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Abstract. One of the directions in the development of organic chemistry is the synthesis of biologically active
compounds, including those with bactericidal activity, based on available petrochemical raw materials. In order to
expand the library of bioactive compounds containing a 1,3-dioxacyclane fragment, the synthesis of derivatives
of 5-acyl-5-isopropyl-1,3-dioxane - 1-(5-isopropyl-1,3-dioxane-5-yl)ethanol and (5-isopropyl-1,3-dioxane-5-yl)ethyl
phenyl carbamate was carried out. The effect of synthesized compounds containing a 1,3-dioxacyclane fragment on
the growth of strains of gram-negative and gram-positive bacteria, lower fungi Candida albicans was studied. It was
found that 2-methyl-2-ethyl-4-chloromethyl-1,3-dioxolane, containing a chloromethyl group, has an antimicrobial effect
against gram-positive and gram-negative test cultures and weak antifungal activity (minimum inhibitory concentration
is 100 ug/mL) against lower fungi Candida albicans. 1-(5-Isopropyl-1,3-dioxan-5-yl)ethanol exhibits antifungal activity
(minimum inhibitory concentration is 2 ug/mL) and sharply reduces antimicrobial activity against Klebsiella pneumonia,
Staphylococcus aureus, Enterobacter aerogenes (minimum inhibitory concentration is 100 ug/mL), in contrast to the
structurally similar 2-methyl-2-ethyl-4-hydroxymethyl-1,3-dioxolane, which did not show similar properties. 5-Acyl-5-
isopropyl-1,3-dioxane, containing a carbonyl group in its structure, showed antimicrobial activity (minimum inhibitory
concentration is 25 ug/mL) against gram-negative test cultures, with the exception of Pseudomonas aeruginosa.
Heterocycles (2-methyl-2-ethyl-4-chloromethyl-, 2-isobutyl-2,4-dimethyl-, 2-methyl-2-isobutyl-4-chloromethyl- and
2-methyl-2-isobutyl-4-hydroxymethyl-1,3-dioxolane) at concentrations up to 100 ug/mL did not inhibit the vital activity
of the studied bacteria and lower fungi. The results obtained show the prospect of continuing the search for new
antimicrobial and antifungal drugs of the series of 1,3-dioxacycloalkanes, the structure of which is fundamentally
different from the known antibacterial drugs.
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C.C. 3notckun*, A.A. byarakoBa**, C.A. MewepsakoBa**, P.M. CyxraHoBa*

*YOUMCKMI rocypapCTBEHHbIN HEPTAHON TEXHOAOTMUYECKUI YHUBEPCUTET, Ya, Poccrs
**BallKMpPCKMI rocypapCTBEHHbINM MEAWLIMHCKWI yHUBEPCHUTET, Yda, Poccus

AHHoTauuA. OAHUM M3 HanpaBAEHWI Pa3BUTUS OPraHUYECKOM XMMUKU SBASIETCS CUMHTE3 BMOAOTMYECKM aKTUBHbIX
COEAMHEHUI, B TOM YnCAe 0bAaaaroLLmX baKTepULIMAHON aKTUBHOCTbIO, HA OCHOBE AOCTYMHOIr0 HEPTEXMMUYECKOIO
cbipbs. C LeAbto paclumpeHns: BMbANOTEKM BMOAKTUBHbIX COEAMHEHMI, COAEPXALLMX 1,3-AMOKCALMKAGHOBBIN GparMeHT,
OCYLLIECTBAEH CUHTE3 NMPOM3BOAHbIX 5-aumnA-5-uzonponun-1,3-amokcaHa - 1-(5-n3onponua-1,3-AMoKcaH-5-mr)ataHora m
(1-(5-n3onponuna-1,3-AnokcaH-5-1a)aturpeHmnrkapbamara. M3ydeHo BAUSHUE QYHKLMOHAAbHO 2,2,4-Tpu3aMelLeHHbIX
1,3-AMOKCOAGHOB M CUHTE3MPOBAHHbIX COEAMHEHMH, coAepX)aLLumMX 1,3-AMOKCaHOBbIM GparMeHT, Ha pOCT LUTaMMOB
rpamMoTpuLIaTeAbHbIX M FPAaMITOAOXHUTEAbHbIX BaKTepui, HU3LLMX rpmbos Candida albicans. MccaeaoBaHUSI CTPYKTYPbI U
aKTUBHOCTH 0Ka3aAM, Uto 2-MeTUA-2-3THA-4-XAOPMETHA-1,3-AMOKCOAAH, COAEPXXALLIMI XAOPMETUABHYH rpyny, obrasaet
MPOTMBOMMKPOOHbLIM AEHCTBMEM B OTHOLLEHUU rPaMIOAOKUTEAbHBIX M FPAaMOTPHLATEAbHbIX TECT-KYABTYP U CAabOM
MpOTUBOrPUOKOBOM aKTUBHOCTBHO (MUHUMaAbHasi MHIMbupyroLLas KoHueHTpauus 100 MKr/MA) B OTHOLLUEHUU boAree
HM3kux rpubos Candida Albicans. 1-(5-U3onponua-1,3-AMoKcaH-5-1A)aTaHOA NPOSIBASIET MPOTUBOrPHUOKOBYH aKTUB-
HOCTb (MMHMMaAbHas MHIMOUPYHOLLAsh KOHLEHTPaLMS 2 MKI/MA) 1 PE3KO CHUXAET aHTUMMUKPOOHYH aKTUBHOCTb MPOTUB
Klebsiella pneumonia, Staphylococcus aureus, Enterobacter aerogenes (MMHUMaAbHas MHMMOMPYHOLLLAS KOHLEH-
Tpaumnsa 100 MKI/MA), B OTAMYME OT CXOAHOIO M0 CTPOEHMIO 2-METUA-2-3THUA-4-TMAPOKCUMETHA-1,3-AMOKCOAGHa, HE
MPOSIBUBLLIErO @aHaAOrMYHbIX CBOMCTB. 5-ALMA-5-n30nponua-1,3-AnM0KcaH, CoAepXaLLmMi B CTPYKTYPE KapOOHUAbHYHO
rpymnny, nposiBUA aHTUMUKPOOHYH aKTUBHOCTb (MUHMMaAbHas MHIMOUpPYoLLas KOHUEHTpaLUMUs 25 MKI/MA) B OTHOLLIEHUM
rpamoTpuLaTeAbHbIX TECT-KYABTYP, 3@ UCKAOUeHMeM Pseudomonas aeruginosa. [eTepounkibl (2-MeTUA-2-3TUA-4-
XAOPMETUA-, 2-U300YTUA-2,4-AUMETUA-, 2-METUA-2-U300Y TUA-4-XAOPMETUA- 1 2-METHA-2-U300YTUA-4-rUAPOKCUMETUA-
1,3-aM0KCOAaHbI) B KOHLUEHTpauusax Ao 100 MKI/MA HE MHMMOMPOBaAN XUIHEAEATEABHOCTb M3YYEHHbIX BaKTepui
W HU3LLMX TPU6OB. [loAyUEeHHbIE Pe3YAbTaTbl MOKa3bIBAKOT MEPCNEKTUBHOCTb MPOAOAXKEHMS MOMCKA HOBbIX aHTUMMU-
KPOOHbIX U MPOTMBOrpMbKOBLIX NpenapatoB pssa 1,3-An0KcaLUMKAOaAKaHOB, CTPYKTypa KOTOPbIX MPUHLMITMAABHO
OTAMYAETCS OT M3BECTHbIX aHTUOAKTEPUAAbHBIX MPENaAPaToOB.

KaroueBble cAOBa: MOAMOAbI, KOHAEHcauUmMd, 1,3-AMOKCaLMKAOAAKaHbI, MPOTUBOMMUKPOOBHAA aKTMBHOCTb, MPOTHMBO-
rpubkoBoe aelicTBUe
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INTRODUCTION

It is known that during the processing of plant raw
materials, various cyclic acetals are formed, which are
used as components and additives to motor fuels [1-6].
The use of substituted 1,3-dioxolanes for the synthesis of
pharmaceutical or polymer products is also described [7].
2-(2-Beta-bromoethyl)-1,3-dioxolane is used to obtain
substances exhibiting anti-cancer properties [8]. Hydroxy-
acetals - “sol-ketal” and a mixture of 4-hydroxymeth-
yl-1,3-dioxane and 4-hydroxymethyl-1,3-dioxolane have

proven to be effective additives to repellents [9], and dia-
cetals of diglycerol or dipentaerythritol are proposed as
components for polymeric materials [10]. Like molecules
containing cycloacetal moiety are important intermediates
that can be modified into more complex structures exhib-
iting a broad spectrum of biological activity [11]. Thus,
derivatives of 2,2-dissubstituted-1,3-dioxolanes exhibit
antiviral, antiplatelet, anticoagulant, fungicidal, herbicidal
activity, and can also be used to produce pheromones
[12-20]. In addition, it is known that the introduction of
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the acetal fragment enhances the antibacterial activity
of the compounds due to an increase in the lipophilicity
of the molecule [21].

In the present work, the synthesis of 5,5-disubsti-
tuted 1,3-dioxanes was carried out and the antimicrobial
activity of substituted 5- and 6-membered cyclic acetals
was studied.

MATERIALS AND METHODS

All reagents and starting materials were obtained from
commercial sources and used as received. All solvents
were dried according to standard literature procedures.
All reactions were performed under an atmosphere of
argon unless indicated otherwise. *H NMR, and *3C NMR
spectra were recorded on a Bruker Avance-Ill 500 MHz
spectrometer with chemical shift values in parts per million
(ppm) relative to TMS (8, 0.00 and &; 0.0) or residual
chloroform (0, 7.28 and . 77.2) as standard. Proton and
carbon assignments are based on two-dimensional HSQC,
HMBC, COSY and DEPT experiments. Mass spectra were
obtained using Thermo Finnigan MAT 95 XP spectrometer.
Melting points were measured on a micro melting point
apparatus.

2,2,4-Trisubstituted 1,3-dioxolanes 1-6 were prepared
according to the previously described procedure [22].

Synthesis of 5-acyl-5-isopropyl-1,3-dioxane 7. A mixture
of 6.3 mL (0.05 mol) of 4-methyl-2-pentanone, 0.225
g (0.075 mol) of paraformaldehyde, 80 mL of benzene,
and 0.4 mL of concentrated sulfuric acid (d = 1.84 g/
mL) and was stirred at 80 °C until the calculated amount
of water was released. Then the mixture was cooled to
room temperature, washed with water, dried over calcium
chloride, filtered and evaporated. The product was isolated
by vacuum distillation.

Yield 80%, colorless liquid, bp 129-131 °C (3 mmHg).
THNMR(500 MHz, CDCls), 9, ppm (J, Hz): 0.90 d (3H, J =
7.0,CHCH,); 1.00d (3H, J = 7.0,CHCH;); 1.63 m (1H, CHCH,);
2.27 s (3H, CH;C0); 3.48 d (2H,J=11.5, 4-CH,); 4.34 d
(2H,J=11.4,6-CH,); 4.62 d (1H, J = 6.0 2-CH,?); 4.98 d
(1H, J = 6.0,2-CH,"). 3C NMR (125 MHz, CDCls), 8, ppm:
16.0 (2CH3CH); 26.9 (CH5CO); 29.3 (CHCH,); 51.2 (C-5);
71.8 (C-4, C-6); 94.1 (C-2); 209.9 (C=0). Mass spectrum
(El, 70 eV), m/z (¢, %): 158 (2) [M]+, 12 (50), 110 (20),
99 (30), 86 (70), 83 (80), 71 (20), 57 (40), 43 (100).

The procedure for the hydrogenation of ketones 7. The
Pd/C catalyst (CAS 7440-05-3, TU 2172-013-94509069-
200, palladium content 5%) was ground in a mortar before
use, sieved, and kept in a desiccator. For hydrogenation,
a flow-through catalytic apparatus Catakon was used,
consisting of a metal reactor with a heating jacket, a
burette for feeding raw materials, an automatic pump,
and a control unit. Operating parameters of the apparatus
are volume of the reaction zone - 15 cm?, temperature
range - 50-600 °C, pressure up to 100 atm. An acti-
vated Pd/C catalyst was put into a flow reactor. At a given
temperature (250 °C) at a rate of 0.27 mL/min, 15 mL
of ketone 7 (0.01 mol), hydrogen were fed at a rate of
0.23 mL/min, and the pressure was about 8 kg/cm. The
obtained catalyzate was filtered off and evaporated.

Yield 85%, colorless liquid, bp 131-132 °C (2 mmHg). *H
NMR (500 MHz, CDCls), 6 ppm (J, Hz): 0.90 s (6H, CH5CH);
1.00d (3H, J =7, CHs); 1.73-1.81 m (1H, CHCH); 3.09
s (br OH); 3.72 dd (2H, J = 6.0, J = 11.0,4-CH,); 4.00 d
(1H,J=11.6,CH); 4.12dd (2H, J=6.6,J = 11.5, 6-CH,);
4.67 d (1H, J=5.8, 2-CH,?); 4.88 d (1H, J = 5.8, 2-CH,").
13C NMR (125 MHz, CDCl), 8, ppm: 16.0 (2CH;CH); 19.3
(CHCH3;); 26.9 (CH5CO); 39.2 (C-5); 68.4 (CHOH); 72.4
(C-4); 72.7 (C-6); 94.1 (C-2). Mass spectrum (El, 70 eV),
M/z (l,e, %): 160 (2) [M]+, 72 2 (60), 57 (50), 45 (30), 43
(70), 39 (20), 32 (100).

Synthesis of 1-(5-isopropyl-1,3-dioxane-5-yl)ethylcar-
bamate 9. To a mixture of 8.7 g (0.05 mol) of alcohol 8
in 15 mL of hexane was added 3 g (0.025 mol) of phenyl
isocyanate in 5 mL of hexane. Then reaction mass was
heated with stirring to 30 °C. Upon completion of the
reaction (TLC monitoring), the mixture was cooled to room
temperature, the precipitated crystals were filtered off
on a Buchner funnel, washed with water, separated from
hexane, dried in air, and recrystallized from isopropanol.

Yield 92%. White powder, mp = 101-103 °C *H NMR
(500 MHz, CDCls), 6, ppm (J, Hz): 0.90 s (6H, CHsCH);
1.11, 1.28 d (3H, J = 7, CH5); 1.91-1.95 m (1H, CHCHy);
3.67-4.01 m (5H, 4-CH,, 6-CH,, CH(CH;)0); 4.88 d (1H,
J=6.6, 2-CH,?); 5.12 d (1H, J = 6.6, 2-CH,"); 7.00-7.50
m (5H); 9.49, 9.67 s (1H, NH). *C NMR (125 MHz, CDCls),
0, ppm: 15.8 (CH3CH); 21.4 (CH5;CH); 21.4 (CH3CH); 29.4
(CHCH3); 68.2 (C-4); 71.4 (C-6); 72.3 (CH(CH,)0); 91.1
(C-2); 127.9 (Ph); 128.5 (Ph); 138.9 (Ph); 163.7 (CO,).

Antimicrobial activity. Antibacterial and antifungal
activities of 1,3-dioxolane and 1,3-dioxane derivatives
were analyzed using the agar diffusion and the twofold
broth (pH 7.2-7.4) dilution methods?. Microbial strains
of the department of Microbiology and Virology, Bashkir
State Medical University deposited at L.A. Tarasevich State
Institute of Standardization and Control of Biomedical
Preparations, the Ministry of Health of the Russian Fed-
eration were used as test organisms: Escherichia coli,
Proteus vulgaris, Klebsiella pneumoniae, Staphylococcus
aureus, Enterobacter aerogenes, Pseudomonas aeru-
ginosa, Enterobacter cloacae, Streptococcus pyogenes
and lower fungi Candida albicans. Ceftriaxone (“Biokhimik”,
Russia), pimafucin (natamycin, Astellas, Netherlands) were
taken as reference standards. Test compounds (100 mg)
and reference standards were dissolved in 1 mL of dimethyl
sulfoxide (DMSO). These solutions were diluted in beef
extract broth to achieve a final concentration of 10 mg/mL
(stock solution). The nutrient broth inoculated with
2.0x10° colony forming units (c.f.u)/mL, was used.
The cultures were incubated for 72 h at 37 °C and for
48 h at 25 °C, then the growth was monitored visually.
The lowest concentration (highest dilution) required to
arrest the growth of bacteria was regarded as minimum
inhibitory concentration (MIC).

RESULTS AND DISCUSSION

In the work we studied 2,2,4-trisubstituted 1,3-dioxolanes
1-6, which were synthesized by us earlier (Fig. 1) [22], as
well as novel 5,5-dialkyl substituted-1,3-dioxanes (Fig. 2)

1 PyKOBOACTBO MO MPOBEAEHWUIO AOKAMHUUYECKMX UCCAEAOBAHWUI AEKAPCTBEHHbLIX CpeAcTB. YacTb nepsas / pea.: A.H. M1poHoB,
H.A. ByHaTtaH, A.H. Bacunbes, O.A. BepctakoBa, M.B. XypaBaesa, B.K. PamH AenaxuH. M.: Tpud u K, 2012. 944 c. EDN: SDEWMP.
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Fig. 1. 2,2,4-Trisubstituted 1,3-dioxolanes 1-6

Puc. 1. CtpyKrypbl 2,2,4-TpU3aMeLLEHHbIX
1,2-pmokconaHoB 1-6

Dioxane 7 was prepared by reaction of ' BuCOMe with
paraformaldehyde in presence of sulfuric acid (CsHg, 80 °C)
(path a) [23]. Subsequent hydrogenation of dioxane 7 in
the presence of metal-containing catalysts (Pt/Re, Pd/C,
Ni/kieselguhr, and Ni/Mo) led to target product 8 with
60-90% yield (path b) [24]. Dioxane 8 reacted smoothly with
phenyl isocyanate in hexane at 30 °C degrees to form the
corresponding carbamate 9 (path ¢) in 90% yield (see Fig. 2).

. o)
'Pr.
o} Me p
L * CHO —= . —
Bu Me O\/O

7

Carbamate 9 is formed as a mixture of two isomers
due to inversion of nitrogen atoms. The *H and *3C NMR
spectra show a doubled set of signals of hydrogen and
carbon atoms, respectively (Fig. 3).

In the *H NMR spectrum (see Fig. 3) of carbamate 9
recorded in solution of DMSO0-d6, there are signals
characteristic for two double signals of 1,3-dioxane
cycle which are registered in weak field in interval
0 H 3.67 to 4.01 ppm. Protons at C(2) carbon atom
is also manifested by two doublets in the weak field
04 4.88-5.12 ppm with spin-spin coupling constant
6.6 Hz. Additionally, we note that the protons of the
phenyl group are manifested by complexes in the area
0y 7.00-7.50 ppm, and protons of secondary NH group
from two isomers as expanded synthetics at §, 9.49
and 9.67 ppm respectively.

All synthesized functionally substituted 1,3-dioxacyclanes
1-9 were tested for antimicrobial activity. The results of
the screening demonstrated that 1,3-dioxacycloalkanes 2
and 8 exhibited pronounced antimicrobial activity against
the most of the studied test cultures, the MIC values were
2-8 ug/mL, while 1,3-dioxane 9 at a concentration of
100 pg/mL did not suppress the growth of the studied
microbial strains as shown in Table.

OH ) Me O
. |P
Pr Me _C rP<\o)j\”—i>h
o._©0 0. ©
8 9

Fig. 2. Scheme for the preparation of (1-(5-isopropyl-1,3-dioxan-5-yl)ethyl phenyl carbamate 9
Puc. 2. Cxema nonayueHus (1-(5-n3onponua-1,3-AMokcaH-5-1a)atuadeHmarkapbamara 9

Fig. 3. *H NMR Spectrum of (1-(5-isopropyl-1,3-dioxan-5-yl)ethyl phenyl carbamate 9 in dimethyl sulfoxide-d6

Puc. 3. Cnektp AMP *H (1-(5-u3onponua-1,3-AnokcaH-5-a)aTuadeHnAkapbamaTta 9 B AMMETUACYAbGOKCHAE-0G
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Antibacterial and antifungal activities of new 1,3-dioxolane and 1,3-dioxane derivatives

AHTMﬁaKTepVIa/\bHaH n I'IpOTI/IBOFpVIﬁKOBaH AKTMBHOCTb HOBbIX NPOM3BOAHBIX 1,3-AMOKCOAaHa 1 1,3-AMoKcaHa

Minimum inhibitory concentrations, ug/mL

Compound |Escherichia| Proteus | Klebsiella |Staphylococcus|Enterobacter| Pseudomonas |Enterobacter|Streptococcus|Candida

coli vulgaris |pneunoniae aureus aerogenes aeruginosa cloacae pyogenes |albicans
1 1 >100 >100 >100 >100 >100 >100 >100 >100 >100
2 2 2 2 2 8 2 8 2 8 100
3 3 >100 >100 >100 >100 >100 >100 >100 >100 >100
4 4 >100 >100 >100 >100 >100 >100 >100 >100 >100
5 5 >100 >100 >100 >100 >100 >100 >100 >100 >100
6 6 >100 >100 >100 >100 >100 >100 >100 >100 >100
7 7 25 25 25 100 25 100 25 100 100
8 8 8 8 100 100 100 8 8 100 2
10 9 >100 >100 >100 >100 >100 >100 >100 >100 >100
11 | Ceftriaxone 0,1 0,1 0,1 1 0,1 10 0,5 0,5 -
12 | Pimafucin - - - - - - - - 1

The structure-activity studies showed that 1,3-dioxolane 4,
containing chloromethyl group in the ethyl fragment,
had an antimicrobial effect against gram-positive and
gram-negative test cultures and a weak antifungal activity
(MIC 100 pg/mL) against lower fungi C. albicans. Unlike
1,3-dioxolane 5 containing a hydroxymethyl group in
the 4 position, 1-(5-isopropyl-1,3-dioxan-5-yl)ethanol 10
exhibits antifungal activity MIC 2 ug/mL and a sharp
decrease in antimicrobial activity against K. pneumonia,
St. aureus, E. aerogenes MIC 100 ug/mL. Similarly
5-acyl-5-isopropyl-1,3-dioxane 7, containing carbonyl
group in the structure, showed antimicrobial activity
(MIC 25 pg/mL) against gram-negative test cultures
except of Ps. aeruginosa. An interesting result was that
the introduction of the isocyanate fragment into the
1,3-dioxane molecule(compound 9) reduces the antibacterial
and antifungal activities.

1,3-Dioxolanes 1, 3-6 at concentrations up to 100 ug/mL
did not inhibit the vital activity of the studied bacteria
and lower fungi (see Table).

The obtained results show that it is promising to
continue the search for new antimicrobial and antifungal

drugs in the series of 1,3-dioxacycloalkanes, the structure
of which is fundamentally different from the known
antibacterial drugs.

CONCLUSIONS

Nine functionally substituted 1,3-dioxacycloalkanes
have been synthesized and tested as anti-microbial and
antifungal agents. Among the synthesized substances, the
leading compounds were found to be: 2-methyl-2-ethyl-
4-chloromethyl-1,3-dioxolane had antimicrobial effect
against Gram-positive and Gram-negative test cultures,
5-acyl-5-isopropyl-1,3-dioxane showed antimicrobial
activity (MIC 25 pg/mL) against Gram-negative test
cultures except of Ps. Aeruginosa, and 1-(5-isopropyl-
1,3-dioxan-5-yl)ethanol exhibits antifungal activity
MIC 2 ug/mL and a sharp decrease in antimicrobial
activity against K. pneumonia, St. aureus, E. aerogenes
MIC 100 ug/mL. In summary, the results obtained show
that the search for new antimicrobial and antifungal drugs in
the series of functionally substituted 1,3-dioxacycloalkanes
is promising, since their structure is fundamentally different
from the known antibacterial drugs.
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Bknaaa aBTOpOB

Bce aBTOpbl CAEAAAU SKBUBAAEHTHbIN BKAGA
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KOHPAUKT UHTepecoB
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