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Abstract Abstract 
Rimantadine is an adamantane derivative, known for its antiviral activity against infections caused by influenza A viruses. The 
purpose of the present study was to synthesize 6 new rimantadine derivatives, containing short-chain (Gly, Ala, β-Ala) and 
bulky (Leu, Ile, Val) amino acids and to investigate their antimicrobial activity against the strains Bacillus subtilis NBIMCC 
3562 and Escherichia coli NBIMCC 8785. All derivatives were successfully obtained in good yields by using the TBTU/TEA 
condensation system. Their antimicrobial properties were established by determining the minimum inhibitory concentration 
(MIC) and the minimum bactericidal concentration (MBC) against both test strains. The MIC was obtained via a microdi-
lution method, whereas the MBC – via a spread plate method. Most derivatives showed antimicrobial activity, with stronger 
effects against the Gram-positive strain B. subtilis NBIMCC 3562. Among them, L-Ile-Rim was the most effective derivative 
against both bacterial strains.

Keywords: rimantadine; adamantane derivative; antimicrobial activity; microdilution method.

Introduction Introduction 
The excessive and often irrational use of antibiotics over the last 60 years has exerted very 
strong selective pressure for the emergence of resistant pathogenic strains [1]. Infections 
caused by them are often difficult or impossible to treat due to the ineffectiveness of the 
antibiotics and other medicines used. This results in increased mortality, morbidity, 
hospitalization length, and higher treatment costs [2]. This makes antimicrobial resistance 
one of the greatest global threats to human health. Tackling this problem has focused the 
attention of the scientific community on finding new alternative antimicrobial agents.  
Rimantadine (α-methyl-1-adamantanemethylamine hydrochloride) is an adamantane 
derivative (Figure 1). 

Along with memantine and amantadine, it belongs to the adamantane family [3]. In 
terms of structure, rimantadine is а tricyclic amine that consists of an adamantane back-
bone with an amino group substituted at one of the four methine positions. As an an-
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alogue of amantadine, rimantadine exhibits similar antiviral 
specificity and mechanism of action, along with a comparable 
risk for emergence of drug-resistant viral strains [4]. However, 
rimantadine is often preferred due to its better pharmacokinet-
ic and pharmacodynamic properties, as well as fewer and mild-
er side effects regarding the central nervous system [5]. Paintsil 
et al. [6] also reported that rimantadine is four to ten times 
more active than amantadine. 

Rimantadine is well-known for its antiviral properties. Due 
to its effectiveness in treating and preventing influenza A in-
fections in both adults and children in 1993, it was approved 
as an antiviral drug by the Food and Drug Administration. It is 
recommended to be administrated within the first 48 hours of 
the onset of symptoms [6]. Rimantadine binds to specific ami-
no acids within the M2 channel, which are responsible for viral 
replication. Through this interaction, it blocks proton transport 
and disrupts viral uncoating [7]. Drug treatment shortens vi-
ral excretion and reduces fever and other systemic symptoms 
[6]. Rimantadine has also demonstrated effectiveness against 
other RNA-containing viruses like Saint Louis encephalitis, 
respiratory syncytial virus, Sindbis and parainfluenza viruses 
[8]. Rimantadine, like amantadine, exhibits N-methyl-D-as-
partate receptor antagonistic activity and has been used in 
the treatment of Parkinson`s disease. However, neither drug 
is considered a first-line therapy and is generally reserved for 
cases that are less responsive to standard treatment [4]. In ad-
dition, rimantadine is also known to possess anti-tumor [9] 
and trypanocidal activity. It has been found to be highly effec-
tive in killing Trypanosoma brucei and Trypanosoma cruzi, the 
causative agents of the African sleeping sickness and Chagas` 
disease, respectively [10]. Contrariwise, due to the lack of the 
M2 protein in influenza B viruses, rimantadine shows little or 
no effect against this class of viruses. Unfortunately, in recent 
years, there is increasing resistance to adamantane derivatives, 
mainly regarding H1N1 and H3N2, because of which, since the 
mid-2000s, rimantadine is no longer recommended for routine 
treatment of influenza A infections [11]. 

Many research groups began exploring structural modifica-
tions of rimantadine to overcome emerging resistance. Thus, 
in 2003, Zoidis et al. [12] reported the synthesis of 2-rimanta-
dine analogues, which were 2 times more potent than the drug 
rimantadine against influenza virus A H2N2, whereas their 
spirocyclobutane and spirocyclopentane conjugates showed 
equal activity to the parent drug. According to the same study, 
2-methyl-2-rimantadine exhibited a fourfold higher potency 
compared with rimantadine against the H3N2 strain, whereas 
its spirocyclopentane analogue was about 1.5 times more active 
[12]. In another research, Stamatiou et al. [13] demonstrated 
that one piperidine derivative of rimantadine was four times 
more powerful than the drug rimantadine. Zoidis et al. [14] 
also reported novel heterocyclic rimantadine analogues that 
enhanced activity against influenza A H2N2 and H3N2 strains. 
In our previous work, а rimantadine derivative, conjugated 
with the amino acid Gly, exhibited the highest antiviral activity 
against influenza virus A H3N2 while maintaining low cyto-

toxicity [15]. 
Given the diverse and promising biological activity of 

rimantadine and its derivatives, a series of six new amino acid 
rimantadine derivatives was synthesized. These compounds 
were designed to explore amino acid modification as a strategy 
for developing new prodrug molecules with enhanced antimi-
crobiаl activity and potential to overcome microbial resistance. 
Based on our previous experience, rimantadine was conjugated 
with spatially compact (Gly, Ala, β-Ala) and bulky (Leu, Ile and 
Val) amino acids, and their antimicrobial potential was assessed 
against model Gram-positive and Gram-negative strains.

Materials-MethodsMaterials-Methods
2.1. Chemical synthesis
Essentially, the chemical synthesis of the target compounds is 
the formation of an amide bond. For this purpose, the method-
ology described by Knorr et al. was used [16]. Briefly, rimanta-
dine (1 eq.) was dissolved in 5 mL of dichloromethane (DCM), 
and triethylamine (TEA, 1 eq.) was added to the formed solu-
tion. The carboxyl component, a Boc-protected amino acid (1.1 
eq.), was dissolved in 10 mL DCM in a second flask. Further, 
TEA (1.1 eq.) and O-(Benzotriazol-1-yl)-N,N,N’,N’-tetrameth-
yluronium tetrafluoroborate (TBTU, 1.5 eq.) were added in 
the second solution. Thirty minutes later, both solutions were 
mixed. The reaction mixture was stirred at room temperature 
under nitrogen for 24 h. Further, the reaction was quenched 
and was treated twice with 5% NaHCO3 solution in order to re-
move non-reacted excess of amino acid. Then the solution was 
dried with anhydrous Na2SO4 and the solvent was evaporated 
under vacuum. The Boc-protecting group of crude obtained oil 
was removed by treatment with DCM/TFA 50:50 (v/v) for 3 h. 
Both reactions of synthesis and Boc-protection removal were 
monitored by TLC. The obtained final compound was purified 
by flash chromatography on a silica gel column with an elution 
system DCM/MeOH 97:3 or Hex/EtOAc 5:4 ratios, depend-
ing on the polarity of the obtained compounds. All tested final 
compounds are previously described, and they have more than 
95% chromatographic purity [15]. 

2.2. Antimicrobial assays
2.2.1. Test microorganisms and culture conditions
Test microorganisms, B. subtilis NBIMCC 3562 and E. coli 
NBIMCC 8785, were provided by the National Bank for In-
dustrial Microorganisms and Cell Cultures (NBIMCC, Sofia, 
Bulgaria). Exponential-phase cultures of both strains, grown 
in Nutrient broth or Luria-Bertani broth (HiMedia, Mumbai, 
India), were incubated in a shaker incubator ES-20/60 (Bio-
san, Latvia) at 30/37°C for 24 h, respectively. Тhe cultures were 
subsequently adjusted to 0.5 McFarland turbidity standard us-
ing a Grant Bio DEN-1B Densitometer (Grant Instruments, 
Royston, United Kingdom).
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2.2.2. Minimum inhibitory and minimum bactericidal con-
centration determination
The standard broth microdilution method was used to deter-
mine the MIC of the new rimantadine derivatives against B. 
subtilis 3562 and E. coli 8785, in accordance with established 
guidelines of the Clinical and Laboratory Standards Institute 
М07 [17] (Figure 2). Rimantadine derivatives were dissolved 
in 10% EtOH/H2O, and stock solutions (10 mg/mL) were pre-
pared and stored at -20°C. 0.5 McFarland bacterial suspensions 
were inoculated into 96-well polystyrene microplates (Deltalab 
S.L., Barcelona, Spain), containing varying concentrations of 
rimantadine derivatives (0, 10, 20, 40, 80, 160 and 320 µg/mL). 
In addition, 10% EtOH/H2O control, diluted in the nutrient 
medium, was added to separate wells. The microplates were in-
cubated at 30°C (B. subtilis) or 37°C (E. coli) for 24 h. The MIC 
was the lowest concentration of each derivative, that showed no 
bacterial growth visually. Aliquots of 20 µL of all samples that 
showed no visible bacterial growth were then seeded on LB/NB 
agar media and cultured for 24 h. The lowest concentration of 

each derivative, which resulted in more than 99.9% reduction 
of the initial inoculum, was regarded as MBC. Experiments 
were repeated in triplicate.

2.3. Statistical analysis
All measurements were carried out in triplicate. The means 
were presented for the averages of experiments ± standard de-
viation (SD) of three independent measurements.

ResultsResults
The antimicrobial activity of the rimantadine derivatives was 
carried out by using the Gram-positive strain B. subtilis 3562 
and the Gram-negative strain E. coli 8785. The susceptibility 
of the test microorganisms to the obtained derivatives was de-
termined using the broth microdilution method, whereas their 
MBC was assessed via the spread plate technique. The experi-
ments were performed in triplicate, and the obtained MIC and 
MBC values are summarised in Table 1.

The newly synthesized rimantadine derivatives showed 
relatively moderate antibacterial activity against B. subtilis 
NBIMCC 3562 and E. coli NBIMCC 8785, ranging from 160 to 
320 µg/mL for MIC. The derivatives 5A, 6A and 11A, contain-

ing bulky amino acids Ile, Leu and Val, possessed the highest 
antibacterial activity against B. subtilis NBIMCC 3562 among 
the compounds tested (Table 1). The MIC and MBC values 
of derivatives 5A and 6A coincided. Only the derivative 11A 
showed a higher MBC (MBC = 320 µg/mL). Among the de-
rivatives, containing amino acids with a short lateral chain, the 
derivative 1A showed weaker antibacterial activity (MIC = 320 
µg/mL), whereas the derivative Gly-Rim did not show any ef-
fect against B. subtilis 3562. The derivative 12A, containing the 
unnatural amino acid β-Ala, showed no antibacterial activity 
against B. subtilis NBIMCC 3562. 

All rimantadine analogues possessed antibacterial activity 
against E. coli NBIMCC 8785. Most of them were assigned a 
MIC of 320 µg/mL. The only exception was the derivative L-Ile-
Rim, which showed a lower MIC (MIC = 160 µg/mL). MBCs 
against this strain were not reported, which indicates a very 
weak bacteriostatic effect of the studied derivatives.

DiscussionDiscussion
Some of the main features important for antimicrobial activ-
ity are the net charge, amphipathicity and hydrophobicity of 
the molecule, specific membrane properties of different types 
of microorganisms, self-organization potential, etc. Taking 
into account all observed structure-activity relationships, espe-
cially those that general interactions which are very important 
for antibacterial activity are hydrophobic and cationic interac-
tions with the membrane surface of microorganisms [18-22], 
rimantadine was conjugated with spatially compact (Gly, Ala, 
β-Ala) and bulky (Leu, Ile and Val) amino acids that are able 
to interact with different forces to the microbial membrane. 
The amino acids used for conjugation to the rimantadine motif 
were selected based on our previous investigations with other 
adamantane derivatives [23-25]. 

The obtained data from the further antimicrobial activity 
assay revealed that most of the newly-synthesized rimanta-
dine derivatives were more active against B. subtilis NBIMCC 
3562 than E. coli NBIMCC 8785. The difference in microbi-
al susceptibility is probably due to variations in the cell wall 
structure of the two test microorganisms. B. subtilis NBIMCC 
3562, a Gram-positive bacterium, has a thick peptidoglycan 
layer but lacks the outer membrane, which is characteristic of 

Figure 2. Scheme of work of the in vitro methods used for the determination of the MIC and MBC of the tested rimantadine 
derivatives against E. coli NBIMCC 8785 and B. subtilis NBIMCC 3562.
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the Gram-negative E. coli NBIMCC 8785. The outer membrane 
acts as an additional selective permeability barrier, protecting 
E. coli from the action of various antimicrobial agents [26]. 

Considering the MIC data, rimantadine analogues 5A, 6A 
and 11A, containing bulky amino acids, showed the highest an-
tibacterial activity against B. subtilis NBIMCC 3562 (MIC=160 
µg/mL). Their enhanced potency suggests that the presence 
of hydrophobic and sterically bulky side chains may facilitate 
penetration into the cell and interfere with essential intracellu-
lar processes. After the primary electrostatic attraction between 
positively charged peptides and negatively charged phosphate 
groups on the membrane surface, bulky hydrophobic side 
chains probably promote deeper insertion into the lipid bilayer. 
Their size and hydrophobicity may allow partitioning into the 
membrane core, disrupting lipid packing [27] and enabling the 
formation of transient pores or translocation across the mem-
brane without complete lysis. This may allow the peptides to 
reach intracellular targets such as DNA, RNA, or essential pro-
teins and inhibit processes like replication, transcription and 
translation [28].

The coinciding MIC and MBC values of analogues 5A and 
6A indicate that they are not only effective in inhibiting bacte-
rial growth but also possess strong bactericidal properties at the 
same concentration. This dual action highlights their potential 
as candidates for further development. In contrast, despite its 
notable antibacterial activity, analogue 11A required a high-
er concentration to achieve a bactericidal effect (MBC = 320 
µg/mL). By comparison, analogues incorporating short-chain 
amino acids in their molecules exhibited weaker or no anti-
bacterial activity, suggesting that shorter side chains lack the 
hydrophobic interactions necessary to support effective anti-
bacterial activity. The lack of activity of analogue 12A, contain-
ing unnatural amino acid β-Ala, is consistent with our previous 
results, where the β-Ala-substituted analogue of memantine 
also demonstrated a lack of activity against B. subtilis 3562 [3].

All tested rimantadine analogues exhibited antibacterial activi-
ty against E. coli NBIMCC 8785, although their overall potency 
was low (MIC = 320 µg/mL). The exception was analogue 5A, 
with a MIC of 160 µg/mL, suggesting that the bulky, hydro-
phobic isoleucine side chain may enhance interaction with the 
Gram-negative bacterial cell and improve membrane penetra-
tion. The absence of reported MBC values for any of the deriv-
atives suggests that they exert only weak bacteriostatic effects 
against E. coli NBIMCC 8785, in contrast to their stronger ac-
tivity against B. subtilis NBIMCC 3562.

The results obtained provide a good preliminary evaluation 
for the antimicrobial potential of the newly synthesized riman-
tadine derivatives. However, further studies involving a broad-
er range of clinically relevant and multidrug-resistant strains 
are necessary to better assess their therapeutic applicability.

ConclusionsConclusions
The results revealed that all derivatives except Gly-Rim and 
β-Ala-Rim showed antimicrobial activity against both model 
strains. They possessed greater antibacterial activity against 
Gram-positive bacteria than Gram-negative bacteria. Among 
the compounds tested, L-Ile-Rim demonstrated the highest 
antimicrobial activity against both strains, highlighting the 
importance of bulky amino acid residues in enhancing effica-
cy. Future analyses will focus on optimizing the antimicrobial 
activity of rimantadine derivatives against Gram-positive bac-
teria through the evaluation of other bulky amino acids. The 
most promising derivatives will be further tested against multi-
drug-resistant strains to identify potential candidates for over-
coming antibiotic resistance.
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