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THE TOTAL SYNTHESIS
OF KANAMYCIN A

Sir:

In the previous paper?, we have reported
the total synthesis of kanamycin C. We now
wish to report the synthesis of kanamycin
A%, one of the kanamycin congeners, which
is composed of 6-O-(3-amino-3-deoxy-a-D—
glucopyranosyl)-2-deoxystreptamine (3AD)
and 6-amino-6-deoxy-D-glucose. Since we
have previously synthesized 3AD® (1), the
combined achievements constitute the total
synthesis of kanamycin A.

Tri-N-carbobenzoxy-3AD (i), m.p. 282°C
(decomp.), [a] +54° (c 0.67, DMF), was
treated with 2,2-dimethoxypropane and p-
toluenesulfonic acid in N,N-dimethylform-
amide (DMF) at 110°C to give the diisopro-
pylidene derivative (IlI) in a quantitative
yield ; m.p. 234°C, [«]¥ +53° (¢ 0.67, DMF).
Benzylation of Il with benzyl bromide in the
presence of barium oxide and barium hydro-
xide in DMF gave IV in a 75 % yield ; m.p.
258°C, [a]i +43° (c 0.67, DMF). Deaceto-
nation of IV by treatment with 80 % acetic
acid gave quantitatively 6-O-(2-O-benzyl-
3-carbobenzoxyamino-3-deoxy-a—D-gluco-
pyranosyl)-N,N’~dicarbobenzoxy-2-deoxy-
streptamine (V) ; m.p. 288°C (decomp.), [a]F
+40° (¢ 0.67, DMF). Partial acetonation of
V with 2,2-dimethoxypropane and p-toluene-
sulfonic acid in DMF at about 5°C gave mono-
benzyl-monoisopropylidene derivative (V1) in
a 64 % yield; m.p. 240°C, [«]F +40°(c 0.67,
DMEF).

Anal. Found : C 64.43, H 6.09, N 4.76
Calcd. for CugHs3NgOys -
C 64.55, H 6.24, N 491 %

Methyl 6-acetamido-6-deoxy~a~Dp-gluco-
pyranoside? was benzylated with benzyl
chloride in the presence of sodium hydride
to afford the benzylated derivative, which
was converted to 2,3,4-tri-O-benzyl-6-N-
benzylacetamido-6-deoxy-a-D-glucopyrano-
syl chloride*, m.p. 91~92°C (decomp.), [«]¥’
+70° (¢ 1.0, CHCl,), by successive acetolysis
and chlorination.

The condensation of VI with the benzy-
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lated glycosyl chloride was conducted as
follows: To a mixture of VI (1.65g),
mercuric cyanide (0.68 g) and Drierite (5.4 g)
in dioxane (10 ml), an anhydrous solution of
the glycosyl chloride (2.21 g) in benzene (30
ml) was added with stirring, and the mixture.
was then vigorously stirred at 100°C for 10
hours to give the condensation product.
The product was treated with acetic acid to
remove the isopropylidene group, hydro-
genatd in a mixture of dioxane - water —
conc. hydrochloric acid (20: 4 : 1) over palla-
dium black with occasional addition of
water to remove the O-benzyl and N-
carbobenzoxy groups, de-N-acetylated with.
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* This compound was reported by S. Umezawa et al. in the abstracts of papers, 20th Annual
Meeting of the Chemical Society of Japan, Tokyo, March 31, 1967, Vol. III, p. 596.
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barium hydroxide, and again hydrogenated
to remove the N-benzyl group. The
ninhydrin-positive product was dinitro-
phenylated with 2,4-dinitrofluorobenzene in
aqueous ethanol in the presence of sodium
bicarbonate and then O-acetylated with
acetic anhydride and anhydrous sodium
acetate. The resulting product, which
showed about six spots with Rf-values of
0.54, 0.34, 0.30, 0.27 (main), 0.25 and 0.15
on a thin-layer chromatogram with solvent
system (A): toluene-MEK (3:1), was
chromatographed on a silica—gel column (49
x 270 mm) with the same solvent. The
substance having an Rf-value of 0.27 was
isolated and recrystallized from toluene-
MEK affording yellow crystals of Vi ; yield
281 mg (10.1 % over-yield from VI); m. p.
210 ~ 213°C (decomp.), [a]¥ + 50° (¢ 1.0,
acetone). IR spectrum (KBr): 3340, 1625,
1600, 1550, 1525, 1340, 835, 745 (NH-DNP),
1765, 1370, 1220 (OAc) cm™.
Anal. Found : C 46.71, H 4.22, N 11.58
Calcd. for CyHygN{,Og, :
C 46.61, H 4.05, N 11.65 %
On the other hand, kanamycin A? was
dinitrophenylated and acetylated to give
hepta-O-acetyl -tetra-N-(2,4-dinitrophenyl)-
kanamycin A; m.p. 210~213°C (decomp.),
Talt® +52° (¢ 1.0, acetone).
Anal. Found : C 46.74, H 4.10, N 11.69
Calcd. for CggHzsNp0sy ¢
C 46.61, H 4.05, N 11.65 %
On thin-layer chromatography with sol-
vent system (A), the synthetic product Vil and
the above-mentioned derivative of natural
kanamycin A showed identical mobilities.
Their infrared spectra were superimposable.
Hydrolysis of VII with methanolic ammonia
followed by treatment with an excess of
Dowex 1X2 (OH™) resin gave a crude free
base, which was purified by chromatography
on a column of Dowex 1X2 (OH™) resin
using water and recrystallized from aqueous
methanol-ethanol to give a crystalline free
base of Vii; [a]h +149° (c 0.87, water).
Anal. Found : C 44.47, H 7.69, N 11.27
Caled. for C;gHgeN,Oy; :
C 44.62, H 7.49, N 11.56 %
The natural kanamycin A showed [«]¥
+151° (¢ 1.0, water). On descending paper
chromatography by ninhydrin coloration
wusing a solvent system : n-butanol-pyridine-
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Table 1. Minimum inhibitory concentration
of synthetic (VIII) and natural kanamycin
A as determined by the dilution method
in bouillon

mcg/ml

Test organisms o e
VI Kan;mycm

Bacillus subtilis PCI 219 0.2 0.2

Mpycobacterium tuberculosis 1.0 1.0
607

Escherichia coli 1.9 1.9

Staphylococcus auveus 209P| 1.9 1.9

water-acetic acid (6:4:3:1), the Rf-value
of the synthetic product VHI agreed with
that of the natural kanamycin A. Infrared
spectra of VIl and the natural kanamycin A
were identical. The antibiotic spectra and
minimal inhibitory concentrations (MIC) of
the synthetic product VHI against test orga-
nisms were in agreement with those of the
natural kanamycin A as shown in Table 1.
The details of the present work will be
published in Bull. Chem. Soc. Japan.

Sumio UmEzAWA
Kuniakr Tatsura
Sankitt Koo

Department of Applied Chemistry,
Faculty of Engineering,

Keio University,

Koganei-shi, Tokyo

(Received February 24, 1968)

References

1) Uwmezawa, S.; S. Koro, K. Tarsura & T.
Tsumura : The total synthesis of kanamycin
C. J. Antibiotics 21 : 162~163, 1968
Umezawa, S.; S. Koro, K. Tarsura & T.
Tsumura : The total synthesis of kanamycin
C. Bull. Chem. Soc. Jap. (in press)

2) Uwmezawa, H.; M. Uepa, K. Maepa, K. Yacr-
sHITA, S. Konpo, Y. Okami, R. Uragara, Y.
Osaro, K. Nirra & T. Takeucur : Production
and isolation of a new antibiotic, kanamycin.
J. Antibiotics, Ser. A 10 : 181~188, 1957
Umezawa, S.; Y. Iro & S. Fukarsu : Studies
on antibiotics and related substances. VII.
The structure of kanamycin. Bull. Chem.
Soc. Jap. 32 : 81~84, 1959

3) Umezawa, S.; K. Tarsura, E. Kirazawa &
S. Koro : The synthesis of 6-0-(3-amino-
3-deoxy-a-p-glucopyranosyl)-2-deoxystrep-
tamine. J. Antibiotics 21 : 365~366, 1968.

4) Crauer, F.; H. Orrsrssce & H. Spring-
maNN : Eine Synthese der 6-Deoxy-6-amino-
glucose. Chem. Ber. 92 : 384~391, 1959



