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Novel N-(5-aryl-2-(1H-tetrazol-5-yl)thiophen-3-yl)acetamides were obtained by the acylation
of 2-(1H-tetrazol-5-yl)-5-aryl-3-aminothiophenes, synthesized by the reaction of 5-aryl-3-
aminothiophenes with ammonium azide in the inert atmosphere.
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1. Introduction

Drugs based on heterocyclic compounds are widely used in medical practice.
Among the heterocyclic compounds, thiophene derivatives occupy a significant place due
to the bioisosterity of the thiophene ring to benzene ring and 5-substituted tetrazole moiety
is used in pharmaceuticals as carboxylic group bioisosteres. Tetrazole derivatives provoke a
considerable interest in recent decades due to their chemical, photophysical and biological
activities. At the same time, thiophene derivatives arouse great interest in pharmaceutical
chemistry due to a wide range of biological activities. Thus, thiophene and tetrazole cycles
are a fragment of many pharmaceutical drugs (articaine, protiofate, oliceridine, valsartan,
cefotiam and others), pesticides (dimethanamide).
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Compounds containing of thiophene and tetrazole cycles are reported as
antibacterial nonpeptide antagonists platelet aggregators, antithrombotic agents [0, 2] and
nonlinear optical materials [3]. Similarly, these derivatives are well known to exhibit
various activities such as anti-inflammatory [4, 5], antibacterial [4—6], anticancer [7-11],
antiviral [11], antifungal [12], inhibition of keratinocyte hyperproliferation [13] activities.
In particular, thiophene-containing compounds are of considerable interest as anticancer
drugs [7-11].
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Therefore, in recent years, extensive studies of the bioactivity of compounds
containing the combination of thiophene and tetrazole cycles as selective inhibitors of
histone deacetylase 6 [9] and CDK8 kinase [8]. This allows it to be considered as highly
effective potential anticancer agents, as well as AT2 receptor ligands [14], anti-
inflammatory and antibacterial agents [5]. Therefore, it is still perspective to continue
studying of synthesis and reactivity of the compounds containing the thiophene and
tetrazole fragments combinations.

2. Results and discussion

We have previously developed a convenient approach to the synthesis of
2-functionalized 5-aryl-3-aminothiophenes, in particular for nitriles of 3-amino-5-
arylthiophene-2-carboxylic acids la-f, by bromoarylation of a-chloroacrylonitrile, and
subsequent cyclization of obtained products with chloroacetonitrile and sodium
hydrosulfide [15].

The presence of an amino group and a nitrile group in the nitriles of 3-amino-5-
arylthiophene-2-carboxylic acids la-f allows the subsequent modification of such
compounds or their use as building blocks for the construction of thiophene-containing
target substances. We were able to modify nitriles of 3-amino-5-arylthiophene-2-carboxylic
acids into thiophenyltetrazole derivatives 2a-f using the reaction of [3+2] cycloaddition of
azide and nitrile groups. By the reaction of 3-amino-5-arylthiophene-2-carbonitriles with
sodium azide in the presence of ammonium chloride in DMF, the 5-aryl-2-(5H-tetrazol-5-
ylthiophen-3-amines have been obtained. Ammonium azide, which is significantly better
soluble in DMF and capable for generating of hydrogen azide, was generated in situ by the
interaction of ammonium chloride with sodium azide. Ammonium azide formation
facilitates the reaction proceeding. The reaction was carried out under heating of reaction
mixture at a temperature of 130 °C in an inert atmosphere to prevent an oxidation of the
aminothiophene fragment and resinification, which was observed when mixture was
heating at the presence of air. The target products 2a-f were isolated by diluting with water
and acidifying of the mixture to pH = 4.
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Thus, we obtained a number of new 2-(1H-tetrazol-5-yl)-5-aryl-3-aminothiophenes
2a-f in yields of 70-92%. That way allows to the introduction of a large variety of
functional groups in aryl substituent at the 5-position of the thiophene cycle. It can be
expected that the tetrazole moiety of the obtained compounds serves as a convenient
precursor for the construction of oxadiazoles. At the same time, the amino group presented
in the 3 position of thiophene ring is suitable for the obtaining of different amides.
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Thus, they can be used as bifunctional reagents for the forming of thiophene-
containing polyheterocyclic compounds. Due to the prospects for the study of compounds
such as antiproliferative agents, the anticancer activity of 5-aryl-2-(1H-tetrazol-5-
yl)thiophen-3-amines is currently being studied.

However, it has been established that 2-tetrazolyl-3-aminothiophenes 2a-f react with
acethyl chloride forming N-(5-aryl-2-(1H-tetrazol-5-yl)thiophen-3-yl)acetamides 3a-f.
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Boiling the 2a-f compounds with acetyl chloride in toluene at the presence of
pyridine the acylation of amino group is performed without expected oxadiazole cycle
forming.

3. Conclusion

In the current work, 2-(1H-tetrazol-5-yl)-5-aryl-3-aminothiophenes forming has
been investigated. Moreover, present amino group in obtained tetrazolylaminothiophenes
allows proceeding further modification, which makes possible to synthesize a range of
N-(5-aryl-2-(1H-tetrazol-5-yl)thiophen-3-yl)acetamides with tetrazolyl substituent in
thiophene ring easily.
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5. Experimental Section

Melting points are uncorrected and were determined in an apparatus according to
Dr. Tottoli (Biichi). *H and *C NMR spectra were recorded on a Bruker Avance 400 MHz
spectrometer (at 400 MHz for 'H NMR, 101 MHz for *C NMR). Multiplicities are
described by using the following abbreviations: s = singlet, d = doublet, t = triplet,
g = quartet, and m = multiplet.

General procedure for the synthesis of 5-aryl-2-(1H-tetrazol-5-yl) thiophen-3-
amines 2a-f

3 Mmol of 3-amino-5-arylthiophene-2-carbonitrile, 0.390 g (6 mmol) of sodium
azide, 0.321 g (6 mmol) of ammonium chloride and 4 ml of dry dimethylformamide were
added to a Schlenk tube (25 ml). The Schlenk tube was evacuated three times and filled
with dry argon. The reaction mixture was heated on a silicone bath with vigorous stirring at
130 °C (bath temperature) for 4 hours. The mixture was cooled and poured into 30 ml of ice
water and acidified to pH = 4. The resulting precipitate was filtered off and recrystallized
from ethanol.
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5-Phenyl-2-(1H-tetrazol-5-yl)thiophen-3-amine (2a): Yield 0.517 g, 70 %, off-
white crystals, m.p. 148-149 °C 'H NMR (400 MHz, DMS0-d6), &: 7.62 (d, 2H, CgHs),
7.45-7.41 (m, 2H, C¢Hs), 7.38-7.33 (m, 1H, Cg¢Hs), 7.10 (s, 1H, thiophene), 6.43 (s, 2H,
NH,). *C NMR (101 MHz, DMSO-d6), &: 150.84, 145.26, 133.25, 129.71, 129.16, 125.72,
117.56. LC-MS (El): m/z = 244.1 [M+H]". Elemental analysis calcd. for C;;HgNsS:
C54.31, H3.73, N 28.79, found: C, 54.22; H, 3.62; N, 28.68.

2-(1H-Tetrazol-5-yl)-5-(m-tolyl)thiophen-3-amine (2b): Yield 0.578 g, 75 %,
off-white crystals, m.p. 130-131 °C 'H NMR (400 MHz, DMSOQ-d6), &: 7.45-7.36 (m, 2H,
CeHy), 7.32 (t, J = 7.4 Hz, 1H, C¢Hy), 7.17 (d, J = 7.0 Hz, 1H, C¢H,), 7.04 (s, 1H,
thiophene), 6.41 (s, 2H, NH,), 2.35 (s, 3H, CH;). LC-MS (El): m/z = 258.1 [M+H]".
Elemental analysis calcd. for C1,H;;NsS: C 56.01, H 4.31, N 27.22, found: C, 55.88;
H, 4.20; N, 27.09.

2-(1H-Tetrazol-5-yl)-5-(p-tolyl)thiophen-3-amine (2c): Yield 0.610 g, 79 %, off-
white crystals, m.p. 153-154 °C *H NMR (400 MHz, DMSO-d6), &: 7.45 (d, J = 8.2 Hz,
2H, CgHy), 7.27 (d, J = 8.1 Hz, 2H, CgHy), 6.87 (s, 1H, thiophene), 6.43 (s, 2H, NH,), 2.32
(s, 3H, CH3). *C NMR (101 MHz, DMSO-d6), 8: 150.74, 145.49, 138.82, 130.52, 130.22,
125.62, 117.01, 21.22. LC-MS (El): m/z = 258.1 [M+H]". Elemental analysis calcd. for
CoH11NsS: € 56.01, H 4.31, N 27.22, found: C, 55.85; H, 4.22; N, 27.03.

5-(4-Fluorophenyl)-2-(1H-tetrazol-5-yl)thiophen-3-amine (2d): Yield 0.634 g,
81 %, off-white crystals, m.p. 137-138 °C *H NMR (400 MHz, DMSO-d6), &: 10.35 (s,
1H), 7.64 (dd, J = 8.6, 5.3 Hz, 2H), 7.24 (t, J = 8.8 Hz, 2H), 7.05 (s, 1H), 6.49 (br.s, 2H,
NH,). LC-MS (EI): m/z = 262.0 [M+H]*. Elemental analysis calcd. for C;;HgFNsS:
C 50.57, H 3.09, N 26.80, found: C, 50.41; H, 2.90; N, 26.66.

2-(1H-Tetrazol-5-yl)-5-(3-(trifluoromethyl)phenyl)thiophen-3-amine (2e):
Yield 0.765 g, 82 %, off-white crystals, m.p. 140-141 °C. *H NMR (400 MHz, DMSO-d6),
3: 7.90-7.80 (m, 2H, CgH,), 7.80-7.70 (m, 1H, C¢Hy), 7.68-7.60 (m, 1H, CsHy), 7.13 (s,
1H, thiophene), 6.61 (s, 2H, NH,). LC-MS (EIl): m/z = 312.1 [M+H]". Elemental analysis
calcd. for CypHgF3NsS: C 46.30, H 2.59, N 22.50, found: C, 46.13; H, 2.43; N, 22.38.

2-(1H-Tetrazol-5-yl)-5-(4-(trifluoromethyl)phenyl)thiophen-3-amine (2f):
Yield 0.858 g, 92 %, off-white crystals, m.p. 162-163 °C. *H NMR (400 MHz, DMSO-d6),
3:10.4 (s, 1H, NH), 7.72 (d, J = 8.1 Hz, 2H, CgH,), 7.52 (d, J = 8.0 Hz, 2H, CgH,), 7.15 (5,
1H, thiophene). LC-MS (EI): m/z = 312.1 [M+H]". Elemental analysis calcd. for
C12HgF3NsS: C 46.30, H 2.59, N 22.50, found: C, 46.20; H, 2.44; N, 22.54.

General procedure for the synthesis of N-(5-aryl-2-(1H-tetrazol-5-
yDthiophen-3-yl)acetamides 3a-f

Mixture of 2 mmol of 2-(1H-tetrazol-5-yl)-5-aryl-3-aminothiophene, 0.43 mi
(0.47 g, 6 mmol) of acetyl chloride, 0.49 ml (0.5 g, 6 mmol) of pyridine and 10 ml of dry
toluene were refluxed with vigorous stirring for 4 hours. The mixture was cooled, toluene
was evaporated under reduced pressure and diluted 30 ml of ice water. The resulting
precipitate was filtered off and recrystallized from ethanol-DMF.

N-(5-phenyl-2-(1H-tetrazol-5-yl)thiophen-3-yl)acetamide (3a): Yield 0.479 g,
84 %, off-white crystals, m.p. 201203 °C. *H NMR (400 MHz, DMSO-d6), &: 10.08 (s,
1H, NH), 7.98 (s, 1H, thiophene), 7.52-7.43 (m, 5H, C¢Hs), 2.29 (s, 3H, CHs). LC-MS
(ED): m/z = 286.1 [M+H]". Elemental analysis calcd. for C,3H;;Ns0S: C 54.72, H 3.89,
N 24.55, found: C, 54.60; H, 3.78; N, 24.48.

N-(2-(1H-tetrazol-5-yl)-5-(m-tolyl)thiophen-3-yl)acetamide (3b): Yield 0.437 g,
73 %, off-white crystals, m.p. 190-191 °C. *H NMR (400 MHz, DMSO-d6), 6: 10.00 (s,
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1H, NH), 7.88 (s, 1H, thiophene), 7.54-7.50 (m, 1H, CgHy), 7.45 (s, 1H, C¢H,), 7.28-7.20
(m, 2H, C¢Hy), 2.30 (s, 3H, CHy), 2.17 (s, 3H, CH3). LC-MS (El): m/z = 300.1 [M+H]".
Elemental analysis calcd. for C4H;3Ns0S: C 56.17, H 4.38, N 23.40, found: C, 56.03;
H, 4.31; N, 23.43.
N-(2-(1H-tetrazol-5-yl)-5-(p-tolyl)thiophen-3-yl)acetamide (3c): Yield 0.484 g,
81 %, off-white crystals, m.p. 205-206 °C. *H NMR (400 MHz, DMSO-d6), &: 10.08 (s,
1H, NH), 7.98 (s, 1H, thiophene), 7.53 (d, J = 8.1, 2H, C¢H,), 7.24 (d, J = 8.0, 2H, CgHy),
2.30 (s, 3H, CHy), 2.14 (s, 3H, CH3). *C NMR (101 MHz, DMSO-d6), §: 167.9, 145.0,
138.7, 138.6, 129.9, 129.7, 125.3, 119.3, 106.4, 23.9, 20.8. LC-MS (El): m/z = 300.1
[M+H]". Elemental analysis calcd. for C4H:3NsOS: C 56.17, H 4.38, N 23.40, found:
C, 56.07; H, 4.28; N, 23.30.
N-(5-(4-fluorophenyl)-2-(1H-tetrazol-5-yl)thiophen-3-yl)acetamide (3d): Yield
0.510 g, 84 %, off-white crystals, m.p. 197-198 °C. *H NMR (400 MHz, DMSO-d6),
8:10.00 (s, 1H, NH), 7.96 (s, 1H, thiophene), 7.53 (dd, Jun = 8.2, Jur = 5.1, 2H, CgHy),
7.30 (t, J = 8.1, 2H, C4Hy), 2.29 (s, 3H, CHs). LC-MS (El): m/z = 304.1 [M+H]". Elemental
analysis calcd. for Cy3HoFNsOS: C 51.48, H 3.32, N 23.09, found: C, 51.34; H, 3.22;
N, 23.00.
N-(2-(1H-tetrazol-5-yl)-5-(3-(trifluoromethyl)phenyl)thiophen-3-yl)acetamide
(3e): Yield 0.558 g, 79 %, off-white crystals, m.p. 211-212 °C. 'H NMR (400 MHz,
DMSO0-d6), &: 10.10 (s, 1H, NH), 7.98 (s, 1H, thiophene), 7.53-7.48 (m, 2H, CgH,), 7.30—
7.22 (m, 2H, CgHy), 2.28 (s, 3H, CH3). LC-MS (El): m/z = 354.1 [M+H]". Elemental
analysis calcd. for Ci4H1oF3NsOS: C 47.59, H 2.85, N 19.82, found: C, 47.44; H, 2.73;
N, 19.79.
N-(2-(1H-tetrazol-5-yl)-5-(4-(trifluoromethyl)phenyl)thiophen-3-yl)acetamide
(3e): Yield 0.622 g, 88 %, off-white crystals, m.p. 223-224 °C. '*H NMR (400 MHz,
DMSO0-d6), 5: 10.00 (s, 1H, NH), 7.95 (s, 1H, thiophene), 7.58 (d, J = 8.5, 2H, C¢H,), 7.30
(d, J = 8.4, 2H, CgHy), 2.30 (s, 3H, CH3). LC-MS (EI): m/z = 354.1 [M+H]". Elemental
analysis calcd. for Ci4HoFsNsOS: C 47.59, H 2.85, N 19.82, found: C, 47.48; H, 2.71;
N, 19.77.
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OmnuncaHo METO/ OTPUMAaHHS TETPa30JIIaMiHOTIOQEHIB B3aeMoielo 3-aMiHO-5-apunTiopeH-2-
KapOOHITPWIIIB 3 a3uI0M aMoHito B cepenoBuili JJM®PA 3 BUCOKMMH BUXOAaMHu. TakuMm croco6om
OJICp’KaHO HOBI, paHille He OmucaHi, (YHKIIOHAII30BaHi MOXiJAHI 3-aMiHOTIOEHY 3 BHCOKHMH
BUXOJaMH Ta 4HCTOTON: 5-(penin-2-(1H-rerpazon-5-in)riopen-3-amin, 2-(1H-rerpazon-5-in)-5-
(m-tomim)riopen-3-amin, 2-(1H-terpaszon-5-in)-5-(n-tomin) Ttioden-3-amin, 5-(4-dpayopodenin)-2-
(1H-retpazon-5-in)Tioden-3-amiu, 5-(3-tpudayopomernndenin)-2-(1H-rerpazon-5-in)riodpen-3-
amiH, 5-(4-tpudayopomernndenin)-2-(1H-rerpazon-5-in)riopen-3-amin. I[lokazaHo MOXIHBICTH
BBE/ICHHS DPI3HOMAaHITHUX apWJIBHUX 3aMICHHUKIB Yy II’ITOMY IOJOXEHHI TiOQeHOBOro HMKIY, SKi
BU3HAYAIOTHCS BUKOPHCTaHUM BUXITHUM QHITIHOM. HasBHicTb B OTPUMaHHUX
TeTpasoiinaMiHOTiopeHax aMiHOTPYNH Ta TETPa3ojbHOrO KilbIsd POOHTH iX MEpPCHEKTHBHUMU
OyniBenbHUMHU OJIOKAMH, NPUIATHUMHU AJs8 TOOYZOBH Pi3HUX TiOQEHBMICHHX TeTEPOLUKIIYHHUX
CHCTEM.
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Tloka3aHo MOXIHUBICTH cenekTuBHOrO oTpuMmanHs N-(5-apmi-2-(1H-terpaszo-5-im)rioden-3-
imareramifis anumroBandsM 2-(1H-tetpason-5-in)-5-apun-3-aminoTiodeHiB, Q€0 aleTHI XJIOPULY
3a HasIBHOCTI MIPUANHY, SIK OCHOBH, B CEPEIOBHILI TOJIyeHY 3a TEMIIEPaTypH KUMIHHA. 3 5COBaHO, 110
peurKIIi3aLis TeTPa30IbHOro (parMeHTa A0 OKCaAia30JIbHOTO MKy B YMOBaxX peakuii He BinOymacs,
a MPOCTEXKYBAJIOCS JIUIIE ALIMIIOBAHHSA aMiHOTPYIIH.

OpneprkaHi CHOJNYKH MICTATH TiO(EHOBUH Ta TeTpa3oiabHUH (apmakodopHi pparMeHTH Ta €
MEPCIICKTUBHUMU JIJIsI BUBYCHHS 010JIOTIYHOI aKTHBHOCTI. BOHM mpoHInIH BifOip UL AOCIiIKCHHS
Ha IIPOTHPAKOBY aKTHBHICTh y paMKax criBnpani 3 Hamioransanm inctutyToM paky (CLLA).

Kniouosi  cnosa: Tterpaszonin-3-aminoriopenu, [3+2] UMKIONPUEIHAHHS, AlMITIOBAHHS,
3-amiHO-5-apui-2-iiaHoTiopeHu.
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