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Synthesis of alkyl derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane
and evaluation of their biological activity

Today 3,7,10-trioxo-2,4,6,8,9,11-hexaaaza[3.3.3]propellane (THAP) has not yet received widespread re-
search attention due to the complexity of the synthesis. This work is devoted to the development of a method
for the THAP derivatives synthesis, as well as to the study of their biological activity in comparison with al-
kyl-substituted glycolurils (subject of comparison). THAP was N-alkylated to furnish novel hexaalkyl deriva-
tives of THAP with methyl, ethyl and propyl substituents. The conditions for obtaining the maximum yield of
the target product were optimized on the base of methyl derivative. The reaction proceeded in DMSO/KOH at
75-80 °C for 13 hours in a moderate yield of 56 %. The ethyl and propyl derivatives of THAP were synthe-
sized under the same conditions. The biological activity of the obtained THAP alkyl derivatives and
glycoluril alkyl derivatives was evaluated against Sporosarcina ureae, Bacillus pumilus, Salmonella
typhimurium and Staphylococcus aureus bacteria and influenza A virus. All the samples were found to exhib-
it antibacterial activity against Staphylococcus aureus. It was shown that 2,4,6,8,9,11-hexapropyl-THAP, di-
tert-butyl-diphenyl-, di-tert-butyl-dibenzyl-, di-tert-butyl-dimethyl- and di-isopropyl-dibenzylglycoluril, have
exhibited also toxicity to living cells besides antiviral activity.

Keywords: propellane, azapropellane, THAP, glycoluril, N-alkylation, biological activity, influenza virus,
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Introduction

Propellanes are molecules with a central single (ethane) bond and three bridged rings (carbon or
heteroatomic) [1]. They are found in natural resources [2—-3] and are widely applied in polymeric materials,
medicines, pesticides and so on [4-6]. Zalkow et al. [7] were the first to isolate sesquiterpene modephene
from the poisonous plant Isocoma Wrightii in 1978. It was the first compound with a [3.3.3]propellane skele-
ton discovered in natural products [3.3.3]. Due to their structure, modephene and its derivatives exhibit a va-
riety of biological activity [8, 9] and its toxicity can passivate certain biological enzymes and selectively in-
hibit anti-proliferation of some cancer cells. Thus, propellanes have been in focus of many chemists and bi-
ologists over a few last decades.

Among propellanes, heterocyclic compounds, especially those with nitrogen atoms (azapropellanes),
are of considerable interest, since they can be easily be functionalized.

Research on the synthesis of azapropellanes was carried out by Ashkenazi et al. [10]. Shin and co-
workers managed to have synthesized propellane bearing five nitrogen atoms through the glycoluril deriva-
tive in three stages in 2014 [11].

Lee, Zhang and co-workers developed a synthetic method for 3,7,10-trioxo-2,4,6,8,9,11-
hexaaza[3.3.3]propellane (Fig. 1) [12-13].
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Figure 1. A synthetic protocol for 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane
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This method consists of three stages. At the first stage the uric acid (1) is oxidized by potassium
hexacyanoferrate to form 1,5-diaminoglycoluril (2). At the second stage 3,7,10-trioxo-2,4,6,8,9,11-hexa-
Boc-2,4,6,8,9,11-hexaaza[3.3.3]propellane (3) is obtained from 1,5-diaminoglycoluril (2) by a tricyclization
reaction. Afterwards, Boc-deprotection is performed (third stage) with trifluoroacetic acid to form propellane
(4) with six nitrogen atoms.

Lee et al. [12] obtained 3,7,10-trioxo-2,4,6,8,9,11-hexa-benzyl-THAP (5a) and 3,7,10-trioxo-
2,4,6,8,9,11-hexa-allyl-THAP (5b) (Fig. 2) in DMSO-DMF-NaH under inert nitrogen. The resultant products
were extracted with ethyl acetate and then purified by column chromatography.
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Figure 2. A synthetic protocol for alkyl derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane

However, there is no information in the literature on the synthesis of alkyl derivatives of THAP. There-
fore, the present study was aimed at developing a synthetic method for alkyl derivatives of 3,7,10-trioxo-
2,4,6,8,9,11-hexaaza[3.3.3]propellane and evaluating their biological activity in comparison with alkyl-
substituted glycolurils previously obtained.

Experimental

General procedure

3,7,10-trioxo0-2,4,6,8,9,11-hexaaza[3.3.3]propellane (0.4 g, 0.002 mol) and KOH (1.12 g, 0.02 mol)
were added to DMSO (15 mL), stirred for 30 min at 40 °C, and then the corresponding alkyl halide
(0.02 mol) was added. The reaction mixture was heated to 75-80 °C and kept for 5-13 h. After completion of
the reaction, the resulting salt was collected by filtration, and the initial solution was extracted (15 mLx3)
with a mixture of water/methylene chloride in a ratio of 1:1. The organic layer was evaporated to give a
white powder.

The analysis of the obtained compound was determined by HPLC on an Agilent 1200 chromatograph.
Separation was carried out on a chromatographic column Zorbax SB C-18 (150*2,1 mm, particle size 5 um)
from Agilent Technologies (USA), with the precolumn (Zorbax SB C-18 12,5*2,1 mm, particle size 5 pm).
0.1 % trifluoroacetic acid (solvent A) and acetonitrile (solvent B) were used as the mobile phase. The column
temperature was 25 °C. The composition of the mobile phase was measured in a gradient mode: the concen-
tration of solvent B was measured from 2 % to 40 % within 10 min. The flow rate of the mobile phase was
0.25 ml/min. The duration of the session was 20 minutes. Column conditioning between consecutive injec-
tion was 15 min. Detection was carried out at 225 nm wave-length. The sample volume was 5 ul.

3,7,10-Trioxo-2,4,6,8,9,11-hexamethyl-2,4,6,8,9,11-hexaaza[3.3.3]propellane (5¢): Yield: 0.32¢g
(56 % of the theor.). Mp = 256-258 °C. IR, cm™: 2944, 2602, 1690, 1629, 1503, 1401, 1371, 1273, 1207,
1156, 1008, 832, 702. '*H NMR (500 MHz, DMSO0-d6) & 3.00 (s, 18H, CHs); **C NMR (126 MHz, DMSO-
d6) 157.43 (C=0), 90.64 (Ctert.), 26.72 (CHy).

3,7,10-Trioxo-2,4,6,8,9,11-hexaethyl-2,4,6,8,9,11-hexaaza[3.3.3]propellane  (5d): Yield: 0.33¢g
(45 % of the theor.). Mp = 220-222°C. IR, cm™: 2976, 2935, 2872, 1696, 1622, 1496, 1437, 1369, 1354,
1279, 1218, 1060, 966, 862, 756, 702. "H NMR (500 MHz, DMSO-d6) & 3.50-3.45 (q, J=7x3 Hz, 2H, CH,),
1.01-0.98 (t, J=7x2 Hz, 3H, CHj); *C NMR (126 MHz, DMSO-d6) 156.49 (C=0), 96.24 (Ctert.), 36.21
(CH,), 14.31 (CHs).

3,7,10-Trioxo-2,4,6,8,9,11-hexapropyl-2,4,6,8,9,11-hexaaza[3.3.3]propellane (5e): Yield: 0.46¢g
(51 % of the theor.). Mp = 180182 °C. IR, cm™: 2967, 2936, 2876, 1704, 1484, 1426, 1344, 1291, 1200,
1078, 910, 884, 847, 809. 749. '"H NMR (500 MHz, DMSO0-d6) & 3,36-3,39 (m, 12H, CH,), 1.36-1.41 (m,
12H, CH,), 0.77-0.81 (t, J=7.4 x2 Hz, 18H, CH3); *C NMR (100 MHz, DMS0-d6) 156.53 (C=0), 87.01
(Ctert.), 42.91 (CH,-CH,-CH3), 22.06 (CH,-CH,-CH3), 11.32 (CH,-CH,-CHy).
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Evaluation of biological activity

To determine the antibacterial activity, two-fold dilution of experimental preparations (volume 100 pl)
was made in the cells of a 96-well culture plate with a U-shaped bottom on MPB medium (mesopatamia
broth). 100 ul of an overnight culture diluted to a concentration of 106 cells/ml was added to each well. In-
cubation took place at 37 °C for 40 hours. Determination of optical density in relation to control (growth of
bacterial culture without preparation) was performed.

To examine the antiviral activity in vitro, two methods were used:

1) the inhibition of the virus-induced cytopathic effect was determined visually under a microscope [17];

2) by changing the absorption of the vital dye by cells — neutral red [17, 18].

For this purpose, a 96-well plate was seeded with a MDCK (dog, kidney, cell monolayer) cell line, with
a seed dose of 2x10* cell per well. After 90 % of the monolayer was formed (20-h incubation at 37 °C under
5% CO,), the influenza A/California/ 07/09 (HLN1pdm09) virus strain was inserted at a dose of 100 TCIDs,
per well. This dose is equivalent to the multiplicity of infection at 0.001 of infection particles per cell.
30 minutes after infection, the test sample contained in the culture medium was placed in the wells and incu-
bated at 37 °C under 5 % CO, for 72 h. After that, neutral red (0.34 % final concentration) was added into
each well, the cells were washed in 1.5 h, and a solution (0.1 M NH4H,PO, and 96 % ethanol in equal vol-
umes) was added for the stain extraction, and the optical density of the liberated stain was measured at a
wavelength of 490 nm. The antiviral activity of the compound was estimated as a dose (concentration) of the
test drug, which 50 % inhibits the viral reproduction or 1Cs,. Although ICs, was estimated by the two meth-
ods (determination of virus-induced cytopathic effect and incubation with neutral red), here we presented
data obtained only with neutral red as more objective.

To assess the toxicity of the compounds, the 96-well plate was seeded with a MDCK cell culture with a
seed dose of 2x10* cells per well. After a 20-hour incubation at 37 °C in an atmosphere of 5% CO,, the
compounds dissolved in a MEM medium (Gibco) containing 5 % fetal bovine serum were introduced. Three
days after incubation, the inhibition percentage of cell proliferation was evaluated using neutral red, as de-
scribed above. The toxicity of the compounds was estimated as a dose (concentration) of the test drug at
which 50 % cells are died (CDsy).

The therapeutic index or index of selectivity (IS) was determined as the ratio of CDsg to 1Cx,

Results and Discussion

Synthesis of alkyl derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane

It would be logical to apply the glycoluril alkylation methods to THAP since it molecule is character-
ized by the presence of three imidazolidinone rings and has a structure similar to glycoluril. We have earlier
developed a synthetic method for tetrasubstituted glycolurils with mono- and heterofunctional substituents in
an acetonitrile/KOH medium [14, 15]. The method incorporates the alkyl groups into the partially substituted
glycoluril and uses a low-boiling solvent to simplify the isolation of reaction products.

The alkylation reaction of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane was carried out under
conditions similar to the alkylation of glycoluril. In this case, the yield of hexaaryl derivatives of THAP was
found low and reached only 6-8 % in acetonitrile medium.

That is why we investigated the effects of different solvents (DMSO, DMF, ethanol, 1,4-dioxane and
methylene chloride), reaction temperature and bases on the target product yield by an example of the 5¢ syn-
thesis (Table 1).

Table 1
Selection of synthesis conditions for 2,4,6,8,9,11-hexamethyl-2,4,6,8,9,11-hexaaza[3.3.3]propellane 5c¢
Reaction tem- | Yield, Reaction tem- | Yield,
Exp. Solvent Base perature, °C % Exp. Solvent Base perature, °C %
1 |DMSO KOH 80 24 6 |[DMSO K,CO; 80 -
2 |DMF KOH 80 11 7 |DMF K,CO;3 80 -
3 |Ethanol KOH 70 - 8 |Ethanol K,CO4 70 -
4 |1,4-Dioxane KOH 80 - 9 |1,4-Dioxane K,CO4 80 -
5 |Methylene chloride| KOH 40 - 10 [Methylene chloride | K,COs 40 -

Note. «—» THAP was quantitatively isolated back; no reaction has occurred.
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As can be seen from Table 1, the N-alkylation reaction took place only at 80 °C and only in the two
solvents such as DMSO and DMF. It is also evident that the yield of the target product 5¢ in DMSO is al-
most 2 times more than that in DMF. The superbasic medium DMSO / KOH was selected for further re-
search based on these preliminary results (Table 1). The results of the THAP alkylation with methyl iodide in
the superbasic medium as a function of the reaction temperature and time are given in Figure 3.
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Figure 3. Dependence of the 5c yield: (@) on the reaction temperature (reaction time 6 hours)
and (b) on the reaction time (temperature 75 °C)

Figure 3a shows that an increase in the reaction temperature from 25 °C to 85 °C led to a smooth rais-
ing in the content of product 5¢ from 12 % to 48 %. An increase of the alkylation time from 6 to 8 hours (3b)
showed a slight growing in the yield of product 5c to 51 %. When the reaction time was extended to 13 h, the
yield of product 5¢c got higher insignificantly and was 56 %. The slowdown in the formation of reaction
product 5¢ in 13 hours can be explained by the emerging of competing reactions due to the prolonged resi-
dence of the reagents in the superbasic medium at high temperature.

We sequentially have obtained THAP hexa-derivatives with methyl (5c), ethyl (5d) and propyl (5e)
substituents (Fig. 4).

& R, R_R
HN Y WH NN
AlkylHal N .
HN.) FNH ky rRT—EN-R
HN_ _NH N_ N,
N4 RN R
o) o)
4 5

R: c. CHa- (56 %)
d. CoHs- (45 %)
e. C3Ho- (51 %)

Figure 4. Synthesis of alkyl derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane

An attempted of isopropyl and tert-butyl groups incorporation into THAP did not lead to the expected
result. This is probably due to the steric factor of the radicals.

Biological activity

The tetrasubstituted glycolurils synthesized previously [14, 15] and the new THAP derivatives were
evaluated in vitro against some bacteria (Sporosarcina ureae, Bacillus pumilus, Salmonella typhimurium and

Staphylococcus aureus) and influenza A virus. Tables 2 and 3 summarize the biological activity evaluation
results.
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Table 2
Evaluation of antibacterial activity of the THAP hexaaza- derivatives and tetrasubstituted glycolurils
. . . Salmonella
Compound Sporosarcina ureae Bacillus pumilus typhimurium Staphylococcus aureus
5c 1,3:10°° 2,6:10° 1,3-10°° 1,3-10°°
5d 4210° 8,4-10° 4210° 4,2:10°
5e 59-10° no no 29-10°
(@]
~ SN
6a — 4,6:107? 9,2:1072 9,2-1072 4,6-102
_N_ N
\“/ ~
]
(]
Bn\N/U\N/Bn
6b — 2,0-10° no no 8,0-10°°
Bn/NYN\Bn
o
(e}
BNy
6c NHN 12:10° no 9,8:10°° 4,6:10°°
B
Ty e
(0]
\N/“\Nk
6d — 1,8-10° 1,8:10° 1,8:10° 8,8:10°°
%N\H/N\
(o)
o 2
6e — 42-10°° no no 42-10°°
>\/NYN\Ph
(o]
o
Bn\N/U\N
6f no no no 7,0-10°
XNYN\BH
(o]

Sporosarcina ureae are spore-forming bacteria and ammonifying microorganisms that decompose urea.
They are used in agriculture for nitrogen enrichment of the soil. Bacillus pumilus are phytopathogenic bacteria
affecting agricultural crops (flax, pumpkin, corn, beet, oranges, apricots, marrow-type pumpkin, etc.) and thus
cause significant economic damage to agricultural and processing companies. Salmonella typhimurium is a
salmonellosis causal agent. Staphylococcus aureus (opportunistic pathogenic bacterium) initiates skin diseases
(furuncles), respiratory diseases (angina, pneumonia), nervous system and sensory organ diseases (otitis media,
conjunctivitis, cerebral fever), digestive system diseases (stomatitis, acute food poisoning) and etc.

All the test samples were found to inhibit the growth of Staphylococcus aureus at low concentrations. In
contrast, suppression of the reproduction of Sporosarcina ureae is an undesirable effect as they are used in

agriculture.
Table 3
Evaluation of antiviral activity of the THAP hexaaza derivatives and tetrasubstituted glycolurils
Sample _CDSO toxjcity (the lowest di[u- ICso e_lntiviral activity (the highest d_ilution Thergpeutic index IS _(r_atio
tion at which 50 % cells survive)|  which protects 50 % cells from virus) | of toxic dose to the efficient)
5¢ 6.6:10° no no
5d 2.1110° no no
5e 3.7-10° 2.9-10° 1.28
6a 5.7-10°° no no
6b 5.0-10°° no no
6c 5.8-10° 4.6-10°" 1.26
6d 4410° 2.8:10° 1.57
6e 2.1-10° 1.7-10°° 1.24
6f 3.5-10° 2.8:10° 1.25
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As can be seen from Table 3, only 5e propyl derivative of THAP exhibited an antiviral activity, while
the methyl and ethyl derivatives did not. It was found that compound 5e at a concentration of 2.9-10* g/ml is
able to protect 50 % of cells from influenza virus. Tetrasubstituted glycolurils 6¢-e were also active at low
concentrations. Further studies of the antiviral activity of these compounds were unreasonable because they
had a high toxicity and a low therapeutic index. Samples 6a and 6b did not exert the antiviral activity. Note
that sample 6a has found its application as a day-time sedative and is marketed as Mebicar [16]. Therefore,
the biological activity of the resultant hexaalky! derivatives of THAP should be further examined.

Conclusions

New hexaalkyl derivatives of THAP with methyl, ethyl and propyl substituents were synthesized. The
conditions for the maximum product yield were selected using the example of a methyl derivative: the reac-
tion proceeded in DMSO/KOH at 85 °C for 13 hours with a 56 % yield. The biological activity of the ob-
tained compounds and of earlier synthesized model compounds (tetrasubstituted glycolurils) against influen-
za A virus was evaluated. The biological activity against the Staphylococcus aureus bacterium was exhibited
by all of the test compounds, while the antiviral activity was exhibited by 2,4,6,8,9,11-hexapropyl-THAP,
di-tert-butyl-dibenzyl—, di-tert-butyl-diphenyl-, di-tert-butyl-dimethyl- and di-isopropyl-dibenzylglycoluril.
However, these compounds proved to be toxic to living cells.

This work was performed using instruments provided by the Biysk Regional Center for Shared Use of
Scientific Equipment of the SB RAS (IPCET SB RAS, Biysk). The reported study was funded by RFBR, pro-
ject number 19-33-90060.
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Synthesis of alkyl derivatives of 3,7,10-trioxo-...
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3,7,10-tpuokco-2,4,6,8,9,11-rekcaaza|3.3.3|nponesiaHHBIH AJIKHJ TYbBIHABLIAPbIH
CHHTe3/1ey sKHe 0JIapPAbIH OMOJIOTHAJIBIK 0eJICEHALTIrH 3epTTey

XKywmsic 3,7,10-tprokco-2,4,6,8,9,11-rexcaasa[3.3.3 JuponemiaHHBIH KW TyBIHABIIAPEIH CHHTE3/CY MiCiH
JKacayra jKOHE albIHFaH 3aTTap/blH AIKWIaIMACKaH TIIKOIYPUIACPMEH (3epTTey OOBEKTiCl) calbICThIpFaHIa
OMONIOTHSIIBIK ~ OCNICEHIUNITIH  3epTTeyre apHainFaH. byin OaFbIT CHHTE3AIH Kypaenurri ceGebiHeH
3epITeyIIIepAiH Ha3zapblHAaH Thic KaimFaH. THAP-ter  N-ankwngey omici  apKpUIbl — TeKCaaKHII-
TYBIHABUTAPBIHBIH, METHJIII, 3TUJIAI KOHE IMPONMIIAI TeKCAaTKHI TYBIHIBUIAPBIMEH >KaHA KOCBIIBICTAPhI
CUHTE37eIi. MEeTHII TYBIHIBICHI MBICATBIHA HETI3r1 OHIMHIH MaKCHMAIIbl MIBIFBIMBI OONATHIHAANW THIMII
karnainapsr skacanapl. Peaxnms JIMCO/KOH optaceaa 75-80 °C Temnepatypana 13 carat Go#EI sxypeni,
peaknus 1bFBIMBL 56 %. THAP aTwmmi koHe NpOMWIAI TYBIHIBUIAPH Typa OCBIHIAW KaFmaiina
cunresnenared. THAP-THIH kKOHE TJIMKONYPWIIBIH ajbIHFAH alKHITYBIHIBUIAPBIHBIH Sporosarcina ureae,
Bacillus pumilus, Salmonella typhimurium u Staphylococcus aureus GakTepusiapblHa *oHE A TYMaybIHBIH
BHPYCBIHA KaTBICThI OHOJOTHSIIBIK Oescenainiri seprrenrer. bapibik yirinep Staphylococcus aureus kapcsr
OakTepuanapl O€NCEHIUTIK KepceTeTiHl aHbIKTanFaH. 2,4,0,8,9,11-rexcanponun-THAP, nu-mpem-Gytuin-
IueHun-, au-mpem-0yTUI-TUOCH3WIT-, OU-mMpem-OyTHIA-TUMETHI-, TU-U30MPOII-THOCH3IITITHKOIYPIIT
KOCBUTBICTAPBIHBIH BHPYCKaKapchl OelCeHIUTKTeH ©Oacka Tipl jkacymiamap YOIIH YBITTBI OOJATBIHBI
OaiiKasraH.

Kinm ceszodep: nponemnan, azanponeiian, THAP, raukoneypun, N-ankuiuaey, OHONMOTHSIIBIK OSNCCHIITIK,
TyMay BUpYCHI, Sporosarcina ureae, Bacillus pumilus, Salmonella typhimurium, Staphylococcus aureus.
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CuHTe3 aJKkuInpoun3Boanbix 3,7,10-tpuokco-2,4,6,8,9,11-rexcaasal3.3.3|nponesiana
U U3y4YeHHne UX OHOJIOTHYECKOii AKTHBHOCTH

Pabora mocesiieHa pa3paboTKe Meroga CHHTe3a mpou3BoaHbIX 3,7,10-tprokco-2,4,6,8,9,11-rekca-
aza[3.3.3]mponemnana (THAP), koTOpbIid emé He MOMYyYWsT MIMPOKOTO BHHMAHHS HCCIICIOBATENCH BBHIY
CIIO)KHOCTH CHHTE3a, a TAaKKe HM3YUYCHHIO OHOJIOTMYECKOW aKTHBHOCTH CHHTE3MPOBAHHBIX COCAWHEHUH B
CPaBHEHUH C aJKHJI3aMEUICHHBIMH TIHUKOJIbYpHIaMu (0OBEKTOM cpaBHEeHHs). MetomoMm N-aIkumupoBaHUs
THAP ObuiM CHHTE3MPOBaHBI HOBBIC rekcaaikuianpousBoanbie THAP ¢ METHIBHBIMU, STHIBHBIMUA U TPO-
NUJIBHBIMH 3aMECTUTEISIMH. Ha mpruMepe MeTHIBHOIO NPOM3BOAHOTO OBUIM ONTHMHM3HMPOBAHBI YCIOBHS I10-
JIyYEeHUs] MAaKCHMAIBbHOTO BBIXOJa IIe7IeBOro mpoaykra. Peakius nporekaer B cpene JIMCO/KOH npu Tem-
nepatrype 75-80 °C B Teuenue 13 4 ¢ yMEpPEHHBIM BBIXOJOM 56 %. DTHUIBHBIC U MPOMMIBHBIC TPOU3BOIHBIC
THAP cuHTE3upOBaHBI B aHAIOTHYHBIX YCIOBHAX. V3ydeHa OHWosoTHYecKas aKTWBHOCTH MOJYYEHHBIX all-
Kkupou3BoaHsix THAP U ankuiimpou3BOJHBIX TIMKONIbYPUJIA B OTHOIIGHHH OakTepuii Sporosarcina ureae,
Bacillus pumilus, Salmonella typhimurium u Staphylococcus aureus, a taxxe Bupyca rpumma A. YcTaHOBITe-
HO, 4TO BCe 00pa3ibl MPOSIBISIIOT aHTHOAKTEpHaIbHYI0 aKTHBHOCTH mpotus Staphylococcus aureus. Beuto
MOKa3aHO, 4YTO, Hapsiy C MPOSBICHHOW IMPOTUBOBHUPYCHOW AaKTHBHOCTHIO, Yy coeauHeHuit 2,4,6,8,9,11-
rexcanponuni-THAP, nu-mpem-Oytuin-nudenun-, au-mpem-0yTui-quOeH3WI-, TH-mpem-0yTi-TIMeTHI-,
JIH-M30TPONHIT-ANOSH3WITTIMKOIbYPHI TAaKoke 0OHAPY)KEHA TOKCHYHOCTD JUIS )KMBBIX KIIETOK.

Kniouesvie cnosa: nponennan, azanponemiad, THAP, rnukonsypui, N-aqkumupoBanue, OHOTOTHYECKas aK-
THUBHOCTB, BUpPYC Tpuiima, Sporosarcina ureae, Bacillus pumilus, Salmonella typhimurium, Staphylococcus
aureus.
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