst’’ in methanol containing
N hydrochloric acid, followed by treatment
with an anion-exchange resin, gave the free
pseudodisaccharide 4, which was obtained as
a chromatographically homogeneous colorless
solid from a mixture of methanol and ethanol
(~quant), mp 100~ 105°C (softening), ~135°C
(foaming); [a] —24.6° (c 0.22, H,0);'*’ Rf 0.56,
R paromamine 1.12; R deoxystreptamine 1.36
(CHCl;-MeOH-NH,OH, 1:3:2).

The subtle conformational and configura-
tional difference between the two diaminosugar
units in neomycin B led us to expect a pre-
ferential oxidation of the neosamine B unit in
the N-protected antibiotic. Indeed, treatment
of N-carbobenzoxyneomycin B,"’ with periodic
acid (1.5 equiv.) in tetrahydrofuran containing
4 A molecular sieve at 1°C for 20 hours, gave
a product that showed a positive aniline hy-
drogen phthalate test for aldehydes, although
there was little difference in chromatographic
mobility, compared to the parent neomycin

NHR

OH
o OH HO OH o
o
0 3 R=Cbz NHR
OHR 4 R=H il
- HO 5 R =Cbz
HO 1 R=OH,R'= z L -~

NHCbz 2 R.R'=NHCbz



836 THE JOURNAL OF ANTIBIOTICS

derivative. Treatment of the dialdehyde with
triethylamine in methanol (55~60°C, 2 days),
followed by chromatographic purification, gave
the pseudotrisaccharide derivative 5, as a color-
less solid (63 %, based on recovered starting
material). Recrystallization from 2-propanol
gave the pure pseudotrisaccharide derivative,
mp 228~230°C; [a]5+22.9° (¢ 0.9, dioxane);
the corresponding O-TMSi derivative showed
peaks consistent with the structure when ana-
lyzed by mass spectrometry.’®’ Hydrogenation
over 20 % palladium hydroxide-on-charcoal in
methanol containing N hydrochloric acid, fol-
lowed by neutralization with an anion-exchange
resin, gave the free pseudotrisaccharide 6 as
an amorphous solid, in 83 % yield, mp 210~
212°C (dec.); [a]h+22.5° (c 0.24, H,0); Rf
0.45; R paromamine 0.90; R paromomycin 1.45
(CHCl,-MeOH -NH,OH, 1:3:2). Compounds
4 and 6 were analyzed by field desorption
mass spectrometry,'®’ and showed the expected
M'H peaks in each case. No detectable
amounts of ribostamycin could be found in
the crude mixture containing 6, which confirms
the preferential oxidation of the neosamine C
portion.

Compound 6 has been recently found"' as
a minor component in commercial samples of
neomycin. This has led to the suggestion"
that it may be a biosynthetic precursor to the
antibiotic.””’ In addition to being potential
substrates for such biosynthetic studies, com-
pounds 4 and 6 and their immediate precursors
can also be regarded as versatile synthetic in-
termediates. Structurally, they represent the
only remaining natural combinations of deoxy-
streptamine-containing subunits of the 5-linked
aminoglycoside antibiotics, and as such, they
are very useful biochemical probes. In this
regard, we also report that while compound
4 was devoid of antibacterial activity, the
pseudotrisaccharide 6 was found to be active
in the standard assay,' the activity being 4~
10 times less than that of neamine depending
on the organism. This finding is particularly
significant, as it bridges the last gap in relating
structural and functional requirements for an-
tibiotic activity in this series.
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