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4'-(2H-Tetrazol-5-yl)-[1,1'-biphenyl]-4-carboxylic acid: Synthetic approachessingle
crystal X-ray structures and antimicrobial activity of intermediates

Rodinel Ardeleant) Andrei Dasglu®, Sergiu Shova Alina Nicolescf, Irina Racd,

Bogdan-lonel Bratanovitf, Vasile Lozaf*, Gheorghe Romdh

®Petru Poni Institute of Macromolecular Chemistrgsil700487, Romania
®Al. I. Cuza University, Faculty of Chemistrysil@00506, Romania
“Institute of Chemistry, Cfinau MD-2028, Republic of Moldova

Abstract: Two synthetic approaches towards’-(2H-tetrazol-5-yl)-[1,1-biphenyl]-4-
carboxylic acid, a valuable organic ligand for treparation of metal-organic frameworks,
are reported. The first reaction sequence leadinghé target compound comprises the
iodination of [1,1-biphenyl]-4-carboxylic acid, formation of the megtlester of 4iodo-[1,1-
biphenyl]-4-carboxylic acid, nucleophilic substiant of iodine with cyano, ring closure of
tetrazole, and hydrolysis of the ester functione Becond synthetic pathway starts from 4-
bromobenzonitrile, which is converted through Suzgkipling with 4-carboxyphenylboronic
acid into 4-cyano-[1,1-biphenyl]-4-carboxylic acid, which in turn leads the desired
compound after ring closure of tetrazole. All oé thynthesized compounds have been fully
characterized by IR antH- and**C-NMR spectroscopy. Single crystal X-ray structuaes
reported for the target compound and for methyrssof 4-iodo-[1,2-biphenyl]-4-carboxylic
acid and 4cyano-[1,1-biphenyl]-4-carboxylic acid. The target compounchda the
intermediates showed no antimicrobial activity agaiEscherichia coli Staphylococcus

aureusandCandida albicans

Keywords: Organic ligand; Tetrazole; Multistep synthesis; gincrystal X-ray structure;

Antimicrobial activity.
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1. Introduction

In the last decades, the ongoing search for inmgaahigh performance compounds in the
field of polymers has led to the rapid developmeaia novel type of materials generically
designated as metal-organic frameworks (MOFs). @lpesmising multifunctional materials,
which belong to the class of coordination polymarg, compounds that consist of metal ions
(or metal clusters) and organic ligands. Thesetywes building units coordinate in a MOF to
form one-, two-, or three-dimensional structurest thre often porous, which makes MOFs
particularly useful for potential industrial ap@ieons such as gas storage [1,2], gas
separation [3,4], adsorption-driven heat pumpsdblatalysis [6,7]. Commercially available
organic linkers have been so far extensively usethe cheap, rapid and efficient preparation
of a large variety of MOFs in large amounts. Noeré&gths, the design and preparation of novel
organic ligands has started to be employed by nowseresearch groups with the view to
produce hitherto unknown porous coordination polggnevith potentially interesting
properties. Besides the classical carboxylate dgamultidentate tetrazolate ligands [8—10]
or combined carboxylate-tetrazolate ligands [11-h3le lately emerged as valuable
alternatives for the synthesis of novel MOFs. Ohthe most simple combined carboxylate-
tetrazolate ligand is'42H-tetrazol-5-yl)-[1,1-biphenyl]-4-carboxylic acid, which has been
recently used for the synthesis of a cadmium-ddrivBOF having an intense blue-green
photoluminescence emission at room temperatureeirsolid state [14], for the preparation of
a Zn-organic framework for highly selective separatof CQ, [15], and for obtaining
luminescent coordination polymers containing eithgrc or cadmium [16]. However, the
aforementioned ligand was obtained frofrclano-[1,1-biphenyl]-4-carboxylic acid using a
template reaction in the presence of Od the first study, while the other two articlesly
mention that the required ligand was purchased fommmmercial sources. Consequently,
there is no available comprehensive report on thehssis of this valuable ligand from
simple starting materials, and there is no strattcharacterization for the intermediates and
the final compound. As a part of our program foe thevelopment of novel coordination
polymers, the present work aims at correcting tmsission by reporting two different
approaches for the synthesis of ligahdseveral X-ray single crystal structures for sieléc
intermediates and for the target compound. In audittaking into account the status of
biphenyl as privileged scaffold in medicinal chetmis[17-19], the investigation of the
antimicrobial activity of these compounds has &leen undertaken.
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2. Experimental
2.1. Materials and methods

Starting materials and reagents ([Dibhenyl]-4-carboxylic  acid 2,
bis[(trifluoroacetoxy)iodo]lbenzene, 4-bromobenzolet 7, 4-carboxyphenylboronic acid,
tetrakis(triphenylphosphine)palladium(0), iodine,opper(l) cyanide, sodium azide,
ammonium chloride, anh. potassium carbonate, 3&gétochloric acid, 98% sulfuric acid,
sodium hydroxide) were obtained from Alfa Aesar (&/&lill, MA, USA) and were used
without further purification. Most of the solven{dl,N-dimethylformamide (DMF), abs.
methanol, methanol, chloroform, dioxane, ethana@yempurchased from VWR International
(Radnor, PA, USA), only carbon tetrachloride wapraduct of Chemical Company §la
Romania). Mueller—Hinton agar was provided by Me(€karmstadt, Germany). Melting
points were taken on a MEL-TEMP capillary meltingimpi apparatus and are uncorrected.
NMR spectra were recorded on a Bruker Avance ID #&trument operating at 400.1 and
100.6 MHz for'H and**C nuclei, respectively, either in DMS@-or CDCk. Chemical shifts
are reported in ppm relative to the residual sdlypemk tH: 7.26 ppm andC: 77.01 ppm for
CDCls; *H: 2.51 ppm and>C: 39.47 ppm for DMSQ@}). Unambiguous 1D NMR signal
assignments were made based on 2D NMR homo- amdohetlear correlations such as
H,H-COSY, H,C-HSQC and H,C-HMBC experiments, whigare recorded using standard
pulse sequences in the version vathradients, as delivered by Bruker with TopSpin RLb
spectrometer control and processing software. Epurfransform-Infrared (FT-IR) spectra
were taken on a FT-IR Bruker Vertex 70 spectropimetier in transmission mode, using KBr

pellets. Elemental analysis has been performed\¢aria EL 11l CHNS analyzer.

2.2. Synthesis

2.2.1.4"-1odo-[1,1-biphenyl]-4-carboxylic acid3. A mixture of [1,1-biphenyl]-4-carboxylic
acid 2 (13.87 g, 70 mmol), bis[(trifluoroacetoxy)iodo]tzme (30.38 g, 70 mmol) and finely
ground iodine (17.76 g, 70 mmol) in carbon tetradde (180 mL) was stirred at room
temperature for 24 h. The resulting solid was ridte washed with carbon tetrachloride (3x30
mL) and dried under high vacuum to afford the ganeduct (19.27 g, 85%), mp 315-317 °C
(lit. mp 310 °C [20]). FT-IR (ATR), ¥/ (cm"): 3107, 2988, 2816, 2673, 2550, 1684, 1607,



1576, 1551, 1516, 1475, 1425, 1394, 1302, 11987,11724, 1063, 997, 951, 868, 822, 770,
746, 704, 662, 554, 482, 40°(H-NMR (400 MHz, DMSOd),  (ppm): 7.55 (d, 2H3J = 12
Hz, H-2), 7.79 (d, 2H3J = 8 Hz, H-2), 7.86 (d, 2HJ = 8 Hz, H-3), 8.03 (d, 2H3J = 8 Hz,
H-3), 12.97 (bs, 1H, OH)*C-NMR (100 MHz, DMSOds), d (ppm): 95.0 (C-4), 126.6 (C-
2), 129.1 (C-3, 129.9 (C-4), 130.0 (C-3), 137.8 (0;3138.4 (C-), 143.1 (C-1), 167.0
(COOH).Anal. Calc. for G3HqlO,: C, 48.17; H, 2.80. Found: C, 48.02; H, 2.72.

2.2.2. Methyl 4-iodo-[1,1-biphenyl]-4-carboxylate4. To a suspension of'-#bdo-[1,1-
biphenyl]-4-carboxylic acid3 (12 g, 37 mmol) in abs. methanol (300 mL), concrtl
sulfuric acid (7 mL) was added dropwise during 1The reaction mixture was heated at
reflux temperature for 72 h, and then it was alldwe cool to room temperature. The
separated solid was filtered, washed with abs. ameth(2x 20 mL), and dried in an oven at
60 °C overnight to give colorless crystals (12.29¢%), mp 192-193 °C (lit. mp 188 °C
[20]). FT-IR (ATR), 1b (cmi): 3456, 2943, 2374, 1780, 1711, 1610, 1576, 15386, 1516,
1466, 1435, 1379, 1337, 1286, 1198, 1107, 1063, 999, 862, 820, 764, 694, 582, 501, 457.
'H-NMR (400 MHz, CDC}),  (ppm): 3.94 (s, 3H, C¥), 7.36 (d, 2H3J = 8 Hz, H-2), 7.62
(d, 2H,%3 = 8 Hz, H-2), 7.80 (d, 2H) = 12 Hz, H-3), 8.10 (d, 2H3J = 8 Hz, H-3)*C-NMR
(100 MHz, CDC}), ¢ (ppm): 52.2 (CH), 94.2 (C-4), 126.8 (C-2), 129.0 (C 129.3 (C-4),
130.2 (C-3), 138.5 (CB 139.5 (C-1), 144.4 (C-1), 166.8 (COOMe)Anal. Calc. for
C14H11102: C, 49.73; H, 3.28. Found: C, 49.61; H, 3.21.

2.2.3. Methyl 4-cyano-[1,1-biphenyl]-4-carboxylate5. A mixture of methyl 4iodo-[1,2-
biphenyl]-4-carboxylatet (12 g, 35.5 mmol) and CuCN (4.76 g, 53.25 mmolamn. DMF
(170 mL) was heated at 120 °C under argon for Bhe cooled reaction mixture was then
slowly poured into 1.2 L of distilled water unddfi@ent stirring. The resulting solid was
filtered, washed thoroughly with distilled watendadried in an oven at 105 °C overnight.
The dried material was extracted with chloroforr® (vWL), and the suspension was filtered.
Chloroform was removed under reduced pressurevi® aiyellowish solid (7.8 g, 93%), mp
143-144 °C. FT-IR (ATR) 1/ 3866, 3744, 3667, 3566, 3366, 3059, 2959, 2322221929,
1724, 1655, 1603, 1564, 1483, 1427, 1281, 1182511007, 957, 833, 768, 721, 696, 652,
563, 517, 451, 372H-NMR (400 MHz, DMSO#ds),  (ppm): 3.90 (s, 3H, CH), 7.92 (d, 2H,

%) = 8 Hz, H-2), 7.95-7.99 (m, 4H, H-and H-3), 8.08 (d, 2H3J = 8 Hz, H-3)."*C-NMR
(100 MHz, DMSOsg), 6 (ppm): 52.2 (CH), 110.9 (C-9, 118.6 (CN), 127.4 (C-2), 127.9 (C-
2), 129.5 (C-4), 129.8 (C-3), 132.9 (O;3142.6 (C-1), 143.2 (CY 165.8 (COOMe)Anal.
Calc. for GsH1iNOy: C, 75.94; H, 4.67; N, 5.90. Found: C, 75.88; 624 N, 5.83.



2.2.4.Methyl 4-(2H-tetrazol-5-yl)-[1,1-biphenyl]-4-carboxylates. A solution of methyl 4
cyano-[1,1-biphenyl]-4-carboxylatd (5.35 g, 22.6 mmol), sodium azide (5.53 g, 85 mmol)
and ammonium chloride (4.55 g, 85 mmol) in anh. DMB0 mL) was heated at 120 °C
under argon for 3 d. The cooled reaction mixtures ween slowly poured into 350 mL of
distilled water under efficient stirring. The segi@d solid material was filtered, washed with
distilled water (3x50 mL), and dried in an overil@6 °C overnight to give colorless crystals
(5.75 g, 91%), mp 263-265 °C. FT-IR (ATR)1B476, 3074, 2928, 2853, 2679, 2552, 1680,
1609, 1578, 1522, 1491, 1423, 1321, 1300, 11801,11@86, 1030, 997, 922, 899, 876, 833,
775, 746, 698, 675, 552, 498-NMR (400 MHz, DMSOdg), 6 (ppm): 3.88 (s, 3H, CH),
7.89 (d, 2H2J = 8 Hz, H-2), 7.96 (d, 2H = 8 Hz, H-2), 8.05 (d, 2H3J = 8 Hz, H-3), 8.16
(d, 2H,3%J = 8 Hz, H-3). **C-NMR (100 MHz, DMSOs), 6 (ppm): 52.1 (CH), 124.1 (C-9),
127.0 (C-2), 127.6 (C4B 127.9 (C-2, 129.0 (C-4), 129.8 (C-3), 141.1 (O;1143.3 (C-1),
155.1 (C=N), 165.9 (COOMe)nal. Calc. for GsHi1oN4Oy: C, 64.28; H, 4.32; N, 19.99.
Found: C, 64.18; H, 4.28; N, 19.61.

2.2.5.4'-(2H-Tetrazol-5-yl)-[1,I-biphenyl]-4-carboxylic acidl. A mixture of methyl 4(2H-
tetrazol-5-yl)-[1,1-biphenyl]-4-carboxylate6 (3.55 g, 12.67 mmol), NaOH (2.53 g) and
distilled water (250 mL) were heated at 90 °C uatdlear solution was obtained. The cooled
solution was gradually treated with 17% HCI untd 4-2. The resulting solid was filtered
and thoroughly washed with distilled water unti gpH of the washings was neutral. The wet
material was stirred with acetone (70 mL), filteget dried in an oven at 60 °C overnight to
afford a colorless solid (3.35 g, 95%), which wasrystallized from DMF to give colorless
crystals, mp 316-318 °C. FT-IR (ATR)1B487, 2930, 1676, 1612, 1568, 1518, 1491, 1427,
1391, 1294, 1182, 1107, 1067, 995, 926, 876, 839, 744, 698, 669, 554, 503, 463, 413.
'H-NMR (400 MHz, DMSOsk), § (ppm): 7.92 (d, 2H>J = 8 Hz, H-2), 8.01 (d, 2+H$J = 8
Hz, H-2), 8.07 (d, 2H3J = 8 Hz, H-3), 8.13 (d, 2HJ = 8 Hz, H-3), 13.07 (s, 1H, OH),
16.97 (bs, 1H, NH)**C-NMR (100 MHz, DMSOds), d (ppm): 123.9 (C-3, 127.0 (C-2),
127.6 (C-3, 127.9 (C-2, 130.0 (C-3), 130.3 (C-4), 141.5 (O;1143.0 (C-1), 155.1 (C=N),
167.0 (COOH)Anal. Calc. for G4H10N4O2-2DMF: C, 58.24; H, 5.87; N, 20.38. Found: C,
58.12; H, 5.77; N, 20.31.

2.2.6.4'-Cyano-[1,2-biphenyl]-4-carboxylic acid. To a solution of 4-bromobenzonitrile
(3.1 g, 17 mmol) in dioxane (100 mL) was added latem of 4-carboxyphenylboronic acid
(4.15 g, 25 mmol) in ethanol (30 mL), followed bysalution of anh. potassium carbonate
(17.39 g, 126 mmol) in deionized water (30 mL). Theaction mixture was degassed by

passing a stream of argon through it for 20 mineAfetrakis(triphenylphosphine)palladium



(0.589 g, 0.51 mmol, 3% molar) had been added,réaetion flask was fitted with a
condenser and immersed in an oil bath. The reactioture was stirred at 85 °C for 24 h,
and then it was cooled to room temperature beferenized water (100 mL) was added. The
mixture was stirred at room temperature for 1 hj #men it was filtered to remove the
insoluble materials. The solution was treated Wi@Bo HCI until pH 4 under efficient stirring
to give a colorless precipitate, which was colldchy filtration, thoroughly washed with
water (300 mL), and dried under reduced pressu@0atC. Recrystallization of the solid
from DMF afforded colorless plates (2.6 g, 78%), B3—275 °C. FT-IR (ATR) 1/ 2669,
2550, 2374, 2222, 1803, 1686, 1603, 1568, 14251782, 1119, 1007, 932, 872, 827, 770,
698, 555, 515'H-NMR (400 MHz, DMSOd), 6 (ppm): 7.88 (d, 2HJ = 8 Hz, H-2), 7.93-
7.98 (m, 4H, H-2and H-3), 8.06 (d, 2H3J = 8 Hz, H-3), 13.12 (bs, 1H, OHYC-NMR (100
MHz, DMSOdg), 6 (ppm): 110.8 (C-3, 118.7 (CN), 127.3 (C-2), 127.9 (C;2130.1 (C-3),
130.8 (C-4), 132.9 (CiB 142.3 (C-1), 1435 (CYH 167.0 (COOH).Anal. Calc. for
C14HoNO;: C, 75.33; H, 4.06; N, 6.27. Found: C, 75.22; 983N, 6.20.
2.2.7.4-(2H-Tetrazol-5-yl)-[1,-biphenyl]-4-carboxylic acidl. A mixture of 4-cyano-[1,1-
biphenyl]-4-carboxylic acid (2 g, 8.95 mmol), sodium azide (1.5 g, 23.07 mneaid
ammonium chloride (1.24 g, 23.1 mmol) in DMF (40 )mias stirred at 120 °C for 72 h. The
reaction mixture was cooled to room temperature podred with efficient stirring into
deionized water (300 mL). The solid material wadleoted by filtration, washed with
deionized water (150 mL), and dried under reduacedgure at 60 °C. Recrystallization from
DMF afforded colorless crystals (1.9 g, 79%), my-3319 °C. The IR'H- and**C-NMR
spectra of this compound were identical to thosended for compound obtained through
the other synthetic route.

2.3. X-ray crystallography

X-ray diffraction measurements fat and 5 were carried out with an Oxford-
Diffraction XCALIBUR E CCD diffractometer equippe@ith graphite-monochromated
MoKa radiation. Single crystals were positioned at 48 from the detector and 155, and 242
frames were measured each for 25, and 5 s ovecalf width forl and 5, respectively.
Intensity data fodd were collected with Oxford Diffraction SuperNovdfiéctometer using
hi-flux micro-focus Nova CuKa radiation. The singlg/stal was positioned at 47 mm from
the detector and 452 frames were measured each $oover 1° scan width. The unit cell
determination and data integration were carried umimg the CrysAlis package of Oxford

Diffraction [21]. The structures were solved byedir methods using Olex2 [22] software with



the SHELXS [23] and refined by full-matrix leastusges orF2 with SHELXL-97 [23] using

an anisotropic model for non-hydrogen atoms. Aldimgen atoms were introduced in

idealized positions gy = 0.96 A) using the riding model with their isqtio displacement

parameters fixed at 120% of their riding atom. Bass of hydrogen atoms for the O-H and

N-H groups were located on electron density difieeemap and refined accounting for the

hydrogen bonds parameters. The molecular plots alaeened using the Olex2 program. The

crystallographic data and refinement details aretepiin Table 1, while bond lengths are
summarized in Table S1 (see Supplementary Mate@@)DC-18223431- 2DMF), CCDC-
1822346 4) and CCDC-1822342%] contain the supplementary crystallographic dataHis

contribution.

Table 1. Crystallographic data, details of data collectonl structure refinement parameters

for compoundd. - 2DMF, 4 and5.

Compound 1-2DMF 4 5
Empirical formula QcH24N604 C14H14|NO C3(3H22N204
Formula weight 412.45 339.16 474.50
Temperature/K 200 293(2) 293(2)
Crystal system monoclinic orthorhombic monoclinic
Space group Rih Pcazg Pc

IA 11.9398(12) 6.0538(5) 3.91242(17)
b/A 8.1451(7) 7.3253(6) 20.4050(8)
c/A 21.943(2) 27.8702(16) 15.2981(5)
al® 90.00 90.00 90.00

pl° 104.273(11) 90.00 97.002(4)
U° 90.00 90.00 90.00
VIA® 2068.1(4) 1235.91(16) 1212.18(9)
z 4 4 2
Dei/mg/mn? 1.325 1.823 1.300
wmm* 0.095 2.574 0.087
Crystal size/mm 0.3x0.2x0.2 0.25 x 0.15 x 0.02 0.35 x 0.3250.
Omin. O mx() 3.56 to 50.04 6.28 to 50.04 4 10 50.06
Reflections collected 8278 7825 14747
Independent reflections 3658, = 0.0244 2146R, = 0.0494] 4301Ry; = 0.0275]
Dt/restraints/parameters  3655/0/276 2146/1/155 4301/2/327
GOF 1.033 1.057 1.043
Ry(1>20(1) 0.0490 0.0364 0.0529
wWR(Il dt) 0.1146 0.0724 0.1428
Largest diff. 0.19/-0.18 0.64/-0.61

peak/hole/e & 0.26/-0.15

Ri = Z|IFo| = IFllZIFo|. "WR, = {Z[W(F>=FAY/Z[W(F2)]} 2. € GOF = {£[W(F,>~F2)?/(n-p)} 2, wheren is the

2.4. Biological activity

number of reflections ndis the total number of parameters refined



In vitro antimicrobial susceptibility of the target compdunand of intermediate3-6
was evaluated using the guidelines of EUCAST [Z4]e three different reference strains
used in this study wer&. coli ATCC25922, S. aureusATCC25923 andC. albicans
ATCC10231. The tests were performed on unsupplesdextueller—Hinton agar, which was
dispersed in Petri dishes in an even layer of 40@ with a maximum variation of 0.5 mm.
The inoculum suspension has been prepared by edjugs density to the density of a
McFarland 0.5 standard by addition of 0.85% NaCV wi water or more organisms, to
achieve a suspension containing 1%IOFU/mL for all microorganisms. From each
compound to be tested, a stock solution contaibimgg/mL was prepared by dissolving the
tested compounds in dimethylsulfoxide. Each compgobas been tested at six different
concentrations. The solutions of the tested comgeuwmere obtained by diluting the stock
solutions, with the view to reach final concentrat within the range of 0.156-5 mg/mL.
After the application of the tested compounds,dlaes had been incubated at 36 °C = 1°C
for 24 h. After incubation, the diameters of inlidm zones were measured.

3. Results and discussion
3.1. Chemistry

Using commercially available, affordable reagerwsp synthetic approaches have
been designed for the preparation of the desirgahd 1. The first approach employs as
starting material a compound having a biphenyl toat is appropriately substituted, whereas
the strategy devised for the second approach iegollie construction of the biphenyl core
from suitable substituted benzene derivatives viuauki-Miyaura cross-coupling reaction.
The reaction sequence leading to the target contpbtimough the first approach is given in
Scheme 1. Starting from [L;hiphenyl]-4-carboxylic aci®, intermediate aci® is obtained
through nuclear iodination using a procedure presipreported in literature [20]. In the next
step, intermediate acllis converted into the corresponding methyl e4tevhich, in turn, is
subjected to the replacement of iodine with aleiggroup in a typical a Rosemund—von Braun
reaction [25] to afford intermediate The formation of the tetrazole ring in intermeeié
was accomplished through a [3+2] dipolar cycloadditbetween the nitrilé& and sodium
azide in the presence of ammonium chloride [26]. iArtial attempt to conduct the
cycloaddition in the presence of anhydrous 2Zn@k previously reported [27], led to a
product containing traces of zinc, whose compleaval proved to be very difficult.
Finally, the base-catalyzed hydrolysis of tetrazekter6 afforded the target compourid

with a very good total yield of 68% in 5 steps avithout chromatographic separation.
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Scheme 1Synthesis of 4(2H-tetrazol-5-yl)-[1,1-biphenyl]-4-carboxylic acid. Reagents
and conditions: a) bis[(trifluoroacetoxy)iodo]beneeb, CCl, rt, 24 h; b) abs. C¥DH, conc.
H,SQ,, reflux, 72 h; ¢) CuCN, anh. DMF, 120 °C, 72 hi\$)Ns, NH,CI, anh. DMF, 120 °C,

72 h; e) ag. NaOH, 90 °C, several hours.

The second approach towards the preparation ofpocaond 1 is a more
straightforward, two-step synthetic strategy, lmampared to the first approach, it requires
the use of relatively expensive reagents, namelyosnic acid and a palladium-based
catalyst. Thus, in the first step of the reactieguence, 4-bromobenzonitrifewas subjected
to a Suzuki-Miyaura cross-coupling reaction withcatboxyphenylboronic acid in the
presence of tetrakis(triphenylphosphine)palladiym(then, in the second stage, the
intermediate carboxylic aci@ underwenta [3+2] dipolar cycloaddition with sodium azide in

the presence of ammonium chloride leading to th@#&bion of the tetrazole ring (Scheme 2).

COOH
COOH O
Br O
_a . _b O
CN O NN
CN HN-N
7 8 (78%) 1(79%)

Scheme 2Alternative synthesis of'42H-tetrazol-5-yl)-[1,1-biphenyl]-4-carboxylic acid.
Reagents and conditions: a) 4-carboxyphenylboracid, K;COs, Pd[P(GHs)s)4, dioxane—
ethanol-water, 85 °C, 24 h; b) NgMH,CIl, DMF, 120 °C, 72 h.
The palladium-catalyzed cross-coupling reactiorceeals smoothly even without the use of

expensive Schlenk glassware, as long as air igtighty excluded from the reaction mixture,



and it could be upscaled to easily and steadilywideml batches of several grams of
intermediate8 in a single experiment. With its 62% global yielttis second approach
towards the preparation of the target compolimovides a valuable alternative to the first

synthetic strategy described previously in thislgtu

3.2. IR spectroscopy

All of the synthesized compounds have been straltyucharacterized using FT-IR
spectroscopy (see Supplementary Material). Thusectomparison of the FT-IR spectra of
acid 3 and ested confirmed the conversion of the former into thieelathrough the shift of
the band associated with the vibration of the dedwand of the carbonyl group from 1684
cm?in acid3 to 1711 crit in esterd. Replacement of iodine in estmith the nitrile group
in ester5 was proven by the identification of the charactirisand for nitriles at 2222 chin
the FT-IR spectrum of compouri while the value of wavelength number recordedtlier
vibration of the carbonyl bond in estewas 1724 cril. The absence in the FT-IR spectrum
of tetrazole—este6 of the absorption band associated with the nigleup confirms the
success of the cycloaddition reaction and the ftomaf the tetrazole ring. The presence of
the absorption band at 1680 ¢in the FT-IR spectrum of the target compoundorrelated
with the disappearance of the absorption band lysassociated with the carbonyl vibration
of the ester function, is suggestive for the hyghid of esteb to acidl. As for intermediate
8, the absorption band for the carbonyl vibratiomanboxylic acids can be identified at 1686
cm?in its FT-IR spectrum, while the absorption bane ¢ the stretching of the triple bond
in nitriles is found at 2222 cm

3.3. NMR spectroscopy

The structure of the synthesized products was ats@stigated using NMR
spectroscopy. As a general remark, all the comp®urgorted in this study feature a
biphenyl moiety in their structure, the only di#ece between compounds3, 4, 5 and6
resides in the nature of the substituents attaetqubsitions 4 and’4f the biphenyl ring
system. Therefore, in tHel-NMR spectra of these compounds (see Supplemektargrial),
the aromatic protons in the 4disubstituted biphenyl appear in the region 6-& s four
doublets presenting a “roof effect”, which is claeaistic forpara-disubstitution. The exact
chemical shifts values depend on the type of tistiuents in each of the compouridand
3-6. In the'*C-NMR spectrum of these compounds, the four sigfoalthe CH groups in the
4,4-disubstituted biphenyl moiety are noticeable ie th25-138 ppm range, while the



chemical shifts values for the quaternary carboepedd heavily on the type of the
substituents attached to them. Specifically, thmmatic protons in intermedia®appear in
the proton spectrum of this compound as four ddalethe region 7.53-8.04 ppm, while the
hydroxyl proton is associated with the very broaghal centered at 12.97 ppm. In the-
NMR spectrum of3, a signal corresponding to an aromatic quaternarpocaatom is
detectable at 95 ppm, which is outside the usuajedor aromatic carbon atoms. As this
shielding effect is characteristic for elementshwitany polarizable electrons, such as iodine,
this observation provides the necessary confirmdto the presence of iodine in the structure
of compound3. Next, the presence of methyl ester function terimediatel was associated
with the intense singlet integrating for three prat at 3.94 ppm in the proton spectrum of this
compound, while the absence in the spectrum obtbad signal assigned to the proton in the
carboxyl function in carboxylic aci@ offered further proof for the conversion of thiogp
into an ester group. In addition, the signal a5%m in the"*C-NMR spectrum of estet
could be assigned to the carbon atom in the metioglp. The introduction of nitrile group in
the structure of estérinduces only a minor downfield shift of 0.6 ppm fbe protons at C:2

of the biphenyl ring system compared to the vahfete chemical shift for the same protons
in esterd. However, comparison of tH&C-NMR spectra of estersand5 reveals a few major
changes that are brought about by the presendeafitrile group in the structure of esger
First, the carbon atom of the nitrile group was assighednew signal at 118.6 ppm, which
typically appears in that region. Second, the chamshift value (110.9 ppm) for the
guaternary carbon atom C-dnto which the nitrile function is attached inexsh shifted
downfield compared to the value recorded for theesgrotons in 4iodo derivative4. This
shift is usually caused by theelectron deshielding and polar inductive effedtshe cyano
group [28, 29]. In théH-NMR spectrum of compouné, the presence of the tetrazole ring
induces a downfield shift of 1.0 ppm for the pratost position 3relative to the value
recorded for the same protons in intermedtat€he signal for the proton of the tetrazole ring
in tetrazole—este® is very broad, and partially overlaps the four sigrassociated with the
protons in the biphenyl moiety. The peak at 1186 ppreviously assigned to the carbon
atom in the nitrile group is absent in tH€-NMR spectrum of tetrazole—est@rand a new
broad signal appears at 155.1 ppm. From the bidimeal H,C-HMBC spectrum, this new
signal was assigned to the quaternary carbon fhamettrazole ring. The chemical shift value
for the quaternary carbon atom Clifhked to the tetrazole ring is shifted downfigl4.1
ppm) compared to value for the same carbon atosster5 (110.9 ppm), while an upfield

shift is observed for C:3As a result of the hydrolysis of estgra new broad signal, typical



for the proton of the carboxyl group, is observe@307 ppm in théH-NMR spectrum of the
target compound.. Also, the broad singlet appearing in this dowdfieegion at 16.97 ppm
was assigned to the proton of the tetrazole rf@-NMR spectrum of carboxylic acidl is
very similar to the carbon spectrum of its methstee6, with the exception of the peak at
52.1 ppm assigned to the carbon atom in the mettgr function, which is now absent. In
the case of intermedia® the presence of group of signals in the aromatgon of the
proton spectrum that integrates for eight protensdicative for the presence of the biphenyl
ring system in the structure of compouddin addition, the broad signal centered at 13.12
ppm, characteristic for the proton of the carbogndup, confirms the success of the Suzuki
coupling. Also, the presence of the nitrile andboawyl groups in the structure of intermediate
8 is corroborated by the peaks at 118.7 ppm andl&am, respectively.

3.4. Crystal structure of compounds 1, 4 and 5

The solid state structures of the target compodrashd intermediatest and5 have
been determined by single crystal X-ray diffractraethod. Crystals of the target compound
1 that were suitable for X ray diffraction studiesvbaeen obtained by slowly cooling a
concentrated solution of this compound in hot DMiRthe case of compoundsand5, X ray
quality single crystals were obtained from theiluions in methanol and chloroform,
respectively, using the slow evaporation technidilethese compounds exhibit a molecular
crystal structure comprising neutral entities, Bsweing in Figures 1, 2 and 3, respectively.
The bond distances and angles are summarized ile &b (see Supplementary Material).
Compoundgt and5 crystalize without any solvate molecules, whilenpoundl crystalizes
with DMF molecules in 1:2 ratio. The moleculeloéxhibits a planar configuration, which is
however broken by the rotation of the C8-C12 phemgd at 17.464(3)to the plane formed
by the rest of the atoms. Compouhdnd both solvate DMF molecules are associated via
hydrogen bonding where the N-H and O-H functiomalugs act as donors of protons (Figure
1). The molecule of is essentially planar within 0.11 A, with the maxim deviation at 0.22
A observed for the methyl group. The crystal Sofshows the presence of two discrete
chemically equivalent but crystallographic indepamdmolecules in the asymmetric part of
the cell (denoted a& andB). Due to their similarity, only one of the indeglemt molecules
will be characterized in details below. The molecot5 features a non-planar structure with
the dihedral angle between two aromatic rings obB&nd 37.69for A andB molecules,

respectively.
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Figure 1. View of the asymmetric part in the crystaRDMF with atom numbering and
thermal ellipsoids at 50% probability level. H-berate drawn in black dashed lines.
H-bonds parameters: O2-H---03 [02-H 0.82 A, H-1@3 A, 02---03 2.568(2) A,

0O2HO3 171.8]; N1-H---O4 [N1-H 0.82 A, H---04 1.84 A, N1.--0845(2) A,ON1HO4
155.5].

Figure 2. X-ray molecular structure @fwith atom numbering and thermal ellipsoids at 50%
probability level.



Figure 3. X-ray molecular structure &f(moleculeA) with atom numbering and thermal
ellipsoids at 50% probability level.

The molecular associatds2DMF are assembled in the crystal into one-dimensional
zig-zag supramolecular architectures foyr stacking interactions between tetrazole and
biphenyl rings of adjacent entities, with a pergenldr distance of 3.459(3) A and centroid—
to-centroid distance of 3.8478(4) A. A view of thgramolecular chain is shown in Figure 4.
As shown in Figure 5, the crystal structure is tofidm the parallel packing of discrete 1D
chains {L-2DMF}, alongb crystallographic axis.

Figure 4. One-dimensional supramolecular architecture- RDMF. H-bonds and centroid-
to-centroid distances are drawn in black and oralagbed lines, respectively. Non-relevant

H-atoms are omitted for clarity.
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Figure 5. Packing diagram fat- 2DMF viewed along axis.

Due to the presence of aromatic rings in the madéscaf 1, 4 and5, the packing of
these compounds shows common features, baseeroand C-H- -t interactions. A partial
view of the crystal structure for compoudds presented in Figure 6. Compared.t@DMF,
the driving forces in the packing df are determined by an extended system of CrH---
contacts involving all aromatic rings. As a restitte main crystal structure motif can be
characterized as a three-dimensional supramoleatdhitecture.

4
Figure 6. Partial view of 3D supramolecular network in tmgstal structurd. Non-relevant

H-atoms are omitted. C-H7tcontacts are in the range of 2.724€62 A.



In the crystal of5, the neutral entitie®\ and B are arranged separately byt
interactions to form supramolecular ribbons of parataked molecules, as shown in Figure
7. The centroid-to-centroid distances are equaél.9d2 A, being the same for both ribbons,
formed byA and B molecules. In the crystal, the self-assembledonisbare arranged in
parallel orientation along crystallographic axis. A partial view of the pauwgidiagram is
presented in Supplementary Material (Figure S20).

Figure 7. TeTt stacking in the crystal structure of compo@n&entroid-to-centroid distances

are shown in dashed-orange lines.

3.5. Antimicrobial activity

To the best of our knowledge, available data oe #mtimicrobial activity of
biphenylcarboxylic acids and their close struclyraklated derivatives is rather scarce.
However, a brief inspection of the recent literatuevealed a study that reported promising
antimicrobial activities for a number of hydrazonasbiphenylcarboxylic acid hydrazide
[30]. In addition, a virtual screening, which waslldwed by experimental evaluations,
established that four biphenylcarboxylic acids actantivirulence agents against methicillin-
resistantS. aureusby inhibiting the production of the toxins alphanfolysin and phenol-
soluble modulina [31]. In an effort to gain insight into the bioiogl activity of
biphenylcarboxylic acids and esters, the compoundsd 3-6 reported in this study have
been subjected to a preliminadryvitro antimicrobial susceptibility test against two refece

strains of bacteria and one reference strain ofstyeming the disk diffusion method.



Unfortunately, none of the tested compounds shoamg inhibition of microbial growth
against these three strains at concentrations Gpntg/mL. Although compoundksand 3-6
could yet exhibit weak antimicrobial activity at higheonzentrations, this direction has not

been pursued any further.

4. Conclusions

4'-(2H-Tetrazol-5-yl)-[1,1-biphenyl]-4-carboxylic acid, a valuable organigaind for
the synthesis of metal-organic frameworks, has lmgained through two distinct synthetic
approaches. The first approach leads in five diepise target compound in a very good yield
of 68%, whereas the second approach affords tesdhee compound in two steps in 62%
yield. Both approaches are amenable to scale-upp,can provide access to grams of the
target compounds in a single batch. The structofethe target compound and of all the
intermediates have been established using FT-IRNM& spectroscopy. The solid state
structure of the target compoutidandintermediategl and5 have been determined by single
crystal X-ray diffraction method. The molecular @datesl-2DMF form one-dimensional
zig-zag supramolecular architectures #oyr stacking interactions between tetrazole and
biphenyl rings of adjacent entities. The main alystructure motif o#4 can be characterized
as a three-dimensional supramolecular architectdiee crystal of 5 is formed by
supramolecular ribbons of parallel staked moleculé® evaluation of antibacterial activity
of the target compountland of intermediate3-6 against two bacterial strains and one fungal

strain has shown that these compounds are inatis@ncentrations up to 5 mg/mL

Acknowledgment

The financial support of European Social Fund feegional Development,
Competitiveness Operational Programme Axis 1 — detojNovel Porous Coordination
Polymers with Organic Ligands of Variable Lengthr iBas Storage”, POCPOLIG (ID
P_37 707, Contract 67/08.09.2016, cod MySMIS: 1038l gratefully acknowledged.

Supplementary material

Spectroscopic data related to this article, tleevwof the packing diagram Bmalonga
axis and information on the bond distances andeangl the crystals of compounti2DMF,
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Highlights

» Synthesis of the title compound has been performed through two distinct approaches.
» Structural characterization has been performed using IR and NMR spectroscopy.

* Single crystal X-ray structures have been determined for two intermediates.

» Single crystal X-ray structure has been established for the title compound.

* Preliminary antimicrobial activity of the compounds has been eval uated.



