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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-31) 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. 3¢ was the most active compound tested against all strains, with MIC between 1.56 and 3.12 pg/mL,
and its antimicrobial activity was similar to that of myramistin.
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10. B. Kopotkuii, [I. M. lyaikoBa, H. O. Bpunuany, 0. A. CMepTeHKO
CuHTe3 Ta 6iosioriyHa aKTUBHICTh HOBUX YeTBEPTUHHHUX COJIel alaMaHTaAaHOBMiCHUX

AiasIKilaMiHONpoOnaHoJIiB

AxTyanbHicTb. [losBa Ta po3MOBCIOPKEHHS CTIHKUX WITaMiB 30yJHUKIB iHeKLiHHUX XBOPOO NPU3BOAUTH [0
3HIKEeHHS epeKTUBHOCTI aHTUGI0THKOTepanii, CHpUYKHs€E 36i1blIeHHs TepMiHy rocmitasisauii nanieHTiB Ta BUTpaT
Ha ix JikyBaHHA. OJHUM i3 1JIAXIB NPOTH/IT pe3UCTEHTHOCTI € MOLIYK aKTUBHUX CIIOJIYK CepeJi HOBUX XiMIYHUX KJlaciB
Ta po3pobKa Ha ix 0CHOBI epeKTUBHUX MpenapaTiB.

MeTa po6oTH. CHHTE3 Ta CKPUHIHTOBI JOCIIPKEHHST aHTUMIKPOGHOI Jiil 4eTBepTUHHUX COJIeH alaMaHTaHOBMicC-
HUX AiaskisiaMiHonponaHoJiB (3a-31) 3 MeTo0 NolyKy HOBUX NEPCIEKTUBHUX aKTUBHUX CIIOJIYK.

Marepiasu Ta MeTOAM. 34iliCHEHO CHHTE3 Ta BUBY€eHi (i3MKO-XiMiuHi BJIaCTUBOCTI Y4eTBEPTHHHUX COJIeH aJlaMaH-
TAaHOBMICHUX JliasiKiJlaMiHonponaHoJiiB. ByJo oniHeHo X aHTUMIKpOGHY Aito BifiHOCHO S. aureus, E. coli ta C. albicans.

Pe3ynbTaTH Ta iX 06roBopeHHs. byso BcTaHOBJ/IEHO, 1110 iHTi6yl049a aKTUBHICTh YeTBEPTHHHUX coJied 3 1-afa-
MaHTHJIETUJIOBUM paiuKaJoM y aJIKOKCUTPyHi Oy/1a 3HaYHO BUIIOI0, HIXK y CIOJIYK 3 1-alaMaHTUI0OBUM Ta 1-ajaMaH-
TUJIOKCieTUJIbHUM paJiuKalaMu.

BucHOBKUY. Hali6i1b11 BUpaXkeHyY iHTiOyI04y akTUBHICTD 110 BiJHOIIEHHIO JI0 BCIX IITAaMiB [T0Ka3aJia Crosyka 3¢, sika 3a
AQHTHMIKPOOGHOIO aKTUBHICTIO He IIOCTynajiach npenapary nopiBHsHHs Mipamictuny (MIK 6yB B iHTepBasi 1,56-3,12 MKkr/mu1).

Kawwuosi cnoea: noxioni adamanmawy; 0iankiaamiHonponaHoau; cuHmes; aHmubakmepiaibHa akmugHicmy,; npo-
muepubkosa 0dis

10. B. Kopotkui, [I. M. lyankoBa, H. A. BpbiHuyany, E. A. CMepTeHKO
CuHTe3 U 6M0JI0THYeCKasA aKTUBHOCTb HOBBIX YeTBEPTUYHBIX COJIEN

alaMaHTaHCOAepKallluX JAUAJIKUWIAMHUHOIIPOINIAHOJIOB

AKTya/IbHOCTB. [l0siBJIEeHHE U pacnpoCcTpaHeHHe YCTOWYUBBIX ITAMMOB BO30yAUTe e HHPEKIMOHHBIX 3200-
JIeBaHUH NPUBOJUT K CHIDKEHHUIO 3P PeKTUBHOCTH aHTHOUOTUKOTEPANINH, CIIOCOGCTBYET YBEJUYEHHUIO CPOKA IOCIH-
TaJIM3alliy NAlMEHTOB U PacXo/[0B Ha UX JiedeHHe. OJHUM U3 NyTed GOPbOBI C PE3UCTEHTHOCTDIO SIBJISIETCS] MOUCK
AKTUBHBIX CO€/JMHEHUH Cpe/Ii HOBBIX XMMHUYECKHUX KJIACCOB U pa3paboTKa Ha MX OCHOBe 3 PeKTUBHBIX IPenapaToB.

Ilesib pa6oThl. CUHTE3 U CKPUHUHTOBbIE UCC/I€JOBAaHUSI aHTUMUKPOOHOTO efCTBUS YeTBEPTHUHBIX COJIel aja-
MaHTaHCo/lepXKallMX AUAJTKUIaMUHOIPOIIAHOJIOB C LieJ1bI0 TOMCKA HOBBIX NepCHEKTUBHBIX aKTUBHbIX COE/JUHEHUH.

Marepuasibl 4 MeToAbl. OCyIeCTBJIEH CUHTE3 U U3y4YeHbl QU3NKO-XHMHUYECKHe CBOMCTBA YeTBEPTUYHBIX COJIEH
aJlaMaHTaHCOo/epXKalUX AUaTKUIaMUHOIPONAHOoJIOB. Bblia MpoBe/ieHa OlleHKa WX aHTUMHUKPOGHOTO JeHCTBHS B OT-
HoweHnuu S. aureus, E. coli u C. albicans.

Pe3ysnbTaThl ¥ UX 06CyxKaeHUe. [l0kazaHo, YTO MHTHOUPYIOLIAas aKTUBHOCTb YeTBEPTHUHBIX coJiel ¢ 1-afjamaH-
TUJI3TUJIBHBIM PAZIMKaJOM B aJIKOKCUTPYyIIe 6bljia 3HAYUTEJNbHO BhILIE, YEM Y COeJJMHEHUH C 1-aJaMaHTUJIbHBIM U
1-alaMaHTHUIOKCUITUIBHBIM PaIUKaTaMHU.

BoiBoabI. Han6osiee BoipakeHHast aKTUBHOCTh B OTHOIIEHHUH BCEX IITAMMOB Obljla YCTAaHOBJIEHA Yy COeIUHEHUST
3¢, KOTOpOe 10 MO0Ka3aTeI0 aHTUMUKPOGHOM aKTUBHOCTH He YCTyNaeT Npenapary cpaBHeHUsA MUpaMucTHHY (MIIK
6b11 B Ananasoxe 1,56-3,12 Mxr/m).

Katloueswle caosa: npouzgodHvle adamMaHmaua; ouaaKuaaMUHONPONAHOIblL; CUHMe3; AHMUb6aKmepuaabHas ak-
musHocmb,; npomugozpubkosoe deticmaue
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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-31) 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 'H 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. 'H NMR-spectra were acquired on a Vari-
an VXP spectrometer (299.945 MHz), the solvent was
DMSO-d, 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-3I)
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 x 10° CFU/ml culture medium (bacteria) and
1-2 x 10*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 °C 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 (3a-1) by treatment
with excess amount (5 %) of alkyl halides (CH,I, C,H],
CH.CH,Cl) in the presence acetone or acetonitrile with
heating at 10 h.
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3a-fR = 1-Ad(CH,),; 3a R, R” = (CH,),, R” = CH,, I 3b R, R” = (CH,),, R” = CH,, I} 3 ¢ R, R” = (CH,),, R”= C;H,CH,, CI'; 3d R, R” = (CH,),,
R” =CH, I} 3 e R, R” = (CH,), R”= C,H,CH,, CI'; 3 fR, R” = (CH,),, R”= C,H.CH,, CI; 3 g-j R = 1-adamantyl; 3 g R, R” = (CH,), R” = CH,, I;3h R,
R” = (CH,),R” = C;H,CH,, CI; 3 1R, R” = (CH,),, R” = CH,,I; 3j R, R” = (CH,),, R” = C;H,CH,, CI; 3 k-1 R = 1-AdO(CH,),; 3k R, R” = (CH,),,

R” = CH,, I3 3 1R, R" = (CH,), R”’= C,H,CH,, CI".

Scheme. The synthesis of quaternary salts of adamantane-based dialkylaminopropanols (3a-1)
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Table 1
PHYSICOCHEMICAL PROPERTIES OF COMPOUNDS 3a-31
. Found, % Calc, %
Compound | M.p,°C Yield, % Mol. Formula
C H N C H N
3a 97-99 51 55.34 8.44 2.93 C,,H,,NO,T" 55.32 8.41 2.92
3b 172-173 57 51.06 8.09 3.30 C,sH;,NO, T 51.06 8.05 3.27
3c 167-168 64 70.64 9.38 3.43 C,,H,NO,CI 70.60 9.30 3.40
3d 128-131 73 53.45 8.07 3.11 C,,H;(NO, T 53.40 8.00 3.07
3e 130-131 67 71.94 9.28 3.22 C,eH, NO,CI 71.90 9.26 3.22
3f 123-125 52 72.77 9.59 3.02 C,H,,NO,Cl 72.77 9.60 3.00
3g 138-141 63 51.31 7.65 3.32 C,gH;,NO, T 51.27 7.66 3.33
3h 157-159 68 52.41 7.87 3.21 C,oH;,NO,T 52.41 7.84 3.20
3i 174-175 70 50.12 7.42 3.43 C,,H;,NO, T 50.10 7.39 3.41
3j 172-174 60 69.54 9.01 3.68 C,,H,;,NO,Cl 69.50 9.00 3.63
3k 95-97 70,5 50.36 5.63 3.26 C,sH;,NO,T 50.32 5.60 3.20
31 75-77 59 69.63 6.81 3.38 C,,H,NO,CI 69.60 6.80 3.86

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-31) 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, the adsorption bands of CH,,
CH,-groups are in 2975-2840 cm region. They also show
adsorptions near 1150-1100 cm™ due to stretching of
ether linkage.

All *H NMR-spectra of compounds contain the sig-
nals of protons of adamantane ring at 1.50-2.10 ppm;
the CH, group of benzyl radical gives the resonance peaks
at4.75-5.15 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 tripletat 3.75-4.11 ppm. The 'H
NMR data of compounds are given in Table 2.

Table 2
THE DATA OF *H NMR-SPECTRAL OF COMPOUNDS 3a-31
c d Chemical shift, 3, ppm. ("H NMR DMSO-d,, 3, ppm)
ompount Ad OH Ar Other groups
1 2 3 4 5
1.49 s (6H, 3xCH,) 1.32 t (2H, CH,Ad), 1.47-2.08 m (8H, (CH,), hexamethyleneamine),
3a 1.62 q (6H, 3xCH,) | 5.76 d 3.09 s (3H, NCH,), 3.40 m (2H, CH,0), 3.95 dd, 4.00 dd (2H, OCH,),
1.90 s (3H, 3xCH) 3.60 m (6H, N(CH,),), 4.48 m (1H, CH)
1.48 s (6H, 3xCH,)
| L52aion ) sana
1.91 s (3H, 3xCH) : P2 Pl % '
1.48's (6H, 3xCH,) s aam 762 m| 1:32t(2H CHAd),3.085,3.12's (6H, N(CH,),), 3.40 m (2H, CH,0),
3c 162 (6H,3xCH,) | 6.07d | ™ ot 3.50 m (2H, CH,N), 3.91 dd, 3.99 dd (2H, OCH,), 4.58 s (1H, CH),
1.91 s (3H, 3xCH) » et 4.72 q (2H, CH,C,H,)
2 1“235 Eg: ;;((C;;IZ; <46 132 t ((2H, CH,Ad), 2.04 m (4H, (CH,), pyrrole), 3.11 s (3H, NCH,),
. ) 2. . _
1.90 s (3H, 3%CH) 3.42-3.60 m (6H, N(CH,),), 3.41 m (2H, CH,0), 4.52 m (1H, CH)
1.51's (6H, 3xCH,) 2 4om 76am | 131 t(2H CH,Ad),2.09 m (4H, (CH,), pyrrole), 3.30-3.71 m (8H,
3e L62 a(6H, 3xCH,) | 612 | (Lo CH,0, N(CH,),), 3.88 dd, 4.00 dd (2H, OCH,), 4.61 s (1H, CH),
1.90 s (3H, 3xCH) » 6t 4.78 q (2H, CH,C,H;)
1.49 s (6H, 3xCH,) S 43m 7 64 m 131t (2H, CH,Ad), 1.63-1.92 m (8H, (CH,),), 3.43-3.80 m
3f 165.q (6H, 3xCH,) | 615d | cp" (6H, N(CH,),), 3.41 m (2H, CH,0), 4.41 m (1H, CH),
1.91 s (3H, 3xCH) s et 4.50 q (2H, CH,C,H,)
1.58's (6H, 3xCH,) 2.06 m (4H, (CH,),), 3.10 s (3H, NCH,), 3.30-3.70 m (8H, N(CH,),;
3g 1.68 q (6H, 3xCH,) | 5.76 d OCH.), 3.97 1 (311, CH)
2.10 s (3H, 3xCH) 2 ’
3h ig’; Z ((2':[’ ;”;Egz)) 5544 1.25 t (3H, CH,), 2.05 m (4H, (CH,),), 3.21 q (2H, CH,CH,),
. , 2 : _ .
2098 (31, 3%CHT 3.30-3.70 m (8H, N(CH,),; OCH,), 3.97 m (1H, CH)
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Continuation of Table 2

1 2 3 4 5
1.58 s (6H, 3xCH,)
3i 168 q (61, 3xCH.) | 608 3.11's (9H, N(CH,),), 3.50 m (2H, CH,N), 3.90 m (2H, OCH,),

2.10 s (3H, 3xCH)

413 m (1H, CH)

1.57 s (6H, 3xCH,)

. 7.44m,7.63m | 3.08s,3.12 s (6H, N(CH,),), 3.52 m (2H, CH,N), 3.98 m (2H, OCH,),

3j 1.67 q (6H, 3xCH,) | 5.73 d

00 (ot (5H, C,H,) 420 m (1H, CH), 4.73 q (2H, CH,C,H.)

1.58 s (6H, 3xCH,) 3.11s (9H, N(CH,),), 3.34 m (2H, CH,N), 3.54 m (2H, OCH,), 3.74 t,
3k | 1.68q(6H, 3xCH,) | 5.57d 4.08 t (4H, (CH,),), 4.29 m (1H, CH)

2.09's (3H, 3xCH) :  (CH),), 4. '
a1 i'gg s ((2:' ;”:{gﬁz% cogq|743m764m| 30853125 (6H N(CH,),), 3.50 m (2H, OCH,), 3.76 t, 412t

68 q (OH, 3xCH,) | 5. (5H, C,H,) (4H, (CH,),), 422 m (1H, CH), 4.75 q (2H, CH,C,H.)

2.09 s (3H, 3xCH)

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-31 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-3I) frag-
ment in their alkoxy group (except compound 31 with ac-
tivity against S. aureus, MIC 50.0 pg/mL).

Among the adamantane-based derivatives tested, com-
pounds 3a-fand 31 possessed inhibitory activity against
the grampositive bacteria (S. aureus), the MIC values were
between 1.25 and 50.0 pg/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-c,e,f
at concentrations between 3.12 and 50.0 pg/mL inhibi-
ted E. coli growth. The MIC value of compound 3¢ was
comparable to that of myramistin.

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

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

Table 3

ANTIMICROBIAL ACTIVITY OF COMPOUNDS 3a-31

MIC, pg/mL
Compound S. aureus E. coli C. albicans
ATCC 25923 ATCC 25922 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
3h >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
31 50.0 >50.0 >50.0
Myramistin 2.5 5.0 1.25
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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 3frespectively. 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.

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

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.

It was find that derivatives with 1-adamantyl (3g-3j)
and 1-adamantyloxyethyl (3k-31) radical in their al-
koxy group had no antimicrobial activity against bac-

CONCLUSIONS terial and fungal strains.

1. The effective synthetic methods of 12 novel quater- The present results suggest that compound 3¢ could
nary salts of adamantane-containing dialkylamino- be a lead for development of antimicrobial agents in
propanol and their derivatives have been developed. the future.

2. The structure of the compounds obtained has been con- Conflict of Interests: authors have no conflict of

firmed with a set of modern physical and chemical me-  interests to declare.
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