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SYNTHESIS OF
3'-DEOXYKANAMYCIN EFFECTIVE
AGAINST KANAMYGIN-RESISTANT

ESCHERICHIA COLI AND
PSEUDOMONAS AER UGINOSA

Sir:

Treatment of resistant bacterial infections
is the most important subject of chemo-
therapeutic studies. H. Umezawa et aL1>2i%)
have clarified the mechanism of resistance

ofE. coli K12 carrying R factor and resis-
tant Pseudomonas : these organisms produce

an enzyme transfering phosphate from ATP
to 3-hydroxyl group of 6-amino-6-deoxy-D-

glucose, 2,6-diamino-2,6-dideoxy-D-glucose
or D-glucosamine moiety of deoxystrept-
amine-containing antibiotics and as the
result of the phosphorylation, the antibiotics

such as kanamycins, paromomycins and neo-
mycins are inactivated. This mechanism of

inactivation suggested us that blocking or
removal of the hydroxyl group which is
phosphorylated will give new compounds
effective against the resistant organisms.
Thus, the authors attempted, for the first
approach, to prepare 3r-0-methylkanamycin

(I) by a synthetic method. It was prepared
by condensation of newly prepared 6-azido-
2, 4-di-O-benzyl-6-deoxy-3-O-methy1-a-D-

glucopyranosyl chloride (II) with 6-O-(2-O-
benzyl-3-deoxy-3-ethoxycarbonylamido-4, 6-

O-isopropylidene-a-D -glucopyranosyl)-N,

Nr -diethoxycarbonyl - 2 - deoxystreptamine
(III) followed by reduction of the azido to an
amino group and removal of the three kinds

of protecting groups. The structures of the
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condensation product and S'-O-methylkana-
mycin derived from it were proved by
physical methods and elemental analysis

although they were shown to be a mixture
of 4-0-a-B- and 4-O-/?-D-glycosyldeoxy-
streptamine isomers in the ratio of approxi-
mately 1:1. The condensation product:
m.p. 226°C, [aYJ +92.6° (c 0.4, CHC13);

Found:C59.23,H6.78, N 8.ll. Calcd.

forC52H70N6O17: C59.42, H6.71, N8.00% ;

IR: 2100cm"1 (N8); NMR (in dimethylsul-
foxide-J6): x 8.94 (3H t, CH2CH3), 8.86 (6H

t, CH2CH3), 8.76 (3H s, Isop.), 8.63 (3H s,

Isop.), 2.72, 2.73, 2.76 (each 5H s, Phenyl).

S'-O-Methylkanamycin : m.p. 167-169°C,

[a]}? +106° (c 0.5, H2O); Rfkanamycin 2.2

(ppc with /2-butanol - pyridine - water - ace-

ticacid 6:4:3:1); Found: C46.20,H7.47,

N ll.00. Calcd. for C19H83N4On: C 45.78,

H7.68, N ll.24%; NMR (in D2O); r 6.37

(3H s, OCH3), 4.95 (1H d, J~3Hz, H-l of
3-amino-3-deoxy-a-B-glucoside moiety),

4.63 (-0.5 Hd, J~3Hz, H-l of 3-O-methyl-

<2-D-glycoside moiety attached to C-4 of 2-

deoxystreptamine). The prepared 3'-O-
methylkanamycin, that is, a mixture of 4-

O-(6-amino-6-deoxy-3-O-methyl-a:-D- and
/?-D-glucopyranosyl)-6-O-(3-amino-3-deoxy-
^-D-glucopyranosyl)-2-deoxystreptamines in
the ratio of approximately 1: 1, however,
showed no antibacterial activity except a
slight activity against Bacillus subtilis.

This result suggests that the approach of
3r-O-methylkanamycin to bacterial ribo-
somes would be inhibited by the presence

6 CH2NH2

4 K o A'' ^JH2

OH \^ \

CH20H yS

OH
Kanamycin R: OH

S'-O-Methylkanamycin (I) R: OCH3
S'-Deoxykanamycin (IV) R: H
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Table 1. Antibacterial spectra of 3'-deoxykanamycin
and kanamycin

T e st o r g a n is m s *

M in im a l in h ib ito r y

c o n c en tr a tio n (m cg /m l)

3 '- De ox y- ka na my ci n K a n a m y c in

Staphylococcus a u r e u s F D A 2 0 9 P 1. 5 6 1. 5 6

E s ch er ic h ia co li N IH J 3. 1 2 1. 5 6

K - 12 C S -2 3. 1 2 1. 5 6

K - 12 M L 1 6 2 9 3. 1 2 > 5 0

K-12 M L 16 3 0 3. 1 2 > 5 0

K-12 M L 1 4 1 0 3. 1 2 0. 7 8

Salmonella ty p h os a T - 6 3 0 .7 8 0. 3 9

Pseudomonas a er u g in o sa A 3 3 . 12 5 0

N o. l l 1 2. 5 > 5 0

N o. 12 12 . 5 5 0

N o. 3 9 1 2 . 5 > 5 0

N o. 4 5 1. 5 6 5 0

N o. 6 7 1 2 . 5 > 5 0

P r o teu s r e ttg er i G N 3 1 1 1 2 . 5 6. 2 5

GN 4 6 6 6. 2 5 3. 12

Nutrient agar, 37°C, 18 hours.

(3H s, Isop.), 2.4-2.7 (15H m, Phenyl).

The condensation product was then
deacetonated with 80 % acetic acid and

the azido group was reduced with
Raney nickel and hydrogen to an
amino group. The resulting product,

after acylation of the amino group with
carboethoxy chloride, was debenzylated

with palladium black and hydrogen
and then de-N-acylated with barium
hydroxide. Purification of the final
product with column chromatography
of Amberlite CG50 (NH4+ form) and

0~0.3 N ammonia yielded 3'-deoxy-
kanamycin (IV), [a]l° +146° (c 0.2,

H2O) ; Rfkanamycin 2.2 (ppc with rc-buta-
nol-pyridine-water-acetic acid 6 : 4 :

3:1). Found: C46.10,H7.70. Calcd.

for C18H36N4O10: C 46.14, H 7.75%.

Hydrolysis with 6 N hydrochloric acid

of the bulky methoxyl group. Therefore,
the synthesis of S'-deoxykanamycin was
attempted. The synthesized 3'-deoxykana-
mycin (IV), as described next, showed anti-
bacterial activity of the similar strength as

kanamycin and moreover showed the activity
against E. coli 1629, 1630 carrying R factor

andP. aeruginosa as shown in Table 1.
It is thought that this principle could be
applied to prepare the analogues of other
aminoglycosidic antibiotics active against
resistant strains.

The preparation of S'-deoxykanamycin is
similar to that of S'-O-methylkanamycin,

thatis, newly prepared 6-azido-2,4-di-O-ben-
zyl-3,6-dideoxy-a-T>-glucopyranosyl chlo-

ride (V) was condensed with III in anhydrous
benzene-dioxane (3 : 1) at reflux for 15 hours

in the presence of mercuric cyanide-Drierite
and the main condensation product, 4-O-(6-
azido-2, 4-di-O-benzyl-3, 6-dideoxy-^-D-glu-

copyranosy1)-6-O-(2-O-benzyl-3-deoxy-3-
ethoxycarbonylamido-4, 6-O-isopropylidene -

a-n-glucopyranosyl) -N, Nr-diethoxycarbo-

nyl-2-deoxystreptamine was isolated by co-

lumn chromatography in a yield of ~25 %,
m.p. 263-264°C, M2D° +97° (c 0.9, pyridine) ;

Found: C59.79, H6.76, N7.91. Calcd. for
C51H68N6O16: C 59.98, H 6.71, N 8.23%;

IR: 2100 cm"1 (N8) ; NMR (in pyridine-d5):

r 8.90 (3H t, CH2CH3), 8.87 (3H t, CH2CH3),

8.85 (3H t, CH2CH3), 8.57 (3H s, Isop.), 8.54

and periodate oxydation of IV confirmed the
structure of IV as expected.
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