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Abstract:

A few derivatives of Tetrazole were synthesised by copper mediated N-arylation. The compounds
synthesisedwere characterized by spectral analysis. These compounds were screened for biological
activity and found to inhibit L1210 leukemia cell Proliferation and SK-BR-3 breast cancer cell growth.
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INTRODUCTION

A class of organic heterocyclic compounds rich in nitrogen, tetrazoles have the typical chemical formula
R-CHNg4.Tetrazoles and their derivatives have garnered a lot of interest because of their usefulness in
industry, medicine, and agriculture, among other fields"'*). Drugs patented for the treatment of illnesses
of the central nervous system, HIV!% sexual dysfunction!!!, asthmal®!, obesity®®], diabetes"],
antihypertensivel'?), antiallergic!'}l, antibiotics!"¥], and anticonvulsants all contain tetrazole ring
systems.!!*ITetrazole derivatives are also used as fungicides, herbicides, and plant growth regulators in
agriculture!®). They also serve as stabilizers in photoimaging and photography™®. These scaffolds have
been investigated as explosives, missile propellants, and gas generators in air bags because tetrazole
molecules release a lot of energy and lose dinitrogen during decomposition due to their high enthalpy of
synthesis!'®/.

Herein, we report the facile synthesis of a series of 1,5-diarylated derivatives of these ring systems 4a—d
(Scheme 2) and antimicrobialevaluation in rapidly-growing suspension cultures of L1210 leukaemia
cells and slow-growing monolayer cultures of SK-BR-3 mammary tumour cells, using tests of metabolic
activity and DNA synthesis in vitro.!!”!8] Since the fraction of Ki-67-positive tumour cells is often
correlated with the clinical course of cancer, it was also of interest to determine whether treatments with
synthesized tetrazole derivatives would inhibit the expression of human Ki-67 nuclear protein, which is
an excellent marker of tumour cell proliferation.!*!

Although, there are several reports in the literature that discuss the preparation of 1,5-phenyl alkyl
substituted tetrazole, the synthesis of the correspondingl,5-diaryl derivatives has not been directly
carried out. We successfully synthesized 1,5-diaryl tetrazole derivatives 4a-d by the Suzuki coupling of
a series of ortho substituted boronic acids 3a—d (R = OMe, Cl, I) with 1-(4-bromophenyl)-5-phenyl-1H-
tetrazole 220 in the presence of pyridine and molecular sieves (Scheme 2).
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RESULTS AND DISCUSSION
Synthesis of 1-(4-Bromophenyl)-5-phenyl-1H-tetrazole 2
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Schemel. Synthesis of 1-(4-bromophenyl)-5-phenyl-1H-tetrazole

The synthesis of 1-(4-bromophenyl)-5-phenyl-1H-tetrazole 2 was started from Cyano benzene and
trimethylsilylazide in the presence of catalytic amount of #-butyl tinoxide in toluene to obtain 5-Phenyl-
1H-Tetrazole 1 in78% yield. The N-arylation of the tetrazolel was treated with 4-bromophenyl boronic
acid and Copper (II) acetate in the presence of molecular sieves to furnish 1-(4-bromophenyl)-5-phenyl-
1 H-tetrazole 2in 66% yield.Pyridine was used as a base in the reaction and 3A° molecular sieves were
added to absorb the excess water generated during the course of the reaction (Scheme 1). 2!

Mechanism of Copper catalyzed N-arylation with aryl boronic acid
The plausible mechanism for the N-arylation reaction is shown?! in Scheme 2. Pyridine assists in the

formation of the copper complex 5. The latter undergoes transmetallation with
Cu(OACc),, pyridine
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Scheme2. Mechanism of N-arylation with phenyl boronic acid

Arylboronic acid to yield Cu (II) complex6. The reaction is carried out in the presence of air that
oxidizes copper (IT) complex 6 to Cu (IIT) complex 7 which undergoes reductive elimination faster. The
excess water formed during the course of the reaction may result in possible side reactions with the
arylboronic acids. For this reason, the arylboronic acid is added in excess to the reaction mixture.
Molecular sieves are also added to the reaction mixture to absorb the water (Scheme 2).%!
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Synthesis of 1-([1,1'-Biphenyl]-4-yl)-5-phenyl-1H-tetrazole derivatives 4a-d

Br
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N = 3-OMe (75%) N
NN 3a-d
‘N

a, =
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d, R = 4-Cl (68%) 4a-d

2
Scheme3. Synthesis of 1-([1,1'-biphenyl]-4-yl)-5-phenyl-1H-tetrazole

Additionally, we propose a facile synthesis of novel 1-([1,1'-biphenyl]-4-yl)-5-phenyl-1H-tetrazole 4a-d
derivatives in one step. Suzuki coupling of bromo substituted tetrazole2 with boronic acid (3a-d) to
afford the desired product (4a-d) in moderate to good yields (Scheme 3).

Experimental Section

Thin layer chromatography was carried out on 250 um silica gel plates and UV-light was used as a
visualizing agent. Standard column chromatography was performed using 63-200 pum silica gel.
Methylene chloride was dried by distillation over calcium hydride. Dry THF was obtained by distillation
over sodium and benzophenone. 'H and '3C NMR spectra were recorded on 400 MHz and 200 MHz
spectrometers. The infrared frequencies are reported in cm™'. High resolution mass spectra were
acquired on an MDS SCIEX/Applied Bio systemsQStar Elite hybrid quadrupole/time-of-flight mass
spectrometer (Applied Biosystems, Foster City, CA). In most cases, both [M + H]" and [M + Na]" ions
were detectable for each species.

Synthesis of5-Phenyl-1H-tetrazole (1)

s

N N

To a stirred solution of Cyano benzene (0.8 g, 7.76 mmol) in toluene (50 mL) under a nitrogen
atmosphere, were added azide (TMSA) (1.1 g, 9.32 mmol) and catalytic amount of #-butyl tinoxide (30
mg) and the resulting mixture was heated under reflux.at 100 °C for 12 h. After completion of the
reaction (monitored by TLC), excess TMSA was removed under reduced pressure to afford the crude
product which on purification by silica gel column chromatography (EtOAc /hexane = 2:3) furnished the
desired product 1 (0.9 g, 79%) as white solid. [a]p®® = —14.9 (¢ = 3.6, CHCl3); IR (neat):v = 3248, 2854,
2743, 2725, 1742, 1539, 1035cm L.'H NMR (500 MHz, CDCls6 = 9.83 (S, 1H), 8.12 (d, J = 8.4 Hz,
1H), 7.78 (d, J = 8.6 Hz, 1H), 7.56 (dd, J = 12.6, 5.3 Hz, 2H), 7.24 (s, 1H) ppm. *C NMR (125 MHz,
CDCI3): 0 = 156.6, 135.6, 132.1, 132.0, 129.7, 128.9, 128.4, 127.9, 120.2, 119.0, 118.9 ppm. MS (ESI):
m/z 147 M +H] ™.
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Synthesis of 1-(4-Bromophenyl)-5-phenyl-1H-tetrazole (2)

Br
7—N
NN
N

To a stirred suspension of dry copper acetate (0.43 g, 2.4 mmol), 5-Phenyl-1H-tetrazolel (0.6 g, 1.2
mmol), phenyl boronic acid (0.52 g, 2.6 mmol) and activated molecular sieves 3A° (0.2 g) in dry
methylene chloride (30 mL), was added pyridine (0.23 mL, 2.6 mmol). The reaction mixture was stirred
over night at room temperature in air. Upon completion of the reaction, the mixture was diluted with
methylene chloride, filtered through celite and washed with aqueous EDTA solution (1.7 mmol). The
colorless organic phase was dried over anhydrous Na>SO4 and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (EtOAc/hexanes = 1:1) to give 1-(4-
Bromophenyl)-5-phenyl-1H-tetrazole 2(0.8 g, 65%) as a colorless liquid oil. IR (neat): v = 3439, 2985,
2930, 2854, 1724, 1646, 1027 cm™'. "H NMR (500 MHz, CDCl3): § = 8.29 (d, J= 7.3 Hz, 2H), 8.12 (d, J
= 8.3 Hz, 2H), 7.78 (d, J = 8.5 Hz, 2H), 7.42-7.56 (m, 2H), 7.25-7.35 (m, 2H) ppm. '*C NMR (125
MHz, CDCI3): 6 = 165.2, 132.1, 132.0, 130.6, 130.2, 128.9, 128.5, 128.4, 128.2, 127.2, 127.0, 120.2,
119.2 ppm: HRMS (ESI): m/zcaled. for C13H10BrNs [M + H]": 302.3116, found: 302.3146.

1-(3'-Methoxy-[1,1'-biphenyl]-4-yl)-5-phenyl-1H-tetrazole ( 4a)

MeO

¢

7N
N

N
N

To a stirred solution of 2 (100 mg, 0.0003 mmol), Pd(PPh3)4 (0.006 g, 0.009 mmol), K.CO3 (0.003 g,
0.01 mmol) in distilled toluene (5 mL) under argon at 40 °C, was added (3-methoxyphenyl)boronic acid
(0.05 g, 0.06 mmol) dropwise over a period of 10 min. The reaction mixture was heated at 85 °C until
the starting material was completely consumed. The solution was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography, yellow solid (75 mg, 75%), mp 119-120
°C.Rf (hexane:ethyl acetate 3:1) 0.3; FTIR (neat): 3860, 3733, 3619, 3002, 2360, 2252, 1440, 1038;'H
NMR (500 MHz, CDCl3): 6 = 8.31 (d, J= 8.3 Hz, 2H), 7.92 (d, J = 8.7 Hz, 2H), 7.80 (d, J = 8.1 Hz,
2H), 7.42-7.56 (m, 4H), 7.22-7.31 (m, 3H), 3.64 (s, 3H) ppm. *C NMR (125 MHz, CDCl3): § = 191.6,
164.2, 137.6, 132.9, 132.8, 132.2, 130.3, 127.6, 121.3, 120.5, 56.9 ppm: HRMS (ESI): m/zcalcd. for
C20H17N4O [M + H]™: 329.3116, found: 329.3146.
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1-(3'-Chloro-[1,1'-biphenyl]-4-yl)-5-phenyl-1H-tetrazole (4b)

Cl
7~—N
NN
N

To a stirred solution of 2 (100 mg, 0.0003 mmol), Pd(PPh3)4 (0.006 g, 0.009 mmol), K.CO3 (0.003 g,
0.01 mmol) in distilled toluene (5 mL) under argon at 40 °C, was added (3-chlorophenyl)boronic acid
(0.05 g, 0.06 mmol) dropwise over a period of 10 min. The reaction mixture was heated at 85 °C until
the starting material was completely consumed. The solution was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography, solid (80 mg, 72%), FTIR (neat): 3860,
3740, 3304, 2906, 2850, 2366, 1043, 984, 753;'H NMR (500 MHz, CDCls): § = '"H NMR (500 MHz,
CDCl3): 0 = 8.41 (d, J= 7.5 Hz, 2H), 8.16 (d, J = 8.6 Hz, 2H), 7.71 (d, J= 8.6 Hz, 2H), 7.41-7.56 (m,
4H), 7.15-7.36 (m, 3H) ppm. *C NMR (125 MHz, CDCl3): 6 = 165.2, 132.1, 132.0, 130.6, 130.2,
128.9, 128.5, 128.4, 128.2, 127.2, 127.0, 125.2, 120.2 ppm: HRMS (ESI): m/zcalcd. for C19H14CIN4 [M
+ HJ]": 333.3016, found: 333.3036.

1-(4'-Iodo-[1,1'-biphenyl]-4-yl)-5-phenyl-1H-tetrazole (4¢)

s
o &

To a stirred solution of 2 (100 mg, 0.0003 mmol), Pd(PPh3)4 (0.006 g, 0.009 mmol), K.CO3 (0.003 g,
0.01 mmol) in distilled toluene (5 mL) under argon at 40 °C, was added (4-iodophenyl)boronic acid
(0.05 g, 0.06 mmol) dropwise over a period of 10 min. The reaction mixture was heated at 85 °C until
the starting material was completely consumed. The solution was concentrated in vacuo and reaction
mixture was purified by silica gel column chromatography. Pale yellow solid (85 mg, 60%), mp 119-120
°C.Rf (hexane:ethyl acetate 4:1) 0.3; FTIR (neat): 3164, 3003, 2944, 2292, 2252, 1439, 1375, 1303, 984,
753;'H NMR (500 MHz, CDCl3): 6 = 8.29 (d, J = 7.3 Hz, 2H), 8.14 (d, J = 8.5 Hz, 2H), 7.68 (d, J= 8.6
Hz, 2H), 7.41-7.56 (m, 4H), 7.15-7.35 (m, 3H) ppm. *C NMR (125 MHz, CDCl3): § = 191.6, 132.7,
132.1, 131.9, 131.1, 130.2, 129.3, 129.1, 128.6, 128.4, 128.1, 126.4, 117.4, 77.2 ppm: HRMS (ESI):
m/zcaled.for C1oH14INs [M + H]": 425.3216, found: 425.3126.
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1-(4'-Chloro-[1, 1’-biphenyl]-4-yl)-5-phenyl-1H-tetrazole (4d)

»

To a stirred solution of 2 (100 mg, 0.3 mmol), Pd(PPh3)4 (0.006 g, 0.009 mmol), K2CO3 (0.003 g, 0.01
mmol) in distilled toluene (5 mL) under argon at 40 °C, was added (4-chlorophenyl)boronic acid (0.05 g,
0.6 mmol) dropwise over a period of 10 min. The reaction mixture was heated at 85 °C until the starting
material was completely consumed. The solution was concentrated in vacuo and reaction mixture was
purified by silica gel column chromatography, yellow solid (75 mg, 68%), mp 119-120 °C.Rf
(hexane:ethyl acetate 2:1) 0.3; FTIR (neat): 3741, 2360, 1439, 1366, 1320, 1039, 1071, 1043, 984,
753;"H NMR (500 MHz, CDCl3): § = 8.29 (d, J = 7.3 Hz, 2H), 8.14 (d, J = 8.5 Hz, 2H), 7.68 (d, J = 8.6
Hz, 2H), 7.41-7.56 (m, 4H), 7.15-7.35 (m, 3H) ppm. *C NMR (125 MHz, CDCl3): § = 191.6, 164.2,
137.6, 132.9, 132.8, 132.2, 130.3, 127.6, 121.3, 120.5 ppm: HRMS (ESI): m/zcalcd. for C19H14CIN4 [M
+ H]J": 333.2016, found: 333.2146.

CONCLUSION

In conclusion, we synthesised of the title compounds1-([1,1'-biphenyl]-4-yl)-5-phenyl-1H-tetrazole4a-
dwith good yield. The compound 1-([1,1'-biphenyl]-4-yl)-5-phenyl-1H-tetrazole4a has obtained is an
excellent precursor to introduce other type of substituents on tetrazole through metalation followed by
electrophilic quenching, or via palladium catalyzedSuzuki coupling reactions. The above reactions also
demonstrate the stability of the tetrazole ring to diverse reaction conditions.
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