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   The 1, 2' or 6'-amino group of fortimicin A was alkylated or acylated and the antimicrobial 
activities of the derivatives were compared with each other. 2'-N-Substituted fortimicins A 
were active against the fortimicin A resistant strain which produced AAC(3)-I. AAC(3)-I is 
the only enzyme which can inactivate fortimicin A. Among the derivatives prepared in the 

present study, 2'-N-[(S)-4-amino-2-hydroxybutyl]fort imicin A showed stronger activity than 
fortimicin A.

   Fortimicins (FM) are pseudodisaccharide aminocyclitol antibiotics produced by Micromonospora 

sp. FM-A (1), C (2), and D (3) have strong antimicrobial activity but their 4-N-deacyl analogs, FM-B (4) 

and KE (5), have only weak activity.'-') On the basis of these findings, a variety of 4-N-substituted 

FM-B analogs has been prepared by the Abbott groups) and in our laboratory." At the next step of 

fortimicin chemical modification, the reactivity of the four amino groups of FM-B to acylating agents 

was examined and the procedure for regiospecific protection of three of them has been established' 

which was useful for chemical modification of the amino groups other than at position-4 of FM-B.
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In this paper we will describe the reactivity of the four amino groups, derivation of 1-N

monosubstituted FM-A from tri-N-acylated FM-A, and their antimicrobial activity.

, 2'-N, and 6'-N-

Preparation of 1-N-, 2'-N-, and 6'-N-Substituted FM-A and their Antibacterial Activity

   Initially, the same kind of substituent was attached to each of the 1, 2', and 6'-amino groups to 

determine which amino groups should be modified for the best antibacterial activity. Methyl, ethyl, 

and (S)-4-amino-2-hydroxybutyryl (AHBA) were selected for the purpose because it is known that

the AHBA group can add desired activity to 

aminocyclitol antibiotics against bacteria resis-

tant to them.') AHBA derivatives were prepared 

from tri-N-benzyloxycarbonyl (Cbz) FM-A (6a, 

6b, and 6c), which have only one free amino 

group, by reaction with N-Cbz-AHBA-succini-

mide,e) followed by removal of the Cbz groups. 

1-N-, 2'-N- and 6'-N-methyl and ethyl deriva-

tives were obtained from 6a, 6b and 6c by 

reductive alkylation with formaldehyde and 

acetaldehyde, respectively, and sodium borohy-

dride, followed by the same deprotection. In 

the case of 6' and 2'-free amino derivatives 

(6a and 6b, respectively), their methylation with 
formaldehyde and sodium borohydride gave 

6'-N-dimethyl and 2'-N-dimethyl derivatives as 

well as monomethyl derivatives (6d) and (6g), 

respectively. On the other hand the similar

H3C

R,

NHR1

Fig. 2.

a

HN 

R2 0

6

R2 

Cbz 

H 

Cbz

_NHR3 
OH

HO-

H3C 
     OCH3 

   COCH2NHR4

R9 R4

6a* 

6b* 

6c

* The

H 

Cbz 

Cbz

conformation of the

of these compounds are

Cbz 

Cbz 

H

Cbz 

Cbz 

Cbz

fortamine moieties

not certain.

Com-
pound

R1 R~

Table 1. N-Substituted

  R3 

H 

H 

H 

H 

H 

H 

 CH, 

CHZCH3 

AHBA

R3 Rfb

fortimicin A

[a]DC

derivatives (6).

Mass fragments (m/z)

6d 

6e 
6f 

6g 

6h 

6i 

6j 
6k 

61

 CH, 

CH,CH3 

AHBA° 

H 

H 

H 

H 

H 

H

H 

  FI 

H 

 CH, 

CH,CH3 

AHBA 

H 

H 

H

H 

H 

H 

H 

H 

H 

H 

H 

H

a AHBA=COCH(OH)CH,CH2NH 2 (S).
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+70.0° 

+78.Oe 
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CHCI, - CH,OH - 28

water (c 0.2).

9 Satisfactory mass spectra of these compounds
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NH4OH, 1 : 1 : 1, lower layer).

could not been obtained because of decomposition.
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Table 2.

Organisms

Antibacterial spectra

Inactivating 
 enzyme

of N-substituted

S. aureus 209-P 

S. aureus Smith 

B. subtilis ATCC 6633 

E. coli NIH JC-2 
E. coli Juhl 

h. pneumoniae # 8045 

S. sonnei ATCC 9290 

P. vulgaris ATCC 6897 

P. aeruginosa KY-4276 

E. coli 57R/W677 

E. coli KY-8332 

E. coli KY-8348 
P. aeruginosa KY-8516 

Providencia sp. KY-8464 

K. pneumoniae KY-3020

a The minimum

ANT (2") 

AAC (6') 

ACC (3)-I 

AAC (6') 

AAC (2') 
ANT (2")

inhibitory

1 6d

fortimicin A (6). MIC

6e 6g 

1.56

6h

(mcg/ml).

1.

0.

561

78

0.781
1. 56

3.12

1.56

3.12

50

1 .56

0. 78

0.781
1. 56

3.12

1.56

6.25

25

6i

12.5

3.12

1.56

> 100

25

3.12

6.25

12.5

3.12

1.56

> 100

concentration was

Compounds 6f, 6k, and 61 have

50

3.12

12.5

1.561
1.56

1.56

3 .12

6.

3.

251
12

3.12

50

25

3.12

1

100

50

.56

6.

25

measured by
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25

0.78 

0.78 

1.56 

1.56 

1.56 

1.56

50 

25

6.25 

3.12

100 

100

agar

3.12

6.25

1.56

1.56

0 7R

6 .25

1.56

1.56

3.12

50 

50

3.12

3.12

50 

100

dilution

1.56

6.25 1

method

0.78 

0.78 

0.78 

3.12 

 1.56 

 1.56 

3.12 

50 

50 

3.12 

 3.12 

6.25 

50 

 3.12 

 6.25

at pH

6j

 50 

 25 

  6.25 

 50 

100 

100 

100 

100 

100 

 25 

 25 

100 

100 

100 

•100

7.2.

ial activity below the concentration of 100 mcg/ml.

methylation of 1-N-free amino derivative (6c) gave only monomethyl derivative (6j). The structures 

of the products were identified by their pmr and mass spectra. The compounds synthesized and 

their antimicrobial activity were listed in Tables 1 and 2, respectively. The strength of their 

activity depended on the position modified. 6'-N-Methyl and 2'-N-methyl FM-A (6d°), 6g) showed 

activity similar to that of FM-A, whereas I-N-methyl FM-A (6j) showed only weak activity and 

ethylation of the 1-N-amino group caused complete loss of activity. The 2'-N-AHBA derivative 

(6i) showed strong activity comparable to that of FM-A. It is also noteworthy that 6i is active 

against the FM-A resistant strain producing ACC(3)-I. AAC(3)-I is known as the only en-

zyme which can inactivate FM-A by acetylation of the amino group at position-1.10) On the other 

hand, 6' and 1-AHBA derivatives (6f and 61) showed no antibacterial activity. The following con-

clusion may be drawn from the present study on fortimicin: (1) Introduction of an alkyl or an acyl 

group to the 6'-amino group results in a compound with possibly decreased activity relative to the 

parent compound: (2) Activity is also reduced markedly by introduction of a substituent to the 

1-amino group. Because more than a dozen derivatives of 4-N-acy15•B) and 4-N-alkyl FM-B°> have 

been prepared for antibacterial assay and none of them were sufficiently more active than FM-A, 

our next interest was directed towards the preparation of 2'-N-acyl and alkyl FM-A analogs. 

             Preparation of 2'-N-Substituted FM-A and their Antibacterial Activity 

    2'-N-Alkyl derivatives were prepared according to the route shown in Scheme 1. Reaction of 

FM-B(4) with N-hydroxysuccinimide ester of N-Cbz-amino acids gave 2'-N-acyl derivatives (7), 

the amide carbonyl groups of which were reduced with diborane to afford 2'-N-alkyl FM-B (8).°) 

After the amino groups at C-1 and C-6' were protected with Cbz, the remaining free amino group at 

C-4 of 9 was acylated with N-Cbz-glycine by the active ester method using l-hydroxybenzotriazole. 

Finally, all the four Cbz groups of 10 were removed by hydrogenolysis to give the desired compounds (11)
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Scheme 1.

4
7R- COR'

8 R = CII2R'

9 10*

* The conformation of the fortamine

moieties are not certain.

11

(method A). Other 2'-N-alkyl derivatives were derived from 1,6'-di-N-Cbz-4-N-(N-Cbz-glycyl) FM-B 

(6b) by the reductive alkylation, followed by removal of the Cbz groups in the similar procedure to 

preparation of 2'-N-methyl FM-A (6g) already mentioned (method B). 2'-N-Acyl FM-A were also 

prepared from 6b by acylation and deprotection (method C). The structures of the 2'-N-substituted 
FM-A were determined from their mass and pmr spectra. A number of the FM-A derivatives thus 

obtained and their antibacterial activity are listed in Tables 3 and 4, respectively. Although they 

are limited test results, these data reveal the following structure-activity relationships; (1) increase of 

carbon atoms in a simple alkyl group introduced to 2'-amino group results in reduced activity. The 

tendency was remarkable especially to Gram-negative bacteria; (2) when the substituents, whether they 

are alkyls or acyls, contain a hydroxyl and an amino group (11g - 1lk), the activities are strong to 

both Gram-positive and Gram-negative bacteria including the resistant strain which produce the 

aminoglycoside inactivating enzyme AAC(3)-I; (3) when the substituents have the same number of 

carbon atoms, alkyl derivatives are slightly more active than the corresponding acyl derivatives (11e 

to 11f, 11g to llh, and 6i to 11k); (4) no significant difference of activity is found between a-amino-w-

hydroxyalkyl derivatives (11i and 11g) and a-hydroxy-w-aminoalkyl derivatives (11h and 11f); (5) di-

aminoalkylation and dihydroxyalkylation result in compounds with rather decreased activity relative 

to FM-A. The di-hydroxyalkyl derivatives (11m and 11n) are inactive against the resistant strain. 

Among the N-substituted FM-A prepared in the present study 2'-N-[(S)-4-amino-2-hydroxybutyl] 

FM-A (11k) showed the strongest activity.
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Table 3. 2'-N- Substituted fortimicin A derivatives (11).

Com-
pound

11a 

11b 

11c

11d 

11e 

11f

11g 
11h 

11i 

11j 
11k

11l

11m 

11n 

110 

11p 

11 q

R

CH2CH2CH3 

CH(CH3)2 
CH2CH2CH2CH3 

CH2C6H5 

COCH2OH 

CH2CH2OH 

COCH(OH)CH2NH2 (S) 

CH2CH(OH)CH2NH2 (S) 
CH2CH(NH2)CH2OH (S) 

CH2CH(NH2)CH2CH2OH (S) 

CH2CH(OH)CH2CH2NH2 (S) 

CH2CH(NH2)CH2CH2NH2 (S) 

CH2CH(OH)CH2OH (RS) 
CH(CH2OH)2 

CONH2 

COCH2NHCONH2 

C(=NH)NH2

Method

B 

B 

B 

B 

C 

B 

C 

A 

A 

A 

A 

A 

B 

B 

C 

C 

C

Rfa

0.75 

0.78 

0.80 

0.81 

0.66 

0.64 

0.51 

0.46 

0.50 

0.54 

0.38

0.35

0.25 

0.48 

0.56 

0.41 

0.13

[a]Db

+74.5e 

+67.0e 

+73.5° 

+75.0° 

+110.0° 

+75.5° 

+90.5° 

+67.5° 

+57.5° 

+84.5° 

+63.0c 

+55.5c 

+70.0d 

+67.5d 

+116.0d 

+103.0e 

+65.0d

Mass fragments (m/z)

447 (M+), 390, 292, 246, 207, 185. 
447 (M+), 390, 292, 246, 207, 185. 

461 (M+), 404, 324, 274, 246, 207. 198. 

495 (M+), 382, 354, 336, 207, 143. 

464 (MH+), 407, 235, 207, 187. 

449 (M+), 392, 235, 207, 187. 

492 (M+), 349, 246, 235, 230, 207. 

478 (M+), 460, 361, 235, 216, 207. 

460 (M+ -H2O), 235, 216, 207, 143. 

492 (M+), 400, 361, 270, 230, 207. 
475 (M+-NH,), 474 (M+-H2O), 400, 

 361, 230, 207. 

474 (M+-NH,), 473 (M+-H-O), 361. 
 229, 207, 155. 

479 (M+), 404, 361, 292, 235, 217. 207. 

r 448 (M+), 292, 274. 264, 235, 207. 189. 

f f

a TLC on silica gel (solvent; CHCl3 - CH3OH - 28 % NH4OH, 1:1:1. lower layer).
b Measured as sulfates in water (c 0.2).

c Measured at 21°C.

d Measured at 22°C.

e  Measured at 23°C.

f Satisfactory mass spectra of these compounds could not been obtained because of decomposition.

Table 4. Antibacterial spectra of 2'-N-substituted fortimicin A (11). MIC (mcg/ml).a

Organisms

S. aureus 209-P 

S. aureus Smith 

B. subtilis ATCC 6633 
E. coli NIH JC-2 

E. coli Juhl 

K. pneumoniae # 8045 

S. sonnei ATCC 9290 

P. vulgaris ATCC 6897 
P. aeruginosa KY-4276 

E. coli 57R/W677 

E. coli KY-8332 

E. coli KY-8348 
P. aeruginosa KY-8516 

Providencia sp. KY-8464 

K. pneumoniae KY-3020

Inactivating 
 enzyme

ANT 

AAC 

AAC 

AAC 

AAC 

ANT

(2'') 

(6') 

(3)-I 
(6') 

(2') 

(21/)

1 11 b 11 g

   1.56 

   0.781 

   0.78 

   1.56 

   3.12 

   1.56 

   3.12 

 50 

  12.5 

   3.12 

   1.56 

> 100 

 25 

   3.12 

   6.25

   0.78 

   1.56 

   0.78 

   1.56 

   6.25 

   3.12 

   3.12 

 50 

 100 

   3.12 

   3.12 

 25 

> 100 

   6.25 

  12.5

3.12 

1.56 

1.56 

3.12 

3.12 

3.12 

6.25 

25 

50 

6.25 

 3.12 

 6.25 

25 

6.25 

12.5

11 h

3.12 

0.78 

1.56 

1.56 

6.25 

 1.56 

6.25 

50 

25 

6.25 

 1.56 

6.25 

12.5 

6.25 

 6.25

11i

3.12 

1.56 

1.56 

3.12 

12.5 

3.12 

12.5 

50 

25 

6.25 

 1.56 

12.5 

25 

6.25 

 6.25

11j

1.56 

0.78 

0.78 

1.56 

0.78 

 1.56 

3.12 

6.25 

25 

0.78 

0.78 

 3.12 

50 

 3.12 

 3.12

11 k 11l

0.78 

0.78 

0.78 

1.56 

6.25 

 1.56 

3.12 

50 

12.5 

 3.12 

 1.56 

6.25 

25 

 3.12 

6.25

11m 11 q

 6.25 
 3.12 
 3.12 
6.251 

12.5 
 6.25 
50 
50 
12.5 
12.5 
 6.25 
12.5 
25 
25 
.12.5

6.25 

 1.56 

3.12 

12.5 

25 

6.25 

12.5 

50 

50 

12.5 

12.5

> 100 

 50 

   3.12 

 25

1.56 

0.78 

0.78 

6.25 

6.25 

 1.56 

3.12 

50 

25 

 3.12 

0.78 

 3.12 

12.5 

 3.12 

 6.25

a The
minimum inhibitory concentration was measured by agar dilution method at pH 7.2.
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Experimental

   Mass spectra were obtained on a JEOL JMS-01SG-2 spectrometer at 30 eV. Pmr spectra were 
measured on a JEOL PS-100 or a JEOL PFT-100A spectrometer in D2O solution and chemical shifts 
are reported in ppm downfield from internal DSS or TMS. Optical rotation were measured with 
a Perkin-Elmer model 141 polarimeter. Reported pD values are uncorrected pH meter readings 
of deuterated solution. 

   General Procedure for Preparation of N-Alkyl FM-A from Tri-N_-_protected FM-A by Reductive 
Alkylation Followed by Hydrogenolysis 

   To an ice-cooled solution of 1 mmole of tri-N-Cbz-FM-A 6a, 6b, or 6c and .2 - 4 mmole of aldehyde 
or ketone in 20 ml of methanol was added 1 - 4 mmole of sodium borohydride. To the reaction mix-
ture, after stirring for 4-8 hours at room temperature, were added 2 ml of 1 N hydrochloric acid 
and 100 mg of 10 % palladium on carbon and hydrogen gas was bubbled through the reaction mixture 
for several hours at room temperature. The catalyst was removed by filtration and the solvent was 
evaporated under reduced pressure. The crude material thus obtained was chromatographed on 
a column of 50 ml of Amberlite CG-50 (NH,+) resin with 0.1 -0.2 N ammonium hydroxide. Fractions 
containing the product were combined and evaporated under reduced pressure to give pure material. 

   Typical Procedure for Method A; Preparation of 2'-N-[(S)-4-Amino-2-hydroxybutyl] FM-A (ilk)

   (1) 2'-N-[(S)-4-Cbz-amino-2-hydroxybutyryl] FM-B (7, R=COCH(OH)CH2CH2NHCbz) 
   To a solution of 5.0 g (14.3 mmole) of FM-B in 200 ml of methanol was added dropwise a solution 
of 6.0 g (17.1 mmole) of N-[(S)-4-Cbz-amino-2-hydroxybutyryloxy]succinimide for about 1 hour, and 
the solution was stirred for 3 hours at room temperature. The reaction mixture was evaporated under 
reduced pressure. The residue was then dissolved in 100 ml of water and charged to a column of 150 ml 
of Amberlite CG-50 (NH,+) after adjusting the pH to 6 with 1 N hydrochloric acid. The column was 
washed with 150 ml of water and eluted with 0.1 N ammonium hydroxide. The fractions containing 
the product were combined and evaporated under reduced pressure to give 3.4 g of white power 7 

(40.6%). TLC on silica gel (lower layer of CHCl3 - MeOH - 14 % NH,OH=2: 1: 1); Rf 0.37. Pmr 
(CD3OD); 1.04 (3H, d, J=6.5, CH3-6'), 1.2-1.9 (6H, m), 2.37 (3H, s, NCH3), 3.43 (3H, s, OCH,), 
5.03 (2H, s, CH2Ph), 5.06 (1H, d, J=3, H-I'), 7.26 (5H, s, Ph). 

   (2) 2'-N-[(S)-4-Cbz-amino-2-hydroxybutyl]FM-B (8, R=CH2CH(OH)CH2CH2NHCbz) 
   To a solution of 2.5 g of 7 in 50 ml of tetrahydrofuran was added 1 M solution of diborane in 50 ml 

of tetrahydrofuran and the solution was stirred for 2 hours at room temperature. After excess diborane 
was decomposed by adding a small amount of water, the reaction mixture was evaporated to dryness. 
The residue was dissolved in a mixture of 5 ml of 2 N hydrochloric acid and 45 ml of methanol, and 
stirred for 18 hours at room temperature. The solution was evaporated under reduced pressure. 
The residue was chromatographed on a column of Amberlite CG-50 (NH4+) to give 8 (1.8 g, 71 %). 
TLC (lower layer of CHCl3 - MeOH - 14% NH4OH=2: 1: 1); Rf 0.30. Pmr (CD,OD); 1.05 (3H, d, 
J=6.5, 6'-CH3), 1.2 - 1.9 (6H, m), 2.37 (3H, s, NCH3), 3.44 (3H, s, OCH,), 5.05 (2H, s, CH2Ph), 7.26 
(5H, s, Ph). 

   (3) 2'-N-[(S)-4-Cbz-amino-2-hydroxybutyl]-1,6'-di-N-Cbz-FM-B (9, R=CH2CH(OH)CH2CH2-
NHCbz) 
   To a solution of 1.2 g of 8 in 40 ml of tetrahydrofuran was added 1.6 g of N-(benzyloxycarbonyloxy) 
succinimide in portions over a period of 1 hour and the solution was stirred for 3 hours at room tem-

perature. The reaction mixture was evaporated under reduced pressure. The residue was dissolved 
in 50 ml of ethyl acetate, washed with aqueous 5 % sodium hydrogen carbonate, and then with water, 
dried over sodium sulfate and the solvent was removed. The resulting crude material was chromato-

graphed on a column of 100 g of silica gel with chloroform - methanol (9: 1) to give 9* (1.13 g, 64 %). 
TLC (CHCl3 - MeOH, 9: 1); Rf 0.16.

* The pmr of the product showed complex signals and could not be analyzed exactly but it in dicated presence

of three Cbz groups.
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    (4) 2'-N-[(S)-4-Amino-2-hydroxybutyl]FM-A (Ilk) 
    To an ice-cooled solution of 180 mg of N-Cbz-glycine and 120 mg of 1-hydroxybenzotriazole in 
16 ml of tetrahydrofuran was added 185 mg of dicyclohexylcarbodiimide, and stirred 1 hour under 
ice-cooling. To the reaction mixture was added 600 nag of 9 obtained above, and the solution was 
stirred for 18 hours at room temperature. After removal of the precipitate formed by filtration, the 
solution was concentrated in vacuo to give a residue, which was re-dissolved in a mixture of 2 nil of 
1 N hydrochloric acid and 20 ml of methanol and 100 mg of 10 % palladium on carbon. Hydrogen gas 

was passed through the reaction mixture with bubbling for 4 hours at room temperature. The catalyst 
was removed and the solvent was evaporated under reduced pressure. The residue was purified by 
column chromatography on Amberlite CG-50 (NH4+) as mentioned above, to give 220mg (61 %) of 11k. 
Mass (m/z); 429 (M+), 418, 400, 361, 332, 247, 207, 155. Pmr (D20, pD=10.8); 1.04 (3H, d, J=6.6, 
6'-CH3), 1.2- 2.0 (6H, m), 2.6- 2.9 (7H, m), 3.05 (3H, s, NCH3), 3.44 (3H, s, OCH3), 3.52 (2H, s, CH2-
Gly), 4.4 (1H, m, H-2), 4.90 (1H, dd, J=11.4, 3.2, H-4), 5.04 (1H, d, J=2.0, H-1'). 

   Typical Procedure for Method C; 2'-N-[(S)-3-Amino-2-hydroxypropionyl]FM-A (11g) 

   N-[(S)-3-Cbz-amino-2-hydroxypropionyloxy]succinimide (280 mg) was added to a solution of 
500 mg of 1,6'-di-N-Cbz-4-N-(N-Cbz-glycyl)FM-B (6b) in 12 ml of tetrahydrofuran and was stirred for 
3 hours at room temperature. The reaction mixture was evaporated under reduced pressure. The 
residue was dissolved in 20 ml of ethyl acetate washed with aqueous 5 % sodium hydrogen carbonate 
and water, dried over sodium sulfate and then the solvent was removed. Catalytic hydrogenolysis of 
the residue, followed by chromatography on Amberlite CG-50 as above mentioned, gave 260 mg (86 %) 
of 11g. Mass (m/z); 492 (M+), 444, 349, 246, 235, 207, 154. Pmr (D2O, pD=10.7); 1.01 (3H, d, 
J=6.5, 6'-CH3), 1.5-1.9 (4H, m), 2.6-2.9 (4H, m), 3.06 (3H, s, NCH3), 3.44 (3H, s, OCH3), 3.51 

(2H, s, CH2-Gly), 4.87 (1H, d, J=2.5, H-1'). 

   Typical Procedure for Method B; 2'-N-Isopropyl-FM-A (11b) 
   To an ice-cooled, stirred solution of 800 mg of 6b and 230 mg of acetone in 20 ml of methanol was 
added 38 mg of sodium borohydride, and stirring was continued 4 hours under ice-cooling. Hydro-

genolysis of the reaction mixture after addition of 2 ml of I N hydrochloric acid, followed by column 
chromatography as described above gave 290 mg (65%) of llb. Mass (m/z); 447 (M+), 390, 292, 246, 
207, 185. Pmr (D2O, pD=10.9); 1.03 (3H, d, J=6.4, 6'-CH3), 1.04 (6H, d, J=4.9, CH(CH3)2), 3.06 

(3H, s, NCH3), 3.44(3H, s, OCH3), 3.52(2H. s, CH2-Gly), 4.92 (1H, dd, J=11.4,3.1, H-4), 5.07 (1 H, d, 
J=2.7, H-1').
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