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Synthesis and biological activity of novel 
adamantane-based dialkylaminopropanol 
quaternary salts

Topicality. The emergence and spread of multidrug-resistant pathogens leads to a decrease in efficacy of antibiotic 
therapy, causes the duration of patient’s hospital stay and increases treatment costs. The screening of potential antimicro-
bial agents among the new classes of chemical compounds is one of the promising methods to overcome the problem of 
resistance.

Aim. To synthesize and to make screening studies of antimicrobial activity of quaternary salts of adamantane de-
rivatives (3a-3l) with the aim to find of new prospective compound with good activity.

Materials and methods. The synthesis and investigation of physicochemical properties of new adamantane-based 
dialkylaminopropanol quaternary salts were carried out. The evaluation of antimicrobial action against S. aureus, E. coli 
and C. albicans strains were performed. 

Results and discussion. The results showed that the inhibitory activities of quaternary salts with 1-adamantyl-
ethyl radical in their alkoxy group were significantly higher than those of the compounds with 1-adamantyl and 1-ada-
mantyloxyethyl radicals in their alkoxy group. 

Conclusions. 3c was the most active compound tested against all strains, with MIC between 1.56 and 3.12 µg/mL, 
and its antimicrobial activity was similar to that of myramistin.
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Ю. В. Короткий, Д. М. Дудікова, Н. О. Вринчану, О. А. Смертенко
Синтез та біологічна активність нових четвертинних солей адамантановмісних 
діалкіламінопропанолів

Актуальність. Поява та розповсюдження стійких штамів збудників інфекційних хвороб призводить до 
зниження ефективності антибіотикотерапії, спричиняє збільшення терміну госпіталізації пацієнтів та витрат 
на їх лікування. Одним із шляхів протидії резистентності є пошук активних сполук серед нових хімічних класів 
та розробка на їх основі ефективних препаратів.

Мета роботи. Синтез та скринінгові дослідження антимікробної дії четвертинних солей адамантановміс-
них діалкіламінопропанолів (3a-3l) з метою пошуку нових перспективних активних сполук.

Матеріали та методи. Здійснено синтез та вивчені фізико-хімічні властивості четвертинних солей адаман-
тановмісних діалкіламінопропанолів. Було оцінено їх антимікробну дію відносно S. aureus, E. coli та C. albicans. 

Результати та їх обговорення. Було встановлено, що інгібуюча активність четвертинних солей з 1-ада-
мантилетиловим радикалом у алкоксигрупі була значно вищою, ніж у сполук з 1-адамантиловим та 1-адаман-
тилоксіетильним радикалами. 

Висновки. Найбільш виражену інгібуючу активність по відношенню до всіх штамів показала сполука 3с, яка за 
антимікробною активністю не поступалась препарату порівняння мірамістину (МІК був в інтервалі 1,56-3,12 мкг/мл). 

Ключові слова: похідні адамантану; діалкіламінопропаноли; синтез; антибактеріальна активність; про-
тигрибкова дія

Ю. В. Короткий, Д. М. Дудикова, Н. А. Врынчану, Е. А. Смертенко
Синтез и биологическая активность новых четвертичных солей 
адамантансодержащих диалкиламинопропанолов

Актуальность. Появление и распространение устойчивых штаммов возбудителей инфекционных забо-
леваний приводит к снижению эффективности антибиотикотерапии, способствует увеличению срока госпи-
тализации пациентов и расходов на их лечение. Одним из путей борьбы с резистентностью является поиск 
активных соединений среди новых химических классов и разработка на их основе эффективных препаратов.  

Цель работы. Синтез и скрининговые исследования антимикробного действия четвертичных солей ада-
мантансодержащих диалкиламинопропанолов с целью поиска новых перспективных активных соединений.

Материалы и методы. Осуществлен синтез и изучены физико-химические свойства четвертичных солей 
адамантансодержащих диалкиламинопропанолов. Была проведена оценка их антимикробного действия в от-
ношении S. aureus, E. coli и C. albicans. 

Результаты и их обсуждение. Показано, что ингибирующая активность четвертичных солей с 1-адаман-
тилэтильным радикалом в алкоксигруппе была значительно выше, чем у соединений с 1-адамантильным и 
1-адамантилоксиэтильным радикалами. 

Выводы. Наиболее выраженная активность в отношении всех штаммов была установлена у соединения 
3с, которое по показателю антимикробной активности не уступает препарату сравнения мирамистину (МПК 
был в диапазоне 1,56-3,12 мкг/мл). 

Ключевые слова: производные адамантана; диалкиламинопропанолы; синтез; антибактериальная ак-
тивность; противогрибковое действие
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INTRODUCTION
Nowadays, the emergence and spread of multidrug-

resistant (MDR) pathogens (e.g. methicillin-resistant Sta- 
phylococcus aureus (MRSA), carbapenem-resistant Entero-
bacteriaceae (CRE), fluoroquinolone-resistant Escherichia 
coli or resistant to third-generation cephalosporins Neis-
seria gonorrhoeae isolates) pose a global threat to pub-
lic health. According to WHO data about antibiotic-resis- 
tance (2014), the lethality in patients with MRSA infec-
tion is higher on 64 % than with susceptible form of in-
fection [1]. A wide spread of MDR-pathogens leads to a 
decrease in efficacy of antibiotic therapy, prolongation 
of the length of patient’s hospital stay and an increase in 
treatment costs. In addition, patients with MDR-infec-
tions often have increased mortality rates.

The screening of potential antimicrobial agents among 
the new classes of chemical compounds is one of the pro- 
mising methods to overcome the problem of resistance. 
In this respect, adamantane-based aminopropanols are 
attracting attention owing to their broad antibacterial 
and antifungal activity [2, 3]. The significant antimicro-
bial action is attributable to high lipophilicity and crys-
tal structure of the adamantane moiety [4].

The aim is to carry out synthesis and screening stu- 
dies of antimicrobial activity of quaternary salts of ada-
mantane derivatives (3a-3l) with the aim to find of new 
prospective compound with good activity.

MATERIALS AND METHODS
The structure of compounds was confirmed by using 

set of physical and chemical methods such as elemental 
analysis, IR- and 1H NMR-spectrometry. The elemental 
analyses were detected using a Carlo Erba CHNS-OEA 
1106 analyzer. The melting point were determined on a 
Gallenkamp melting point apparatus MFB-595 in open 
capillary tube. 1H NMR-spectra were acquired on a Vari- 
an VXP spectrometer (299.945 MHz), the solvent was 
DMSO-d6 with tetramethylsilane (TMS) as an internal 
standard. IR spectra were registered by using UR-20 spectro-
photometer with liquid films between KBr plates.  

Antimicrobial activity of synthesized compounds (3a-3l) 
was assayed by serial twofold dilution method [5] against 
gram-positive (Staphylococcus aureus ATCC 25923) and 
gram-negative (Escherichia coli ATCC 25922) bacteria and 
yeasts (Candida albicans NCTC 885/653). Inoculum den-
sity was 1-2 × 105 CFU/ml culture medium (bacteria) and 
1-2 × 104 CFU/ml (yeasts).The 96-well microtiter plates 
with bacterial cultures were incubated at 35-37 °C for 
18-24 h, with yeasts – at 30-32 °С for 24-48 h. Mueller-
Hinton broth (pH 7.2) (HiMedia) and Saburo dextrose 
broth (pH 5.6) (HiMedia) were used for minimal inhibito-
ry concentration (MIC) determination. Myramistin was 
used as reference substance. The lowest concentration 
of compounds, that inhibited microbial growth, was con-
sidered as the MIC. All assays were conducted in trip-
licate with controls of culture growth (as positive) and 
cultural media (as negative). 

RESULTS AND DISCUSSION 
Experimental Chemical Part  
In our work 1-adamantylglycidyl ether, 1-adaman-

tylethoxy- and 1-(2-adamantoxyethoxy)-glycidyl ethers 
were used as initial substances. 1-Adamantylglycidyl ether 
was obtained according to the method reported previous-
ly [6]; 1-adamantylethoxy and 1-(2-adamantoxyethoxy) 
glycidyl ethers were obtained under conditions of the 
phase-transfer catalysis (50 % NaOH, TEBAC, epichloro-
hydrin) (Scheme) [7].

The synthesis of the target compounds was carried 
out according to Scheme 1. Quaternary salts of adaman-
tane-based dialkylaminopropanol (3a-l) were obtained 
starting from relevant epoxides (1) by treatment with 
excess amount (double amount, 50 %) of secondary ami- 
nes in the presence of isopropanol with heating. The ex-
cess of reagents (amines and alcohol) was evaporated 
under reduced pressure. Then these intermediates (2) 
were converted into quaternary salts (3а-l) by treatment 
with excess amount (5 %) of alkyl halides (CH3I, C2H5I, 
C6H5CH2Cl) in the presence acetone or acetonitrile with 
heating at 10 h.

3 a-f R = 1-Ad(CH2)2; 3 a R’, R” = (CH2)6, R”’ = CH3, I-; 3 b R’, R” = (CH3)2, R”’ = CH3, I-; 3 c R’, R” = (CH3)2, R”’= C6H5CH2, Cl- ; 3 d R’, R” = (CH2)4,  
R”’ = CH3, I-; 3 e R’, R” = (CH2)4,R”’= C6H5CH2, Cl- ; 3 f R’, R” = (CH2)6, R”’= C6H5CH2, Cl-; 3 g-j R = 1-adamantyl; 3 g R’, R” = (CH2)4, R”’ = CH3, I-; 3 h R’,  
R” = (CH2)4,R”’ = C6H5CH2, Cl-; 3 I R’, R” = (CH3)2, R”’ = CH3, I-; 3 j R’, R” = (CH3)2, R”’ = C6H5CH2, Cl-; 3 k-l R = 1-AdO(CH2)2; 3 k R’, R” = (CH3)2,  
R”’ = CH3,  I-; 3 l R’, R” = (CH3)2, R”’= C6H5CH2, Cl- .

Scheme. The synthesis of quaternary salts of adamantane-based dialkylaminopropanols (3a-l)
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During our synthetic work, 12 new compounds of 
adamantane-based dialkylaminopropanol quaternary salts 
were obtained. Compounds are colorless or light yel-
low substances, soluble in water and in organic solvents 
(DMSO, ethanol). 

The melting point, elemental analysis and yield of 
compounds (3a-3l) are shown in Table 1. The data ob-
tained from the calculation of elemental analysis (C, N, H) 
are corresponded to experimental data.

In the IR-spectra of synthesized compounds the ad-
sorption bands due to the OH-group are present in the 

range of 3500-3200 cm-1, the adsorption bands of CH2, 
CH3-groups are in 2975-2840 cm-1 region. They also show 
adsorptions near 1150-1100 cm-1 due to stretching of 
ether linkage. 

All 1H NMR-spectra of compounds contain the sig-
nals of protons of adamantane ring at 1.50-2.10 ppm; 
the CH2 group of benzyl radical gives the resonance peaks 
at 4.75-5.15 ppm as a doublet of doublets. The protons in 
the benzene ring resonate in the region of 7.40-7.65 ppm, 
the ethyl group displays a triplet at 3.75-4.11 ppm. The 1H 
NMR data of compounds are given in Table 2.

Table 1

PHYSICOCHEMICAL PROPERTIES OF COMPOUNDS 3a-3l

Compound M. p., °C Yield, %
Found, %

Mol. Formula
Calc, %

C H N C H N
3a 97-99 51 55.34 8.44 2.93 C22H40NO2

.I- 55.32 8.41 2.92
3b 172-173 57 51.06 8.09 3.30 C18H34NO2

.I- 51.06 8.05 3.27
3c 167-168 64 70.64 9.38 3.43 C24H38NO2

.Cl- 70.60 9.30 3.40
3d 128-131 73 53.45 8.07 3.11 C20H36NO2

.I- 53.40 8.00 3.07
3e 130-131 67 71.94 9.28 3.22 C26H40NO2

.Cl- 71.90 9.26 3.22
3f 123-125 52 72.77 9.59 3.02 C28H44NO2

.Cl- 72.77 9.60 3.00
3g 138-141 63 51.31 7.65 3.32 C18H32NO2

.I- 51.27 7.66 3.33
3h 157-159 68 52.41 7.87 3.21 C19H34NO2

.I- 52.41 7.84 3.20
3i 174-175 70 50.12 7.42 3.43 C17H30NO2

.I- 50.10 7.39 3.41
3j 172-174 60 69.54 9.01 3.68 C22H34NO2

.Cl- 69.50 9.00 3.63
3k 95-97 70,5 50.36 5.63 3.26 C18H34NO3

.I- 50.32 5.60 3.20
3l 75-77 59 69.63 6.81 3.38 C24H38NO3

.Cl- 69.60 6.80 3.86

Table 2

THE DATA OF 1H NMR-SPECTRAL OF COMPOUNDS 3a-3l

Compound
Chemical shift, d, ppm. (1H NMR DMSO-d6, d, ppm)

Ad OH Ar Other groups
1 2 3 4 5

3a
1.49 s (6H, 3xCH2) 
1.62 q (6H, 3xCH2) 
1.90 s (3H, 3xCH)

5.76 d
1.32 t (2H, CH2Ad), 1.47-2.08 m (8H, (CH2)4 hexamethyleneamine), 
3.09 s (3H, NCH3), 3.40 m (2H, CH2O), 3.95 dd, 4.00 dd (2H, OCH2), 

3.60 m (6H, N(CH2)3), 4.48 m (1H, CH)

3b
1.48 s (6H, 3xCH2) 
1.62 q (6H, 3xCH2) 
1.91 s (3H, 3xCH)

5.54 d 1.31 t ((2H, CH2Ad), 3.11 s (9H, N(CH3)3), 3.42 m (2H, CH2O),  
3.51 m (2H, CH2N), 3.90 m (2H, OCH2), 4.43 m (1H, CH)

3c
1.48 s (6H, 3xCH2) 
1.62 q (6H, 3xCH2) 
1.91 s (3H, 3xCH)

6.07 d 7.44 m, 7.62 m 
(5H, C6H5)

1.32 t (2H, CH2Ad), 3.08 s, 3.12 s (6H, N(CH3)2), 3.40 m (2H, CH2O), 
3.50 m (2H, CH2N), 3.91 dd, 3.99 dd (2H, OCH2), 4.58 s (1H, CH),  

4.72 q (2H, CH2C6H5)

3d
1.49 s (6H, 3xCH2) 
1.63q (6H, 3xCH2) 
1.90 s (3H, 3xCH)

5.48 d 1.32 t ((2H, CH2Ad), 2.04 m (4H, (CH2)2 pyrrole), 3.11 s (3H, NCH3), 
3.42−3.60 m (6H, N(CH2)3), 3.41 m (2H, CH2O), 4.52 m (1H, CH)

3e
1.51 s (6H, 3xCH2) 
1.62 q(6H, 3xCH2) 
1.90 s (3H, 3xCH)

6.12 d 7.42m, 7.64 m 
(5H, C6H5)

1.31 t (2H, CH2Ad), 2.09 m (4H, (CH2)2 pyrrole), 3.30−3.71 m (8H, 
CH2O, N(CH2)3), 3.88 dd, 4.00 dd (2H, OCH2), 4.61 s (1H, CH),  

4.78 q (2H, CH2C6H5)

3f
1.49 s (6H, 3xCH2) 
1.65 q (6H, 3xCH2) 
1.91 s (3H, 3xCH)

6.15 d 7.43m, 7.64 m 
(5H, C6H5)

1.31 t (2H, CH2Ad), 1.63-1.92 m (8H, (CH2)4), 3.43-3.80 m  
(6H, N(CH2)3), 3.41 m (2H, CH2O), 4.41 m (1H, CH),  

4.50 q (2H, CH2C6H5) 

3g
1.58 s (6H, 3xCH2) 
1.68 q (6H, 3xCH2) 
2.10 s (3H, 3xCH)

5.76 d 2.06 m (4H, (CH2)2), 3.10 s (3H, NCH3), 3.30-3.70 m (8H, N(CH2)3; 
OCH2), 3.97 m (1H, CH)

3h
1.57 s (6H, 3xCH2) 
1.67 q (6H, 3xCH2) 
2.09 s (3H, 3xCH)

5.54 d 1.25 t (3H, CH3), 2.05 m (4H, (CH2)2), 3.21 q (2H, CH2CH3),  
3.30-3.70 m (8H, N(CH2)3; OCH2), 3.97 m (1H, CH)
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1-(1-adamantylethoxy)-3-(N-methyl hexamethy- 
lenamine)-2-propanol iodide (3a). To the mixture of 
1-adamantylethyl glycidyl ether (2.36 g/0.01 Mol) in iso-
propanol (5 ml), hexamethylenamine (1.48 g/0.015 Mol) 
was added, and the reaction mixture was heated for 8 h. 
The excess of amine and alcohol was evaporated under 
reduced pressure. The residue was dissolved in 5 ml of 
acetonitrile with adding methyl iodide (0.75 g/0.0105 Mol) 
followed refluxing for 10 h. After cooling to the appro-
priate temperature, dry diethyl ether (5 ml) was added, 
than the reactive mixture was left for 6-8 h at +5 °C. The 
precipitate was filtered out, washed with diethyl ether 
and dried. Yield – 2.43 g (51 %). M. p. – 97-99 °C.

For compounds 3b-3l all procedures were the same.
Experimental Biological Part
Antibacterial and antifungal activity assay showed 

that derivatives, containing adamatylethhyl radical in their  
alkoxy group (3a-3f), possessed significant inhibitory ac-
tivity (Table 3). 

No antimicrobial activity was observed against tested 
bacterial and fungal strains for compounds, containing 

1-adamantyl (3g-3j) and 1-adamantyloxyethyl (3k-3l) frag-
ment in their alkoxy group (except compound 3l with ac- 
tivity against S. aureus, MIC 50.0 μg/mL).

Among the adamantane-based derivatives tested, com-
pounds 3a-f and 3l possessed inhibitory activity against 
the grampositive bacteria (S. aureus), the MIC values were 
between 1.25 and 50.0 μg/mL. The most active compounds 
were 3c and 3e, which inhibited S. aureus as well as my-
ramistin.

Derivatives of adamantane were also active when tes- 
ted against gramnegative strains. The compounds 3a-с,e,f 
at concentrations between 3.12 and 50.0 μg/mL inhibi- 
ted E. coli growth. The MIC value of compound 3c was 
comparable to that of myramistin. 

Antifungal activity results revealed that compounds 
3a-f possessed inhibitory action against C. albicans at con-
centrations less than or equal to 25.0 μg/mL. The com-
pounds 3c and 3f, as well as myramistin, inhibited the 
yeast growth (MICs 1.56 and 1.25 μg/mL respectively). 

In conclusion, this study showed that 3c was the most 
active compound, and its antimicrobial effect was simi-

Table 3

ANTIMICROBIAL ACTIVITY OF COMPOUNDS 3a-3l

Compound
MIC, µg/mL

S. aureus 
ATCC 25923

E. coli 
ATCC 25922

C. albicans 
NCTC 885/653

3a 25.0 50.0 25.0
3b 12.5 50.0 25.0
3c 2.5 3.12 1.56
3d 20.0 > 50.0 10.0
3e 1.25 25.0 12.5
3f 12.5 12.5 1.56
3g > 50.0 > 50.0 > 50.0
3 h > 50.0 > 50.0 > 50.0
3i > 50.0 > 50.0 50.0
3j > 50.0 > 50.0 > 50.0
3k > 50.0 > 50.0 > 50.0
3l 50.0 > 50.0 > 50.0

Myramistin 2.5 5.0 1.25

1 2 3 4 5

3i
1.58 s (6H, 3xCH2) 
1.68 q (6H, 3xCH2) 
2.10 s (3H, 3xCH)

6.08 d 3.11 s (9H, N(CH3)3), 3.50 m (2H, CH2N), 3.90 m (2H, OCH2),  
4.13 m (1H, CH)

3j
1.57 s (6H, 3xCH2) 
1.67 q (6H, 3xCH2) 
2.09 s (3H, 3xCH)

5.73 d 7.44 m, 7.63 m 
(5H, C6H5)

3.08 s, 3.12 s (6H, N(CH3)2), 3.52 m (2H, CH2N), 3.98 m (2H, OCH2), 
4.20 m (1H, CH), 4.73 q (2H, CH2C6H5)

3k
1.58 s (6H, 3xCH2) 
1.68 q (6H, 3xCH2) 
2.09 s (3H, 3xCH)

5.57 d 3.11 s (9H, N(CH3)3), 3.34 m (2H, CH2N), 3.54 m (2H, OCH2), 3.74 t, 
4.08 t (4H, (CH2)2), 4.29 m (1H, CH)

3l
1.58 s (6H, 3xCH2) 
1.68 q (6H, 3xCH2) 
2.09 s (3H, 3xCH)

5.78 d 7.43 m, 7.64 m 
 (5H, C6H5)

3.08 s, 3.12 s (6H, N(CH3)2), 3.50 m (2H, OCH2), 3.76 t, 4.12 t  
(4H, (CH2)2), 4.22 m (1H, CH), 4.75 q (2H, CH2C6H5)

Continuation of Table 2
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lar to that of myramistin. Significant inhibitory activity 
against S. aureus and C. albicans was registered for com-
pounds 3e and 3f respectively. So, quaternary salts of di-
alkylaminopropanol with 1-adamantylethyl radical in their 
alkoxy group possessed polyvalent action against bacte-
ria and fungi. These compounds are promising class for the 
research and development of novel antimicrobial agents  
for treatment of infectious diseases.

CONCLUSIONS
1. The effective synthetic methods of 12 novel quater-

nary salts of adamantane-containing dialkylamino-
propanol and their derivatives have been developed.

2. The structure of the compounds obtained has been con-
firmed with a set of modern physical and chemical me- 

thods of analysis, and their individuality has been proven 
by elemental analisys, IR- and NMR-spectroscopy. 

3. It was shown that compounds with 1-adamatyleth-
hyl radical in their alkoxy group (3a-3f) possessed 
narrow (3e and 3f) and broad spectrum (3c) of anti-
microbial action against bacteria and fungi. 

4. It was find that derivatives with 1-adamantyl (3g-3j) 
and 1-adamantyloxyethyl (3k-3l) radical in their al- 
koxy group had no antimicrobial activity against bac-
terial and fungal strains. 

5. The present results suggest that compound 3c could 
be a lead for development of antimicrobial agents in 
the future.
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