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Abstract
Herein, we report design and synthesis of series of adamantane derivatives containing modified peptides with thiazol moiety. 
New compounds were synthesized in solution using TBTU (2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethylaminium tetra-
fluoroborate) as coupling agent. All derivatives were obtained with good yields. The antiviral activity of newly synthesized 
compounds against influenza virus H1N1 is studied. Cytotoxicity assay for determination of  CC50 were done and  IC50 values 
were calculated. The rimantadine analogue with thiazole ring Gly-Thz-rimantadine showed good activity against influenza 
virus A/Hongkong/68 with  IC50 = 0.11 μg/mL and  CC50 = 50 μg/mL. In addition, antimicrobial and antifungal activity 
against model strains of gram positive (Bacillus cereus), gram negative (Escherichia coli) microorganisms and fungi strain 
Yarrowia lipolytica 3344 were investigated. The compounds Gly-Thz-rimantadine with good antiviral activity also showed 
very good antifungal activity in two different concentrations.
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Introduction

Inhibitors of M2 ion channel amantadine and rimantadine 
(Fig. 1) are the first antiviral drugs developed in the 70s of 
the last century (Bennett et al. 2015; Bender et al. 1999).

By structure-activity relationship studies adamantane 
containing organic compounds with antiviral, antimicro-
bial, anticancerogenic, anticataleptic, immunotropic, neu-
ropsychotropic activities are distinguished (Spilovska et al. 
2016). Nowadays, they are widely used in medicinal practice 
for treatment of patients with different diseases (Chen and 
Swope 2007; Stouffer et al. 2008; Brotchie 2010; Bozdag-
anyan et al. 2014; Long et al. 2015).

Antibiotics are very important for decreasing the inci-
dence of bacterial infections globally, but with the increasing 

number of resistant pathogens, the effectiveness of antibi-
otics has been reduced. In addition, many viruses already 
shown resistance against adamantine derivatives amantadine 
and rimantadine. Many research groups have focused their 
efforts on finding alternative antimicrobial agents, which 
leads to re-evaluation of the therapeutic use of drugs (Gaiday 
et al. 2008; Karpenko et al. 2010; Smirnova et al. 2011; 
Shibnev et al. 2012; Kolocouris et al. 2013; Rey-Carrizo 
et al. 2013; Wang et al. 2013; Moorthy et al. 2014). Ada-
mantanes containing amino acids or peptide moieties are 
perspective alternative of applied antiviral drugs. The aim of 
the presented work is the synthesis of adamantane analogues 
(rimantadine and amantadine) containing peptide mimetics 
with thiazole ring(s) and monitoring of their antiviral activ-
ity against influenza virus A/Hong Kong strain H1N1 as well 
as their antimicrobial activity against model G+, G− micro-
organisms and fungi. * Dancho Danalev 
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Experimental Part

Materials and Methods

Chemicals

Rimantadine and amantadine were purchased from Sigma. 
DMAP is from Merck and TBTU from Iris Biotech (Ger-
many). Aluminum TLC plates, silica gel coated with 
flourescent indicator F254 (Merck) were used for TLC 
analysis and spots were monitored using UV detection 
at 254 nm. As an elution system a mixture of 80:30:5 
 CHCl3:CH3OH:H2O and 95:5  CHCl3:CH3OH were used.

Methods

NMR spectra were recorded on Bruker Avance DRX-500 
spectrometer at 500 MHz for 1H NMR and 100 MHz for 
13C NMR spectra in DMSO-d6 and  CDCl3, δ is in ppm.

Electrospray mass spectrometry (ESI-MS) experiments 
were acquired on Bruker Compact QTOF-MS (Bruker 
Daltonics, Germany) and controlled by the Compass 1.9 
Control software. The data analysis was performed and 
the mono-isotopic mass values were calculated using Data 
analysis software v 4.4 (Bruker Daltonics, Germany). The 
analyses were conducted in the positive ion mode at a scan 
range from m/z 50 to 1000 and nitrogen was used as nebu-
lizer gas at a pressure of 4 psi and flow of 3 L  min−1 for 
the dry gas. The capillary voltage and temperature were set 
at 4500 V and 220 °C, respectively. An external calibra-
tion for mass accuracy was carried out by using sodium 
formate as calibration solution. The precursor ion of each 
compound was selected, and ESI–MS/MS analysis was 
performed by collision-induced dissociation (CID); nitro-
gen was the collision gas, and the collision energy varied 
from 5 to 40 eV. MSn experiments were conducted on an 
ion trap instrument Esquire 3000 (Bruker Daltonics, Ger-
many) and controlled by the Esquire Control 5.3.11 soft-
ware. ESI-MS data were collected in positive-ion mode at 

a scan range from m/z 50 to 500. In all ESI-MS measure-
ments, the nebulizer gas pressure was 124.1 kPa at a flow 
rate of 5 L  min−1; the desolvation temperature was 300 °C 
and capillary voltage was adjusted to 4000 V. The sample 
solutions were delivered to nebulizer by a syringe pump 
(Cole Parmer, USA) at a flow rate 3 μL  min−1.

Synthetic procedures

A mixture of amantadine.HCl or rimantadine.HCl 
(80 mmol) and TBTU (80 mmol) in tetrahydrofurane (THF) 
was stired and a solution of Boc-Gly-Thz-OH or Fmoc-
Gly-Thz-Thz-OH (80 mmol) and 4-(N,N-dimethylamino)-
pyridine (DMAP) (80 mmol) were added to the reaction 
mixture and stirred for 3 h. Then THF was evaporated in 
vacuo and the residue was chromatographed on silica gel, 
using hexane:ethyl acetate (4:5) (Knorr et al. 1989). The 
compounds containing Boc group (4a–4b) were dissolved 
in 20 mL of TFA and stirred at 0 °C for 1 h to remove the 
Boc group. Further TFA is removed in vacuo. Then 20 mL 
of aqueous ammonia was added to the pH 7. The solution 
was then added drop-wise to the cold diethyl ether. After 
filtration, compounds were collected as white solid.

4a. Boc‑Gly‑Thz‑amantadine 1H NMR  ([D6]-DMSO): δ = 
1.40 (s,9H,3xCH3), 1.57. (d, J = 12,8 Hz, 3H, amantadine), 
1.61 (d, J = 12,8 Hz, 3H, amantadine), 1.83 (s, 6H, amanta-
dine), 1.99 (s, 3H, amantadine), 4.39 (d, 2H,  CH2), 7.56 (s, 
1H, NH), 7.81 (s, 1H, NH), 8.12 (s, 1H,  CHThz). 13C NMR 
 ([D6]-DMSO): δ = 28.6 (CH, amantadine), 35.7  (CH2, aman-
tadine), 38.1  (CH2), 40.6(CH2, amantadine), 42.0 (CH2), 
50.9 (Cquat, amantadine), 80.3 (Cq, tBu), 156.2 (CO-Boc), 
168.8 (CO); 128.1 (C5

Thz), 149.1 (C4
Thz), 151.1 (C-4), 162.6 

(C2
Thz). ESI-MS: Molecular formula:  C20H29N3O3S; Mexact: 

391,1930,  Mfound [M+H]+ 392,1220. Yield: 65%.

Gly‑Thz‑amantadine 1H NMR:  ([D6]-DMSO): δ = 1.61 (d, 
J = 13,2 Hz, 3H, amantadine), 1.45–2.0 (15H,cycl. system), 
2.12 (m,1H), 4.51 (d, 2H,  CH2), 7.25 (s, 1H, NH), 8.01 (br 
t 1H, NH), 8.18 (s, 1H,  CHThz). 13C NMR  ([D6]-DMSO): 
δ = 28.6 (CH, amantadine), 35.7  (CH2, amantadine), 38.1 
 (CH2), 40.6(CH2, amantadine), 42.0 (CH2), 50.9 (Cquat, 
amantadine), 168.8 (CO); 128.1 (C5

Thz), 149.1 (C4
Thz), 

151.1 (C-4), 162.6 (C2
Thz). ESI-MS: Molecular formula: 

 C15H21N3OS; Mexact: 291,4117,  Mfound [M+H]+ 292,5520.

4b. Boc‑Gly‑Thz‑rimantadine 1H-NMR:  (CDCl3): δ 
= 1.15 (dt, 1H, J = 12.4  Hz, J = 1.5  Hz),1.19 (dt, 1H, 
J = 12.4  Hzm J = 2.4 Hz), 1.31 (d, 2H, J = 12.2  Hz), 
1.39 (dt, 2H, J = 12.4 Hz, J = 2.5 Hz), 1.47 (s, 9H), 1.63 
(d, 2H, J = 12.0  Hz), 1.67 (m, 2H), 1.84 (m, 2H), 2.16 
(m, 1H), 3.71 (s, 2H), 4.17 (d, 2H,  CH2), 7.87 (br, 1H, 
NH), 8.02 (s, 1H, NH), 8.36 (s, 1H,  CHThz). 13C-NMR 

Amantadine                      Rimantadine

NH2
CH3NH2

Fig. 1  Structure of two adamantane derivatives
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 ([D6]-DMSO): δ = 14.5  (CH3, C-2′), 28.2  (CH3, C-3*), 
28.3 (C(CH3)3*), 35.7 (C-1′), 36.9  (CH2, C-4), 38.3  (CH2, 
C-2), 44.9  (CH2), 53.1 (CH, C-3′), 80.3 (Cq, tBu), 128.6 
(C5

Thz), 147.9 (C4
Thz), 156.2 (CO-Boc), 162.6 (C2

Thz), 168.8 
(CO). ESI-MS: Molecular formula:  C22H33N3O3S; Mex-
act: 419,2243,  Mfound [M+H]+ 420,1255. Yield: 63.5%.

Gly‑Thz‑rimantadine 1H  (CDCl3): δ = 1.12 (m, 2H), 
1.26 (d, 2H, J = 12.6  Hz), 1.32 (dd, 2H, J = 2.8  Hz, J 
= 12.5 Hz), 1.55 (d, 2H, J = 11.9 Hz), 1.60 (d, 2H, J = 
11.6 Hz), 1.77 (d, 2H, J = 2 Hz) 2.09 (m, 1H), 3.45 (s, 2H), 
4.39 (d, 2H,  CH2), 7.25 (s, 1H, NH), 8.04 (br t, 1H, NH), 
8.95 (s, 1H,  CHThz). 13C (DMSO-d6) d (ppm): 171.9 (CO-
amide), 156.2 (C-Thz), 150.6 (C-Thz), 123.6 (CH-Thz), 
79.9 (C), 50.6  (CH2), 47.4  (CH2), 42.7  (CH2), 42.4  (CH2), 
29.6 (CH), 35.7  (CH2), 38.1  (CH2), 29.6 (CH). ESI-MS: 
Molecular formula:  C17H25N3OS; Mexact: 319,1718, 
 Mfound [M+H]+ 320,2550.

5a. Fmoc‑Gly‑Thz‑Thz‑amantadine 1H (DMSO-d6) d 
(ppm): 0.84 (s, 6H, CH3), 1.16 (m, 2H), 1.29 (d, 2H, J = 
12.2 Hz), 1.37 (d, 2H, J = 12.4 Hz), 1.68 (m, d, 2H, J = 
11.6 Hz), 1.79 (m, d, 2H, J = 11.6 Hz), 1.93 (m, 2H), 2.12 
(m, 1H), 4.26 (t, 1H, J = 6.5 Hz), 4.42 (d, 2H, J = 6.2 Hz), 
4.53 (d, 2H, J = 6.7 Hz), 7.34 (t, J = 7.5 Hz, 2H), 7.43 (t, 
J = 7.5  Hz, 2H), 7.45 (s, 1H), 7.72 (d, J = 7.7  Hz, 2H), 
7.91 (d, J = 7.7  Hz, 2H), 8.20 (s, 1H), 8.35 (s, 1H). 13C 
NMR:  ([D6]-DMSO): δ = 14.2  (CH3, C-2′, D1), 14.4  (CH3, 
C-2′, D2), 28.2* (AmC-3, D2), 28.2** (Am C-3, D1), 36.9 
 (CH2, C-4, D2), 36.9  (CH2, C-4, D1), 38.0  (CH2, D2), 38.1 
 (CH2, C-2, D1), 38.2 (Am-CH2, C-2, D1), 47 (Fmoc-C-9), 
53.0 (CH, C-1′, D1), 53.1(CH, C-1′, D2), 56.2 (Am-CH, 
D2+D1), 65.4 (Fmoc-CH2), 116.0–146.94 (C-aromatic) 
131.5 (C5

Thz), 146.9 (C4
Thz), 156.03 (Fmoc-CO), 162.1 

(C2
Thz). ESI-MS: Molecular formula:  C33H32N4O3S2; Mex-

act: 596,1916,  Mfound [M+H]+ 597,2223. Yield: 55%.

5b. Fmoc‑Gly‑Thz‑Thz‑rimantadine 1H-NMR: 0.79 (s, 6H, 
CH3), 1.18 (m, 2H), 1.31 (d, 2H, J = 13.2 Hz), 1.39 (d, 2H, 
J = 12.9 Hz), 1.81 (m, d, 2H, J = 12.2 Hz), 1.71 (m, d, 2H, 
J = 10.6 Hz), 1.99 (m, 2H), 2.16 (m, 1H), 4.26 (t, 1H, J = 
6.5 Hz), 4.42 (d, 2H, J = 6.2 Hz), 4.53 (d, 2H, J = 6.7 Hz), 
7.34 (t, J = 7.5 Hz, 2H), 7.43 (t, J = 7.5 Hz, 2H), 7.45 (s, 
1H), 7.72 (d, J = 7.7  Hz, 2H), 7.91 (d, J = 7.7  Hz, 2H), 
8.26 (s, 1H), 8.37 (s, 1H). 13C NMR:  ([D6]-DMSO): δ = 
15.2  (CH3, C-2′, D1), 15.4  (CH3, C-2′, D2), 28.4 (Rim C-3, 
D2), 28.6 (Rim C-3, D1), 28.1 (C(CH3)3, D2), D1), 37.1 
 (CH2, C-4, D2), 37.9  (CH2, C-4, D1), 38.1  (CH2, D2), 38.2 
(Rim-CH2, C-2, D1), 47.3 (Fmoc-C-9), 53.3 (CH, C-1′, D1), 
53.5 (CH, C-1′, D2), 56.4 (Rim-CH, D2+D1), 65.7 (Fmoc-
CH2), 132.5 (C5

Thz), 147.9 (C4
Thz), 157.03 (Fmoc-CO), 163.1 

(C2
Thz). ESI-MS: Molecular formula:  C35H36N4O3S2; Mex-

act: 624,2229,  Mfound [M+H]+ 625,3259. Yield: 59%.

Biological Activities

Cytotoxicity assay for determination of the 50% cytotoxic 
concentrations  (CC50) of test compounds in MDCK (Madin 
Darby canine kidney cell monolayers) were realized. Influ-
enza virus A/Hongkong/68 is used for current experiments.

Bacillus cereus, Escherichia coli and fungi Yarrowia lipo-
lytica were supplied by National Bank for Industrial Micro-
organisms and Cell Cultures at the University of Chemical 
Technology and Metallurgy, Sofia.

Results and Discussion

Some authors developed new molecules based on the known 
anti-influenza medical drugs introducing different modifica-
tions in the parent molecule (Smith et al. 1997; Zoidis et al. 
2010). One of the successful modification leading to increas-
ing of anti-influenza activity is incorporation of different 
heterocycles (Zoidis et al. 2006; Zarubaev et al. 2010). Tak-
ing into account this successful experience we synthesized 
derivatives of adamantane—rimantadine and amantadine 
modified with Gly-thiazol and Gly-thiazol-thiazol moieties 
in order to investigate their antiviral and antimicrobial poten-
tial. The new adamantane derivatives with peptidomimetics 
including thiazol moieties were synthesized according to 
Scheme 1.

Boc-Gly-Thz-amantadine (4a), Boc-Gly-Thz-rimantadine 
(4b) were dissolved in 20 mL of TFA and stirred at 0 °C for 
1 h to remove the Boc protecting group. Deprotection pro-
cedure is followed by neutralization with aqueous ammonia 
to obtain the final products Gly-Thz-amantadine and Gly-
Thz-rimantadine (Fig. 2).

Antiviral Activity

The replication of influenza viruses in MDCK cells induces 
the complete destruction of host cells, a distinct cytopathic 
effect (CPE). The virus induced CPE can be inhibited by 
addition of antiviral compounds (100 μl/well; 2 parallels/
concentration, dilution factor 2). Untreated (virus control) 
and compound treated confluent monolayers of test cells 
were infected with a multiplicity of infection that induces 
a complete CPE in virus control 24 h after virus addition. 
Thereafter, adherent cells were fixed and stained with a 
crystal violet/formalin solution. After elution of the stain, 
inhibition of virusinduced CPE was quantified by optical 
density (OD) determination in a Dynatech microplate reader. 
The percentage of antiviral activities of tests compounds 
was calculated. Based on the mean dose response curve of 
at least two assays, the 50% CPE inhibitory concentration 
 (IC50) was calculated (Stankova et al. 1999).

Initially the new analogues were evaluated for anti-
viral activity towards influenza virus A/Hongkong/68. 
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According to Shibnev et al. (2012) introducing of bulky 
protection group in some amino acid and peptide ana-
logues of rimantadine leads to obtaining of very active 
at low concentrations (5 μg/mL) compounds. Taking into 
account this conclusion we decided to investigate the influ-
ence of spatially bulky Fmoc-group on antiviral and anti-
fungal activity. Results of the antiviral screening of the 
new adamantane containing thiazole and thiazolyl-thiazole 
rings are summarized in Table 1.

Unfortunately, in our case the tests reveal that the pres-
ence of a spatially bulky group does not lead to the improve-
ment of the antiviral effect. Moreover, the protected at αNH2-
function compounds do not show any antiviral activity. The 
analogue of rimantadine with free αNH2-function including 
thiazole moiety showed moderate activity against influenza 
virus A/Hongkong. In contrary, the analogue of amantadine 
with free αNH2-function including thiazole moiety do not 
also show antiviral effect. The results show that neither the 
thiazole cycle nor the free amino function are crucial for 
antiviral activity.

Antimicrobial Activity

B. cereus are facultative anaerobes, and as other members 
of the genus Bacillus, can produce protective endospores.

The bacteria is Gram-positive, motile,  beta hemo-
lytic bacterium commonly found in soiland food. Some 
strains are harmful to humans and cause  foodborne ill-
ness, while other strains can be beneficial as probiotics for 
animals (Ryan and Ray 2004; Charalampopoulos and 
Rastall 2009). Escherichia coli, also known as E. Coli is 
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Table 1  Antiviral activity 
agains influenza virus A strain 
/Hongkong/68 of adamantane 
analogues

MTD maximal tolerated dose

Code Compound CC50 (µg/mL) MTD (µg/mL) IC50 (µg/mL) IS

4c Gly-Thz-rimantadine 50 9.7 0.11 455
4d Gly-Thz-amantadine 23.7 8.8 No activity –
5a Fmoc-Gly-Thz-Thz-rimantadine 50 3.6 No activity –
5b Fmoc-Gly-Thz-Thz-amantadine 36.6 13.6 No activity –
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a Gram-negative, facultative anaerobic, rod-shaped, coliform 
bacterium of the genus Escherichia that is commonly found 
in the lower intestine of warm-blooded organisms (endo-
therms) (Tenaillon et al. 2010; Singleton 1999). Most E. 
Coli strains are harmless, but some serotypes can cause 
serious food poisoning in their hosts, and are occasionally 
responsible for product recalls due to food contamination 
(Escherichia coli 2019; Vogt and Dippold 2005). Yarrowia 
lipolytica is a yeast species belonging to the Ascomycota 
fungi phylum (like the well-known baker’s and brewer’s 
yeasts, both from Saccharomyces cerevisiae species). This 
innocuous yeast can be found in a large range of ecosystems 
(soils, marine waters, mycorrhizae—symbiotic associations 
of fungi with roots of plants) and in a variety of foods (par-
ticularly in dairy products, including numerous cheeses, and 
in meat products) (Madzak 2015).

The bacterial cells were cultivate on a solid agar medium 
containing glucose, meat extract, peptone and NaCl at 30 °C 
for 24 h. After that, the colonies were picked and suspended 
in a liquid nutrient medium containing LB and 10% glucose 
for 24 h in bath shaker at 30 °C, pH 7. Further the cells were 
suspended in fresh liquid medium, containing LB and 10% 
glucose and the biomass was used for preparation of disk 
diffusion method of antibacterial monitoring of tested com-
pounds. Yeast’s cells were cultivated in YPD agar medium, 
containing peptone, glucose, yeast extract at 25 °C for 24 h. 
Further the incubation colonies were picked and suspended 
in a liquid nutrient medium containing the same nutrient 
composition, without agar and the biomass was used for 
preparation of disk diffusion method of antifungal monitor-
ing of tested compounds.

The disk diffusion method was used to determine antimi-
crobial activity of the tested compounds. The principle of 
the method is based on the use of a disc contains the anti-
biotic with constant concentration as a control. Antibiotic 
sensitivity of studied microorganisms is determined by the 
presence and the width of the clear zone of bacterial growth 
around the antibiotic disc. The zone diameter is proportional 
to the sensitivity of the tested microorganism.

The day before the implementation disc diffusion test, the 
isolated colonies were picked and moved in fresh nutrient 
medium to grow overnight or to stationary phase. The day 
of the test, the cultures were diluted to back and grow to 
mid-log phase, around an OD of 0.5 (Angelova et al. 2012).

Precultures of microbial strains were prepared on a liq-
uid nutrium medium as was described in the methodologi-
cal section above. Test microorganisms (Bacillus cereus, 
Escherichia coli and Yarrowia lipolytica) were inocu-
lated in sterile Petri-dishes with agar medium. Quantity of 
0.1 mL preculture were taken and placed in the Petri-dish 
to wet agar surface. The excess of culture was pipetted. 
Further, the Petri-dishes were dried, using an incubator for 
20 min at 30 °C. The filter disks were impregnated with the 

appropriate antimicrobial agent, using sterile forceps, and 
placed gently pressed onto the agar surface. After that, the 
plates were kept for 20 min at room temperature, and then 
were cultured at 30 °C for 24 h.

The study of antimicrobial activity is realized using above 
described strains E.Coli (as model G-negative microorgan-
ism), Bacillus cerreus 1085 (as model G-positive microor-
ganism) and Yarrowia lipolytica 3344 (as model fungi).

Disk diffusion method was used for determination of 
antimicrobial activity. Ampicillin (10 mM), Gentamicin 
(10 mM), fluconazole (25 mM) and l-rimantadine as a 
standard (10 mM, 30 mM and 60 mM) were used as refers. 
Newly synthesized compounds were tested for antimicrobial 
activity at different concentrations: The αNH-protected ana-
logues Fmoc-Gly-Thz-Thz-OH-amantadine 5a and Fmoc-
Gly-Thz-Thz-OH-rimantadine 5b at 10 mM and 30 mM and 
the αNH-deprotected analogues Gly-Thz-amantadine 4c and 
Gly-Thz-rimantadine 4d at 10 mM, 30 mM and 60 mM.

All tested compounds do not show any activity against 
model G+ (Bacillus cerreus 1085) and G− (E.Coli) micro-
organisims. Compound Gly-Thz-rimantadine shows very 
strong antifungal activity against Yarrowia lipolytica with 
inhibition zones 32 mm and 39 mm for both tested concen-
trations, respectively (Fig. 3a, b).

The obtained results reveal that antifungal effect of Gly-
Thz-rimantadine is not due to rimantadine or amantadine 
core but it is probably because of specific conformation of 
the compound which allows penetration in fungi cell.

Compounds Fmoc-Gly-Thz-Thz-OH-rimantadine, Gly-
Thz-amantadine and Fmoc-Gly-Thz-Thz-OH-amantadine 
do not show any activity against model strains of bacteria 
Bacillus cereus and Escherichia coli and fungi Yarrowia 
lipolytica.

Conclusions

Four adamantane derivatives were synthesized and tested 
for their antiviral and antimicrobial activity. The results 
reveal that presence of special bulky groups do not leads 
to improvement of antiviral activity. The rimantadine ana-
logue with thiazole ring showed moderate activity against 
influenza virus A/Hongkong/68. The remaining compounds 
have no effect. Gly-Thz-rimantadine shows very good anti-
fungal activity at two tested concentrations (10 mM and 
60 mM) against model strain fungi Yarrowia lipolytica. Our 
results show very specific zone of inhibition of Gly-Thz-
rimantadine which is perhaps due to morphological changes 
of fungi cell but not to complete death of microorganisms. 
Other compounds have no antifungal activity. All com-
pounds do not show any activity against model strains G+ 
and G− microorganisms.
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