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The titled compounds were prepared from 3,6’-bis(N-benzyloxycarbonyl)-3”-N-(trifluoroacetyl)kanamycin
A (1). Oxidation of 1 with hydrogen peroxide in the presence of sodium tungstate gave the 1-hydroxyimino deriva-

tive, which, after deblocking, gave l-deamino-l-dehydro-1-hydroxyiminokanamycin A (6).

Reduction of 6

with Raney nickel-hydrogen in aqueous ammonia gave a mixture of kanamycin A and 1-epikanamycin A (9), which
were separated through derivation to the corresponding tetrakis- N-(t-butoxycarbonyl) derivatives, which showed

different solubility in chloroform.

1-N-[(§)-4-Amino-2-hydroxybutyryl]-1-epikanamycin A was prepared from

9 by the zinc acetate—ethyl trifluoroacetate method [to give 3,6’-bis(N-benzyloxycarbonyl)-1-epi-3”-trifluoroacet-
amidokanamycin A] followed by a regiospecific 1-N-acylation with (§)-4-benzyloxycarbonylamino-2-hydroxy-

butyryl group and successive deblocking.

Epimerization of a group at special position of amino
glycoside antibiotics is of interest in connection with the
role of the group in the antibacterial action. Recently
we reported the synthesis of 3”-epidihydrostreptomycin,
which was active against resistant bacteria. In this
paper we report on the epimerization of the l-amino
group of kanamycin A and the preparation of the 1-N-
[(S)-4-amino-2-hydroxybutyryl] derivative of the epimer
of kanamycin A. The (§)-4-amino-2-hydroxybutyryl
side chain is known to enhance the antibacterial activity
of kanamycin A as shown by amikacin.?» Recently
Igarashi et al® prepared 1-deamino-1-epihydroxy-
kanamycin A through a 1-oxo intermediate obtained by
oxidation of a protected free 1-aminokanamycin A with
3,5-di-t-butyl-1,2-benzoquinone.¥

As the starting material, we utilized 3,6’-bis(N-benzyl-
oxycarbonyl)-3"- N-(trifluoroacetyl)kanamycin A (1),%
which has a free amino group only at C-1, and prepared
readily from kanamycin A by the zinc acetate-ethyl
trifluoroacetate method.® Since oxidation of the 1-
CHNH, group of 1 to ketoxime (-C=NOH) (not to
carbonyl) is desirable for the present synthesis, 1 was
treated with hydrogen peroxide in the presence of
sodium tungstate according to the procedure by Kahr
and Berther.® The desired 1-hydroxyimino derivative
(2) was obtained in 869, yield. To confirm the
structure, the compound (2) was led to the tris(N-benzyl-
oxycarbonyl)-per-O-acetyl derivative (5). Deacylation
of 2 with aqueous ammonia in oxolane gave the 3"-
amino derivative (3), which, after reprotection of the
amino group with N-(benzyloxycarbonyloxy)succin-
imide® [to give the 3,6’,3"-tris(N-benzyloxycarbonyl)
derivative (4)], was acetylated with acetic anhydride in
pyridine to afford the octaacetyl derivative (5). Com-
pound 4 was also prepared directly from 6 in high yield
by treating with N-(benzyloxycarbonyloxy)succinimide.

The presence of octaacetyl group in 5, confirmed by
the *H-NMR spectrum, indicated that all hydroxyl
groups including the hydroxyimino group were acet-
ylated. The position of the acetoxyimino group (at C-1)
evident from the chemical pathway was further con-
firmed from the H-NMR spectrum. The splitting

pattern of each of the C-2-methylene protons (6 3.00 and
3.56) was pure double doublets, one of them being
clearly brought from geminal 2J,,,, (=16.5 Hz)
coupling, indicated that the methylene hydrogens had
only one vicinal hydrogen (at C-3). This indicates that
another adjacent group to the methylene is the C-
acetoxyimino group. A doublet (J 6.5Hz) was
recognized at low field (6 4.99), which is not assigned
to H-1" or -1” from the J-value, should be assigned to a
proton of the methine (C-6) adjacent to the carbon
carring the acetoxyimino group, because only the two
anomeric and the methine protons can show a doublet,
respectively. Furthermore, the proton (H-6) was found
to be coupled to a proton, resonating at low field (8 5.80)
as a triplet (J 6.5 Hz, H-5); this indicates that the
hydroxyl group at C-5 is acetylated. The above-
described result was rather unexpected because, in
tetrakis( N-benzyloxycarbonyl)-4”,6”-O-cyclohexylidene-
kanamycin A” and other related compounds, 5-0-
acetylation scarcely occurred under reaction conditions
similar to that described here. This easy acetylation
may be ascribed to the conformation of the aminocyclitol
portion of 4, which is expected not to be chair as in the
case of 5 (see 'H-NMR data in Experimental section).
Hydrogenolysis of the N-benzyloxycarbonyl groups of
3 in the presence of palladium black gave the 1-(hydroxy-
imino)kanamycin A (6), in 839, yield (based on 2),
with slight kanamycin A.  The presence of the hydroxy-
imino group was supported by appearance of a resonance
at low field (6 154 ppm, C-1) in the 3C-NMR spectrum
(see Table 1). Non-chair conformation of the amino-
cyclitol portion of 6 was also revealed from the tH-NMR
data. This discrepancy from chair conformation, judged
from the J values, will be originated from instability of
the chair form I caused by interaction between coplaner
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6-hydroxyl and 1-hydroxyimino groups.®®  Possible
conformation would be that of slightly flattered skew
with 5- and 6-hydroxyl groups pseudoaxial.

Attempts to produce l-epikanamycin A (9) from 6
by catalytic hydrogenation with palladium catalyst
under several conditions failed, only giving kanamycin
A. However, when 6 was hydrogenated in the presence
of Raney nickel in aqueous ammonia, a mixture of
kanamycin A and l-epikanamycin A (9) was produced
in a ratio approximately 2 : 1. As the direct separation
of the products was proved difficult, several N-protected
derivatives were prepared to seek suitable derivatives
for the separation. Among them, a mixture of tetrakis-
(N-t-butoxycarbonyl) derivatives, prepared by treating
the mixture of kanamycin A and l-epikanamycin A
with O-t-butyl S-(4,6-dimethyl-2-pyrimidinyl) thiocar-
bonate!® (Boc-S reagent), was found successful; the
tetra- N-Boc-kanamycin A (7) and tetra-N-Boc-1-epi-
kanamycin A (8) were separated by the difference of
solubility in chloroform.

Deblocking of 7 gave kanamycin A identical with the
authentic sample, and deblocking of 8 gave l-epikana-
mycin A (9). The 1-epi structure of 9 was established
by the small J-values, in its tH-NMR spectrum, relating
to H-1 (the aminocyclitol portion took chair form). In

TaBLE 1. THE 3C CHEMICAL SHIFTS®> OF KANAMYCIN A"
(KMA), 1-DEAMINO-1-DEHYDRO-]- HYDROXYIMINO-
KANAMYCIN A (6), 1-EPIKANAMYCIN A (9), AND
1-N-[(S)-4-AMINO-2-HYDROXYBUTYRYL]-1-
EPIKANAMYCIN A (14) MEASURED IN
209%, ND, in D,O

Carbon KMA 6 9 14
1 51.3 154.4 45.6% 44.8
2 36.3 28.3 34.5 32.8
3 49.8 50.0 47 .49 48.0
4 88.4 85.0% 88.8% 87.8%
5 74.8 74.99 72.19 72.9®
6 88.6 78.6% 79.0% 76.2
1’ 100.5 98.8% 100.8  100.7
2/ 72.5 72.5% 72.8 72.7%
3’ 73.6° 73.647 73.7% 73.60
4 71.8 72.09 71.84>  71.8
5’ 73.9% 73.997 73.9® 73.9m
6’ 42.6 42.7 42.6 42.6
1 100.8% 97.2 95.4 95.3
2" 72.7% 72.5% 72.19 72.0
3" 55.1 55.3 54.7 54.8
4" 70.0 70.2 70.4¢>  70.3
5" 73.0 73.49” 72.8D 72.9
6" 61.0 61.4 61.3 61.3
1 177.3
2" 70.5%
37 37.1
4 37.8%

a) In ppm downfield from TMS calculated as §™%=
gdloxane L 67 4 ppm. b) Shift assignments were based
on the shifts of kanamycin A reported'’. Selective
irradiation at (denoted c) or near (denoted d or d’;
carried out when ¢ was inadequate) the resonance of
the proton attached to the carbon, respectively. e—h)
The values cited may be reversed, respectively.
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the 1BC-NMR spectrum, large up-field shifts were
observed at C-1 and -6, in comparison to the corre-
sponding shifts of kanamycin A (Table 1).

The l-epikanamycin A (9) was led to 1-N-[(S)-4-
amino-2-hydroxybutyryl]-1-epikanamycin A (14). For
that, selective protections of the 3-, 6’-, and 3”-amino
groups of 9 are requisite. This was performed by
applying the zinc acetate-ethyl trifluoroacetate method.®
In spite of the l-epiamino structure of 9, zinc ions
completely protected the 1- and 3"-amino groups as in
the case of kanamycin A. If Nagabhushan’s proposall!)
for nickel, copper and cobalt is applied to this case, zinc
chelation such as II may be considered as a candidate.
Treatment of 9 with N-(benzyloxycarbonyloxy)succin-
imide* in the presence of zinc acetate in dimethyl
sulfoxide gave 3,6’-bis(/N-benzyloxycarbonyl)-1-epikana-
mycin A (10) in 839, yield after purification. The 3”-
amino protection of 10 was also readily carried out by
using ethyl trifluoroacetate to give the corresponding 3”-
trifluoroacetamide derivative (11) in almost quantitative
yield.

Coupling (§)-4-benzyloxycarbonylamino-2-hydroxy-
butyric acid to the free amino group at C-1 of 11 was
readily performed by utilizing the active ester? of the
acid to give the product (12) in 799, yield. De(trifuoro-
acetyl)ation of 12 (to give 13) followed by catalytic
de(benzyloxycarbonyl)ation gave the final product (14)
in 929, yield. The structure of 14 was elucidated by the
1H-NMR spectral data, The resonances of H-1 proton,
confirmed by the decoupling method, appeared at ¢
4.51 as a narrow quartet, the shift-value being fairly
high in comparison to that (6 3.5) of 1-epikanamycin A
(9); this difference in shift-value indicates that the 1-
amino group of 9 was acylated as expected. The 13C-
NMR spectrum of 14 was shown in Table 1.

TaBLE 2. MINIMAL INHIBITORY CONCENTRATION (pg/ml)

orF 9, 14, AND KANAMYCIN A

Kanamycin A 9 14
Staphylococcus aureus FDA 209P  0.78 3.12 12.5
Staphylococcus aureus APO1 25 >100 100
Micrococeus luteus PCI 1001 25 >100 >100
Bacillus subtilis NRRL B-558 0.39 3.12 3.12
Escherichia coli K-12 0.78 6.25 12.5
Escherichia coli K-12 ML1629 >100 >100 50
Salmonella typhi T-63 0.39 3.12 25
Pseudomonas aeruginosa A3 25 3.12 25
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Antibacterial spectra of 9 and 14 were shown in
Table 2 with the spectrum of kanamycin A. This result
shows that epimerization of the l-amino group of
kanamycin A greatly reduced the original activity. 1-
(Hydroxyimino)kanamycin A (6) was almost devoid of
antibacterial activity.

Experimental

Specific rotations were measured with a Perkin—Elmer Model
241 polarimeter. 'H- and 3C-NMR spectra were recorded in
the FT mode with a Bruker WM 250 spectrometer operating
at 250 and 62.9 MHz, respectively. In the 'H-NMR spectra,
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tetramethylsilane (§=0) was used as the internal standard in
both organic solvents and deuterium oxide. Thin-layer
chromatography (TLC) was carried out on E. Merck precoated
silica gel 60 plates with the spray of sulfuric acid or 0.5%
ninhydrin in pyridine for detection. For silica-gel column
chromatography, Wakogel C-200 was used.

3,6’- Bis(N- benzyloxycarbonyl) - 1- deamino-1-dehydro - I- hydroxy-
imino-3"-N-(trifluoroacetyl) kanamycin A (2). To a solution
of 1 (7.73 g, as the base) and sodium tungstate dihydrate (0.6 g)
in aqueous oxolane (1 :2, 160 ml) was added 309, aqueous
hydrogen peroxide (8.8 ml), and the solution was kept at room
temperature overnight. On checking by TLC with chloro-
form-methanol-209%, aqueous acetic acid (1 : 1.2 : 1, lower
layer), the solution showed a single spot at R; 0.4 (¢f1: R; 0.25).
Concentration of the pale-yellow solution gave a residue, which
was washed with water, dried, and washed with ether to give
a solid, 6.76 g (86%), [a]%* +100° (¢ 2, N,N-dimethylforma-
mide).

1H-NMR (pyridine-d;-D,0=30 : 1): 6=4.00 (1H dd,
Jrv.e 3.5, Jos 9.5 Hz, H-2'), 4.26 (1H dd, J,...5- 3.5, Jo 3
10.5 Hz, H-2"), 5.08 (1H t, J;.. 4. 10.5 Hz, H-3"), 5.42 (IH d,
H-17), 5.65 (1H d, H-1).

Found: C, 50.09; H, 5.36; N, 6.48; F, 6.47%,. Calcd for
C;HF.N,O,,: G, 50.12; H, 5.26; N, 6.49; F, 6.619,.

3,67,3"- Tris(N-benzyloxycarbonyl ) - 1- deamino - 1- dehydro - 1 - hydro-
xyiminokanamycin A (4). A solution of 2 (6.38¢g) in a
mixture of 2 M (1 M=1 mol dm~3) aqueous ammonia—oxolane
(1 : 1, 250 ml) was kept at room temperature overnight. The
solution showed a single spot at R; 0.2 (¢f2: R; 0.3), on TLC
with chloroform-methanol-28%, aqueous ammonia (1 : 1 :1,
lower layer). Concentration gave a crude solid of 3 (6.58 g).
To a solution of the solid (100 mg) in aqueous N,N-dimethyl-
formamide (1 : 2, 3 ml) was added N-(benzyloxycarbonyloxy)-
succinimide? (32 mg) and the solution was kept for 1 h at room
temperature. Concentration gave a syrup, which was washed
with water, then with ether to give a chromatographically
homogeneous solid, 88 mg (85%, based on 2), [a]2! +95° (¢ 1,
N, N-dimethylformamide).

Found: C, 55.13; H, 5.78; N, 6.119%,.
N,O-H,0: C, 54.90; H, 5.92; N, 6.109%,.

1-Acetoxyimino-5,2',3',4',2" , 4", 6"-hepta-O-acetyl-3,5", 3"-tris (N-
benzyloxycarbonyl ) - 1-deamino- 1-dehydrokanamycin A (5). Toa
solution of 4 (140 mg) in pyridine (2.8 ml) was added acetic
anhydride (0.3 ml), and the solution was kept overnight at
room temperature. Addition of water (0.3 ml) followed by
standing for 0.5 h at room temperature and concentration of
the solution gave a syrup, which was dissolved in chloroform.
The solution was then processed in a usual manner to give a
crude product, which was passed through a short column of
silica gel with chloroform—-ethyl methyl ketone (3 : 1) to give
a pure solid of 5, 147 mg (78%), [a]Z* +90° (¢ 1, chloroform).

1H-NMR (pyridine-d;): 6=2.00, 2.01, 2.03, 2.05 (6H), 2.16,
2.17, 2.24 (each s, Ac); 3.00 (1H dd, J,,.5, 16.5, Joa.3 11.5
Hz, H-2a), 3.56 (1H dd, J...; 5Hz, H-2¢), 4.99 (1H d,
Js.6 6.5 Hz, H-6), 5.80 (1H t, J~6.5 Hz, H-5); Irradiation of
H-6 collapsed the triplet of H-5 to a doublet, and irradiation
of H-5 caused the signals at 6 ~4.70 (H-4) to simplify.

Found: C, 56.31; H, 5.54; N, 4.53%,. Calcd for C; H -
N,Oy: G, 56.06; H, 5.75; N, 4.429%,.

I-Deamino-1-dehydro-1-hydroxyiminokanamycin A (6). A solu-
tion of crude 3 (6.20 g; described in the preparation of 4) in
aqueous oxolane (1 :2, 300 ml) was hydrogenated in the
presence of palladium black and acetic acid (5 ml) under
atmospheric pressure of hydrogen for 2 h at room temperature.
After filtration, the solution was neutralized with 289, aqueous
ammonia (5 ml), and concentrated to give a syrup. Separa-
tion of the products by column chromatography of the syrup

Calcd for C,,Hj,-
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with CM-Sephadex C-25 with aqueous ammonia (0—0.15 M,
the concentration was gradually changed) gave a solid of 6
(from the earlier frations), 3.06 g (839, as the hemicarbonate,
based on 2) and a solid of kanamycin A (from the later frac-
tions), 0.17 g (4.7% as the hemicarbonate, based on 2). 6:
[a]?® +180° (¢ 1, water); 'H-NMR (20%, ND, in D,O): 6=
2.06 (1H dd, H-2a), 2.74 (1H dd, H-6a), 3.00 (1H dd, H-
6'b), 3.04 (1H t, H-3”), 3.09 (1H dd, H-2e), ~3.17 (1H m,
H-3), 3.25 (IH t, H-4"), 3.27 (1H t, H-4"), 3.41 (1H dd, H-2"),
3.53 (1H dd, H-4), 3.56 (1H dd, H-2’), 3.69 (1H t, H-3"), 3.92
(I1H t, H-5), 4.24 (1H d, H-6), 4.92 (1H d, H-1”), 5.35 (1H
d, H-1"); Jau,26 15.0, Jaa,s 11.0, Jo05 =~4.5, J5.4 =9, Jus=Js.
6.0, Jir.» 3.8, Jos=Js.0=Jas 95 Js.en 79, Jo .0 2.5,
Joraon 135, Jyon g0 3.8, Jour go=Jgo0.4ro=J4r.,5.» 10.0 Hz.

Found: C,42.28; H, 6.70; N, 10.43%,. Calcd for C;gH,,-
N,O.,-1/2 H,CO;: C, 42.04; H, 6.48; N, 10.609%,.

1,3,6,3"- Tetrakis(N-t-butoxycarbonyl ) kanamycin A (7) and
1,3,6",3"- Tetrakis (N-t-butoxycarbonyl ) - 1-epikanamycin A (8).

A solution of 6 hemicarbonate (2.00 g) in 1 M aqueous am-
monia (40 ml) was shaken in the presence of Raney nickel
under 3 atmospheric pressure of hydrogen for 5h at room
temperature. On checking by TLC with chloroform—ethanol-
1-propanol-179%, aqueous ammonia (2 : 7 : 4 : 7), the solution
showed a single spot at R; 0.16 (¢f6: R; 0.23). Filtration fol-
lowed by concentration gave a residue, which was passed
through a column of CM-Sephadex C-25 with aqueous
ammonia (concentration gradually changed from 0 to 0.15 M)
and the ninhydrin-positive fractions were concentrated to give
a mixture (1.21 g) of kanamycin A and 1-epikanamycin A (9).

To an aqueous solution (4 ml) of the mixture (1.00 g) were
added triethylamine (3.5 ml)and Boc-S reagent (3.0 g, dissolved
in 8 ml 1,4-dioxane), and the mixture was stirred for 24 h at
40°C. Concentration gave a residue, which was extracted with
chloroform. The nonextractable residue (1.05 g), which gave
R; 047 on TLC with chloroform-methanol-209, aqueous
acetic acid (1 : 1 : 1, lower layer) was washed successively with
acetone to give a solid of 7, 0.97 g (34%), [a]® +79° (c 1,
pyridine) ; Found: C, 50.44; H, 7.54; N, 6.46%,. Calcd for
CygHggN,Oy, - H,O: G, 50.54; H, 7.81; N, 6.20%,.

The chloroform layer was washed with 0.5 M aqueous
sodium hydroxide to remove the concomitant 4,6-dimethyl-2-
pyrimidinethiol, and then with 3%, aqueous sodium sulfate,
dried over sodium sulfate, and concentrated to give a solid of
8, 0.51 g (18%), which gave R; 0.55 on TLC with the above-
described developing mixture, [a]?® +81° (¢ 1, pyridine);
Found: C, 50.79; H, 7.55; N, 6.16%,. Calcd for CygHgg-
N,0,,-H,0: C, 50.54; H, 7.81; N, 6.20%,.

1-Epikanamycin A (9). A solution of 8 (1.74 g, as the
monohydrate) in aqueous trifluoroacetic acid (1 : 19, 17 ml)
was kept for 30 min at room temperature. Evaporation in
vacuo at room temperature with several additions of toluene
gave a residue, which was charged on a column of CM-
Sephadex C-25 and developed with aqueous ammonia (0—
0.15 M) to give 9 as the carbonate, 960 mg (919%,), [a]Z® + 166°
(c 2, water); 'H-NMR (20% ND, in D,0): 6=1.45
(1H slightly deformed dt, H-2a), 1.95 (1H dt, H-2e), 2.74
(1H dd, H-6a), 2.95 (1H dd, H-6'b), 3.10 (IH t, H-3"),
~3.11 (IHm, H-3), 3.26 (1Ht, H-4"), 3.28 (IH t, H-4), 3.28
(1Ht, H-4"), 3.45 (1H dd, H-2"), ~3.48 (1H narrow m,
H-1), 3.55 (1H dd, H-2’), 3.63 (1H dd, H-6), 3.67 (1H t, H-3),
~3.75 (IHm, H-5"), 3.92 (1H t, H-5), 4.97 (1H d, H-1”), 5.32
(1Hd, H-1");5 Jy,20=J1,2 3.5, J1,6 4.0, Ja.20 14.0, J1a,3 =13,
Jees 3.5, Jsu=Jas=Js.s 10, Jio2 3.8, Jo s =Js 0 =Js 5
95, Jowa 1-5 Juom 25, Jorasrn 135, Jun: 3.8, Jogre

Jora=Ja 5 10 Hz.
Found: G, 41.91; H, 7.27; N, 9.98%,. Calcd for C;sH;¢-

N,0,,-H,CO,: C,41.76: H, 7.01; N, 10.25%,.

Y. Takanasui, T. TsucHiva, Y. Suzukl, S. UMeEzawA, H. UMEZAWA, and S. FukaTsu

[Vol. 56, No. 6

3,67-Bis(N-benzyloxycarbonyl ) - 1-epikanamycin A (10). To
a suspended mixture of 9 (100 mg, as the carbonate) in
dimethyl sulfoxide (1.5 ml, dried over molecular sieves 4A) was
added zinc acetate dihydrate (180 mg), and the mixture was
stirred overnight at room temperature. To the resulting clear
solution was gradually added N-(benzyloxycarbonyloxy)-
succinimide (105 mg) and the mixture was kept for 1 h at room
temperature. Addition of ether gave a syrup, which was
thoroughly washed with ether. The resulting syrup was
charged on a column of Amberlite CG 50 (20 ml, an equal-
volume mixture of H+ and NH,* forms was used) and, after
washing the column with aqueous oxolane (1 : 1), the product
was developed with aqueous oxolane (1 : 1) containing ammonia
(the concentration gradually changed from 0.5 to 1 M). The
fractions containing 10 [checked by TLC with chloroform—
methanol-aqueous 209, acetic acid=5:7 : 5 (lower layer)
giving R, 0.32] were concentrated to a volume of =5 ml and
further concentrated with occasional additions of water
and occasional introductions of carbon dioxide (without this
procedure, intermolecular N-acyl migration or 1,3-ureylene
compound!? may occur to give a contaminated mixture) to
give a zinc-ion free (tested by diphenylcarbazide-ammonia!®)
solid of 10 as the carbonate, 124 mg (83%), [a]2* +95°
(¢ 1, aqueous oxolane=1 : 2).

Found: C, 51.56; H, 6.16; N, 6.849%,. Calcd for Cy,H,,-
N,0,-H,CO;: C, 51.59; H, 6.19; N, 6.88%,.

3,67- Bis(N-benzyloxycarbonyl ) - I- epi-3"-N - ( trifluoroacetyl ) kana -
mycin A (11). To a solution of 10 (130 mg, as the car-
bonate) in dry dimethyl sulfoxide (0.8 ml) was added ethyl
trifluoroacetate (0.025 ml) and the solution was kept for 20
min at room temperature. On checking by TLC with chloro-
form-methanol-aqueous 209, acetic acid=5:7:5 (lower
layer), the solution showed a single spot at R, 0.5. Addition of
ether gave a syrup, which was thoroughly washed with ether.
The syrup was dissolved in small volume of methanol (0.5 ml)
and precipitated by addition of ether. The procedure was
repeated twice more to give a dimethyl sulfoxide-free solid of
11, 137 mg (99%), [a]® +93° (¢ 1, methanol).

Found: C, 50.27; H, 5.90; N, 6.19; F, 6.849,. Calcd for
g?;({;,FaN,O“-I /4 H,CO;: G, 50.38; H, 5.54; N, 6.48; F,

.599%,.

3,67-Bis (N-benzyloxycarbonyl) - 1-N-[(S ) - 4 -benzyloxycarboryl-
amino- 2- hydroxybutyryl]- 1 - epi- 3”- N-(trifluoroacetyl ) kanamycin A
(12). To a solution of 11 (100 mg) in aqueous oxolane
(I:1, 3ml) was gradually added N-hydroxysuccinimide
ester® (83 mg) of (§)-4-benzyloxycarbonylamino-2-hydroxy-
butyric acid dissolved in oxolane (1.5 ml), and the mixture was
kept at room temperature for 30 min. The resulting acidic
solution was neutralized with sodium carbonate (13 mg) and
then concentrated. The resulting residue, after being washed
with ether, was dissolved in water-saturated 1l-butanol (the
solid was scarcely soluble in usual organic solvents immiscible
with water) and the solution was washed with 1-butanol-
saturated aqueous sodium hydrogencarbonate solution (satu-
rated), and l-butanol-saturated water to remove inorganic
impurities. Concentration of the butanol solution gave a
residue, which was chromatographed on a silica-gel column
with chloroform-methanol=6 : 1 to give a solid of 11, 98.5 mg
(79%), [a]Z® +67° (¢ 1, methanol).

Found: G, 53.11; H, 5.70; N, 6.33; F, 5.16%,. Calcd for
CysHegoFsN; Oy C, 53.18; H, 5.58; N, 6.46; F, 5.269%,.

1-N-[(S )-4-Amino-2-hydroxybutyryl]-1-epikanamycin A (14).
A solution of 12 (170 mg) in mixture of 2 M aqueous ammonia—
oxolane (1 : 1, 8.5 ml) was kept overnight at room tempera-
ture. On checking by TLC with chloroform-methanol-20%,
aqueous acetic acid (1 : 1 : 1, lower layer), the solution showed
a single spot of 13 at R; 0.15 (¢f 12: R, 0.32). Concentration
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gave a residue, which was dissolved in aqueous oxolane (1 : 1,
8 ml) containing acetic acid (1.0 ml), and the solution was
hydrogenated in the presence of palladium black under atmos-
pheric pressure of hydrogen for 2 h at room temperature. The
resulting product was isolated by column chromatography on
CM-Saphadex C-25 with aqueous ammonia (0—0.5 M) to
give a solid of 14 as the carbonate, 93 mg (92%), [a]3® 4 128°
(¢ 1, water); TH-NMR (20% ND; in D,0): 6=1.52 (1H
slightly deformed dt, H-2a), 1.75 (1H apparent sextet, J~7.5,
=7.5, 7.5, and 14.5 Hz, H-3"’a), 1.90 [I1H two dt, J=4,
~7.5, ~7.5, and 14.5 (= J3...y.3-p) Hz, H-3'"b], 2.09 (1H br
dt, H-2e), 2.74 (2H t, J7.5 Hz, H-4"" a,b), ~2.97 (H-3), 2.75
(1H dd, H-6"a), 2.98 (1H dd, H-6’b), 3.04 (1H t, H-3"), 3.27
(1Ht, H-4"), 3.28 (1H t, H-4"), 3.36 (1H t, H-4), 3.39 (1H dd,
H-2"), 3.57 (1H dd, H-2’), 3.69 (1H t, H-3'), ~3.75 (H-5),
3.82 (dd, H-6), 3.91 (1H t, H-5), 4.22 (1H dd, J,.. 5., 8.5,
Jorr 3040 Hz,H-2""),4.51 (IH br q, /=4 Hz, H-1), 4.91 (1H
d, H-1%), 5.35 (1H d, H-1'); Jy0u=Ju.20 ~3.5, J1.0%4, Jou 20
14.0, Jau,3 =12, Joo,3 3.5, J3,4 =9, Jus=UJ5,6 9-5, Jv . 3.8,
Jrao=Juw=Jos 95, Jose 1.5, Jown 2.5, Juasn 135,
Jvrz 33, Sz =Js 0 =Ju 5 10 Hz.

Found: C,42.62;H, 7.10; N, 10.65%,. Calcd for Cy,H,,-
N;O0,3-H,CO;: G, 42.65; H, 7.00; N, 10.81%.

References

1) T. Tsuchiya and T. Shitara, Carbohydr. Res., 109, 59

Syntheses of 1-Epikanamycin A

1811

(1982).

2) H. Kawaguchi, T. Naito, S. Nakagawa, and K.
Fujisawa, J. Antibiot., 25, 695 (1972).

3) K. Igarashi, T. Honma, T. Fujiwara, and E. Kondo,
J. Antibiot., 33, 830 (1980).

4) E.]J. Corey and K. Achiwa, J. Am. Chem. Soc., 91, 1429
(1969).

5) T. Tsuchiya, Y. Takagi, and S. Umezawa, Tetrahedron
Lett., 1979, 4951.

6) K. Kahr and C. Berther, Chem. Ber., 93, 132 (1960).

7) T. Miyake, T. Tsuchiya, S. Umezawa, and H.
Umezawa, Bull. Chem. Soc. Jpn., 50, 2362 (1977).

8) F. Johnson, S. K. Malhotra, J. Am. Chem. Soc., 87, 5492
(1965).

9) M. T. P. Viet, J. Lessard, and J. K. Saunders, Tetra-
hedron Lett., 1979, 317.

10) T. Nagasawa, K. Kuroiwa, K. Narita, and Y. Isowa,
Bull. Chem. Soc. Jpn., 46, 1269 (1973).

11) G. Kotowycz and R. U. Lemieux, Chem. Rev., 73, 669
(1973).

12) T. Yamaguchi, T. Tsuchiya, and S. Umezawa, J.
Antibiot., 30, 71 (1977).

13) J. C. Touchstone and M. F. Dobbins, ‘“Practice of Thin
layer chromatography,” John Wiley and Sons, New York
(1978), p. 193.






