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SYNTHESES OF ISOSERYL DERIVATIVES 

   OF KANAMYCINS AND THEIR 

    ANTIBACTERIAL ACTIVITIES

Sir: 

  KAWAGUCHI et al.1) reported the synthesis 
of BB-K8 with (S)-4-amino-2-hydroxybutyryl 

group at the 1-amino group of kanamycin and 
its activity against resistant bacteria. In the 
course of our studies on the chemical deriva-
tion of kanamycins based on biochemical 
mechanisms of resistance to aminoglycosidic 
antibiotics, we synthesized 1-N-[(S)-4-amino-2-
hydroxybutyryl]-kanamycin B and -3', 4'-
dideoxykanamycin B2), and 1, 2'-di-N-[(S)-4-
amino-2-hydroxybutyryl]-3',4'-dideoxykanamy-
cin B3) which were active against kana-
mycin-resistant bacteria producing kanamycin 

phosphotransferases I4,5) and I16), and kana-
mycin nucleotidyl transferrase7-10) 

 In this communication, the syntheses and 
antibacterial activities of several derivatives of 
kanamycin, kanamycin B and 3', 4'-dideoxy-
kanamycin B acylated at the 1-amino group 
with isoserine instead of 4-amino-2-hydroxy-
butyric acid are reported. 

 It was found that l-N-(DL-isoseryl)-kana-
mycin (I) and 1-N-(D-isoseryl)-kanamycin (II) 
are about as active as 1-N-(L-isoseryl)-kana-
mycin (III) in inhibiting growth of kanamycin-
sensitive and -resistant bacteria, while 1-N-

[(R)-4-amino-2-hydroxyburyryl]-kanamycin has

about one-fourth activity of BB-K8 with S-
configuration as reported by NAITO et al.11) 
HASKELL et al.12) has reported butirosin analogs 
introducing configurational isomers of isoserine 
as amino acid moieties. 

  I was synthesized from 6'-N-BOC*-kana-
mycin by acylation with BOC-DL-isoserine. 
The 6'-N-BOC-kanamycin was prepared in a 
45 % yield from kanamycin by reaction with 
an equimolar amount of BOC-azide in a 
mixture of water, pyridine and triethylamine 

(10: 10: 1 in volume) at room temperature 
for 20 hours, and purified by column 
chromatography on Amberlite CG 50 (NH4) 
to remove the other derivatives and 37 % of 
unreacted kanamycin. The 6'-N-BOC-kana-
mycin (C23H44N4013.H2O) shows mp 202-
203°C (dec) and [a]27D+112° (c 1, water). 
 The 6'-N-BOC-kanamycin (635 mg, 1.0 

mmole) in a mixture of water (10 ml) and 
dimethoxyethane (5 ml) was acylated with the 
N-hydroxysuccinimide ester13) (303 mg, 1.0 
mmole) of BOC-DL-isoserine** in dimethoxy-
ethane (5 ml) at room temperature for 21 
hours. The BOC groups were removed in 
90 % trifluoroacetic acid (5 ml) at room tem-

perature for 45 minutes. The reaction mixture 
was concentrated to dryness and charged on 
a column of Amberlite CG 50 (NH4, 25 ml). 
After washing the column with water (125 ml), 
I was eluted with 0.25 N ammonia. I in 
fractions (5 ml each) was detected by activity

Table 1. The properties of isoseryl derivatives of kanamycins

    Derivatives 

 I (1-IS-KM) 

II (1-D-IS-KM) 

III (1-L-IS-KM) 

IV (1-IS-KMB) 

V (1-IS-DKB) 

VI (1, 2'-IS-DKB)

mp (dec) 

174-177' 

184-188° 

184---187° 

179-184' 

174 - 175' 

175-178°

(a)D in H2O 

+89, at 25° 

+ 82° at 24° 

+74° at 24° 

+86° at 26° 

+82° at 26° 

+96° at 27°

Molecular formulaa 

C21H41N5013. 2H2C03 

C21H41N5O13.2H2CO3 

C21H41N5013.2H2C03 

C21H42N6012.2H2CO3 

C21H42N6010.2H2C03 

C24H47N7012. H2CO3

Rf on TLCb

A 

0.09 

0.09 

0.09 

0.11 

0.21 

0.11

B 

0.29 

0.29 

0.29 

0.33 

0.45 

0.27

   a Satisfactory results of elemental analyses were obtained for all compounds . 
   b Thin-layer chromatography on Silica gel G (E . Merck) using solvent A; butanol-ethanol-

chloroform-17 %ammonia (4: 5 : 2: 5 in volume) and solvent B; chloroform-methanol-28 % ammonia-
water (1 :4: 2: 1 in volume).

    * Abbreviated for tert-butyloxycarbonyl group . 
   ** Three configurational isomers of BOC-isoserine were prepared from DL-, D- and L-isoserine by 

reaction with tert-butyl S-4, 6-dimethylpyrimid-2-ylthiocarbonate14). These isoserines were kindly supplied 
by Pharmaceutical Product Development Laboratories, Meiji Seika Kaisha, Ltd.
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against Escherichia coli JR66/W677, a producer 
of kanamycin phosphotransferase II and kana-

mycin nucleotidyl transferase, and by thin-
layer chromatography (Rf values shown in 

Table 1). Further purification of the crude 

powder (190 mg) obtained from the active 
fractions was accomplished by column 
chromatography on silicic acid (Mallinckrodt, 
12g) developed with methanol -chloroform -

17 % ammonia (4: 1 : 2 in volume). The 

purified I (97 mg) was obtained as a colorless 
dicarbonate in 14 % yield from 6'-N-BOC-

kanamycin. 
 The derivatives, II and III were synthesized 

from 6'-N-BOC-kanamycin by acylation with 

BOC-D-isoserine** and BOC-L-isoserine**, 
respectively, according to the method described 
above.

Table 2. The antimicrobial spectra of isoseryl derivatives of kanamycins

           Test organisms 

Staphylococcus aureus FDA 209P 
S. aureus SMITH 
S. aureus TERAJIMA 
Sarcina lutea PCI 1001 
Bacillus anthracis 
B. subtilis PCI 219 
B. subtilis NRRL B-558 
B. cereus ATCC 10702 
Corynebacterium bovis 1810 
Mycobacterium smegmatis ATCC 607 
Shigella dysenteriae JS 11910 
S. flexneri 4b JS 11811 
S. sonnei JS 11746 
Salmonella typhosa T-63 
S. enteritidis 1891 
Proteus vulgaris OX 19 
Klebsiella pneumoniae PCI 602 
K. pneumoniae 22#3038 
Escherichia coli NIHJ 
E. coli K-12 
E. coli K-12 R5 
E. coli K-12 ML1629 
E. coli K-12 ML1630 
E. coli K-12 ML1410 
E. coli K-12 ML1410 R81 
E. coil LA290 R55 
E. coli LA290 R56 
E. coli LA290 R64 
E. coil W677 
E. coli JR66/W677 
Pseudomonas aeruginosa A3 
P. aeruginosa No. 12 
P. aeruginosa TI-13 
P. aeruginosa GN 315 
P. aeruginosa 99

Minimum inhibitory concentrations (mcg/ml)

  1-IS-
KM (I) 

   0.78 

   0.20 

 <0.20 

   3.13 

 <0.20 

 <0.20 

 <0.20 

   0.78 

   1.56 

   0.39 

   3.13 

   3.13 

   1.56 

   0.78 

   0.78 

   0.39 

   0.39 

   1.56 

   1.56 

   0.78 

 25 

   1.56 

   1.56 

   1.56 

   1.56 

   1.56 

   0.78 

   0.78 

   0.78 

   3.13 

   3.13 

   0.78 

   3.13 

> 100 

   6.25

 1-D-IS-
KM (II) 

   0.78 

   0.39 

   0.39 

   1.56 

   1.56 

   0.78 

 25 

   0.78 

   0.78 

   1.56 

   1.56 

   0.78 

   0.39 

   0.78 

   0.39 

   1.56 

   1.56 

   3.13 

   3.13 

> 100 

   6.25

 1-L-IS-

KM (III) 

   1.56 

   0.20 

   0.20 

   6.25 

 <0.20 

 <0.20 

   0.20 

   0.78 

   1.56 

   0.20 

   3.13 

   6.25 

   1.56 

   0.39 

   1.56 

   0.20 

   0.39 

   1.56 

   1.56 

   0.78 

 25 

   1.56 

    1.56 

    1.56 

   1.56 

   1.56 

   0.78 

   0.78 

   0.78 

   3.13 

   3.13 

   3.13 

   3.13 

>100 

   6.25

  1-IS-
KMB (IV) 

   1.56 

 <0.20 

 <0.20 

   6.25 

 <0.20 

 <0.20 

 <0.20 

    1.56 

   1.56 

   0.78 

   6.25 

   3.13 

   6.25 

   0.78 

   0.78 

   0.78 

   0.78 

   6.25 

   3.13 

   1.56 

   6.25 

   3.13 

   3.13 

   1.56 

   3.13 

    1.56 

   0.78 

   0.78 

   0.78 

   12.5 

   6.25 

   6.25 

   6.25 

  50 

   6.25

  1-IS-
DKB (V) 

   0.78 

 <0.20 

 <0.20 

   1.56 

 <0.20 

 <0.20 

 <0.20 
   1.56 

   0.78 

 <0.20 
   3.13 

   3.13 

   3.13 
   0.78 

   0.39 

   0.20 

   0.39 

   1.56 

   1.56 

   1.56 

   6.25 

   1.56 

   1.56 

   1.56 

   1.56 
   1.56 

   0.39 

   0.39 

   0.78 

   3.13 

   3.13 

   1.56 

   3.13 

  12.5 
   3.13

 1, 2'-IS-
DKB (VI) 

   1.56 

   1.56 

   3.13 

  12.5 

   6.25 

   6.25 

 50 

   6.25 

   6.25 

   6.25 

   6.25 

   6.25 

   6.25 

   6.25 

   3.13 

   12.5 

   6.25 

  25 

   12.5 

>100 
  50
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  The 1-N-(DL-isoseryl)-kanamycin B (IV) was 
synthesized from 6'-N-BOC-kanamycin B in 
12 % yield by a method similar to that 
described previously2). The 6'-N-BOC-kana-
mycin B was prepared from kanamycin B in 
40 % yield by reaction with an equimolar 
amount of tert-butyl S-4, 6-dimethylpyrimid-
2-ylthiocarbonate14) (purchased from Kokusan 
Chemical Works, Tokyo) in a mixture of 
water and dioxane at room temperature for 
18 hours, and purified by Amberlite CG 50 
(NH4+) chromatography, nip 168 -172°C(dec), 
[a]27D+110° (c 1, water), C23H45N5O12.2H2O. 

  The derivatives, 1-N-(DL-isoseryl)- and 1, 2'-
di-N-(DL-isoseryl)-3', 4'-dideoxykanamycin B 
(V and VI) were also synthesized from 6'-N-
BOC-3', 4'-dideoxykanamycin B2) by similar 
methods described previously2,3), in 13 % and 
12 % yield, respectively. 
 The properties of all isoseryl derivatives of 

kanamycins described above are summarized 
in Table 1. The structures of these deriva-
tives were confirmed by the pmr spectra, 

paperchromatography of acid hydrolyzate after 
N-ethoxycarbonylation, and rotation of mono-
N-ethoxycarbonyl-2-deoxystreptamine2). The 
antimicrobial spectra of these six derivatives

are shown in Table 2. It is noteworthy that 
the three isomers of 1-N-isoseryl kanamycins 

have similar strong activities against kana-
mycin-sensitive and -resistant bacteria. Each 

isomer showed about 80 % of the activity of 
BB-K8*, when the activity was assayed by the 
cup plate method using Bacillus subtilis PCI 

219 and Escherichia coli JR66/W677 as test 
organisms.
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