
Carbo~ydrute Research, 136 (1985) 195-206 
Elsevier Science Publishes B.V., Amsterdam - Printed in The Net~erIan~s 

SYNTHESES OF METHYL 6-DEOXY-6-HYDROXYAMINO-o-D-GLUCO- 
PYRANOSIDE, 6’-N-HYDROXYKANAMYCIN A, AND 6’“N-HYDROXY- 
DIBEKACIN 

TSUTOMU TSUCHIYA, MASATO NAKANO, TAKAHIRO TORII, YUKIKO Suztxtr, AND SUMIO UMEZAWA 

Institute of Rioorganic Chemistry, 1614 Ida, Noka~ara-ku, Kawasaki 2II (Japan) 

(Received April 3Oth, 1984; accepted for publication, July Sth, 1984) 

ABSTRACT 

Methyl 6deoxy-6hydroxyamino-ru-D-glucopyranoside has been prepared 
from methyl 6amino-6-deoxy-cr-D-glucopyranoside via oxidation with hydrogen 
peroxide in the presence of sodium tungstate [to give the corresponding 6aldoxime 
(2)], followed by reduction with sodium cyanoborohyd~de in an acidic medium, 
Acetyiation of the Z isomer of 2 gave a nitrile derivative. The above oxidation- 
reduction procedure was applied to kauamycin A and dibekacin, starting from the 
corresponding 6’-amino-N-tosyl derivatives. On treatment with sodium in liquid 
ammonia, B’-deamino-fi’-hydroxyimino-l,3,3”-tri-N-tosyikanamycin A gave the 
corresponding N-detosyi derivative in good yield with the 6’-aldoxime group 
remaining intact, but, with 6’-deamino-6’-hydroxyimino-1,3,2’,3”-tetra-N-tosyl- 
dibekacin, the N-detosyl derivative (17) was obtained only by a very short reaction 
period. The antibacterial activities of 17 and 6’-~-hydroxydibekacin were 
demonstrated. 

INTRODUCTION 

Bacterial resistance to kanamycins has been shown to involve any of several 
different enzyme inactivations; one of these is 6’-acetyltransferasel which acetylates 
the 6’-amino groups of kanamycins. As part of our studies of functional modifica- 
tions of members of the kanamycin group of antibiotics, we have undertaken 
modi~cations of the Q-amino group and now describe syntheses of 6’-N-hydroxy 
derivatives of k~amycin A and dibekacin2 (3~,4’-dideoxykanamy~in B), and 
methyi 6-deoxy-4-hydroxyamino-ff-D-glucopyranoside (5). 

RESULTS AND DISCUSSION 

The synthesis of methyl 6deoxy-6-hydroxyamino-cr-D-glucopyranoside (5) 
started from methyl 4-amino-6-deoxy-ff-D-glucopyranoside3 (1)) which was treated4 
with aqueous hydrogen peroxide in the presence of sodium tungstate dihydrate to 
give the 6-aldoxime 2 in high yield. From its ‘H-n.m.r. spectrum, it was concluded 
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that 2 was an 8: 1 EZ-mixture. The resonance of an aldoxime methine proton which 

is syn to the hydroxyl group is always downfield5 relative to that of the corre- 

sponding anti proton. Thus, the major isomer of 2 (6 7.56 for H-6) was the E 

isomer, and the minor isomer (6 6.93) was Z. In contrast, the resonance of H-5 of 

the E isomer was upfield (6 4.18) in comparison with the corresponding resonance 

of the Z isomer (6 4.90), and the signals, being separated from other signals, were 

useful for characterising the isomers of 6-aldoximes. The above route to aldoximes. 

in some instances, may be advantageous over that involving hydroxyimination of 

sugar 6-aldehydes because of the difficulty in isolating the latter compounds pure. 

Hydroxyiminations have been reported in syntheses of I-epitobramyci+ and I-N- 

[(S)-4-amino-2-hydroxybutyryll-l-epikanamycin A’. 

CH2R2 

1 R’= H,R2=NH2 

5 R’= H,R2= NHOH 

6 R’ = Ac.R2= N(Ac)OAc 

HO--N,, 
C’H 

HoQMe - 1 
OH 

z-2 

OH 

r: 
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C-H 
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OH 
HO OMe 

OH 

E-2 
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ti 
* H C’ 

OAc 

3 

Acetylation of 2 gave the corresponding tetra-acetate 3 together with the 

nitriles 4 as the minor component, which was formed by loss of acetic acid from 3. 

The ‘H-n.m.r. spectrum of 3 indicated it to be a single product and to be the E- 

acetoxyimino isomer (H-6 at 6 7.62, and H-5 at 6 4.55). The geometrical purity of 

3 suggested that it was formed mainly from the E isomer of 2, and that the nitrile 

4 was formed from the 2 isomer of 2. This assumption was consistent with the yield 

(11%) of 4, and the proportion (-12%) of the Z isomer in 2. The ready formation 

of 4 from the Z-O-acetyloxime, the expected intermediate. is explained by the 
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antiperiplanar relationship of the acetoxyl group and the methine hydrogen at C-6, 
a situation which facilitates anti-elimination9. 

Attempts to convert 2 into the 6-hydroxyamino derivative 5 with sodium 
borohydride or hydrogen (Pt, Pd, or Ni) as catalyst under neutral or acidic condi- 
tions, even for a very short period, gave only methyl 6-amino-6-deoxy-a-o- 
glucopyranoside3 (1). The conversion of an oxime into the hydroxyamine has been 
achieved using NaBH,SiO, sodium cyanoborohydride”, NaBH,-AcOHr2, and 
borane-pyridine13. When 2 was treated with sodium cyanoborohydride in slightly 
acidic methanol, the 6-hydroxyamino compound 5 was obtained in high yield. The 
structure of 5 was proved by its basic nature (partial salt formation with acid) and 
the presence of signals for H-6,6’ in the IH-n.m.r. spectrum. Hydrogenation of 5 in 
the presence of platinum oxide gave 1, and acetylation of 5 gave the penta-acetate 
6, a result which also supports the structure assigned. The ‘H-n.m.r. spectrum of 6 
at 25” contained broadened signals for H-4,5,6,6’ and one of the acetyl groups, but 
all of these signals were sharp at 50”, indicating that the rotation around the C-6-N 
(and/or C-5-C-6) bond was sterically hindered. 

$CHFid NH6 

H@-k$ H;T St? 

HO 3 
OH OH “’ OH 

R’ R* R3 

Kanamycln A H H NH, 

7 Ts H NH2 

8 Ts H NH2 

9 Ts =NOH 

10 H =NOH 

12 H H NHOH 

11 R’ R2 R3 

Dlbekoctn H H NH2 

13 H H NH2 

14 TS H NHZ 

15 TS H NH2 

Z = C02CH2C,H, 

16 TS = NOH 

17 H =NOH 

18 H H NHOH 

The synthesis of 6’-N-hydroxykanamycin A (12) involved 6’-N-benzyloxycar- 
bonyl-1,3 3”-tri-N-tosylkanamycin Al4 (7) which was prepared from kanamycin A 
via selective 6’-N-benzyloxycarbonylation using the zinc acetate method15 followed 
by N-tosylation. Catalytic hydrogenolysis of 7 gave the tri-N-tosylkanamycin A (8) 
having NH,-6 unsubstituted, which was treated with aqueous hydrogen peroxide in 
the presence of sodium tungstate dihydrate to give the tri-IV-tosyl-6’-aldoxime (9, 
47% after column chromatography). Detosylation of 9 with sodium in liquid 
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ammonia ( -5O”, 2 h) gave 70% of kanamycin A 6’-aldoxime (10) without the 
formation of kanamycin A, but 10 was accompanied by a small proportion of 6-0- 
(3-amino-3-deoxy-cr-D-glucopyranosyl)-2-deoxystreptamine’6 (11). This result in- 
dicated that the 6’-aldoxime moiety was fairly stable under the above reaction con- 
ditions, but underwent some cleavage of the C-l ‘-0-4 glycoside linkage to give 
11. Kanamycin A and dibekacin were not affected by treatment with sodium in 
liquid ammonia. The ‘H-n.m.r. data indicated 10 to be an EZ mixture. 

Treatment of 10 with sodium cyanoborohydride in an aqueous acidic medium 
gave 6’-ZV-hydroxykanamycin A (12) in good yield. The structure was supported by 
the n.m.r. data (see Table I for the 13C-n.m.r. data). Thus, the resonance of H-6’a 
and -6’b had chemical shifts similar to those of 5. The resonances of C-6’ (6 52.76) 
had approximately the same chemical shift as that (6 52.50) of C-6 in 5, and was 
different from those for C-6 in the 6-amino sugar 1 (6 41.40) and the oxime 2 (6 
-150). The chemical shift of the signal for C-6’ of N-hydroxydibekacin (18) also 
had a value (6 54.40) similar to that for 5. Reduction of 12 with hydrogen and 
platinum oxide gave exclusively kanamycin A, which was identical with the 
naturally occurring compound in chemical characteristics and antibacterial activity. 
The aldoxime 10 and the hydroxyamino derivative 12 were almost devoid of 
antibacterial activity. 

6’-N-Hydroxydibekacin (18) was prepared from dibekacin. Thus, selective 
benzyloxycarbonylation of dibekacin by the zinc acetate method15 gave 77% of 6’- 
N-(benzyloxycarbonyl)dibekacin (W). Tosylation of 13 gave the tetra-N-tosyl de- 
rivative 14, hydrogenolysis of which yielded the 6’-amino derivative 15. Since 15 
was more soluble in organic solvents than tri-Ntosylkanamycin A (8), oxidation 
with hydrogen peroxide-sodium tungstate was carried out in methanol to give the 
tri-N-tosyl-6’-aldoxime 16 in a moderate yield (51%). 

When 16 was treated with sodium in liquid ammonia for 2 h, the desired 
dibekacin-6’-aldoxime (17) was not obtained, but 6-O-(3-amino-3-deoxy-a-D- 

TABLE II 

MINIMALINHIBITORYCONCENTRATIONS (@/~L)OFDIBEKACINDERIVATIVES (17 AND 18) ANDDIBEKACIN 

Test organism 17 18 Dibekacin 

Staphylococcus aureus 209P 
ApOl” 

Sarcina lutea PC1 1001 
Escherichia coli NIHJ 

K-12 
R5* 
ML1629’ 

W677 
Pseudomonas aeruginosa A 3 
T 113’ 

100 3.12 <0.2 
>lOO 25 0.78 
>lOO >lOO 12.5 

25 3.12 0.2 
100 6.25 0.39 

>lOO >lOO 100 
>lOO 12.5 0.39 

50 6.25 0.39 
25 1.56 <0.2 

>lOO 50 1.56 

“Resistance mechanism: AAD (4’). bAAC (6’). ‘APH (3’)-I. 
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glucopyranosyl)-2-deoxystreptamine16 (11) was the major product. However, when 

the reaction was stopped after 2 min, 48% of 17 was obtained together with 11. 

Thus, the tosyl groups in 16 were removed fairly rapidly, and the product 17 under- 

went further reaction to give 11. The kanamycin A derivative 10 is fairly resistant 

to this kind of transformation. Since kanamycin A and dibekacin are stable and 10 

is moderately stable to the action of sodium in liquid ammonia, the reaction may 

be affected by the presence of the hydroxyimino group at C-6’ and the absence of 

HO-4’ from 17. Thus, it is possible that sodium is trapped by 7~ electrons and the 

oxygen and nitrogen atoms, as depicted in 19, and that the glycoside linkage is then 

cleaved by electron transfer from sodium as shown in 2@-+21. For 10, HO-4’ may 

prevent the formation of a complex of the type 19 by, for example, the formation 

of a similar complex between oxyimino-6’ and HO-4’. 

NH2 “‘HZ 

19 20 21 

Reduction of 17 with sodium cyanoborohydride gave 6’-N-hydroxydibekacin 

(18) in high yield. The antibacterial spectra of 17 and 18 compared with that of 

dibekacin, shown in Table II, indicate that introduction of the 6’-N-hydroxyl group 

into dibekacin results in a significant decrease in antibacterial activity. 

EXPERIMENTAL 

Gene&. - Melting points were determined on a Kofler block. and are un- 

corrected. Optical rotations were determined with a Perkin-Elmer 231 polarimeter. 

1.r. spectra were recorded, for potassium bromide pellets. using a JASCO A202 

grating spectrophotometer. ‘H-N.m.r. spectra (‘H 250 MHz. I?C 62.9 MHz) were 

recorded in the F.t. mode with a Bruker WM 250 spectrometer at 25” unless other- 

wise stated. T.1.c. was performed on Kieselgel 60 F,,, (Merck), and column 

chromatography on Wakogel C-200. 

Methyl 6-deoxy-6-hydroxyimino-u-D-glucopyranoside (2). - To an aqueous 

solution (20 mL) of 1 (980 mg, hemicarbonate) and sodium tungstate dihydrate 

(330 mg) was added aqueous 20% hydrogen peroxide (10 mL). and the solution 

was kept for 6 h at room temperature. Excess of hydrogen peroxide was decom- 

posed using Pd/C, the solution was concentrated, and the residue was eluted from 

a column of charcoal (150 mL, activated for chromatography. Wako Pure 

Chemicals Ltd.) with water and then with aqueous 4--+10% ethanol. The eluate 
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was concentrated, and ethanol was repeatedly distilled from the residue to give 2 
(880 mg, 97%), [a]&” +llO” (c 1, water); v,F; 1640 cm-l. Mass spectrum: m/z 
208.0833 (M + H)+ (Calc. for C,H,,NO,: 208.0821). ‘H-N.m.r. data (D,O): E 
isomer, S 3.44 (s, 3 H, OMe), 3.53 (dd, 1 H, H-4), 3.63 (dd, 1 H, H-2), 3.71 (dd, 
1 H, H-3), 4.18 (dd, 1 H, H-5), 4.85 (d, 1 H, H-l), and 7.56 (d, 1 H, H-6); J,,, 3.5, 
J2.3 10, J3,4 9.5, 34,5 10, and J5,6 7 Hz; Z isomer, 6 3.48 (s, OMe), 4.90 (dd, J 7 and 
10 Hz, H-5), and 6.93 (d, J,,, 7 Hz, H-4). The integrated intensities indicated an 
EZ-ratio of -8: 1. Irradiation at S 4.18 (H-5 of E isomer) collapsed the signals of 
H-4 and H-6 to a doublet and a singlet, respectively. Irradiation at 6 4.90 (H-5 of 
Z isomer) collapsed the doublet of H-6 to a singlet. Irradiation at 6 3.57 collapsed 
the signals for H-5 of both the E and Z isomers to doublets. 

Anal. Calc. for C,H,,NO,: C, 40.58; H, 6.32; N, 6.76. Found: C, 40.75; H, 
6.59; N, 6.53. 

Methyl 6-(N-acetoxyacetamido)-2,3,4-tri-O-acetyl-6-deoxy-a-D-glucopyrano- 
side (3) and (methyl 2,3,4-tri-O-acetyl-a-~-glucopyranosid)urononitrile (4). - A 
mixture of 2 (100 mg) and acetic anhydride (500 mg) in pyridine (3 mL) was kept 
overnight at room temperature and then concentrated. The syrupy residue con- 
tained (t.l.c., 2:l benzene+thyl acetate) two products having R, 0.38 (major, 3) 
and 0.56 (minor, 4). A chloroform solution of the syrup was washed with aqueous 
5% potassium hydrogensulfate, saturated aqueous sodium hydrogencarbonate, and 
water, dried (Na,SO,), and concentrated. The residue was eluted from a column of 
silica gel with 4:l benzene-ethyl acetate to give 3 (98 mg, 54%) and 4 (17 mg, 
11%). 

Compound 3 had m.p. 119-121” (from acetone-hexane), [(yl&i +84” (c 1, 

chloroform). tH-N.m.r. data (CDCI,): S 2.04,2.10,2.16 (3 s, each 3 H, 3 AC), 3.44 
(s, 3 H, OMe), 4.53 (dd, 1 H, H-5), 4.89 (dd, 1 H, H-2), 4.98 (d, 1 H, H-l), 5.03 
(t, 1 H, H-4), 5.56 (t, 1 H, H-3), and 7.61 (d, 1 H. H-6); J,,, 4.0. J2,3 = J3.4 = .14,5 
= 10, and J,,, 7.5 Hz. 

Anal. Calc. for C,,H,,NO,,: C, 48 .OO; H, 5.64; N, 3.73. Found: C, 48.03; H, 
5.57; N, 3.53. 

Compound 4 had m.p. 158-159” (needles, from acetone-hexane), [a];’ 
+148” (c 1, chloroform); lit.8 m.p. 156-157” (from methanol), [a];’ +140” (c 0.4, 

methanol). tH-N.m.r. data (CDCI,): 6 2.05, 2.10, 2.13 (3 s, each 3 H, 3 AC), 3.51 
(s, 3 H, OMe), 4.65 (d, 1 H, H-5), 4.90 (dd, 1 H, H-2), 5.07 (d, 1 H, H-l), 5.30 (t, 
1 H, H-4), and 5.48 (t, 1 H, H-3); Jiz 3.5, J2,3 = J,,, = J4,5 = 10 Hz. 

Methyl 6-deoxy-6-hydroxyamino-cu-D-glucopyranoside (5). - To a solution 
of 2 (117 mg) in dry methanol (5 mL) were added sodium cyanoborohydride (33 
mg) and then methanolic 10% hydrogen chloride (1.5 mL). The solution was kept 
under nitrogen for 30 min at room temperature and then concentrated, and 
methanol was repeatedly evaporated from the residue. An aqueous solution of the 
residue was eluted from a column (0.8 x 15 cm) of Sephadex LH-20 with water. 
The eluate was passed through a column of Dowex l-X2 (SO:-) resin by elution 
with water, to give 5 as a partial sulfate salt (130 mg, 96%) which was weakly 
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hygroscopic; ]c1]6O -t-153” (c 1, water). Mass spectrum: m/z 210.0982 (M f H)+ 
(Cslc. for C,H,,NO,: 210.0978). IH-N.m.r. data (D&I, pD 4): 6 3.43 (dd, 1 H, 
H-4), 3.50 (s, 3 H, OMe). 3.54 (dd, 1 H, H-6a), 3.65 (dd, 1 H, H-2), 3.73 (apparent 
t, 1 H, H-3), 3.75 (dd, 1 H, H&J), 4.10 (dt, 1 H, H-5). and 4.91 (d, 1 H, H-l); J,., 
3.5, 52,3 10, Js,j 8.5, J4,s = J5.h4 = 9.5. .I,,, 2.5, and J6n.6h 13.5 Hz. 

Anal. Calc. for C,H,,NO, * 0.3 H&GO,: C, 35.23; H, 6.59; N. 5.87; S. 4.03. 
Found: C, 35.61; H, 6.84; N, 5.48; S, 4.37. 

Methyl 6-amino-6-deoxy-cY-D-gfucupyranoside (1). - An aqueous solution (2 
mL) of 5 (20 mg as the 0.3sulfate) was hydrogenated in the presence of platinum 
oxide at 3.5 atm. for 2 h at room temperature. The crude product was eluted from 
a column (0.5 X 10 cm) of Dowex SOW-X2 (NH:) resin with M ammonia to give f 
(IS mg, 85% as the hemicarbonate * 0.25 hydrate) as a ninhydrin-positive solid, 
]~y]&~ +139” (t I, water); lit.” -1-147” (c 1, water; as the hydrochlo~de)~ 

Anal. CaIc. for C,H,,NO, - 0.5 H,CO, I 0.25 H?O: C, 39.39; H, 7.27; N, 
6.12. Found: C, 39.24 H. 7.41; N. 6.32. 

~e~~~l 6-(N-acet~xy-N-acet~i~m~~o-2,3,4-tri-O-acety(-6-deuxy-cY-D-gfucu- 
~yra~~~~de (6). - A solution of 5 (15 mg, as the 0.3suIfate) and acetic anhydride 
(0.05 mL) in pyridine (0.5 mL) was kept overnight at room temperature and then 
concentrated. A solution of the syrupy residue in chtoroform was washed with 
aqueous 5% potassium hydrogensulfate, aqueous sodium hydrogencarbonate 
(saturated). and water, dried (Na$O,). and concentrated to give 6 as a thick syrup 
(20 mg, 76%), [o];O -t-121” (c 0.8, chloroform). ‘H-N.m.r. data (CDCl, at SO*); 6 
1.99, 2.02 (split into several signals at 25”), 2.03, 2.06, and 2.18 (5 s, each 3 H, .5 
AC), 3.41 (s, 3 H, OMe), 3.72 (d with minor complex signals, 1 H, J6a,bb 13 Hz; bd 
at 25”: H-6a), 3.99-4.11 (m, 2 H; 3.97-4.22 at 25”; H-5,6b), 4.84 (dd, 1 H, H-2). 
4.90 (d, 1 H, H-l), 5.00 (t, 1 H; bt at 25”; H-4), and 5.44 (dd. 1 H, H-3); I, ,’ 3.5, 
J2,3 10, Jz,4 9.5, and JJ.* -10 Hz. 

Anal. Calc. for C,,FT,,NO,,: C, 48.69; H, 6.01; N, 3.34. Found: C, 48.73; H, 
5.88; N, 3.43. 

1,3,3”- Tri-N-tosylkanamycin A (8). - A solution of 7r4 (2.02 g) in methanol 
(SO mL) containing M hydrochloric acid (4 mL) was hydrogenated in the presence 
of palladium black at atmospheric pressure. T.i.c. (4:3: 1 chloroform-methanoi- 
aqueous 28% ammonia) then revealed a single component (RF 0.28; cc, 0.6 for 7). 
The crude product was eluted from a column (2 x 40 cm) of Dowex 5OW-X2 (NH?;) 
resin with 50% aqueous methanol containing 0 + M ammonia. Ninhydrin-positive 
fractions were collected and concentrated to give 8 (1.74 g), [uz]g -t-27” (c 1, 
pyridine). “H-N.m.r. data (pyridine-~~): 6 2.05 and 2.29 (2 s, 3 and 6 H, 3 Ts), 5.30 
(d, 1 H, J 3.5 Hz, H-1’ or I”), 5.78 (d, 1 H, f 3.5 Hz, H-l” or 1’). 

6’-13eamino-6’-hydrax)liPnino-Z,3.39tri_ A (9). - To a 
solution of 8 (4.0 g), anhydrous sodium carbonate (860 mg), and sodium tungstate 
dihydrate (270 mg) in 50% aqueous methanol (160 mL) was added aqueous 30% 
hydrogen peroxide (2.3 mL, 4.6 mL after 6 h, and 2.3 mL after 12 h). The solution 
was then kept for 16 h at room temperature, excess of hydrogen peroxide was 
decomposed using Pd/C, and the mixture was fihered and concentrated. The 
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resulting syrup contained (t.1.c.) 4: 3 : 1 chloroform-methanol-aqueous 28% 
ammonia) several components [R, 0.77, 0.72, 0.6, 0.5 (major, 9), 0.4, and 0.3 
(slight, S)]. C o umn 1 chromatography of the mixture on Wakogel C-200 (300 g), 
with 5 : 1 chloroform-methanol + acetone ---f acetone-methanol (10: 1 -_, 10:3) + 
1: 10 aqueous acetone, gave 9 (2.05 g, 47% based on 7), [(Y];~ +26” (c 1, methanol), 
R, 0.5. ‘H-N.m.r. data (acetone-d,): 6 2.36 and 2.48 (2 s, 3 and 6 H, 3 Ts), 4.50 

(dd, 1 H, Jq,,s 10, J5r,6t 7 Hz, H-5’), 4.96 (d, 1 H, J 3.5 Hz, H-l’ or l”), and 5.12 (d, 
1 H, .I 3.5 Hz, H-l” or 1’). 

Anal. Calc. for C,,H,,N,O,,S, . 3 H,O: C, 46.15; H, 5.71; N, 5.52; S, 9.46. 
Found: C, 45.93; H, 5.32; N, 5.43; S, 9.46. 

6’-Deamino-6’-hydroxyiminokanamycin A (10). - To a solution of 9 (210 
mg) in liquid ammonia (-20 mL) at -50” was added sodium (-230 mg); the deep- 
blue solution was kept for 2 h at -5o”, then diluted with methanol until colourless, 
and concentrated by gradually warming to room temperature and finally under di- 
minished pressure. An aqueous solution (5 mL) of the res,ulting syrup was mixed 
with Dowex 5OW-X2 (NH:) resin (10 mL). which was then packed into a column, 
washed with water, and eluted with M ammonia. T.1.c. (1:4:3 chloroform- 
methanol-aqueous 28% ammonia) of the syrupy product revealed two components 
of R, 0.55 (major, 10; cf, kanamycin A, R, 0.45) and 0.75 (minor, 11). Column 
chromatography of the syrup on CM-Sephadex C-25 (NH: form, 10 mL) with am- 
monia (0 -+ 0.1 M) gave 10 as its carbonate (79 mg, 70%), [(Y];’ +lll” (c 1, water). 
rH-N.m.r. data (20% ND, in D,O): 6 1.15 and 1.20 (2 q, 1 H, .7 12.5 Hz, H-2a of 
2 and E isomer), 1.87-2.0 (m, 1 H, H-2e), 2.75-3.0 (3 H, H-1,3,3”), 4.31 (dd, J,..,. 

10, J5’,6’ 7 Hz. H-5’ of E isomer), 4.98-5.06 (H-5’ of Z isomer). 5.02 (d, 1 H. J 3.5 
Hz, H-l’ or 1”), 5.23 (d, 1 H, J 3.5 Hz, H-l” or 1’). 6.82 (d, Jsr,6r 7 Hz, H-6’ of 2 
isomer), and 7.38 (d, H-6’ of E isomer); the EZ-ratio was -6: 1. 

Anal. Calc. for C,,H,,N,O,, . 0.75 H&O, . 0.25 H,O: C, 40.98; H, 6.60; N, 
10.20. Found: C, 41.18; H, 6.92; N, 10.01. 

6’-N-Hydru~ykunamycin A (12). - To an aqueous solution (3 mL) of 10 (70 
mg) and sodium cyanoborohydride (32 mg) under nitrogen was added dropwise 
0.1~ hydrochloric acid (0.7 mL), the solution was kept in a closed vessel for 3 h at 
room temperature and then concentrated, and methanol was repeatedly evapo- 
rated from the residue to remove boric acid. To an aqueous solution of the residue 
was added dry CM-Sephadex C-25 (5 g), the mixture was immediately concentrated 
to dryness, and 9:l methanol-toluene was repeatedly evaporated from the residue. 
which, after swelling with water, was packed into a column and eluted with 
hydrochloric acid (0 -+ 0.02M). The eluate was neutralised to pH -3 with Dowex 
l-X2 (HO-) resin, concentrated, and eluted from a column (0.8 X 15 cm) of Dowex 
l-X2 (SO:-) resin with water to give 12 as the sulfate (70 mg, 77%), [cy]b” +89” (c 
1, water). ‘H-N.m.r. data (D,O-DCl, pD -1): 6 1.98 (q, 1 H, J 12.5 Hz, H-2u), 
2.59 (dt, 1 H, J 4, 4, and 12.5 Hz, H-2e), 3.45 (dd, 1 H, H-4’), 3.53 (dd, 1 H, 
H-6’a), -3.72 (H-6’b), 4.29 (dt, 1 H, H-5’), 5.15 (d, 1 H, J,.,,. 4 Hz, H-l”), 
and 5.51 (d, 1 H, J,,,,, 3.5 Hz, H-l’); J3g,4r 9, J4t,5t = J5x,6ta = 10, and 
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J 5,,6fb 3 Hz. Irradiation of H-5’ collapsed the signals of H-4’ and 6’a to doublets. 

Irradiation at 6 3.72 collapsed the double triplets of H-5’ to a triplet. 

Anal. Calc. for C,,H,,N,O,, 1 1.6 H,SO, . 3 H,O: C, 30.39; H, 6.40; N. 7.88; 

S, 7.21. Found: C, 30.34; H, 6.08; N, 7.35: S, 7.11. 

Kanamycin A. - When a solution of 12 (20 mg) in 0.05~ hydrochloric acid 

was reduced as described for 5, kanamycin A (14 mg) was obtained which was 

identical (‘H-n.m.r. and antibacterial spectra) with the naturally occurring com- 

pound. 

6’-N-(Benzyloxycarbonyi)dibekacin (13). - A mixture of dibekacin hemicar- 

bonate hemihydrate (4.25 g) and zinc acetate dihydrate (8.17 g) in dry methyl sul- 

foxide (100 mL) was heated for 1 h at 50”. To the cooled. clear solution was added 

during 1 h N-(benzyloxycarbonyloxyjsuccinimide (3.0 g>, and the mixture was kept 

for 2 h at room temperature. Addition of ether gave a syrup that was thoroughly 

washed with ether to give a solid which was purified by elution from a column (3 X 

50 cm) of Amberlite CG-SO(H+) resin (100-200 mesh) with 0.6 -+ 1.5~ ammonia 

to give 12 as a ninhydrin-positive, zinc ion-free solid (4.24 g, 77%), [cr]i(’ +102” (c 

1, water), R, 0.46 (4:3:1 chloroform-methanol-aqueous 28% ammonia; @., di- 

bekacin. R, 0.25). 

Anal. Calc. for CZhH,,N,O,,, . 0.5 H,CO, . H,O: C, 50.15: H. 7.30; N, 11.04. 

Found: C. 50.23; H, 7.13; N, 10.98. 

6’-N-(Ben~yloxycarbonyZ)-Z,3,2’.3”-tetra-N-tosyldibekacin (14). -A solution 

of 13 (2.37 g). anhydrous sodium carbonate (1 .O g), and toluene-p-sulfonyl chloride 

(I .8 g) in I:3 water-l ,4-dioxane (30 mL) was stirred overnight at room temperature 

and then concentrated. Addition of water gave a precipitate that was thoroughly 

washed with water, dried, and washed with ether to give 14 (2.43 g, 94%), [a]$’ 

+40” (c 0.8. methanol). ‘H-N,m.r. data (acetone-d,,): 6 2.37,2.40, and 2.50 (3 s, 3, 

3. and 6 H, 4 Ts). 

Anal. Calc. for C,,H,,N50,,S,: C, 53.94; H, 5.62; N, 5.82; S, 10.67. Found: 

C, 53.68; H, 5.70; N, 5.51; S, 10.39. 

6’-Deamino-6’-hydro.~yimino-1,3,2’,3”-tetra-N-tosyLdibekacin (16). - Com- 

pound 14 (1.93 g) was hydrogenated as described for 8, to give 15 (1.64 g), to a 

solution of which together with anhydrous sodium carbonate (160 mg) and sodium 

tungstate dihydrate (190 mg) in methanol (3(J mL) was added aqueous 30% 

hydrogen peroxide (3.4 mL initially. and 1.2 mL after 3.5 h). and the mixture was 

stirred for 7 h at room temperature. Isolation of the product, as described for 9 

(12: 1 chloroform-methanol was used in the chromatography), gave 16 (900 mg, 

51%). [cy]6’ +16” (c 1, methanol), R, 0.5 (t.l.c., 5:1 chloroform-ethanol). ‘H- 

N.m.r. data (acetone-d,): 6 2.37 and 2.38 (2 s, 6 H. ratio -2.3: 1, Ts), 2.45 and 2.48 

(2 s, 3 H, ratio -1:2.3, Ts), and 2.50 (s, 3 H, Ts). 
Anal. Calc. for CJ6HX9NS01,SJ . H,O: C. 50.21; H. 5.59; N, 6.37; S, 11.66. 

Found: C, 50.06; H. 5.39; N, 6.25; S. 11.60. 

6-0-(3-Arnino-3-deo.u,,-a-~-glucopyranosyl)-2-deoxystrept~rnine (11). -To a 

solution of 16 (40 mg) in liquid ammonia (--5 mL) at -50“ was added sodium (-50 
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mg), and the solution was kept for 2 h at -50”. Evaporation of the ammonia gave 
a syrup which contained (t.l.c., 3 : 6: 4 chloroform-methanol-aqueous 28% am- 
monia) a single component, RF 0.33 (cf., dibekacin: R, 0.43). Chromatography of 
the syrup on CM-Sephadex C-25 (NH:) by elution with ammonia (0 4 0.1~) gave 
11 (11 mg, 790/o), [c$j3 -1-74” (c 0.7, water); lit-r6 ]o]h8 +76.1” (c 1, water; as the 
trihydrochloride). “H-N.m.r. data (20% ND, in D,O): 6 1.18 (q, 1 H, J 12.5 Hz, 
H-2a), 1.94 (dt, J 4, 4, and 12.5 Hz, H-2e), 2.67 (ddd, J 4, 10, and 12.5 Hz, H-3), 
2.88 (ddd, J 4, 10, and 12.5 Hz, H-l), 3.01 (t, 1 H, .7 10 Hz, H-3”), 3.11 (t, 1 H, J 
9.5 Hz, H-4), 3.21 (t, 1 H, J9.5 Hz, H-6), 3.32 (t, 1 H,JlO Hz, H-4”), 3.34 (t, 1 
H, J 9.5 Hz, H-5), 3.48 (dd, 1 H, J 4 and 10 Hz, H-2”), 3.76 (apparent d, 2 H, 
H#a,b), 3.92 (dt, 1 H, J -3, -3, and 10 Hz, H-5”), and 5.02 (d, 1 H, J 4 Hz, H-l”). 

AnaE. Calc. for C12H,N30, . H,CO,: C, 40.53; H, 7.06; N, 10.91. Found: C, 
40.35; H, 7.06; N, 11.03. 

6’-Deamino-6’-hydr~~~nodibekacin (17). - To a solution of sodium (-80 
mg) in liquid ammonia (-10 mL) at -50” was added with stirring a solution of 16 
(116 mg) in oxolane (2 mL) and, after 2 min, ice-cold methanol was added until the 
solution became colourless. Concentration then gave a syrup which contained 
(t.l.c., 3:6:4 chloroform-methanol-aqueous 28% ammonia) two components of RF 
0.33 (11, minor) and 0.6 (17, major). The syrup was eluted from a column (1 x 25 
cm) of Dowex 5OW-X2 (NH:) resin with M ammonia, and the eluate was freeze- 
dried to give 17 (30 mg, 48%), [a]&” +103” (c 1, water). ‘H-N.m.r. data (20% ND, 
in D,O; 34”): E isomer, S 1.22 (q, 1 H, J 12.5 Hz, H-2a), 1.55-1.97 (4 H, H- 
3’a,3’b,4’a,4’b), 1.96 (dt, .I -4, -4, and 10 Hz, H-2e), 2.77-2.95 (3 H, H-1,3,2’), 
3.00 (t, 1 H, J 10 Hz, H-3”), 3.2-3.36 (3 H, H-4,6,4”), 3.48 (dd, 1 H, J4 and 10 Hz, 
H-2”), 3.59 (t, 1 H, J 9.5 Hz, H-5), 3.67-3.83 (ABq, 2 H, .J6”a,6”b 12, J5,,,Va 5, .I,,,,% 
2.5 Hz, H-6”a$“b), 3.90 (ddd, 1 H, .I 2.5, 5, and 10 Hz, H-5”), 4.50 (m, 1 H, H-S’), 
5.03 (d, 1 H, J 4 Hz, H-l”), 5.13 (d, 1 H, J 3.5 Hz, H-l’), and 7.37 (d, 1 H, J,.,,, 
5.8 Hz, H-6’); 2 isomer, S 6.80 (d, -0.27 H, J 6.0 Hz, H-6’). Irradiation of H-5’ 
(E isomer) and S 5.08 (H-5’ of 2 isomer) collapsed the H-6’ doublets of the E and 
2 isomers to singlets. 

Anal. Calc. for C,,H3,N,09 . 2 H,CO,: C, 40.74; H, 6.67; N, 11.88. Found: 
C, 40.88; H, 6.78; N, 12.29. 

6’-N-Hydroxydibekacin (18). - A solution of 17 (28 mg) and sodium 
cyanoborohydride (12 mg) in methanol (3.4 mL) containing methanolic 10% 
hydrogen chloride (0.5 mL) was kept under nitrogen for 2 h at room temperature. 
Addition of dry CM-Sephadex C-25 (H+, 1.3 g), followed by concentration of the 
solution, gave a residue that was swollen with water (5 mL), packed into a column, 
washed with water, and eluted with 0.02~ hydrochloric acid. The eluate was 
neutrahsed with Dowex l-X2 (HO-) resin to pH -6, concentrated to -2 mL, and 
eluted from a column (0.5 x 10 cm) of Dowex l-X2 (SOi-) resin with water. Con- 
centration of the eluate gave 18 (30 mg, 88%), [cr]hr +63” (c 1, water), R, 0.5 
(t.i.c., 3:6:4 chloroform-methanol-aqueous 28% ammonia). rH-N.m.r. data 
(D,O-DCl, pD -1): 6 1.68 (slightly unresolved q, 1 H, H-2a), 1.88-2.12 (4 H, 
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H_3’a,3’b,4’a,4’b), 2.61 (dt, 1 H, J -4, -4, and 12 Hz, H-2e), 4.53 (dt, 1 H, J -8, 
-8, and -4 Hz, H-5’), 5.18 (d, 1 H, I,.,. 4 Hz, H-l”), and 5.67 (d, 1 H, .I,.,,, 3.5 
Hz. H-l ‘). 

Anal. Calc. for C,,HnN,O, . 2 H,SO, . 3 H,O: C, 30.12; H, 6.60; N, 9.76; 

S, 8.94. Found: C, 30.29; H. 6.42; N, 9.48; S, 8.66. 

REFERENCES 

1 H. UMEZAWA, M. OKANISHI, R. UTAHARA, K. MAEDA. AND S. KONDO. 1. A~~I~KN.. 20 (1967) 
1X-141; H. UMEZAWA. Adv. Curhohvdr. Chem. Blochem., 30 (1974) 183-225. 

2 H. UMEZAWA, S. UMEZAWA. T. TSUCHIYA. AND Y. OKAZAKI, J. Anfrbiot., 24 (1971) 485-487; S. 
UMEZAWA, H. UMEZAWA. Y. OKAZAKI. AND T. TSUCHIYA, Bull Chem. Sot. .Ipn , 45 (1972) 3624- 
3628 

3 F. CRAMER, H. OTTERBACH. AND H. SPRINGMANN. Chem. Ber.. 92 (1959) 384-391 
4 K. KAHR AND C. BERTHER. Chem. Ber., 93 (1960) 132-136. 
5 E. LUSTIG, .I. Phys. Chem., 65 (1961) 491-495; L. M. JACKMAN AND S. STERNHEII., Applications of 

NMR Spectroscopy in Orgomc Chemistry, Pergamon. Oxford, 1969. p. 226. 
6 K. IGARASHI, T. SUGAWARA. T. HONMA. Y. TADA, H. MIYAZAKI. H. NAGATA, M. MAYAMA. AND 

T. KUBOTA, Carbohydr. Res., 109 (1982) 73-88. 
7 Y. TAKAHASHI. T. TSUCHIYA. Y. SWXJKI, S. UMEZAWA. H UMEZAWA. AND S. FUKATSU. Bull. 

Chem. Sot. Jpn., 56 (1983) 1807-1811. 
8 J. YOSHIMUKA, 3. HASHIMOTO. AND H. ANDO. Bull. Chem. Sot. Jpn., 46 (1973) 1272-1275 
9 A F. HEGAR~AND P. 3. TLJOHEY, /. (‘hem. Sot., Perkin Trans. 2, (1980) 1313-1317. 

10 J. M. LALANCWTE AND J. R BRINDLE. Gun. .I. C-hem.. 4X (1970) 735-737 
11 R. F. BORCH. M. D. BERNSI.EIN. AND H D. DURST. J. Am. Chem. Sot., 93 (1971) 2897-2904. 
12 G. W. GRIBBLE. R. W. LEIBY. AND M. N. SHEEHAN, Syntbesrs, (1977) 856-859 
13 Y. KIKUGAWAAND M. KAWASE, Chem. Lett., (1977) 1279-1280. 
14 T. TWCHIYA. Y. KOBAYASHI. ANI) S. UMEZAWA, unpublished data. 

if T. TSUCHIYA, Y. TAKAGI. AND S UMEZAWA, Tetrahedron Left, (1979) 49514954. 
16 K. MAEDA, M. MURASE, H MAWATARI. AND H. UMEZAWA, J. Anrrbrot., 11 (19%) 163-165. 


