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Communications to the editor

SYNTHESIS OF 3/,4'-DIDEOXY-
NEAMINE ACTIVE AGAINST
KANAMYCIN-RESISTANT
E. COLI AND P. AERUGINOSA

Sir:

H. Umezawa et al.»»»® have clarified the
mechanism of amino glycoside resistance of
Escherichia coli K 12 carrying the R factor
and of resistant Pseudomonas: these orga-
nisms produce an enzyme transferring phos-
phate from ATP to the 3-hydroxyl group
of 6-amino-6-deoxy-D-glucose, 2,6-diamino-
2,6-dideoxy-Dp-glucose or p-glucosamine moi-
ety of deoxystreptamine-containing antibio-
tics, and as the result of the phosphorylation,
antibiotics such as kanamycins, paromo-
mycins and neomycins are inactivated.
Based on this mechanism of resistance, the
authors synthesized 3’-deoxykanamycin®,
3’,4’-dideoxykanamycin B¥, and 3’, 4’-dide-
oxyvistamycin®®  all of which were active
against the resistant organisms. In this
paper we report the synthesis of 4-O-(2,6-
diamino-2, 3,4, 6-tetradeoxy-a-D-glucopyra-
nosyl)-2-deoxystreptamine, which is also
active against the resistant organisms.

The four amino groups of neamine were
protected by carbomethoxy chloride in aque-
ous acetone (1:1) to give tetra-N-carbo-
methoxyneamine (I) in a yield of 87 %,
which was then treated with cyclohexanone
dimethylketal in DMF in the presence of p-
toluenesulfonic acid at 50°C under reduced
pressure (20 Torr). Within 20 minutes a
product [II, Rf 0.40 on TLC with silica gel
and developed with chloroform-ethanol (8:
1)] was produced, accompanied by two
minor products having Rf 0.46 (III) and 0.90
(V). On prolonged reaction, the initial
major product (II) disappeared and the pro-
ducts III and IV became predominant. By
addition of a small amount of methanol,
the product IV was converted to III. From
periodate oxidation followed by acidic hy-
drolysis and detection of deoxystreptamine
by paperchromatography, II, III and IV were

proved to be 3’,4’-O-cyclohexylidene, 5,6-
O-cyclohexylidene and 3,4 : 5,6-di-O-cyclo-
hexylidene derivative of I, respectively.
This was also confirmed by their NMR
spectra. Therefore it was concluded that
IIT is more thermodynamically stable than
II. Compound III was obtained from I in
a yield of 70 %, amorphous powder, [a]¥
+37° (¢ 1, methanol). Anal. Found : C 49.44,
H 6.82, N 893 %. Calcd. for C,sH,,N,Oyy:
C 49.20, H 6.67, N 8.83 % ; NMR (in CDCly),
7 8.0~8.8 (11 H, broadened signal, cyclo-
hexylidene protons and H-2,,). Mesylation
of III with mesyl chloride in pyridine gave
the corresponding 3’,4’-di-O-mesylated de-
rivative (V), m.p. 142~144°C, [a]¥ +50.4°
(¢ 1, methanol); NMR (in CDCly), 7 6.90
and 6.73 (both 3 H singlets, SO,CH;), 7 8.4
(10 H, broadened singlet, ' cyclohexylidene
protons). Introduction of 3’,4’-unsaturation
into compound V was achieved as described
in the preceding communication® by the
use of sodium iodide and zinc dust in DMF
at 98°C for 2 hours to give 5,6-O-cyclohexy-
lidene-3’, 4’-dideoxy-3’-eno-tetra-N-metho-
xycarbonylneamine (VI) in a yield of 70 %,
amorphous powder, [a]¥ —39° (¢ 1, metha-
nol). Anal. Found : C52.08, H6.78, N9.10 %.
Caled. for C,;H,N,O,,: C 52.00, H 6.71,
N 9.33% ; NMR (in CDCl,), = 4.28 (2 H,
slightly broadened singlet, H-3',4"), = 8.37
(10 H, broadened singlet, cyclohexylidene
protons). Compound VI was catalytically
hydrogenated to compound VII, amorphous
powder, [a]® +34.3° (¢ 0.6, methanol);
NMR (in CDClg), = 4.92 (1 H d, J~3.5 Hz,
the anomeric proton at C-1’), 7 8.1~8.8
(~15H broadened signal, cyclohexylidene
protons, H-3',3,4’,4’ and H-2,,). Deacyla-
tion of VII with barium hydroxide followed
by decyclohexylidenation with 1N hydro-
chloric acid gave a ninhydrin-positive pro-
duct which was purified by column chro-
matography with Amberlite IRC-50 and
0.1~0.4 N ammonia to give the final product,
3, 4'-dideoxyneamine, [a]F +102° (¢ 1,
water). The overall yield of 3/,4'-dideoxy-
neamine starting from neamine was appro-

* Details will be published elsewhere by S. Umezawa, H. Umezawa, D. Ikepa & T. TSucHIYA.
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Table 1. Antibacterial spectra of 3’,4/- Sumio UmEzawA
dideoxyneamine and neamine Tsuromu TsucHIYA
Minimal inhibitory
Test organisms* concentration (meg/ml) Tersvo Jucniara
3’,4’—Did.e- Neamine Dept. of Applied Chemistry,
oxyneamine Faculty of Engineering,
Staphylococcus ‘I?{D’XMZOQP 3.12 3.12 Keio University,
Escherichia coli NIH]J 12.5 6.25 Tokyo, Japan
n  K-12CS-2 6.25 6. 25
v K-12ML1629| 125 | >100 Hamao Unezawa
» K-12 ML 1630 6.95 ~100 Institute of Microbial Chemistry,
v K-12ML1410|  6.25 6.25 Shinagawa-ku, Tokyo, Japan
Salmonella typhosa T-63 1.56 1.56
Pseudomonas aeruginosa (Received July 2, 1971)
A3 25 >100
" No. 11 25 >100 References
1 No. 12 25 1
) No. 39 25 ilgg 1) Umezawa, H.: Mechanism of inactivation
" No‘ 45 12.5 <100 of aminoglycosidic antibiotics by enzymes
" No. 67 25 100 of resistant organisms of clinical origin.
Proteus vettgeri GN 311 50 25 Progress in Antimicrobial and Anticancer
" GN 466 12.5 12.5 Chemotherapy 2 : 567~571, 1970, University
~ Nutrient agar, 37C 18 hours of Tokyo Press: Related references are
’ ' cited therein.
2) Umezawa, H.; M. Oxanisui, S. Konpo, K.
M 0,
xlmately' 30./0. Elemental a.nalys'es and Hamana, R. Uramara, K. Maeps & S.
hydrolysis with 6 N hydrochloric acid con- Mirsunasai:  Phosphorylative inactivation
firmed the expected structure. On the of aminoglycosidic antibiotics by E. coli
hydrolysis, the product gave deoxystrepta- carrying R factor. Science 157 : 1559~1561,
mine, which was confirmed by paper- 1967
chromatography with z-butanol - pyridine - 3) Kowpo, S.; M. Oxanisai, R. Uramara, K.
water - acetic acid (6:4:3:1). Maepa & H. Umezawa: Isolation of kana-

Synthetic 3/, 4’-~dideoxyneamine showed mycin am.i paromamine maCtl‘.’a.te(% by E.

antibacterial activity as strong as that of coli carrying R factor. J. Antibiotics, Ser.
. . A 21 :22~29, 1968 :
the parent substance, neamine, against most
. 4) Uwmezawa, S.; T. Tsucuiva, R. Muro, Y.
of bacteria tested and, moreover, showed -

.. . E i 1629 d 0 Nisuimura & H. Umezawa: Synthesis of
?thlty against L. cols an. 163 callrry- 3’~-deoxykanamycin effective against kana-
ing R fact.or, and P. aeruginosa against mycin-resistant E. coli and P. aeruginosa.
which neamine showed no activity, as shown J. Antibiotics, Ser. A 24 : 274~275, 1971
in Table 1. 5) Umezawa, H.; S. Umezawa, T. TsucHiva &

These results and those reported in the Y. Oxazaxi: Synthesis of 3/,4’-dideoxy-
preceding communications®® confirm that kanamycin B active against kanamycin-
the removal of the hydroxyl group which resistant E. coli and P. aeruginosa. J.
is phosphorylated by drug-resistant bacteria Antibiotics 24 : 485~487, 1971

6) With regard to vistamycin (antibiotic SF-

gives compounds with activity against the
resistant organisms.

733) see: Akira, E.; T. Tsurvoxka, N. Ezaxi
& T. Nupa: Studies on antibiotic SF-733,
a new antibiotic. II. J. Antibiotics 23:
173~183, 1970



