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SYNTHESIS AND ANTIMICROBIAL ACTIVITY HYBRID SYSTEMS
WITH PYRAZOLE, OXADIAZOLE AND THIOPHENE RINGS
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By cyclocondensation of 4-pyrazolylamidooximes with N-cyanoacetyl-3,5-dimethylpyrazole 3-(4-pyrazolyl)-
5-(1,2,4-oxadiazolyl)acetonitriles were synthesized. By interaction of these compounds with sulfur and
cycloalkanones in the conditions of Gewald reaction hybrid structures with pyrazole, 1,2,4-oxadiazole and

aminothiophene nuclei were produced.
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ntroduction. Combination of several covalently

bound structure fragments into one compound
often modulates their characteristics or leads
to emergence of new properties. This approach
is attractive because it provides a significant
quantity of variants of generation of wide range of
new molecules for medical research and materials
chemistry. It is customary to call compounds
produced in this way ‘hybrid’, and in the recent
years they were effectively used for design of
bioactive scaffolds [1, 2].

Formulation of the problem. For the foregoing
reasons it is desirable to combine three pharma-
cophores in one hybrid structure: pyrazole (A) [3-5],
1,2,4-oxadiazole (B) [6, 7] and thiophene (C) [8-11].
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4-Pyrazolylamidooximes that we recently syn-
thesized were chosen as key objects for building
of systems of this kind Ia-f [12]. Their 3 hour in-
teraction with 2,5-dimethyl-1-cyanoacetylpyrazole
(as an equivalent of one-carbon electrophilic syn-
thon) in boiling tetrahydrofurane allows to form
1,2,4-oxadiazole nucleus and to produce 3-(4-pyra-
zolyl)-5-(1,2,4-oxadiazolyl)acetonitriles IIa-f with
yields of 63-76%. As a side note, previously we
performed successful synthesis of 5-substituted
1,2,4-oxadiazoles [12] by condensation of amidoox-
imes, type I, with anhydrides of carboxylic acids.

It is known that 1,24-oxadiazole fragment is
often used in the design if leading compounds as
an important bio-isostere of esters and amides to
achieve targeted pharmacokinetic parameters [13].
Derivatives of 1,2 4-oxadiazole are proposed as
agonists of muscarinic [14,15] and benzodiazepine
[16] receptors, and also as antagonists of histamine
H; receptors [17]. Detailed patent search [18-20]
demonstrated high inhibitory action of 1,24-oxa-
diazoles, exo-functionalized with aminothiophenol
fragment, towards protein binding fatty acids.
That’s why further structural modification of the
5th position of 3-pyrazolyl 1,2,4-oxadiazole nucleus
of this type with a group seems to be a convenient
approach to new tricyclic hybrid structures.

Results. In view of this acetonitriles Ila-f were en-
tered into Gewald reaction with cycloalkanones and
sulfur in the presence of morpholine. As a result of
this 4-pyrazolyl-5-(1,2,4-oxadiazolyl)-3-thienylamines
IIIa-h were produced with the yields of 71-92%.
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I, II, Ar = 3-MeOCgH, (a), 4-CIC:H, (b),
4—BI"C6H4 (C), 4—EtC6H4 (d), 4—F2HCOC6H4 (e), thie-
nyl-2 (f);

III, Ar = 3-MeOCsH,, n=2 (a); 4-CIC:H,4, n=2 (b);
4-BrC¢H4, n=1 (c), 2 (d); 4-EtCsH, n=1 (e), 2 (f);
4- F,HCOC¢H,, n=2 (g); thienyl-2, n=2 (h)

Composition and structure of the synthesized
compounds (table 1-3) were confirmed by the
measured results of their chromato-mass-, IR-, and
NMR spectra. IR-spectra of intermediate acetoni-
triles IIa-f in particular are characterized by the
absorption bands of CN groups with low intensity
in the 2192-2197 cm™ range. In the 'H NMR spec-
tra singlets of exocyclic methylene group are pres-
ent in the 4.78-4.82 ppm range. In the IR spectra of
the target products IIla-h wide absorption bands
of amino groups are recorded at 3435-3445 cm™.
The presence of 1,2,4-oxadiazole and thienyl nu-
clei in their structure agrees with *C NMR spec-
tra with corresponding signals of carbon atoms:
1 49_ 15 0 ppm (Cgoxadiazole); 1 7 1 ppm (C5oxadiazole)y
93-96 ppm (CBthiophene)y 108-109 ppm (C4thiophene)y
117-118 ppm (CPpiophene), 161-162 ppm C%piophene-

Experimental part

IR-spectra of the compounds in the KBr tablets

were recorded in the UR-20 device. The 'H and
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13C NMR spectra were measured using spectrom-
eter Varian VXR-400 (399.97 and 100.613 MHz re-
spectively) in DMSO-d;, internal standard — TMS.
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Chromato-mass spectra were recorded using Agi-
lent 1100/DAD MSD/VL G119562 device by direct
injection of sample, ionization energy — 70 eV.

Table 1
Characteristics of the compounds II a-f and III a-h
F leul
Compound Formula [M+1]* C ound, % c; culated, % N Tmer, °C | Yield, %
I a CoHisN:O, 358 % % % 103-104 74
b C1sH,,CIN;O 362 % % %gg 131-133 68
I c CysH1,BrN;0 407 2091 s o 135-137 76
md CorH,pN;O 356 % % % 108-109 71
I e CaoHsFoN50, 394 % % % 112-113 67
I £ C1-HuN;O0S 334 % % % 123-125 63
I a CosHyN:0,S 470 bo.32 o 1210 187-189 83
III b CysHyCIN;OS 474 % % % 182-184 89
II ¢ C,:H,;BrN;0S 505 % % % 173-175 81
I d CysHyoBrN;0S 519 2818 st 1369 191-193 87
I e CysHasN;0S 454 % % % 165-167 92
III £ CyiHsN-05S 484 % g% % 156-158 71
11 CosHy FN;0,S 506 % % % 164-166 85
1T h CysH1oN;0S, 446 % % 0l 148-149 79
Table 2
IR and 'H NMR spectra of the compounds II a-f
Com- | IR spectra, v, cm™ )
pound | C=N N, H NMR spectra, 9, ppm (J Hz)
380 ¢ (3H, CH,), 479 ¢ (2H, CH,), 7.00-7.55 M (7Huom), 8.02 2 (2Hurom, J 7.6), 9.18 ¢
Ma | 2192 e
478 ¢ (2H, CH,), 7.39-757 v (5Huom), 7.82 2 (2Haom, J 8.6), 8.03 1 (2Haom, J 8.6), 921 ¢
Mb | 2197 LA
He | 2106 478 ¢ (2H, CH,), 7.38-751 M (3Huom), 7.65 & (2Haom, J 84), 777 & (2Haom, J 84),
8.02 11 (2Hoom, J 7.6), 9.21 ¢ (1H, HY)
120 © (3H, CH,, J 7.2), 2.66 x (2H, CH,, J 7.2), 478 ¢ (2H, CH,), 7.29 2 (2Huom,
md | 2195 7 8.0), 739 7 (1Hyom. J 8.0), 7.55 T (2Haom, J 7.8), 7.72 1 (2Haom, J 7.6), 8.02 1
(2H,om, J 7.6), 9.16 ¢ (1H, H*,. 0)
Le | 2195 478 ¢ (2H, CH,), 7.27 2 (2Huwom, J 8.1), 7.33 1 (LH, CHF,, J 7.6), 7.39 T (1Haom, J 7.6),
755 1 (2Hoom, J 7.6), 7.87 11 (2Huom, J 8.0), 8.02 11 (2Huoms J 8.0), 9.19 ¢ (LH, Hyrame)
M | 2194 482 ¢ (2H, CH,), 7.17-7.656 M (4Haom), 7.95-8.07 M (3Huom), 9.20 ¢ (1H, )
171-1.75 w (4H, 2CH,), 253-2.58 m (2H, CH,), 2.71-2.73 m (2H, CH,), 3.80 ¢
Il a 3435 |(3H, CH;0), 7.01 11 (1Huow, J 8.0), 7.36-7.62 M (8H, 6Haom+NH2). 8.01 11 (2Harom,
J7.6), 936 ¢ (1H, Hopyrn)
1.70-1.73 m (4H, 2CH,), 2.54-258 m (2H, CH,), 2.70-2.73 m (2H, CH,), 7.38 7 (1Huom,
I b 3438 |J 7.8), 7.52-7.59 m (4Hurom), 7.65 ¢ (2H, NH,), 7.92 11 (2Hurom, J 7.6), 8.01 11 (2Harorn,
T 7.6), 939 ¢ (1H, Ho,, o)
2.29-2.33 m (2H, CH,), 2.67-2.71 m (2H, CH,), 2.78-2.82 m (2H, CH), 7.39 7 (1Huom,
01 ¢ 3445 |7 7.8), 7.52-7.68 m (6H, 4H,m+NH,), 7.86 1 (ZHawom. J 7.6). 8.00 11 (3Howem, J 7.6), 9.38 ¢
(lH, H5pyrazole)
1.72-1.76 m (4H, 2CH,), 2.53-2.57 m (2H, CH,), 2.69-2.73 m (2H, CH,), 740 7 (1H,om,
I d 3440 |J 7.8), 7.52-7.70 m (6H, 4H,on+NH,), 7.85 1 (2Hom, J 7.6), 8.01 21 (2Hawm, J 7.6). 9.39 c
(1H, Hﬁpyrazole)
1.05 7 (3H, CH,, J 7.2), 2.30-2.34 m (2H, CH,), 2.62-2.69 m (4H, 2CHs,), 2.82-2.86
Il e 3442 |(2H, CH,), 7.30 11 (2Huom. J 74), 7.39 1 (1Huon, J 7.6), 7.56-7.64 n (4H, 2H,+NH,),
780 1 (2Huom, J 7.6), 8.01 71 (2Hurom, J 7.6), 9.35 ¢ (1H, Hopyrasoe)
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1.25 v (3H, CH;, J 7.2), 1.70-1.75 m (4H, 2CH,), 2.51-2.55 m (2H, CH,), 2.65-2.72 m (4H,
I £ 3444 |2CH,), 7.28 11 (2Huom, J 7.6), 7.38 T (1Hoom, J 7.8), 7.51-7.63 M (4H, 2H, .. +NH,), 7.79 1
(2Harom, J 7.8), 8.00 1 (2H,rom, J 7.8), 9.34 ¢ (1H, H,iraz00)
1.71-1.75 m (4H, 2CH,), 2.54-2.58 m (2H, CH,), 2.70-2.74 m (2H, CH,), 7.13-7.38 m (3H,
Il g 3442 |OCHF,+2H,...), 740 T (1Huom, J 7.6), 7.50-7.66 M (4H, 2Haon+NH,), 7.94 11 (2Huom, J
8.4), 8.01 71 (2H,om, J 84), 9.39 ¢ (1H, H®yruroie)
1.74-1.79 M (4H, 2CH,), 2.54-2.58 m (2H, CH,), 2.75-2.79 m (2H, CH,), 7.18 1 (1Humophene,
I h 3440 |J 6.8), 741 T (1Huom, J 7.6), 7.55-7.64 M (3Huwn), 7.69 ¢ (2H, NH,), 7.98 1 (2Hurom, J
7.8), 8.20 ¢ (1H,), 9.39 ¢ (1H, H°y1az0l)
Table 3
13C NMR spectra of the compounds III a-h
g 5, ppm
=) @ @ @ ° ° K ° @ 9
o 5 g g < < S s g S
2. £ £ £ : : 5 : £ :
g CH, E 2 2 & z E & 2 E Ar
O &) O ) O S [ ) &) O
55.09 (OCH;), 114.06,
25.75, 114.44, 118.82, 121.14
IIT a 26.50, 96.86 | 109.03 | 117.25 | 129.56 | 129.86 | 150.50 | 160.34 | 161.23 | 171.82 122.08’ 129'04’ 131'57’
30.81, 31.97 o o o
’ 133.43, 138.21
22.14, 118.74, 127.08, 127.93,
IIT b 22.68, 96.87 | 109.08 | 117.26 | 129.83 | 131.03 | 149.43 | 160.42 | 161.06 | 171.86 | 129.50, 130.60, 131.74,
23.76, 25.02 133.33, 138.82
926.81 117.48, 126.57, 127.84,
III ¢ 97 95' 2é 05 93.72 | 109.15 | 117.31 | 128.47 | 129.88 | 150.27 | 159.61 | 161.17 | 171.54 | 129.14, 130.62, 131.87,
DS 133.89, 137.94
22.13, 118.76, 121.98, 127.13,
11 d 22.67, 96.87 | 109.05 | 117.26 | 129.50 | 129.82 | 149.47 | 160.40 | 101.05 | 171.63 | 130.84, 130.90, 131.37,
23.75, 25.01 131.70, 138.80
1550 (CHy),
06.95.98.53 28.01 (CH,), 121.68,
III e '29’50' » 19329 | 108.99 | 118.70 | 128.83 | 129.56 | 150.74 | 161.70 | 162.41 | 171.28 | 126.97, 127.31 131.52,
: 132.07, 138.93, 139.65,
144.23
1549 (CH,),
22.15, 28.00 (CH,), 118.71,
III £ 22.69, 96.91 | 10891 | 117.72 | 129.54 | 129.73 | 150.78 | 160.29 | 161.27 | 171.80 | 126.97, 127.29 128.83,
23.73, 25.03 129.85, 131.37, 138.93,
144.21
116.24 T (CHF,, J
22.13, 22.45 Hz), 118.03,
Il g 22.68, 96.88 | 109.01 | 117.26 | 129.58 | 129.83 | 151.15 | 160.37 | 161.11 | 171.83 | 118.83, 127.05, 129.14,
23.75, 25.61 130.57, 131.54, 138.85,
149.72
2217, 11847, 126.96, 127.13,
III h 22.70, 96.78 | 109.27 | 117.28 | 129.65 | 129.87 | 150.64 | 160.55 | 161.04 | 171.83 | 128.58, 132.43, 134.04,
23.78, 25.66 138.60, 144.77

3-(4-Pyrazolyl)-5-(1,2,4-oxadiazolyl)acetoni-
triles (II a-f). Mixture of 0.01 mole of amidoxime
(I a-f) and 1.63 g (0.01 mole) of 2,5-dimethyl-1-cy-
anoethylpyrazole in 15 ml THF was boiled for
3 hours. The reaction mixture was cooled down,
the solvent was evaporated, and the residue was
crystallized out of ethanol.

4-Pyrazolyl-5-(1,2,4-oxadiazolyl)-3-thieny-
lamines (III a-h). Mixture of 0.001 mole of acetoni-
trile (IT a-e), 0.001 mole of corresponding cycloal-
kanone, 0.05 g (0.0015 mole) of sulfur and 0.5 ml
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of morpholine in 10 ml of ethanol were mixed for
1 hour at 50°C, and then 2 hours at 20-22°C. The
resulting precipitate was filtrated and crystallized
out of ethanol

Conclusions. A preparatively convenient method
of 4-pyrazolyl-5-(1,2,4-oxadiazolyl)-3-thienylamines
synthesis was developed. It includes consecutive
transformation of 4-pyrazolylamidooximes into
3-(4-pyrazolyl)-5-(1,2,4-oxadiazolyl)acetonitriles.

Their interaction with sulfur and cycloalkanones
in conditions of Gewald reaction was studied.
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ITanacenxo H.B.
ByxoBuHCBKNMIT TepskaBHIUI MeINYHNI YHIBEPCUTET

CHHTES3 TA IPOTIMIRKPOBHA ARTUBHICTD I'NbPUJIHNX CUCTEM
3 IMIPA30JBbHNM, ORCAJIA3OJBbHIM TA TIOPEHOBIM IIUKJIAMMN

Amnoranis

IIukaokonaeHcalliero 4-mipasosinamifiookcumiB i3  N-1iaHoaleTnI-3,5-IMMETUIIIIPA30J0M CHHTE30BaHi
3-(4-mipasosin)-5-(1,2,4-0kcagia30ii) aEeTOHITPUIINM, B3AEMOLIECI0 AKMX 13 CIPKOIO Ta IIMKJIOAJIKAHO-
HaMM B yMmoBax peakiiii I'eBasbna orpumani ribpuaHi cTpykTypwm i3 mipasosmbauMm, 1,2 4-oxcania3oJbHUM
Ta aMiHOTIO(PEHOBUM IVIKJIAMIL

KniouoBi caoBa: ribpupni crpykrypu, 4-nipasosimamimooxkcumuy, —3-(4-mipasosin)-5-(1,2,4-okcania3ostio)
areToHiTpun, 4-nipasomin-5-(1,2,4)-oxkcaia3osia-3-rieHiaMiag, IIMKJIOKOHIEHCAITiA IPOTUMIKPOOHA aKTUBHICTE.

ITanacenxko H.B.
ByxoBuHCKNII TOCyZapCTBEHHbBII MEOVUIVIHCKII YHIBEPCUTET

CHMHTE3 1 IPOTUBOMUNKRPOBHAA ARTUBHOCTDb T'MBPUJIHBIX CICTEM
C IINMPA3OJbHBIM, ORCAAMA30JbHBIM I THOPEHOBBIM HNKRJIAMUI

AnboTanusa

IMukmokongeHcalmein 4-nupa3oanaaMuIOo0OKCUMOB ¢ N-1maHoaeTna-3,5 IUMEeTUIIINPa30J0M CUHTEe3UPOBa-
HBI 3-(4-tmpazoimni)-5-(1,2,4-okcaanas3onmii) aleTOHUTPIII, B3aUMOEICTBMEM KOTOPBIX C CEPONi M IMKJIOAI-
KaHOHAMM B YCJIOBMAX peakimy ['eBaJibfia MOJydeHble IMOPUIHbIE CTPYKTYPhI C MMPasoJbHbIM, 1,2,4-0kca-
JIVAa30JIbHBIM ¥ aMUHOTYO(EHOBBIM IIMKJIa M.

Karouepbie caoBa: ruOpuaHbIE CTPYKTYPBI, 4-IMpas3omiIaMuUI0OKCUMbl,  3-(4-mmpaszosmi)-5-(1,2,4-
OKCaAya30JmJI)alleTOHUTPII, 4-mmmpasonni-5-(1,2,4)-okcaama3onmi-3-TUeHNIaMUHbL, IMKJIOKOHIEHC AN,
IPOTUBOMUKPOOHAA aKTUBHOCTD.



