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SEMISYNTHETIC AMINOGLYCOSIDE 

      ANTIBIOTICS. IV 

  3',4'-DIDEOXYPARO MOMYCIN 

      AND ANALOGUES''

Sir: 

 Bacterial resistance to paromomycin is mainly 

due to enzymatic phosphorylation2) of the hydro-

xyl groups at positions 3' and 5", and less fre-

quently to a nucleotidylation at position 4'3). 

Since modifications at such positions can afford 

compounds with a larger spectrum of activity, 

we pursued deoxygenation, epimerization or sub-

stitution of the involved hydroxyl groups. In a 

previous paper') we reported the synthesis of a first

series of paromomycin derivatives in which the 
essential feature was deoxygenation at position 
4'. The present communication deals with the 
synthesis and the study of the biological activity 
of paromomycin derivatives in which both posi-
tions 3' and 4' are modified, namely: 3',4'-dide-
oxyparomomycin (11a), 5"-amino-3',4',5"-tri-
deoxyparomomycin (11b), 3'-deoxy-4'-epi-paro-
momycin (12a), 5 "-amino-3',5 "-dideoxy-4'-epi-

paromomycin (12b), 1-deamino-6,3',4'-trideoxy, 
1,6-(-epiminoparomomycin (13), along with 4'-
amino-4'-deoxyparomomycin (14).* 
  Starting materials were 6,3',2",5",3'"4'" -
hexa-O-acetyl-6'- O-benzoyl-penta- N-benzyloxy-
carbonylparomomycin1) and 6,3',2",3"',4"'-

la : R1 =R3=H, R2 -R4 =-0-, R5=R6=OH 

lb : R1=R3=H, R2-R4=-0-, R5 =N'3 , R6=OH 

2a R1=Bz, R3=H, R2-R4=-0-, R5=R6=OBz 

2b : R1=Bz, R3= H, R2-R4=-0-, R5=N3, R6=OBz 

3a : R1=Bz, R2=H, R'=1, R4= OH, R5=R6=0Bz 

3b : R1=Bz, R2=H, R3=I, R4= OH, RS=N3, „ R6=OBz 

4a : R1=R3=R4=H, R2=R5=R6=OH 

4b :R1 =R3=R4 =H, R2=R6=OH, R5=H3 

 5 : R1=R2=H, R3=N3, R4=R5=R6=OH 
~ 

 6 : R1=Bz, R3=H, R2-R4=-O-, R5=OBz, R6=0H 

 7 : R1=Bz, R2=H, R3=I, R4=R6=0H, R5=0Bz

8a: R1=Bz, R2=R4=OBz, R3=H, R5=NHCbz 

8b: R1=Bz, R2=N3, R3=H, R4=0Bz, R5=NHCbz 

 9 :R 1=Bz, R2=0Bz, R3=H, R4=0Ms, R5=NHCbz 

10 :R 1=R4=H, R2=OH, R3-R5=-N-

                     Cbz

11a : R1=R2=R3=R5=H, R4=R6=OH, R7=NH2 

l1b : R1=R2=R3=R5=H, R4-R7=NH2, R6=OH 

12a : R1=R4=R6=0H, R2=R3=R5=H, R7=NH2 

12b : R1= R6=OH, R2=R3=R5=H, R4=R7=NH2 

 13 : Rl=R2=R3=R6=H, R4=OH, R5-R7=-NH-

 14 : R1=R5=H, R2=R7=NH2, R3=R4=R6=0H

  * All new compounds gave correct microanalyses and exibited 1H
, 13C NMR and mass spectral charac-

teristics that are in agreement with their structures.
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penta- 0 -acetyl- 5"' -azido - 6' - 0 - benzoyl - 5" -
deoxy - penta - N - benzyloxycarbonylparomomy-
cin.1) O-Mesylation of such compounds at 
the 4' position and subsequent treatment with 
sodium methoxide in chloroform gave the versa-
tile 3',4'-/3-epoxy intermediates la (60% yield, 
m.p. 126-128°C, [a]20D+30.6° (c 1.04, CHCl3)) 
and lb (80% yield) respectively. Protection of 
the free hydroxyl groups of la by exaustive ben-
zoylation (benzoyl chloride, pyridine, 20 hours, 
room temperature) afforded 2a. Opening of the 
oxirane ring with sodium iodide in acetone (in 
the presence of AcONa-AcOH, 7 hours, reflux) 
afforded the iodohydrin 3a. Reaction with me-
thanesulfonyl chloride in pyridine at reflux 
temperature4,5) gave the 3'-ene derivative 8a: 
m.p. 110°C, [a]20D+13.3° (c 0.9, CHCl3) (33% 

yield from 1a). Transfer catalytic hydrogena-
tion (cyclohexene, 10% Pd-C, in 80% aqueous 
ethanol, 10 minutes, reflux) on conventionally 
deacylated 8a, provided the removal of N-pro-
tecting groups and saturation of the double bond, 
affording 3',4'-dideoxyparomomycin (11a) (sul-
fate: [a]20D'+44° (c 0.95, H2O). Rf 0.35**) in 30 

yield from 8a.

  The same reaction sequence was applied to the 
5"-azido-5"-deoxy analog (b series). The pre-
viously described hydrogenation step provided, 
in this case, at the same time the removal of N-

protecting groups, the saturation of the carbon-
carbon double bond and the conversion of the 
azido group into the amino group giving 5"-
amino - 3',4',5" - trideoxyparomomycin (11b) 

(sulfate: [a]20D+37° (c 0.82, H2O), Rf 0.33**) in 
10% yield from Ib. 
 The synthetic versatility of the key interme-

diates la and lb was also proved by opening the 
oxirane ring with other nucleophiles. In this 
respect, treatment of la with lithium borohy-
dride°) gave as a major product the compound 4a 

(Rf 0.28***) distinguishable from the isomeric 
4'- deoxy - penta - N- benzyloxycarbonylparomo-
mycin'2. The final hydrogenation step afforded 
3'-deoxy-4'-epi-paromomycin (12a) (Rf 0.39**). 
Analogously 5" -amino- 3',5" -dideoxy- 4' -epi-

paromomycin (12b) (Rf 0.30**) was obtained 
from lb. 
 Nucleophilic attack to the oxirane moiety of la 
by azide anion (NaN3i NH4C1, EtOH, H2O, 
8 hours, reflux)') led to 4'-azido-4'-deoxy-penta-

Table 1. In vitro biological activity of the new paromomycin analogues.

 Test organism 

S. aurers 209 P 

S. epidermidis FK 109*2 

E. coli K 12 

E. coli K 12 (R 148)*3

Ribosomes

70S 

80S

IC25 

IC50 

IC25 

IC50

 Ila 
(sulfate)

 1.56 

 3.1 

12.5 

25

23 

52 

47 

220

 1lb 
(sulfate)

 3.12 

 6.25 

100 

100

Inhibition of protein synthesis (UM concentration)*4

 22 

 45 

 80 

>400

12a

Antibacterial activity: MIC (tug/ml)*'

 6.25 

12.5 

25 

50

   26 

  56 

> 400 

> 400

12b

  50 

 100 

 100 

> 100

  23 

  51 

 190 

> 400

  14 
(sulfate)

  3.12 

  6.25 

 12.5 

200

16 

27 

36 

130

Paromomycin 
  (sulfate)

    1.56 

> 200 

   6.25 

> 200

  30 

  80 

  72 

> 400

Lividomycin A 
  (sulfate)

 6.25 

25

  29 

 90 

> 400 

> 400

The MICs (pg/ml) were determined in vitro with the twofold dilution technique in Antibiotic Medium 
No. 3 (Difco). The inoculum was about 10° cells/ml and the cultures were incubated at 37°C for 24 hours. 
AAD (4') producer. 
APH (3') producer. 
IC25 and IC50 (µM) were determined as the concentrations able to inhibit 25 % and 50 % respectively of 
the polyphenylalanine synthesis, directed by poly U in the presence of ribosomes from Escherichia coli 

(70 S) or from Saccharomyces cerevisiae (80 S). Elongation factors and phenylalanine tRNA were 
prepared from the same microorganisms.

Silica gel TLC, CHC13 - MeOH - 32 % aqueous ammonia (1: 3 : 2, v/v/v). 
Silica gel TLC, CHC13 - AcOEt - MeOH (40: 25:9, v/v/v)
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N-benzyloxycarbonylparomomycin (5) in 40 

yield. The usual hydrogenation procedure gave 
4'-amino-4'-deoxyparomomycin (14) in 65 

yield ([a]20D+59° (c 0.96, H2O), Rf 0.29**). 
 A modification on the cyclitol ring was also 

achieved, taking advantage of a defective benzoyl-
ation of the epoxy derivative la; mild conditions 

(benzoyl chloride, pyridine, 2 hours, 0°C) gave in 
fact compound 6 (90% yield), still bearing a free 
hydroxyl group at position 6. Conversion into 
the corresponding iodohydrin (7) (by treatment 
with NaI, AcONa, AcOH in acetone), followed by 
heating with methanesulfonyl chloride in pyri-
dine, provided both the formation of the 3'-ene 
moiety and O-mesylation at position 6 (com-

pound 9) in 44% yield from 6. Usual alkaline 
deacylation (MeONa in MeOH) caused also 
displacement of the methanesulfonate anion 
by the vicinal nitrogen atom with the formation 
of an aziridine ring at positions 1 and 6 (com-

pound 10, 66 % yield). Finally transfer catalytic 
hydrogenation afforded 1-deamino-6,3',4'-tri-
deoxy-1,6-~-epiminoparomomycin (13) (Rf 
0.53**) in 55 % yield. 

  Compound 9 could be useful also to obtain 6-
epi or 6-deoxyparomom ycin derivatives, by dis-

placement of the methansulfonate anion with a 
proper nucleophile. 

  The chemical modification of paromomycin at 

positions 3',4' and 5" affects the biological pro-
perties of the antibiotic as shown in Table 1. 
All the new compounds, as expected, were more 
active than paromomycin against Staphylococcus 
epidermidis FK 109, producer of aminoglycoside-
4'-adenyltransferase [AAD(4')]3', and against 
E. coli K 12 (R 148), which is known to produce 
3'-phosphotransferase II [APH(3')-II]. On the 
contrary, a general reduction of potency has 
been observed with sensitive strains, particularly 
E. coli, and the decrease of activity seems to be 
mainly related to 5"-amino substitution on 3'-
deoxygenated analogues, as previously observed 
in lividomycinel, and to 4'-epimerization. All 
the new analogues were more effective than paro-
momycin in the inhibition of protein synthesis 
carried out by 70S ribosomes, while only com-

pounds 11a and 14 displayed higher activity on 
the 80S ribosome system. The lack of correla-
tion between antibacterial activity and inhibition 
of protein synthesis in vitro suggests that the re-
duced efficacy on the intact growing bacteria 
could be related to impaired intracellular uptake.

Similar results were previously obtained with 

other paromomycin derivatives prepared in our 

laboratories9).
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