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The synthesis, spectral properties and the biological activity

of 7-arenesulfonyl-3-arylmethyl-1,3,7-triazaspiro[4.4]nonane-2,4-

dione derivatives

Aim. To synthesize the series of 7-arenesulfonyl-3-arylmethyl-1,3,7-triazaspiro[4.4]nonane-2,4-dione, to study their
spectral properties and antibacterial activity.

Materials and methods. The methods of organic synthesis, instrumental methods of organic compounds analy-
sis, as well as the agar diffusion method were used.

Results and discussion. By the interaction of 3-arymethyl-1,3,7-triazaspiro[4.4]nonane-2,4-diones with arenesulfonyl
cholrides in the presence of triethylamine the series of 7-arenesulfonyl-3-arylmethyl-1,3,7-triazaspiro[4.4]nonane-2,4-dione
was obtained. For the compounds containing the fragments of 1-sulfonylamido-(2,4)- and 3,4-difluorobenzene the 'H-'H
coupling constants in their 'H{"®F}-NMR fluorine decoupled spectra, as well as the "°F-'°F coupling constants in the "*F{'H}-
NMR proton decoupled spectra were measured. The antimicrobial activity screening showed that the growth of such bacterial
strains as Staphylococcus aureus and Bacillus subtilis was inhibited by the compounds of the series obtained.

Conclusions. It has been found that the interaction of 3-arymethyl-1,3,7-triazaspiro[4.4]nonane-2,4-diones with
arenesulfonyl cholrides is an effective way for the synthesis of 7-arenesulfonyl-3-arylmethyl-1,3,7-triazaspiro[4.4Jnonane-2,4-
diones with the promising biological activity against the strains of gram-positive bacteria such as Staphylococcus
aureus and Bacillus subtilis. Among 7-arenesulfonyl-3-arylmethyl-1,3,7-triazaspiro[4.4]nonane-2,4-dione derivatives
3-(3-methylbenzyl)-7-(toluene-4-sulfonyl)-1,3,7-triazaspiro[4.4]Jnonane-2,4-dione exhibited the highest activity.

Key words: hydantoin; sulfonamides; pyrrolidone; antibacterial agents

K. 1O. KponeHko, C. B. Bnacos, I. O. XXypasens, T. . Oconog4eHko

CuHTe3, cnekTpanbHi XapakTepucTUkn Ta 6ionoriyHa akTUBHICTb NOXiAHUX

7-apeHcynbgoHin-3-apunmetun-1,3,7-tpnasacnipo[4.4]JHoHaH-2,4-AioHy

MeTa po60Tu — cuHTe3 psgy 7-apeHcynbdoHin-3-apunvetnn-1,3,7-Tpuasacnipo[4.4]HoHaH-2,4-AioHiB, AOCHimKEH-
HS X cnekTpanbHUX XapakTepuUCTUK Ta aHTMbakTepianbHOT akTUBHOCTI.

Martepianu Ta meTtogu. MeToamM opraHiyHOro CUHTE3Y, IHCTPYMEHTarbHi METOAM BCTAaHOBINEHHST Oy10BW OpraHiy-
HUX CnonyK, MeTog audysii B arap.

Pe3ynisraty Ta ix obroBopeHHs. Npu B3aemogii 3-apunmetun-1,3,7-Tpnasacnipo[4.4]HoHaH-2,4-0ioHiB 3 apeHCyrb-
doxnopmagammn B NPUCYTHOCTI TpMeTunamiHy Byno oTpMMaHo psag noxigHux 7-apeHcynbdoHin-3-apunmvetun-1,3,7-
Tpuasacnipo[4.4]HoHaH-2,4-aioHy. [Ina cnonyk, Wwo mictatb 1-cynbganinamigo-(2,4)- ta 3,4-gudnyopobeH3eHoBI
dparMeHTn, BUMIpsHIi KOHCTaHTK cniH-cniHoBoi B3aemogii [NgporeH-TigporeH y 'H{'°F}-AMP-cnekTpax 3 npurHiyeH-
HsiM B3aemogii ligporeH-dnyop, a Takox KOHCTaHTK cniH-cniHoBOI B3aemogii ®nyop-®nyop y "°F{'H} AMP-cnekTpax.
[aHi MikpoBionoriYyHOro CKpMHiHIYy NokasyroTb, L0 rpaMno3nTuBHI 6akTepii, Taki sk Staphylococcus aureus Ta Bacillus
subtilis € 4yTIMBMMKN O CNOMYK AOCAIAXYBaHOrO psiay.

BucHoBku. BcraHosneHo, wo B3aemogia 3-apunmvetun-1,3,7-Tpuasacnipo[4.4JHoHaH-2,4-AioHiB 3 apeHcynbdoxnopuaa-
MU € edDEKTUBHUM METOOOM CUHTE3Y 7-apeHcynbdoHin-3-apunmetun-1,3,7-tpuasacnipo[4.4]JHoHaH-2,4-aioHiB, Aki Npo-
SIBMSAOTb NEPCneKTUBHY GionoriyHy akTUBHICTb MO BiAHOLLEHHIO 40 LUTaMiB rpaMno3nTBHUX bakTepin Staphylococcus
aureus Ta Bacillus subtilis. HanbinbLuy akTVBHICTb B psiay 3aMilLieHNX 7-apeHcynbgoHin-3-apunmeTun-1,3,7-tpuasacnipo[4.4]
HOHaH-2,4-aioHiB nposiBuB 3-(3-MeTnnbeHaunn)-7-(tonyeH-4-cynbgoHin)-1,3,7-tpuasacnipo[4.4]HoHaH-2,4-0i0H.

Knrovoei cnoea: eidaHmoiH; cynbghamiou; niponidoH; aHmubakmepiarbHi 3acobu

K. 1O. KponeHko, C. B. Bnacos, W. A. XKypagens, T. . OconogyeHko

CVIHTe3, crneKkTpalribHble XapakKTepUuCcTukm n Ounonoruyeckasa akTMBHOCTb npon3BO4HbIX

7-apeHcynbgoHun-3-apunmetun-1,3,7-rpnasacnupo[4.4]HoHaH-2,4-auoOHa

Llenb pabotbkl — cuHTe3 psga 7-apeHcynboHunn-3-apunmetun-1,3,7-tpuasacnupo[4.4]HoHaH-2,4-AM0HOB, uccne-
[OBaHWe X CrekTpanbHbIX XapaKTePUCTUK U aHTUbakTepuanbHON aKTUBHOCTMY.
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MaTtepuanbl u meToabl. MeToabl OpraHM4eckoro CUHTE3a, MHCTPpYMEHTallbHble MeTOoAbl onpeaeneHna CTpyKTypbl

opraHuyecknx coeguHeHun, metoq anddysnn B arap.

Pesynbkrathbl n ux obcyxaeHue. Mpu Bzaumogencteum 3-apunvetun-1,3,7-tpuasacnvpol4.4]HoHaH-2,4-0UOHOB C
apeHcynbgoXnopmaaMm B NPUCYTCTBUN TPUITUNAMUHA Obin NONyYeH psia NPoM3BOAHBIX 7-apeHCYbOHNIT-3-apunmeTus-
1,3,7-Tpnasacnupo[4.4]HoHaH-2,4-auoHa. [ina coegnHeHun, cogepxalumx 1-cynbsdaHunammnao-(2,4)- n 3,4-audptopbex-
30rbHbIe (hparMeHTbl, U3MEPEHbBI KOHCTaHTbI CMIMH-CNMHOBOIO B3aMmoaencTaus Bogopoa-sogopos B 'H{'°F}-AMP-cnekTpax
C NofaBrneHneM B3avMOAENCTBUSA BOOOPOA-(TOP, @ Takke KOHCTaHTbl CMMH-CMIMHOBOTO B3aMMOAENCTBMSA oTop-doTop B
F{'H} AMP-cnexTpax. [JaHHble MMKPOBMONOrMYECKOro CKPUHMHIA MOKa3bIBaKOT, YTO rPaMMNoNOXUTENbHbIE GakTepun, Takme
kak Staphylococcus aureus v Bacillus subtilis, 4yBCTBATENbHbLI K COEANHEHVSIM UCCIEaYyEMOro psaa.

BbiBoAabI. YcTaHOBMEHO, YTO B3aumopenicTeue 3-apunmeTtun-1,3,7-Tpuasacnupo[4.4]JHoHaH-2,4-O1M0HOB C apeHCYIb-
doxnopugamu asnaetTca apPeKTMBHbIM METOAOM CUHTE3a 7-apeHcynbdoHun-3-apunmetun-1,3,7-tpuasacnmpo[4.4]
HOHaH-2,4-AMOHOB, KOTOPbIE NPOSIBMSIOT NEPCMNEKTUBHYH NPOTUBOMUKPOOHYH aKTUBHOCTL MO OTHOLLIEHMIO K LUTAMMaM
rpamnonoxuntenbHbix 6aktepun Staphylococcus aureus v Bacillus subtilis. Hanbonbluyto akTMBHOCTb B psily 3ame-
LLEeHHbIX 7-apeHcynbdoHun-3-apunmetun-1,3,7-Tpuasacnmpol4.4]HoHaH-2,4-aMoHOB nposaBun 3-(3-meTunbeH3unn)-7-
(Tonyon-4-cynbgonnn)-1,3,7-Tpnasacnupol4.4]HoHaH-2,4-ANO0H.

Knrodeenie cnoea: 2udaHmouH; cynbghamulbl; nupponudoH; aHmubakmepuarbHbie cpedcmea

As it was earlier reported the substituted 3-aryme-
thyl-1,3,7-triazaspiro[4.4 Jnonane-2,4-diones, their 7-ben-
zoyl derivatives [1], and unsymmetrical ureas on their
basis [2] showed the antibacterial effect against gram-
positive, gram-negative bacteria and fungi. The anti-
bacterial activity is also typical for the compounds with
the ArSO,NRR' fragment [3, 4].

In recent years the fluorine-containing molecules are of
a great interest to scientists [5-8] since regardless of its
larger atomic radii fluorine causes less steric complications
for receptor binding rather than the hydrogen atom [9].
Therefore, obtaining of the novel fluorine-containing
compounds is a promising way for developing effective
antibacterial drugs, that is why we decided to make the
combination of the 3-arymethyl-1,3,7-triazaspiro[4.4]
nonane-2,4-dione moiety with the sulfonamide frag-
ment the objects for further studies of spectral charac-
teristics and the antibacterial activity.

Materials and Methods

Chemical Part

All solvents and reagents were obtained from the
commercial sources. 'H, *C and YF NMR-spectra were
recorded with a Bruker 170 Avance 500 spectrometer at
500 MHz for NMR 'H-spectra, at 125 MHz for NMR
BC-spectra and 376 MHz for NMR ""F-spectra; the solvent
was DMSO-d,; TMS was used as an internal standard
for 'H, "*C and CFClI, for ""F-spectra. Chromato-mass
spectra were recorded using an Agilent 1100 HPLC de-
vice equipped with a diode matrix detector and a mass-
spectrometer (Agilent LC-MSD SL), and the Zorbax
SB-C18 column (4.6x15 mm) with atmospheric pres-
sure chemical ionization (APCI) was used for the analy-
ses. The TLC was performed on the aluminium plates
covered with Merck, Kiesgel 60 F-254. The melting points
were measured with a Kofler melting point apparatus
and were not corrected.

The substituted 3-arymethyl-1,3,7-triazaspiro[4.4]
nonane-2,4-diones (1.1-1.4) were obtained by the pre-
viously reported methods [5].

The general method for the synthesis of the sub-
stituted 7-arenesulfonyl-3-arylmethyl-1,3,7-triazaspi-
ro|4.4]nonane-2,4-dione (3.1-3.13). To the solution of 3-ary-
methyl-1,3,7-triazaspiro[4.4nonane-2,4-dione (1.2 mmole)
1.1-1.4 in 10 ml of 1,4-dioxane add 0.17 ml (1.25 mmole)

of triethylamine and 1.2 mmole of the corresponding
arenesulfonyl chloride (2.1-2.5), heat the reaction mix-
ture for 3 h at 80°C while stirring. Then cool it to room
temperature and dilute with 50 ml of water, mix for 30 min.
Purify the precipitate obtained by crystallization from
ethanol.

Microbiological Experiment

According to the WHO recommendations to assess
the activity of the compounds tested the following strains
of microorganisms were used: Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 2785 3, Proteus vulgaris ATCC 4636,
Bacillus subtilis ATCC 6633, Candida albicans ATCC
653/885. The inoculum suspension was prepared using
a Densi-La-Meter apparatus (PLIVA-Lachema, Czech
Republic; the wavelength of 540 nm). The suspension
was prepared according to the instruction for the appa-
ratus and the Information Letter about innovation in the
healthcare system, No.163 — 2006 “Standardization of
microbial suspension” [10-12]. The cultures were syn-
chronized under the low temperature conditions (4°C).
The density of the inoculum was 107 cells per 1 ml of
the medium and was determined by comparing with
McFarland standard [13]. The 18-24 hour old culture of
microorganisms was used for the test. Mueller-Hinton
agar was applied for bacteria. The strain of Candida al-
bicans was cultivated using Sabouraud agar. The exper-
iment was carried out using the agar “well” diffusion
method [14]. The compounds studied were introduced
as 0.3 ml of the DMSO solution (with the concentration
of 100 pg/ml) aliquots. The standards were introduced
as the solution in DMSO (30 pg/lm) for Metronidazole
and as the water solution (30 pg/lm) for Synthomycine.
The antibacterial activity was assessed by measuring
the growth inhibition zones for each microorganism.

Results and Discussion

To obtain the target novel 3-arymethyl-1,3,7-triaza-
spiro[4.4]nonane-2,4-diones modified with the sulfon-
amide fragment the synthesis of 7-arenesulfonyl-3-aryl-
methyl-1,3,7-triazaspiro[4.4nonane-2,4-diones 3 series
was performed. The synthesis of compounds 3 was car-
ried out by the interaction of the secondary spiroamines
obtained 1.1-1.4 by the methods previously reported
[1] with the substituted arenesulfonyl chlorides 2.1-2.5
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1.1 X'=H; 1.2 X'=4Me; 1.3 X'=2,5diMe; 1.4 X'=3Me; 2.1 X?=H; 2.2 X2=2 4diF; 2.3
X2=3Cl; 2.4 X%=3,4diF; 2.5 X2=4Me; 3.1 X"'=H, X%=H; 3.2 X'=4Me, X2=2 4diF; 3.3
X'=4Me, X2=H:; 3.4 X'=4Me, X?=3Cl; 3.5 X'=4Me, X?=3,4diF; 3.6 X'=2,5diMe, X?=H: 3.7
X1=2 5diMe, X2=2,4diF; 3.8 X'=2,5diMe, X2=3Cl; 3.9 X'=2,5diMe, X2=4Me; 3.10
X1=3Me, X2=H; 3.11 X'=3Me, X2=4Me; 3.12 X'=3Me, X2=3,4diF; 3.13 X'=H, X2=4Me

in the 1,4-dioxane medium. Compounds 3.1-3.13 were
isolated after recrystallization from ethanol as white
crystalline solids (Scheme).

In the 'H and ""F NMR-spectra of the fluorine-contain-
ing samples (3.2, 3.5, 3.7, 3.12) obtained the multiplicity
of the proton signals for difluorobenzenesulfonyl amide
fragment were unclear to be interpreted correctly. Such
situation was caused by the presence of two magnetically
and chemically non-equivalent fluorine atoms, which im-
peded the spectra because of splitting the protons signals.
For resolution of the spectra for the compounds with 2,4-
and 3,4-difluorobenzenesulfonyl amide fragments (3.2
and 3.5, respectively) the proton or fluorine decoupled
spectra 'H{"F} and “F{'H} were measured for the ad-
equate interpretation of the proton spectral signals.

In the 'H{""F}NMR-spectrum of compound 3.2 with
the fluorine decoupling three signals in the region of
aromatic proton resonance with the equal integral in-
tensity were observed. In the spectra the proton signal in
position 5 was observed as a doublet of doublets (dd) at
7.35 ppm due to the interaction with the protons in posi-
tions 6 and 3 with the constants of 8.8 and 2.4 Hz, respec-
tively. Thus, the signal of the proton in position 3 was
observed at 7.65 ppm as a doublet with the constant of
2.4 Hz, while the doublet signal at 7.92 ppm (J = 8.8 Hz)
was the signal of the proton in position 6.

Similarly, the decoupling from protons simplifies
the interpretation of YF NMR-spectrum of compound
3.2. Two non-equivalent fluorine atoms in the molecule
obtained interacted with the coupling constant equal to
12.5 Hz. The presence of such strong electron-accep-
tor as the sulfonamide group shifted the signal of the
conjugated fluorine atom down-field, so the doublet at
-101.74 ppm was the signal of the fluorine atom in posi-
tion 4, and the signal at -103.13 ppm was produced with
the fluorine atom in position 2.

The successful interpretation and the coupling con-
stants measurement for the compound with the 3,4-di-
fluorobenzenesulfon amide fragment 3.5 was achieved
by detection of '"H{"’F} and "F{'H} NMR-spectra. The

Scheme

normal 'H and ""F NMR-spectra of compound 3.5 con-
tained the unclear picture of multiplet signals.

In the '"H{""F} NMR-spectrum there was the dou-
blet of doublets at 7.73 ppm produced by the proton in
position 6, for this signal the first coupling constant was
8.7 Hz; it was caused by the interaction with the proton
in position 5, while the second constant (/= 1.9 Hz) re-
sulted from the interaction with the proton in position 2.
The doublet at 7.77 ppm (J = 8.7 Hz) was a signal of
the proton in position 5, and the doublet at 7.98 (J=1.9
Hz) was the signal of the proton in position 2. The char-
acteristic difference in intensity of the doublet compo-
nents (the “roof effect”) indicates the magnetic similari-
ty of protons in positions 5 and 6.

The fluorine atoms in the 3,4-difluorobenzenesulfon
amide fragment gave two doublets with the spin-spin
coupling constant of 21.8 Hz, being 9.3 Hz more than
the constant for the 2,4-difluorosubstituted fragment.

Concerning C NMR-spectra of compounds 3.2 and
3.5 the signals of carbon atoms were also split because
of the presence of the fluorine atoms in the aromatic ring.
For example, the signal of the carbon atom in position
3 of the 1-sulfonylamido-2,4-difluorobenzene fragment
for compound 3.2 was observed as a triplet at 106.9 ppm
with the constant of 26.5 Hz due to its interaction with
two fluorine atoms in ortho-positions. The carbon atoms
in positions 2 and 4 of the same fragment were observed
as a doublet of doublets at 161.0 ppm (J, = 256.3 Hz,
J,=13.1 Hz) and 165.8 (J, = 254.7 Hz, J, = 12.0 Hz),
respectively, where the first constant was caused by the
ipso-carbon-fluorine interaction and the second one was
the result of the meta-carbon-fluorine interaction. Simi-
larly, the signals of the carbon atoms in positions 5, 6
and 1 were observed as three doublets at 112.97 (J =
19.4 Hz), 133.56 (J=11.2 Hz) and 122.09 (/= 15.4 Hz)
ppm; it was obvious that the meta-constant for carbon-
fluorine (the carbon atom in position 6) was less than the
ortho-constants for the carbon atoms in positions 5 and 1.

Thus, using the NMR-spectroscopic experiential tech-
niques the coupling constants for "H-"H and ""F-'"°F were
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Table 1
The 'H, C, YF NMR-, LC-MS-spectral data and the melting points for the derivatives
of 7-arenesulfonyl-3-arylmethyl-1,3,7-triazaspiro[4.4]nonane-2,4-dione 3
Compounds | M.p., °C 'HNMR, 6, ppm (J, Hz) 13Cand "F NMR, 6, ppm(J, Hz) [M+H1*
1 2 3 4 5
2.09-1.89 (m, 2H); 3.51-3.26 (m, 4H); 35.9;41.8;47.6;55.9;65.9;127.7;127.9;
449 (s,2H); 7.20(d, J=7.4,2H); 7.25 (t,J | 128.0; 129.1; 130.0; 133.9; 136.2; 137.0;
3.1 162-163 |=7.2,1H); 7.32(t,J=7.3,2H); 7.66 (t,J=[155.9; 174.4 386.0
7.6,2H);7.74 (t,J=7.3,1H); 7.83 (d, J=
7.6,2H); 8.83 (s, TH)
2.05(dt,J=12.8,6.4, TH); 2.16 (dt, J = 21.2;35.8;41.6;47.2; 55.1;65.6; 106.9 (t,
14.7,7.5, 1H); 2.26 (s, 3H); 3.59-3.34 (m, |J=26.5);112.9(d,J=19.4);122.0(d,J
4H); 4.44 (s, 2H); 7.09 (d, J = 7.8, 2H); =15.4);127.8;129.6;133.5(d, J=11.2);
3.2 180-181 |7.12(d,J=7.9,2H);7.32 (t, J=8.4,1H); [134.0;137.1;155.9; 161.0 (dd, J = 256.3, 436.0
7.61(t,J=9.0, 1H); 7.89 (dd, J = 14.7, 13.1); 165.8 (dd, J=254.7,12.0); 174.4
8.2, TH); 8.80 (s, TH) FNMR:-103.11 (dd, J=20.3, 10.7);
-101.74 (dt, J=16.7,8.2)
2.12-1.79 (m, 2H); 2.25 (s, 3H); 3.52-3.18 | 21.2; 35.9; 41.6; 47.6; 55.9; 65.8; 127.8;
(m, 4H); 4.43 (s, 2H); 7.08 (d, J = 7.8, 2H); | 128.0; 129.6; 130.0; 133.9; 134.0; 136.2;
3.3 150-151 |7.11(d,J=7.2,2H); 7.66 (t,J=7.0,2H); [137.1;155.9;174.4 400.0
7.75(,J=7.0,1H);7.82 (d, J=7.9, 2H);
8.80 (s, TH)
1.98 (dt,J=12.8, 6.3, TH); 2.06 (dt, J = 21.2;35.8;41.6;47.6;55.7,65.7; 126.7,
15.0,7.6, TH); 2.26 (s, 3H); 3.52-3.34 (m, |127.5;127.8; 129.6; 132.0; 133.9; 134.0;
3.4 162-163 |4H); 4.43 (s, 2H); 7.09 (d, J = 8.0, 2H); 134.8;137.1;138.2; 155.9; 174.4 434.0
7.12(d,J=8.1,2H); 7.68 (t, /= 8.2, 1H);
7.86-7.75 (m, 3H); 8.78 (s, TH)
1.98 (dt,J=12.9,6.4, TH); 2.09 (dt, J = 21.2;35.8;41.6;47.6;55.6;65.7; 118.0
14.9,9.5, TH); 2.26 (s, 3H); 3.38-3.51 (m, |(d,J=19.7); 119.3 (d,J=18.3); 126.0;
2H); 3.33 (t, /= 5.4, 2H); 4.43 (s, 2H); 7.08 | 127.8; 129.6; 133.5; 134.0; 137.1; 150.1
3.5 170-171 |(d,J=7.9,2H); 711 (d,J=7.9,2H); 7.73 |(dd,J=251.5,13.3); 153.1 (dd, J = 436.0
(dd,J=15.5,6.9,2H); 7.95 (t, /= 8.2, 253.8,12.5); 155.9; 174.3
1H); 8.75 (s, TH) F NMR: -135.23 --135.69 (m); -131.20
--131.55(m)
2.11-1.93 (m, 2H); 2.21 (s, 3H); 2.23 (s, 18.8;21.2; 36.0; 47.6; 55.9; 65.8; 66.9;
3H); 3.37-3.51 (m, 2H); 3.36 (s, 2H); 4.42 | 128.0; 128.4; 130.0; 130.6; 132.8; 133.9;
(s, 2H); 6.78 (s, TH); 6.95 (d, J=7.5, TH); |134.5;135.3; 136.2; 156.0; 174.5
36 131132 12703 (d, J= 7.5, 1H); 7.66 (t, J = 7.5, 2H); 414.2
774 (t,J=7.3,1H);7.83(d,J=7.5, 2H);
8.84 (s, TH)
2.14-2.02 (m, 1H); 2.21 (s, 4H); 2.24 (s, 18.8;21.2; 35.9;47.2; 55.1; 65.6; 106.9
3H); 3.60-3.39 (m, 4H); 4.43 (s, 2H); 6.79 | (t,J=26.7);112.9 (d, J=25.0); 122.1
(s, TH); 6.97 (s, TH); 7.03 (d, J=7.3, TH); |(d,J=10.9); 128.0; 128.4; 130.6; 132.8;
7.31(s, 1H); 7.90 (d, J=6.0, TH); 8.82 (s, |133.5(d, J=10.3); 134.5; 135.3; 156.0;
3.7 146-147 1R 160.0 (dd, J = 2562, 13.8); 165.8 (dd, J= | +°0C
254.4,12.0); 174.6
FNMR:-103.1 (dd, J=20.1, 11.1);
-101.7 (dt, J=17.2, 8.6)

measured, and it helped to interpret properly the spec-
tra of compounds 3.2 and 3.5 containing 1-sulfonylami-
do-(2,4)- and 3,4-difluorobenzene fragments, being typi-
cal for many biologically active substances [15-17].
The data obtained may be used for interpretation of the
similar spectra of more complex molecules. The 'H, 1°C,
F NMR, LC-MS-spectral data for compounds 3 and
the melting points are listed in Tab. 1.

The screening data of the antimicrobial activity for
compounds 3 showed the sensitivity of almost all bacte-
rial strains for all of the samples studied. The highest ac-

tivity was revealed by 3-(3-methylbenzyl)-7-(toluene-
4-sulfonyl)-1,3,7-triazaspiro[4.4nonane-2,4-dione (3.11)
against the strain of Bacillus subtilis. In this case, simi-
larly to the aryl amides of 3-arymethyl-2,4-dioxo-1,3,7-tri-
azaspiro[4.4]nonane-7-caroxylic acids previously reported
[2], the tendency of the antimicrobial activity increase for
the compound containing methyl substituents in the aro-
matic ring is typical of the novel 7-arenesulfonyl deriva-
tives. The highly active samples 3.8 and 3.9 also confirm
such correlation. The results of the antimicrobial activity
screening for compounds 3.1-3.13 are given in Tab. 2.
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Continuation of Table 1

1 2 3 4 5
203 (dt,J=127,6.3, 1H; 200 (dt, /= 192, |18.8;21.2; 35.9,47.7; 55.7; 65.7;
6.1, 1H); 2.21 (s, 3H); 224 (5, 3H); 3.54-3.36  |126.7;127.5; 128.0; 128.4; 130.6;
3.8 | 179-180 |(m, 4H); 442 (5, 2H); 6.79 (5, TH); 6.95 (d, J= |132.0;132.8: 133.9; 134.4; 134.8; 448.2
7.4,1H);7.03(d,J=7.6, 1H); 7.68 (t, J=7.8, |1353;1383;156.0;174.5
1H); 7.82 (dd, J = 15.6, 4.8, 3H); 8.82 (s, 1H)
1,99 (dt, )= 11.9,5.9, 1H); 2.12-2.02 (m, TH); | 18.8;212;21.6; 36.0; 47.6; 56.0; 65.9;
221(s,3H); 2.25 (s, 3H); 242 (5, 3H); 3.51-  |128.0;128.1;128.4; 130.5; 130.6;
3.9 | 154-155 |3.28 (m, 4H); 444 (s, 2H); 6.81 (5, 1H); 6.96 (d, | 132.8; 133.3: 134.5; 135.3; 144.3; 428.2
J=7.1,1H);7.03(d,J=7.3,1H); 745 (d, J= |156.0;174.5
7.5,2H);7.71 (d, J = 7.6, 2H); 8.75 (5, 1H)
2.08-1.87 (m, 2H); 2.26 (5, 3H); 3.52-333 (m, |21.5; 35.9; 41.8; 47.6; 55.9; 65.8;
4H); 444 (5, 2H); 6.97 (d, )= 7.5, 1H); 7.00 (s, |124.8;128.0;128.3;128.6;129.0;
310 | 129-130 | 1H); 706 (d, J=7.4, TH); 7.19 (&, J=7.5, 1H); [130.0;133.9;136.1;136.9; 138.2; 400.2
7.66 (t,J=7.5,2H); 7.79-7.69 (m, TH); 7.82 155.9;174.4
(d,J = 8.1,2H); 8:82 (5, 1H)
1,05 (dt, J= 13.0,65, 1H); 202 (dt, J)= 15.3, |21.5;216;35.9;418; 47.6; 56.0; 65.9;
7.7,1H): 2.26 (5, 3H); 241 (5, 3H); 333 (s, | 1248;128.1; 1283; 128.6; 129.;
2H);3.47-334 (m, 2H); 4.4 (5, 2H),697 (d,  [130.5;133.2;136.9; 138.2; 144.3;
3T V76177 276, 1H);7.01 (s, 1H); 7.07 (d, J= 7.4, TH); [155.9;174.4 4140
7.19(,J=7.51H);7.46 (d,J=7.9, 2H); 7.70
(d,J=8.1,2H); 8:82 (5, 1H)
200 (dt,J=12.8,6.4, 1H); 210 (dt, /= 149, |21.5; 35.8,41.8,47.6; 556,657, 1180
9.3, 1H); 2.27 (5, 3H); 3.50-334 (m, 4H); 4.44 |(d,J=19.5); 119.3 (d, J = 18.5); 124.;
(5, 2H); 6,97 (d, )= 7.5, 1H); 7.01 (5, 1H); 7.07 | 126.0; 128.4; 1286, 129.0; 133.6;
(d,J=7.4,1H):7.20 (t, J=7.5, 1H);7.80-7.64 | 136.9;138.2; 150.1 (dd, J = 251 4,
3121 152153 1) oH); 7.95 (1= 8.0, 1H); 877 (5, 1H) | 133);153.1 (dd, J = 2536, 12.5); 436.2
155.9;174.4
'9F NMR:-135.31 - -135.63 (m);
-131.18--131.52 (m)
1,95 (dt, )= 127,63, 1H); 2.07-1.99 (m, 1H); |21.6;35.9;418; 47.6; 56.0; 65.9;
2.41 (s, 3H); 3.51-3.32 (m, 4H); 4.49 (s, 2H); 127.7;127.9;128.1; 129.1; 130.5;
313 | 187-188 |7.19(d, J=7.5,2H); 726 (t, J= 7.2, 1H); 7.32 |1332;137.0;144.3;155.9; 1745 400.2
(t,J=7.3, 2H); 7.46 (d, J = 8.0, 2H); 7.70 (d, J =
8.1, 2H); 8.84 (5, 1H)
Table 2

The antimicrobial activity of 7-arenesulfonyl-3-arylmethyl-1,3,7-triazaspiro[4.4]nonane-2,4-dione derivatives 3

Diameter of the growth inhibition zones*, mm

Compounds Gram-positive bacteria Gram-negative bacteria Fungi
S.a. B.c. E.c. P.v. P.a. C.a**

Metronidazole 14 16 14 0 0 14

Synthomycine 14 17 17 17 17 0

3.1 18 19 15 18 17 18

3.2 16 20 16 17 17 19

3.3 19 19 17 18 16 19

3.4 15 16 15 17 15 17

3.5 18 18 16 17 16 18

3.6 16 18 15 18 15 17

3.7 17 19 17 19 17 19

3.8 22 22 20 18 18 20

3.9 20 20 18 19 17 20

3.10 18 19 17 17 17 20

3.11 18 23 16 17 18 21

3.12 17 21 16 17 18 18

3.13 17 20 17 17 18 19

Notes: * - The average value for three experiments; ** — Test-strains are listed in the experimental part.
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CONCLUSIONS

The reaction of 3-arymethyl-1,3,7-triazaspiro[4.4 |no-
nane-2,4-diones with arenesulfonyl chlorides has been
shown to be an effective method for obtaining of a va-
riety of the substituted derivatives of 7-arenesulfonyl-
3-arylmethyl-1,3,7-triazaspiro[4.4 Jnonane-2,4-dione as
compounds with the promising potent biological activity.
The 'H-'H and “F-"F spin-spin coupling constants measu-
red for the compounds with 1-sulfonylamido-(2,4)- and
3,4-difluorobenzene fragments may be used for interpre-
tation of the spectra of more complex compounds with the

same substituents. The screening data of the antimicrobi-
al activity have shown that the compounds obtained are
active against Staphylococcus aureus and Bacillus sub-
tilis, and 3-(3-methylbenzyl)-7-(toluene-4-sulfonyl)-1,3,7-
triazaspiro[4.4|nonane-2,4-dione is the most active. The
tendency of the antimicrobial activity increase for the
compound containing methyl substituents in the aromat-
ic ring is typical for the novel 7-arenesulfonyl-3-arylme-
thyl-1,3,7-triazaspiro[4.4 Jnonane-2,4-dione series.

Conflicts of Interest: authors have no conflict of in-
terest to declare.
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