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The synthesis and biological properties of 1-N-[4-(substituted)amidino and guanidino-2-
hydroxybutyrylJkanamycins A and B are described. Reaction of 3,3",6'-tri-N-fert-butoxycarbonyl-
amikacin with an appropriate amidinating or guanidinating reagent and subsequent deblocking gave
a series of amikacin derivatives having an amidino or guanidino group on the 4"’-position. The
corresponding kanamycin B analogs were also prepared by a similar procedure. Among these
derivatives, 1-N-(4-formamidino- and guanidino-2-hydroxybutyryl)kanamycins A (7a and 7k) and
B (11 and 14) exhibited antibacterial activity similar to the corresponding 4-amino analogs. The
nephrotoxic potential of selected compounds is also briefly discussed.

Aminoglycoside antibiotics are widely used in the treatment of serious infections caused by
Gram-negative bacteria, although their clinical use is associated with dose-limiting nephrotoxicity®.
Consequently, decreased nephrotoxicity is an important target for new aminoglycoside antibiotics.

Aminoglycosides have been reported to accumulate in kidney cortex and to induce nephrofoxicity,
and their toxic potential to correlate with their renal concentrations?™*. On the other hand, no correlation
was also observed for some aminoglycosides®®. Recently, TULKENS and his co-workers have intently
investigated the mechanism of aminoglycoside-induced nephrotoxicity” >, but it is still unclear whether
or not renal drug concentration correlates with the degree of the toxicity. Furthermore, any papers have
not been reported on the structure-nephrotoxicity relationship serving for exploring compounds having
low nephrotoxic potential.

Although no rationale has been elucidated for the relationship between acute toxicity of aminoglycoside
antibiotics and their nephrotoxicity, it has been demonstrated in clinical use that the maximum tolerated
daily dose is nearly propbrtional to the LD, value'®. In terms of acute toxicity, there have been published
some papers!!~13 observing enhanced acute toxicity depending on the increased number of amino groups
in the molecule. On the other hand, many instances'?!'*~*% have been reported that the antibacterial
activity was enhanced by introduction of an additional amino group to the molecule.

In searching for improved compounds, we assumed that an increase of basicity of an aminoglycoside
molecule by replacing an amino group with a more basic functional group, instead of increasing the number
of amino groups, could improve the antibacterial activity without increasing the toxicity. The basicity of
an amino group (pKa ca. 10) could be increased by converting it to an amidino {pKa ca. 12) or guanidino
(pKa ca. 13) group.

Introduction of an amidino or guanidino group in some aminoglycoside antibiotics has been reported
to reduce acute toxicity and/or nephrotoxicity compared to the parent antibiotics. For example,
2'-N-formimidoylistamycin B (LDs, >300mg/kg)>® is less toxic than istamycin (150 mg/kg), while their
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antibacterial activities are similar. Another example is the 2’-guanidyl derivative of gentamicin C, (S86451),
which was found at least 2~5 times less toxic than gentamicin C, in terms of nephrotoxic potential®®).
The third example is streptomycin with two guanidino groups and one amino group in the molecule, which
exhibits much lower nephrotoxicity than typical aminoglycosides having four or five amino groups??.

This paper describes the synthesis and biological activities of 1-N-[4-(substituted)amidino- and
4-guanidino-2-hydroxybutyryl]lkanamycins A and B.

Chemistry
- Preparation of the key intermediates (4 and 5) is summarized in Scheme 1. Di-N-tert-
butoxycarbonyl(Boc)-kanamycin A (1a)*® was converted to di-N-Boc-mono-N-benzyloxycarbonyl(Cbz)-
amikacin (2a) by reported procedures?*~2¢. The remaining 3"-amino group on 2a was protected with the
Boc group to give the mono-N-Cbz-tri-N-Boc-amikacin (3a). Removal of the Cbz group of 3a by catalytic
hydrogenation afforded the key intermediate, 3,3",6'-tri-N-Boc-amikacin 4.

Another key intermediate, 2',3,3",6'-tetra- N-Boc-1-N-[4-amino-2-hydroxybutyryl(AHB) Jkanamycin B
(5), was prepared from tri-N-Boc-kanamycin B (1b)?>” by a method similar to that described above.

Scheme 2 shows the procedures for preparation of the 4”’-amidino or guanidino derivatives. Reaction
of 4 with ethyl formimidate hydrochloride®®, followed by deblocking of 6a with trifluoroacetic acid (TFA)
gave 1-N-(4-amidino-2-hydroxybutyryl)kanamycin A (7a). The acetamidino derivative 7j was similarly
prepared by use of ethyl acetimidate.

For preparation of the N-alkylamidino derivatives (7b~T7i), appropriate N-alkylformamides were
reacted with dimethyl sulfate to give methoxyimidinium salts which were condensed in situ with 4 to give
the N-substituted imidates, 6b~ 6i. The Boc groups of 6b~ 6i were removed with TFA to give 7Tb~7i.

The morpholino derivative 7e was also prepared by an alternative route. The 4”’-amino group of 4

was activated by reaction with ethyl N-cyanoimidate® to give the 4"-N-cyanoformimidate (6m) which

Scheme 1. Preparation of key intermediates, 4 and 5.
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Scheme 2. Preparation of 1-N-[4-(substituted)amidino- and guanidino-2-hydroxybutyryl]kanamycin A.
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was then treated with morpholine to afford 6e and subsequently deblocked to 7e. This procedure may be
applicable to other N-amidino derivatives.

For introduction of a guanidino group, 4 was treated with S-methyl-N-nitroisothiourea3® to afford
the protected N-nitroguanidine (8), which was reacted with TFA to give the N-nitroguanidino derivative
(9). Catalytic hydrogenation of 9 afforded 1-N-(4-guanidino-2-hydroxybutyryl)kanamycin A (7k).
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Reaction of 4 with benzyl S-ethylthiooxaminium tetrafluoroborate®! (prepared in situ by the reaction
of benzyl thiooxamate and triethyloxonium tetrafluoroborate) gave the oxamic acid derivative (61), which
was deblocked by treatment with TFA to afford the amidinocarboxylic acid (71).

The final products (7) were all isolated as the sulfate and characterized principally by *H NMR

spectra as shown in the Experimental section.

Table 1. The 'H NMR and '3C NMR spectral data of compounds 7a and 7k in comparison with amikacin
(AMK) determined at pH 2 in D,0.

13C NMR § (ppm) 'H NMR
Position AMK a 7k
AMK3®  7a 7k
Multi- Multi-
S(ppm)  o(ppm) g JEHD dem) i, S H)
1 49.6 49.6 49.6 ca. 4.1 ca. 4.1 m ca. 4.1 m
2 30.9 30.9 31.0 1.84 (ax) 1.85 (ax) q 13 1.88 (ax) q 13
2.26 (eq) 2.23 (eq) dt 13, 8 2.24 (eq) ddd 13,7,4
3 48.7 48.8 49.8 3.66 ca. 3.6 m 3.58 ddd 13,10,4
4 79.8 79.7 79.5 ca. 39 ca. 39 m 3.94 t 10
S 73.2 73.5 73.8 ca. 39 ca. 3.9 m 3.89* t 10
6 81.8 80.9 81.0 ca. 3.9 ca. 39 m 3.90° t 10
U 96.3 96.5 96.7 5.58 5.58 d 4 5.61 d 4
2 71.6 71.6 71.7 3.71 3.68 dd 4,10 3.69 dd 10, 4
3 73.1 73.0 73.0 ca. 3.8 ca. 3.8 m ca. 3.8 m
4 71.6 71.7 71.9 ca. 3.4 3.44 m 3.38° t 10
5 69.5 69.5 69.6 4.07 4.03 m 3,8 4.03 ddd 10,8,3
6 41.2 41.2 41.3 ca.32(ax) 3.18 (ax) dd  §,13 3.18 dd 13,8
ca.3.8(eq) 3.5 (eq) m 3.48 dd 13,3
1" 98.8 98.7 98.8 5.20 5.18 d 4 5.19 d 4
2" 68.8 68.8 68.8 ca. 3.8 3.77 dd 4,11 3.79 dd 10, 4
3" 56.1 56.1 56.1 ca. 34 ca. 3.5 m 3.42° t 10
4" 66.3 66.3 66.4 3.73 3.70 t 10 3.73 t 10
5" 72.8 72.8 72.8 ca. 4.1 ca. 4.1 m ca. 4.1 m
6" 60.5 60.6 60.6 ca. 3.8 ca. 3.8 m (2H) ca. 3.8 m (2H)
1 176.3 176.6 1769
2" 70.4 69.8 69.8 4.31 ca. 4.2 m 4.23 dd 10, 4
3 31.6 32.1 333 199,220 ca. 19 m (2H) ca. 2.0 m (2H)
4" 37.8 38.8 38.6 ca. 3.2 ca. 3.6 m (2H) ca. 3.4 m (2H)
5" 155.2 1578 7.82, 7.83 s
*®  Assignments may be interchanged.
Scheme 3. Rotational isomers of 7a (A and B) and its N,N-disubstituted derivatives (C and D).
T | T |
NEH N—R N—H N—R
H—cé +  X° : H——c<:‘+ X" H_c<~+ X - H—cé + X"
III'B—H N—H ?il——R‘ i\ll—R'
H _ H R’ R’
A B C b

1
R=The residue of 7. X~ =—E(SO;). R’ = N-Substituent.
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The 'H and !3C NMR spectra of 7a and 7k are summarized in Table 1 as compared with those of
amikacin. As shown in the table, 7a and 7k showed similar *H and *3C NMR spectra to those of amikacin,
except for signals caused by the formamidino group (‘H NMR § 7.82 and 7.83, 3:1, total 1H, s; 13C
NMR 6 155.2) in 7a and the guanidino group (*>*C NMR 6 157.8) in 7k.

The formamido proton of 7a, which occurred as a doublet at room temperature as shown above,

Scheme 4. Preparation of [-N-(4-amidino- and guanidino-2-hydroxybutyryl)kanamycin B.
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Table 2.

In vitro antibacterial activity of 1-N-(4-amidino- and guanidino-2-hydroxybutyryl)kanamycins A and B, and derivatives.

MIC (ug/ml)

Organism® " AHB-
Ta 7b Te 7d Te 7t Tg 7h Ti 7 7k i 11 14 AMK

KMB

Staphylococcus aureus Smith 0.8 3.1 1.6 1.6 0.8 3.1 1.6 1.6 12.5 1.6 0.8 50 0.8 0.4 0.8 0.4
Escherichia coli Juhl A15119 3.1 12.5 12.5 12.5 6.3 12.5 6.3 12.5 50 3.1 3.1 >100 1.6 12.5 3.1 1.6
E. coli ML1630 1.6 12.5 6.3 6.3 3.1 6.3 6.3 6.3 25 3.1 1.6 50 1.6 1.6 1.6 1.6
E. coli JR66/W677 3.1 50 25 50 6.3 12.5 25 25 100 12.5 3.1 >100 S0 > 50 3.1 12.5
Klebsiella pneumoniae D11 0.4 1.6 0.8 1.6 0.8 1.6 1.6 3.1 6.3 1.6 0.8 12.5 0.8 0.8 0.8 04
Enterobacter cloacae A21006 1.6 12.5 6.3 6.3 3.1 6.3 6.3 12.5 12.5 6.3 1.6 50 1.6 1.6 1.6 1.6
Serratia marcescens A22302 50 >100 100 >100 50 100 >100 =100 >100 >50 >50 >100 50 >50 25 12,5
Pseudomonas aeruginosa A9843A  12.5 ND ND ND 6.3 25 25 25 100 12.5 6.3 100 12.5 3.1 3.1 6.3
P. aeruginosa A20601 3.1 50 3.1 1.6 6.3 25 25 25 100 12.5 3.1 50 6.3 3.1 3.1 3.1
P. aeruginosa GN315 50 100 12.5 25 50 >100 >100 >100 >100 >50 50 >100 12.5 50 12.5 3.1

9 ‘ON #¥ "10A

SOILOIFIINY 4O TYNINOL HHL

®  Resistance mechanism: E. coli M1.1630, APH(3')-1; E. coli JR66/W677, APH(3)-11, AAD(2"); E. cloacae A21006, APH(3')-1; S. marcescens A22302, AAC(6')-11; P.
aeruginosa A20601, AAC(3)-1; P. aeruginosa GN315, AAC(6')-IV. Abbreviation for aminoglycoside-modifying enzymes, see ref 34.

1$9
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Table 3. In vivo antibacterial activity of 4”-amidino and guanidino derivatives of amikacin (AMK) in mice.

PDs, (mg/kg, im)

Test organism

Ta Te 7j 7k AMK
Staphylococcus aureus Smith 0.78 1.8 3.5 0.63 1.7
Escherichia coli Juhl 1.2 4.2 3.5 1.1 3.1
Pseudomonas aeruginosa A9843A 7.8 7.2 >10 9.1 7.3

coalesced into a singlet (6 7.82) in determination at Table 4. Acute toxicity and renal accumulation of 4"'-

an elevated temperature (about 70°C), whereas the amidino and guanidino derivatives of amikacin (AMK)

in mice.
N,N-disubstituted derivatives (such as 7b, 7¢ etc.)

. d LD, Renal level®
gave a singlet even at room temperature. Two peaks Compoun (mg/kg, iv) (ug/g-tissue)
in 7a are probably due to the occurrence of the 7a 390 28.2
rotational isomers (A and B) shown in Scheme 3, in Tk 224 31.8

AMK 327 52.8

which the C-N* (and also C-N¥) has appreciable
double bond character so that rotation around this
bond is restricted®®. In the N,N-disubstituted

derivatives, the isomer C is favored very much over the other rotational isomer (D) probably as the result

2 See the Experimental section.

of steric repulsion between the substituents R and R’.

Generally, the 4”-N-formimidoyl derivatives were stable in acidic solution (pH < 5), but rather unstable
in alkaline solution. For example, an attempted purification of 4'’-formimidoylamikacin (7a) by
chromatography using CM-Sephadex C-25 and diluted ammonium hydroxide afforded biologically inactive
4""-N-formylamikacin (7n). On the other hand, the morpholino derivative (7e) was rapidly decomposed
to amikacin in pH 8 phosphate buffer.

The 4'”-amidino (11) and guanidino (14) derivatives of 1-N-AHB-kanamycin B: were prepared from
5 by similar procedures as shown in Scheme 4. Compounds 7k and 14 showed a poéitive reaction in the

Sakaguchi test.

Biological Properties

The in vitro antibacterial activity of the 4"-amidino and guanidino derivatives prepared in this study
was tested by an agar dilution method with the results shown in Table 2. The 1-N-(4-amidino- and
4-guanidino-2-hydroxybutyryl)kanamycins A (7a and 7k) and B (11 and 14) were nearly as active as
amikacin and 1-N-AHB-kanamycin B, respectively. Good activity of the morpholino derivative (7e) should
be attributed to formation of amikacin under the test conditions (see the chemistry section). The acetimidoyl
derivative (7j) was 2 ~4 times less active than amikacin and the amidinocarboxylic acid derivative (71) was
marginally active. Other analogs having N-substituent(s) showed reduced antibacterial activity.

Table 3 shows the in vivo activity of four selected derivatives. As compared to amikacin, 7a and 7k
were 2~3 times more potent against both Staphylococcus aureus Smith and Escherichia coli Juhl and
showed nearly the same level of activity against Pseudomonas aeruginosa A9843A, while 7e was as active
as and 7j was less active than amikacin against the three infections.

We utilized renal accumulation and acute toxicity for estimating the potential of the selected compounds
to cause their undesirable side effects in humans. Table 4 shows renal accumulation and acute toxicity of

7a and 7k compared with those of amikacin in mice. The renal levels of 7a and 7k were 53% and 60%
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that of amikacin, respectively, suggesting a decreased nephrotoxicity potential. Compound 7a was somewhat

less toxic, whereas 7k was more toxic than amikacin in terms of LDs, values.

Experimental

General Procedures

Analysis

MP’s were determined with a Yanagimoto micro hot-stage apparatus and are uncorrected. IR
spectra were recorded on an Analect FX-6160 FT-IR spectrometer and NMR spectra were recorded
on a Jeol CL 60HL or Jeol GX-400 spectrometer.

Biological Evaluation

MICs were determined by the 2-fold serial agar dilution method using Mueller-Hinton agar with an
inoculum size of 10°cfu/ml. In vivo antibacterial activity was determined in experimental infections in
mice. Mice were challenged ip with 100 times the median lethal dose of the pathogen in a 5% suspension
of hog gastric mucin. Test materials were administered im immediately after the bacterial challenge to
groups of 5 mice at each dose level. The 50% protective dose (PDs,) was determined 4 days after infection.
Acute lethal toxicity (LDs,) was determined 4 days after iv injection in a group of 5 mice at each dose
level. For the determination of renal accumulation, 20 mg/kg of test sample was injected im in a group of
5 mice once a day for 4 days. The mice were sacrificed 24 hours after the last injection and the kidneys
were isolated, homogenized with 6 volumes (v/w) of 1/15M phosphate buffer (pH 7.5) and centrifuged
(3,000 rpm, 10 minutes). The amount of antibiotic in the supernatant was determined by bioassay (test
organism, Bacillus subtilis PCI 219).

4'"-N-Cbz-3,6'-di-N-Boc-amikacin A (2a)
To a suspension of 1a (3.42 g, Smmol) in acetonitrile (50 ml) was added hexamethyldisilazane (7 ml).
The reaction mixture was refluxed for 17 hours and concentrated to an oil. To the oil was added dry
acetone (50 ml) and the N-hydroxysuccinimide ester of 4-Cbz-amino-2-hydroxybutyric acid (1.58 g, 5 mmol).
The reaction mixture was stirred at ambient temperature for 3 hours. Water (3ml) was added and the
solution was acidified to pH 2 with 2~ HCJ, stirred at room temperature for 15 minutes, neutralized with
I~ NH,OH and concentrated to a small volume. The residual precipitate was collected by decantation,
crystallized from acetone and collected by filtration to give 2.49 g (54%) of 2a. The mother liquor was
concentrated and triturated with a small volume of acetone to afford 2.07 g (45%) of the second crop of
2a as a powder (total 4.56g, 99%): MP >250°C; IR (KBr) cm™!' 1690, 1535, 1160, 1050; ‘"H NMR
(60 MHz, DMSO-d,) 6 1.40 (18H, s, CHj), 7.32 (SH, s, Ph).
Anal Caled for C,oHgsNsO,5-3H,0: C 49.32, H 7.35, N 7.19.
Found: C49.22, H7.21, N 7.12.
Compound 2a was also prepared from 1a by use of ethyl trifluoroacetate and the N-hydroxysuccinimide
ester of 4-N-Cbz-amino-2-hydroxybutyric acid in DMSO (vield 73%)*%.

1-N-(4-N-Cbz-amino-2-hydroxybutyryl)-2’,3,6'-tri-N-Boc-kanamycin B (2b)

Acylation of 1b (1.30g, 1.64mmol) with the N-hydroxysuccinimide ester of 4-N-Cbz-amino-2-
hydroxybutyric acid (689 mg, 1.97 mmol) by a procedure similar to that described above gave 2b (750 mg,
45%): MP 215°C (dec); IR (KBr) cm ™! 1680, 1510; TLC, Rf 0.63 (silica gel, CHCI; - EtOH - 28% NH,OH
4:4:1).

4'"-N-Cbz-3,3",6'-tri-N-Boc-amikacin (3a)

To a solution of 2a (4.6 g, 5.0mmol) in a mixture of THF - H,O - triethylamine (7:3:2, 120ml) was
added 2-Boc-thio-4,6-dimethylpyrimidine (2.4 g, 10 mmol). The reaction mixture was stirred at 60°C for
17 hours and concentrated to ca. 20 ml. The resulting precipitate was collected by filtration and recrystallized
from EtOAc-THF - H,0 to afford 4.3 g (83%) of 3a: MP 225~230°C (dec); IR (KBr) ecm™! 1690, 1530,
1160, 1040; 'H NMR (60 MHz, DMSO-d;) § 1.43 (27H, s, CH3), 7.26 (5H, s, Ph).
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Anal Caled for C4sH,5N,O,,: C 52.98, H 7.21, N 6.87.
Found: C 52.70, H 7.38, N 6.65.

1-N-(4-N-Cbz-amino-2-hydroxybutyryl)-2',3,3",6'- tetra- N-Boc-kanamycin B (3b)

Compound 2b, (750 mg, 0.76 mmol) was acylated with bis-Boc anhydride (498 mg, 2.28 mmol) by the
procedure described in the preparation of 3a to give 3b (700 mg, 85%), which was used for the next reaction
without purification: MP 235°C (dec); IR (KBr) ecm™! 1680, 1510; TLC, Rf 0.85 (silica gel,
CHCIl; - EtOH - 28% NH,OH (4:4:1)).

3,3",6'-Tri-N-Boc-amikacin (4)

A solution of 3a (15.2 g, 19.3 mmol) in a mixture of THF-MeOH -H,0-AcOH (10:5:5:1, 420 ml)
was hydrogenated in the presence of 10% Pd-C (7.6 g). The reaction mixture was worked up as usual
and crystallized from MeOH - EtOAc to afford 13.5g (93%) of 4: MP 270°C (dec); IR (KBr) cm ™' 1680,
1530, 1160, 1040; 'H NMR (60 MHz, DMSO-dg) 6 1.45 (27H, s, CH;).

Anal Caled for Cy,Hg,NsO,4-2H,0:  C 48.20, H 7.76, N 7.60.
Found:, C 48.18, H 7.63, N 7.34.

1-N-AHB-2',3,3",6'-tetra- N-Boc-kanamycin B (5)

Compound 3b (700 mg) was hydrogenated in the presence of 10% Pd-C (350mg) to give 572mg
(93%) of 5: MP 220°C (dec); IR (KBr) ecm™* 1675, 1520; TLC, Rf 0.18 (silica gel, CHCI; - EtOH - 28%
. NH,OH (4:4:1)).

1-N-(4-Formamidino-2-hydroxybutyryl)kanamycin A (7a)

To a solution of 4 (1.00 g, 1.13 mmol) in dry MeOH (30 ml) was added ethyl formimidate hydrochloride
(1.00 g, 9.1 mmol). The reaction mixture was adjusted to pH 8 with dil sodium methoxide in MeOH and
stirred at room temperature for 17 hours, adjusted to pH 4 with 2~ HCI and filtered. The filtrate was
concentrated and the residue ch'romatographed on silanized silica gel (Merck, 5% HCOONH, - THF (5:1))
and then Sephadex LH-20 (THF - MeOH - H,0 (2:1: 1)), to give crude 6a (1.65 g), which was used in the
next reaction without further purification: IR (KBr) cm™* 1630, 1590, 1400, 1350, 1160, 1040; *H NMR
(60 MHz, DMSO-ds+D,0) 6 1.42 (27H, s, CH3), 8.05 (1H, s, N=CH-N).

Crude 6a (826 mg) was dissolved in TFA (15ml); the reaction mixture was kept at room temperature
for 40 minutes and then concentrated to dryness. The residue was chromatographed on a column of
Sephadex G-10 to afford 420mg (79%) of 7a as a TFA salt.

A solution of the TFA salt (335 mg) in cold 2N H,S0, (3.1 ml) was added to stirred and ice-chilled
EtOH (62 ml) and the precipitate was collected by filtration to give a powder. The powder was dissolved
in water (3ml) and the solution adjusted to pH 6 with Bio Rad-AG-1X10 (OH ") and filtered. The filtrate
was lyophilized to give 239 mg (70% from 4) of 7a-sulfate. MP 230°C (dec); IR (KBr) cm ™! 1700, 1620,
1510; 'H NMR (400 MHz) and !*C NMR (100 MHz), see Table 1.

Anal Caled for C,,H,6NgO, 5 2H,S0,-4H,0: C 32.21, H 6.53, N 9.39, S 7.17.
Found: C 32.50, H 6.81, N 9.11, S 7.40.

Treatment of crude 6a (127mg) by a procedure similar to that described above except for
chromatography on CM-Sephadex C-25 (NH,*, eluting with 0.2Nn NH,OH) instead of Sephadex G-10
(eluting with water) afforded 100 mg (92% from 6a) of 4"’- N-formylamikacin (7n). IR (KBr) cm ! 1650,
1520, 1120; '"H NMR (60 MHz, D,0) 1.5~2.5 (4H, m, CH,), 5.20, 5.60 (1H each, d, J=3.5Hz, anomeric
H), 8.08 (1H, s, CHO).

Anal Caled for C,3H,3N,O,5- 13H,S0,-4H,0:  C 33.82, H 6.66, N 8.57, S 5.89.
Found: C 33.89, H 6.48, N 8.47, S 6.15.

General Procedure for 1-N-[2-Hydroxy-4-(3-substituted-formamidino)butyrylJkanamycin A (7b ~ 7i)

Dimethy! sulfate (1.2 mol equivalents) was added to the N-alkylformamide at 60°C for 17 hours to
afford an oil. The oil (500 mg) was added to a solution of 4 (500 mg, 0.565 mmol) in the parent formamide
(3ml). The solution was held at room temperature overnight and then chromatographed on a column of
Sephadex LH-20 (THF -MeOH-H,0 (2:1:1)) to give a crude product 6b~ 6i, which was used in the
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next step without purification.

The above product was dissolved in 90% TFA (10ml); the reaction mixture was kept at ambient
temperature for 0.5 hour and then concentrated in vacuo. The residue was purified by chromatography
on a column of CM-Sephadex C-25 (NH, ¥, gradient elution with 3 ~ 5~ HCOONH,) and Sephadex G-10
(150 ml, water) to afford a powder. The residual powder was dissolved in 2N H,SO, (2ml) and the solution
added dropwise to stirred and ice-chilled EtOH (20 ml). The resulting precipitate was collected by filtration
and dissolved in water (2ml). The solution was adjusted to pH 6 with Dowex 1X2 (OH) and filtered off.
The filtrate was lyophilized to give the desired products, 7b~7i.

1-N-[2-Hydroxy-4-(1-pyrrolidinomethylideneamino)butyryl Jkanamycin A (7b)
Yield 47% from 4; IR (KBr) cm™* 1700, 1630, 1130, 1050; 'H NMR (400 MHz, D,0+ DCI, pH 2)
6 1.83 (1H, q, /=13Hz, 2-H,,), 1.8~2.2 (6H, m, CH,), 2.24 (1H, dt, J=13 and 4Hz, 2-H,), 3.18 (1H,
dd, J=14and 8 Hz,2'-H),5.18(1H,d,J=4Hz,1"-H),5.55(1H,d, J=4Hz, V'-H),8.03 (1H, s, N= CH—N)
Anal Caled for C,,HyoNgO,5-2H,S0, -4H,0:  C 34.69, H 6.68, N 8.99, S 6.86.
Found: C 34.66, H 6.79, N 8.75, S 7.02.

1-N-[2-Hydroxy-4-(1-piperidinomethylideneamino)butyryl]Jkanamycin A (7c¢)

Yield 73%; IR (KBr) cm ™! 1700, 1630, 1130, 1050; *H NMR (400 MHz, D,0+DCI, pH 2) § 1.69
(6H, br s, CH,), 2.24 (1H, dt, J=13 and 4Hz, 2-H,,), 3.19 (1H, dd, /=13 and 8 Hz, 2-H), 5.18 (1H, d,
J=4Hz, 1"-H), 5.56 (1H, d, J=4Hz, V'-H), 7.79 (1H, s, N=CH-N).

Anal Caled for C,Hg,N(C, 5 2H,S0, - 4H,0: C 35.44, H 6.80, N 8.86, S 6.76.
Found: C 3548, H 6.81, N 8.67, S 6.94.

1- N-[4-(Hexamethyleneiminomethylideneamino)-2-hydroxybutyryl Jkanamycin A (7d)
Yield 61%; IR (KBr) cm~ ! 1690, 1630, 1130; 'H NMR (60 MHz, D,0) 6 1.5~2.5 (12H, m, CH,),
522, 5.63 (1H each, d, J=3.5Hz, anomeric H), 7.94 (1H, S, N=CH-N).
Anal Caled for CoHg4,NoO,5-13H,S0,-8H,0: C 35.33, H 7.46, N 8.52, S 4.88.
Found: C 35.60, H 7.22, N 8.53, S 4.53.

1-N-[2-Hydroxy-4-(4-morpholinomethylideneamino)butyryl Jkanamycin A (Te)

Yield 28%; IR (KBr) cm~! 1710, 1620, 1500, 1130, 1050; "H NMR (60 MHz, D,0) 5.20, 5.62 (1H
each, d, J=3.5Hz, anomeric H), 7.85 (1H, s, N=CH-H); Paper chromatography (Whatman No. 50,
BuOH - AcOH -H,0 (8:2:5), ninhydrin and bioautography, test organism B. subtilis PCI 219), Rf 0.03
(amikacin Rf 0.17).

Alternative preparation of 7e: To a stirred solution of 4 (500 mg, 0.564 mmot) in dry MeOH (40 ml)
was added ethyl cyanoimidate (610 mg, 0.620 mmol)>® and after 5 hours additional ethyl cyanoimidate
(300 mg). The solution was stirred at room temperature for 24 hours, concentrated to dryness and triturated
with ether to give crude 6m. To the solution of crude 6ém in MeOH was added morpholine (5 ml); the
reaction mixture was stirred at room temperature for 24 hours, evaporated to dryness and triturated with
ether to give crude 6e. The crude 6e was treated by the same method as that described in the general
procedure to give 223 mg (45%) of 7e, which was identical to 7e obtained by the general procedure.

A solution of 7e (1 mg) in 0.15m, pH 8, phosphate buffer (1 ml) was kept at ambient temperature for
1 hour. The solution was shown to contain comparable amounts of 7e (Rf 0.03) and amikacin (0.17) by
paper chromatography as described above.

1-N-[4-(Dimethylaminomethylideneamino)-2-hydroxybutyrylfkanamycin A (7f)
Yield 12%, IR (KBr) cm © 1705, 1620, 1120, 1050; 'H NMR (60 MHz, D,0) 6 3.03, 3.22 (3H each,
s, NCH,), 5.15, 5.55 (1H each, d, J=3.5Hz, anomeric H), 7.78 (1H, s, N=CH-N).

1-N-[4-(Ethylaminomethylideneamino)-2-hydroxybutyrylJkanamycin A (7g)
Yield 9%; IR (KBr) cm ! 1700, 1630, 1120, 1050; 'H NMR (60 MHz, D,0) 6 1.27 (3H, t, J=T7Hz,
CH,), 1.5~2.5 (4H, m, CH,), 5.18, 5.60 (1H each, d, J=3.5Hz, anomeric H), 7.81 (1H, s, N=CH-N).
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1-N-[2-Hydroxy-4-(2-methoxyethylaminomethylideneamino)butyrylJkanamycin A (7h)
Yield 19%; IR (KBr) cm™! 1700, 1620, 1130, 1050; 'H NMR (60 MHz, D,0) 6§ 1.5~2.5 (4H, m,
CH,), 3.57 (3H, s, OCH,;), 5.22, 5.62 (1H each, d, J=3.5Hz, anomeric H), 7.90 (1H, s, N=CH-N).

1-N-4-[ N,N-Bis-(2-methoxyethyl)aminomethylideneamino]-2-hydroxybutyrylJkanamycin A (7i)
Yield 45%; IR (KBr) cm™! 1690, 1620, 1120, 1050; 'H NMR (60 MHz, D,0) 6 1.5~2.5 (4H, m,
CH,), 3.42 (6H, s, OCH,), 5.22, 5.64 (1H each, d, J=3.5 Hz, anomeric H), 7.90 (1H, s, N=CH-N).
Anal Caled for CoH(NgO, 5 2H,80, -3H,0:  C 35.57, H 6.79, N 8.58, S 6.55.
Found: C 35.83, H 6.90, N 8.48, S 6.70.

1-N-(4-Acetamidino-2-hydroxybutyryl)kanamycin A (7j)

By a procedure similar to that used for 7a, 4 (500 mg) was treated with ethyl acetimidate (500 mg)
and sodium methoxide (pH 8) in MeOH (15 ml) at room temperature overnight and subsequently deblocked
with TFA to give 7j via 6j.

Yield 89% from 4; IR (KBr) cm ™! 1630, 1120, 1050; "H NMR (60 MHz, D,0) 6 1.7~2.5 (4H, m,
CH,), 2.30 (3H, s, N=C—-CHj,), 5.20, 5.62 (1H each, d, J=3.5Hz, anomeric H).

1-N-(4-Guanidino-2-hydroxybutyryl)kanamycin A (7k)

To a suspension of 4 (300 mg, 0.339 mmol) in dry DMSO (3 ml) was added S-methyl- N-nitroisothiourea
(300mg, 2.22mmol)*®. The reaction mixture was stirred at 55°C for 5 hours, loaded on a column of
Sephadex LH-20 (100 ml) and eluted with THF - MeOH - H,O (1:1:1) to give 8 (285mg, 86%): IR (KBr)
cm ™! 2970, 2920, 1680, 1530, 1370, 1160, 1040; "H NMR (60 MHz, DMSO-d;) 6 1.45 (27H, s, CH;).

Compound 8 (242 mg) was dissolved in 90% TFA (10ml). The reaction mixture was kept at room
temperature for 1 hour and concentrated in vacuo to dryness. The residue was chromatographed on a
column of CM-Sephadex C-25 (NH,, gradient elution with 0.05~0.2 N NH,OH) to give 9 (138 mg, 79%):
IR (KBr) cm ™! 1640, 1370, 1280, 1040; 'H NMR (60 MHz, D,0) § 1.5~2.5 (4H, m, CH,), 5.25, 5.50
(1H each, d, J=3.5Hz, anomeric H).

Anal Caled for C,3H,,NgO,5-2H,CO,:  C 37.69, H 6.07, N 14.06.
Found: C 37.70, H 6.15, N 14.00.

Compound 9 (138 mg) was dissolved in H,0-AcOH (2:1, 6ml) and hydrogenated in the presence
of 10% Pd - C (138 mg) at room temperature under atmospheric pressure overnight. The reaction mixture
was filtered and the filtrate concentrated in vacuo. The residue was treated as described in the general
procedure to give 74 mg (44%) of 7k as an amorphous powder: IR (KBr) cm ™! 1630, 1500, 1120, 1050;
'H and '3C NMR: (400 MHz), see Table 1.

Anal Caled for Cy3H, N,0,5-2H,S0,-2H,0: C 32.13, H 6.21, N 11.40, S 7.46.
Found: C 3234, H6.13, N 11.65, S 7.56.

1-N-[2-Hydroxy-4-(oxaloimidoylamino)butyryljkanamycin A (71)

To a solution of benzyl thiooxamide*" (1.0g, 5.1mmol) in CH,Cl, (5ml) was added 1M
triethyloxonium tetrafluoroborate in CH,Cl, (5 ml); the solution was kept at room temperature for 1 hour.
To the solution was added a solution of 4 (886 mg, 1 mmol) and triethylamine (405 mg, 4 mmol) in DMSO
(5ml). The reaction mixture was allowed to stand at ambient temperature for 2 days, treated with activated
carbon (20 mg), neutralized with AcOH (pH ca. 4, 5 drops) and filtered. The filtrate was subjected to
chromatography on Sephadex LH-20 (100 ml) eluted with THF - MeOH-H,0 (2:1:1) to give a colorless
powder. The IR and NMR spectra of the powder indicated that the benzyl ester had been cleaved during
the work-up procedure to give the desired acid 61 (664 mg): IR (KBr) cm™! 1680, 1530, 1160, 1040; 'H
NMR (60 MHz, DMSO-d;) 6 1.42 (27H, s, CH;). Compound 6l (664 mg) was dissolved in 90% TFA
{6 ml). The reaction mixture was kept at ambient temperature for 0.5 hour and then concentrated in vacuo.
The residue was chromatographed on CM-Sephadex C-25 (NH,, gradient elution with water-1.5N
ammonium formate) and Sephadex G-10 (water), successively, to afford 71 as a formate (176 mg). The
formate was treated as described in the general procedure to give 89 mg (23%) of 7L: IR (KBr) cm ™! 1670,
1520, 1390, 1130, 1050; 'H NMR (60 MHz, D,0) é 1.5~2.5 (4H, m, CH,), 5.23, 5.62 (1H each, d,
J=3.5Hz, anomeric H); 13C NMR (20 MHz, D,0+DCI, pH 2) § 30.9, 31.9, 40.1, 41.2, 48.7, 49.6, 56.1,
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60.6, 66.4, 68.8, 69.5, 70.0, 71,7, 72.8, 73.1, 73.3, 79.8, 81.1, 96.3, 98.8, 156.2, 159.6, 176.6.
Anal Caled for C,,H, NeO,5- 13H,S0,-5H,0: C 31.61, H 6.52, N 9.21, S 5.27.
Found: C31.81, H 6.33, N 9.19, S 5.87.

1-N-(4-Formamidino-2-hydroxybutyryl)kanamycin B (11)

By a procedure similar to that described for the preparation of 7a, 5 (150 mg) was amidinated with
ethyl formimidate hydrochloride and deblocked with TFA to afford 159 mg (89%) of 11: MP 215°C (dec);
IR (KBr) cm™*! 1713, 1645, 1574; 'H NMR (400 MHz, D,0) 6 5.21 (1H, d, J=3.3Hz, 1"-H), 6.05 (1H,
d, J=4Hz, I'-H), 7.85 (1H, m, N=CH-N).

Anal Caled for C,3H sN,O,,-24H,80,-H,0: C 30.94, H 6.10, N 10.98, S 8.97.
Found: C 31.20, H 6.19, N 10.59, S 8.68.

1-N-(4-Guanidino-2-hydroxybutyryl)kanamycin B (14)

To a solution of 5 (257 mg, 0.31 mmol) in dry DMSO (3 ml) were added S-methyl-N-nitroisothiourea
(82mg, 0.61 mmol) and 5.2M NaOMe in MeOH (0.06 ml, 0.31 mmol). The reaction mixture was stirred
at 60°C for 2 hours and at room temperature for 2 days. It was diluted with EtOAc (50 ml), washed with
water (10 ml x 2), concentrated in vacuo, and triturated with ether to afford crude 12 (310 mg).

Deblocking of 12 (310 mg) with TFA by a procedure similar to that employed with the kanamycin
A analogs gave 13 (53mg, 23%): MP 220°C (dec); IR (KBr) cm ™! 1680, 1620, 1520; TLC, Rf 0.73
(CHCI;-EtOH -28% NH,OH, 4:4:1).

By the procedure used for the preparation of 7i, 12 (50 mg) afforded 14, (60 mg, sulfate): MP 235°C
{dec); IR (KBr) cm™* 1669, 1654, 1543, 1523; 'H NMR (400 MHz in D,0) § 1.8~2.8 (4H, m, CH,), 5.22
(1H, d, J=3.7Hz,-1"-H), 6.07 (1H, d, J=3.7 Hz, 1’-H).

Anal Caled for C,3H,gNgO,,-33H,S0,H-4H,0: C 26.51, H 5.90, N 10.75, S 10.77.
Found: C 26.21, H 5.69, N 11.06, S 10.24.
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