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KEYWORDS Abstract Copper-supported novel, facile and efficient methods for the synthesis of various 2-
Desulfurization; amino-benzoxazoles and 2,5-diphenyltetrazoleamines have been demonstrated. The reaction proce-
Nucleophilic substitution; dures are simple, with excellent substrate tolerance in good to high yields thus paving an excellent
Copper catalyst; and useful way to establish a library of potentially active drug molecules. This methodology repre-
Mono/domino C-N cross- sents the first concept of copper-catalyst promoted domino C-N cross-coupling reaction towards the
coupling reaction; construction of 2-aminobenzoxazoles. In addition, we described report for the synthesis of 2,5-
Heterocyclic compounds diaryltetrazoleamines using copper via inter molecular C-N cross-coupling reaction with aryl

iodides. The proposed reaction mechanism involves copper based desulphurization/nucleophilic

substitution and subsequent C-N cross-coupling reactions. We established numerous applications

of this methodology for synthesizing diverse heterocyclic derivatives i.e. both electron rich and elec-

tron deficient systems.

© 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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moiety (Fig. 1). In addition, these compounds show anti-

inflammatory, antimicrobial and antibacterial activities
(Padalkar et al., 2016; Kaura et al., 2018; Chojnacka et al.,
2019).

Due to the above mentioned biological importance many
researchers have developed synthetic routes for the synthesis
of heterocyclic compounds. In this connection, initially hetero-
cycles such as 2-aminobenzoxazoles (Varma and Kumar, 1998;
Chang et al., 2002; Pottorf et al., 2003) were prepared from o-
aminophenol through traditional process, however, it needs
high reaction temperature and longer reaction time. Hence,
recently above said disadvantages has been overcome by
researchers through more sustainable cross-coupling reactions
using transition metals based catalytic systems. For example,
benzoxazole moiety compounds were constructed via C-O
cross-coupling reaction using transition metals like Cu
(Evindar and Batey, 2006; Barbero et al., 2007; Karlsson
et al.,, 2008; Ueda and Nagaswa, 2008), Fe (Bauer, 2008;
Liu, 2010; Liu et al., 2012; Wu et al., 2012; Gu et al., 2013,
2014), Co (Saha et al., 2010; Cai and Xie, 2015; He et al.,
2016), Ni (Phan et al., 2014; Jablonkai et al., 2015), Zn (Wu
and Newmann, 2012; Banerjee et al., 2014, Sharma et al.,

2014), Ti (Ladipo, 2006; Azizian et al., 2016), Pd
(Ackermann et al., 2009; Huang et al., 2010; Kalkhambkar
and Laali, 2012; Liu et al., 2013; Gao et al., 2014; Shen

et al., 2014; Xie et al., 2014; Kumbhar and Salunkhe, 2015;
Zhu et al., 2015), Pt (Yoo et al., 2011; Wang et al., 2015),
Ru (Fan et al., 2011; Khalafi-Nezhad and Pdndhl. 2014,
Molnar and Papp, 2016), Ir (Blacker et al., 2009; Scholten,
2013). However, as per our knowledge no report is available
for the synthesis of 2-aminophenyl benzoxazole from thiourea.
Therefore, in this context we would like to present the prepa-
ration of benzoxazoles through domino intra and inter molec-
ular C-N cross-coupling reaction by employing copper salt as a
catalyst under mild reaction conditions.

Similarly, tetrazoles another important organic compound,
were synthesized using traditional processes like addition of
NaNO, NaN; to carbodiimides or cyanamides (Finnegan
et al.,, 1953; Gbrecht and Herbst, 1953; Marchalin and
Martvon, 1980; Moderhack et al., 1990), nitriles
(Lakshmikantam et al., 2005, 2006a, 2006b) and addition of
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TMSN; to nitriles (Amantini et al., 2004; Tienan et al.,
2008), nucelophilic substitution by N3 of (a) chlorine in o-chlo-
roformamidines (Erle, 1982) and (b) sulfur from thioureas in
presence of mercury (Batey and Powell, 2000; Yu et al.,
2004) or lead salts (Finnegan et al., 1953) or iodine (Ramesh
et al., 2011). They require high temperature, harsh reaction
conditions and strong acids, they contain lack of regioselectiv-
ity and difficult to get starting precursors. In order to over-
come the above mentioned drawbacks tetrazole synthesis
were reported using transition metal (Su et al., 2006; Kundu
et al., 2009; Nasrollahzadeh et al., 2009; Venkateshwarlu
et al., 2009; Das et al., 2010; Ramana and Punniyamurthy,
2012, Mohan et al., 2018; S N Murthy et al., 2018a).

In continuous research on synthetic methodologies of hete-
rocyclic compounds, recently, our group also developed effi-
cient protocols for the synthesis of 1,5-disubstituted tetrazole
(S N Murthy et al., 2018a) and substituted benzothiazoles
(S N Murthy et al., 2018b) from thiourea through C-N
cross-coupling reaction using Cu as catalyst under mild
reaction conditions. Encouraged by the fruitful results of the
mentioned protocols, in continuation of our studies towards
the development of valuable synthetic methodologies for
construction of diverse heterocyclic scaffolds, the authors wish
to further investigate the utility of the above synthetic proto-
cols towards the syntheses of 2,5-disustituted tetrazoles and
substituted 2-amino-benzoxazoles via C-N cross-couplings
using copper catalysis.

2. Experimental

2.1. Materials and methods

General information: Thiourea, copper sources like CuSO,-
-5H,0 (98%), Cul (98%), CuBr (98%), Cu,O (97%), CuCl
(99%) and Cu(OAc),-H,O (98%) and the bases Et3;N, Pyri-
dine, K;P0O,4-3H,0, KOH, K,CO;, Cs,CO3 were purchased
from Aldrich and utilized without further purification. The sol-
vents were purchased and dried according to standard proce-
dure prior to use (Furniss et al., 2004). 'H and '*C NMR
spectra were recorded with a DRX-400 Varian spectrometer.
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A Perkin Elmer Spectrum one FT-IR spectrometer is utilized
to record the Infrared (IR) spectra. During the experimental
procedure for the synthesis of resulting compounds VKSI
Medico Centrifuge machine was used.

2.2. General procedure for the synthesis of 2-iodoaryl isourea

To a stirred solution of solvent (2-3 mL), thiourea (1 mmol,
76 mg) was added slowly, followed by Et;N (1 mmol,
101 mg) and Copper source (50 mol %) at room temperature.
The whole reaction mixture was stirred for one hour (until get
the black colour) at room temperature. Later, to the previous
solution, 2-iodophenol (2 mmol, 438 mg) was added. After
completion of the reaction monitored by TLC, the reaction
mixture was transferred into a centrifuged tube and the mix-
ture was centrifuged for 10 min by using centrifugation
machine. Black colour solid was removed from the centrifuged
tubes. The clear solution was concentrated by using rotary
evaporator and the crude mixture was purified by silica gel
(60-120 mesh) column chromatography using ethylacetate in
hexane as eluent system to obtain a 2-iodophenyl isourea as
a solid substance.

2.3. General procedure for the synthesis of 2-( N-arylamino)
benzoxazole

To a stirred mixture of N-2-iodoaryl isourea (1 mmol) in
DMSO (2mL), iodobenzene (1 mmol, 204 mg), Cs,COj3
(1 mmol, 325 mg), Cu(OAc),-H,O (10 mol %, 20 mg) and
1,10-phenanthroline (20 mol%, 36 mg) were added consecu-
tively in slowly for several minutes and the reaction mixture
was stirred for 18 h at 110 °C. The reaction progress was mon-
itored by thin layer chromatography (TLC) using ethyl acetate
and hexane (1:4). The reaction mixture was cooled to room
temperature after completion of the reaction (monitored by
TLC). Then, the total mixture was washed with ethyl acetate
(7 mL) and water (3 mL) for five times. Next, the organic layer
was seperated and evoparated to collect the crude reaction
mixture. The reaction mixture was purified by silica gel (60—
120 mesh) column chromatography with eluent ethylacetate
in hexane to obtain target product 2-(N-arylamino)
benzoxazole which was characterized by NMR ('H and '*C),
IR and elemental analysis.

2.3.1. N-Phenylbenzo[d]oxazol-2-amine (3a)

(Daswani et al., 2016, Yadav et al., 2018): White solid; yield
90%; mp 132-134°C; 'H NMR (400 MHz, CDCl3) § 7.66
(d, J=8Hz, 1H), 746 (d, J = 8 Hz, 2H), 7.39-7.33 (m,
4H), 7.15 (t, J = 152 Hz, 2H), 6.9 (br s, 1H); *C NMR
(100 MHz, CDCl; + DMSO ds) 6 152.0, 138.4, 132.8, 131.6,
129.2, 128.5, 128.1, 127.8, 121.5, 120.9, 117.6; FT-IR (KBr)
3276 (—NH), 3076 (Sp®> C—H), 1614 (C=C), 1574, 1529,
1497, 1485, 1318, 1242, 1082cm~!. Anal. Caled. for
C3H0NLO: C, 74.27; H, 4.79; N, 13.33; O, 7.61. Found: C,
74.39; H, 4.77; N, 13.28.

2.3.2. 5-Methyl-N-o-tolylbenzo[ d]oxazol-2-amine (3b)

White solid; yield 79%; mp 136-137 °C; '"H NMR (400 MHz,
CDCl3) 6 7.65 (s, 1H), 7.39-7.27 (m, 4H), 7.01 (d, J = 7.6 Hz,
2H), 6.72 (br s, 1H), 2.47 (s, 3H), 2.38 (s, 3H); '*C NMR

(100 MHz, CDCl) o 147.1, 137.0, 136.7, 136.2, 134.2, 132.0,
131.7, 130.5, 127.9, 127.1, 117.8, 115.3, 21.0, 20.2; FT-IR
(KBr) 3175 (—NH), 3076 (Sp> C—H), 2924 (Sp® C—H),
2832, 1614 (C=C), 1574, 1529, 1497, 1485, 1318, 1242,
1082 cm™!. Anal. Caled. for C,sH14N,O: C, 75.61; H, 5.92;
N, 11.76; O, 6.71. Found: C, 75.74; H, 5.90; N, 11.70.

2.3.3. N-(2-Isopropylphenyl)-5-methylbenzo[d]oxazol-2-amine
(3¢)

(Daswani et al., 2016). White solid; yield 76%; mp 140-141 °C;
"H NMR (400 MHz, CDCl3) § 7.64-743 (m, 3H), 7.37-7.32
(m, 2H), 7.18 (d, J = 8.4 Hz, 2H), 5.99 (br s, 1H), 2.88-2.83
(m, 1H), 2.46 (s, 3H), 1.20 (d, J = 6.8 Hz, 6H); '*C NMR
(100 MHz, CDCl; + DMSO dg) & 151.7, 141.6, 141.2, 135. 9,
132.5, 128.4, 128.2, 128.1, 125.0, 120.1, 117.2, 31.6, 22.6,
19.4; FT-IR (KBr) 3276 (—NH), 3178 (Sp> C—H), 3076 (Sp*
C—H), 2965 (Sp> C—H), 2852 (Sp® C—H), 1674 (C=N),
1601 (C=C), 1546, 1519, 1457, 1401, 1358, 12632,
1071 em™'. Anal. Caled. for C;7H sN,O: C, 76.66; H, 6.81;
N, 10.52; O, 6.01. Found: C, 76.78; H, 6.78; N, 10.47.

2.3.4. 5-Methyl-N-(2-nitrophenyl)benzo[ d]oxazol-2-amine
(3d)

White solid; yield 48%; mp 159-160 °C; '"H NMR (CDCl;,
400 MHz) 8.23-8.21 (m, 2H), 7.51-7.48 (m, 3H), 7.13 (d,
J=2Hz, [H), 7.04 (s, 1H), 233 (s, 3H); *C NMR
(CDCls5, 100 MHz) 162.8, 158.6, 147.1, 142.7, 135.8, 131.7,
129.0, 127.8, 126.9, 116.0, 112.7, 109.3, 23.4; FT-IR (KBr)
3178 (—NH), 3076 (Sp> C—H), 2846 (Sp° C—H), 1777
(C=N), 1574 (C=C), 1532 (NO2), 1497, 1485, 1357,
1262, 1121 em™!. Anal. Caled. for C;4H;;N3O5: C, 62.45;
H, 4.12; N, 15.61; O, 17.83. Found: C, 62.56; H, 4.10; N,
15.56.

2.3.5. 5-Methyl-N-m-tolylbenzo[d]oxazol-2-amine (3e)

White solid; yield 81%; mp 129-131 °C;'H NMR (CDCI13,
400 MHz) 8.25-8.21(m, 2H), 7.63-7.61 (d, J = 8 Hz, 1H),
7.51-7.48 (m, 2H), 7.37 (t, J = 0.8 Hz, 1H), 7.16-7.14 (dd,
J = 8.4, 0.8 Hz, 1H), 2.49 (s, 3H), 2.14 (s, 3H); '*C NMR
(CDCI3, 100 MHz) 162.7, 151.2, 140.06, 135.7, 131.4, 129.0,
127.6, 127.5, 126.0, 119.5, 114.9, 110.9, 24.5, 22.0; FT-IR
(KBr) 3236 (—NH), 3123, 3076 (Sp> C—H), 2924 (Sp’
C—H), 2845 (Sp® C—H), 1614 (C=C), 1574, 1529, 1497,
1485, 1318, 1242, 1082 cm™'. Anal. Caled. for CysH4N,O:
C, 75.61; H, 592; N, 11.76; O, 6.71. Found: C, 75.74; H,
5.90; N, 11.70.

2.3.6. N-(3-Chlorophenyl )-5-methylbenzo[ d]oxazol-2-amine
(3f)

(Yadav et al., 2018): White solid; yield 77%; mp 145-146 °C;
'H NMR (CDCI3, 400 MHz) 8.18-8.16 (dd, J = 8 Hz,
1.2 Hz, 1H), 7.78-7.76 (m, 1H), 7.66-7.63 (m, 1H), 7.59-7.57
(m, 1H), 7.41-7.35 (m, 3H), 2.36 (s, 3H); '*C NMR (CDCI3,
100 MHz) 161.6, 150.9, 142.0, 134.6, 130.63, 129.2, 126.2,
125.7, 124.9, 123.27, 120.5, 110.9, 23.9; FT-IR (KBr) 3287
(—NH), 3182 (Sp?> C—H), 3054 (Sp> C—H), 2943 (Sp’
C—H), 2832 (Sp° C—H), 1643 (C=C), 1578, 1522, 1467,
1455, 1364, 1292, 1232, 1134, 1067 cm™". Anal. Calcd. for C 4
H,,CIN,O: C, 65.00; H, 4.29; Cl, 13.70; N, 10.83; O, 6.18.
Found: C, 65.12; H, 4.28; N, 10.77.
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2.3.7. 5-Methyl-N-(3-nitrophenyl ) benzo[ d]oxazol-2-amine
(3g)

White solid; yield 54%; mp 159-160 °C; 1H NMR (CDCl;,
400 MHz) 8.58-8.56 (dd, J = 7.6 Hz, 1.2 Hz, 1H), 8.38-8.36
(m, 1H), 7.81-7.79 (m, 1H), 7.74-7.70 (t, J = 8§ Hz, 1H),
7.63-7.61 (m, 2H), 7.44-7.37 (m, 1H), 2.48 (s, 3H); 13C
NMR (CDCI3, 100 MHz) 160.8, 151.1, 148.9, 141.9, 133.2,
130.3, 129.1, 126.3, 125.9, 125.3, 122.7, 120.7, 111.1, 21.9;
FT-IR (KBr) 3297 (—NH), 3156, 3084 (Sp> C—H), 2924 (Sp®
C—H), 2873 (Sp® C—H), 1645 (C=C), 1545 (—NO2), 1501,
1457, 1389, 1334, 1265, 1156, 1082 cm™'. Anal. Caled. for
C14H11N303: C, 6245, H, 412, N, 15617 O, 17.83. Found:
C, 62.69; H, 4.09; N, 15.55.

2.3.8. 5-Methyl-N-p-tolylbenzo[ d]oxazol-2-amine (3h)

White solid; yield 89%; mp 144-145 °C; '"H NMR (400 MHz,
CDCls) 6 7.63 (s, 1H), 7.45-7.32 (m, 4H), 7.12 (d, J = 8 Hz,
2H), 5.98 (br s, 1H), 2.46 (s, 3H), 2.29 (s, 3H); *C NMR
(100 MHz, CDCl; + DMSO dg) 6 152.3, 142.2, 135.9, 133.0,
130.8, 129.8, 128.7, 128.5, 123.2, 120.6, 117.8, 20.0, 19.6; FT-
IR (KBr) 3256 (—NH), 3095 (Sp> C—H), 2902 (Sp® C—H),
2854 (Sp* C—H), 1613 (C=C), 1574, 1514, 1315, 1234, 1120,
1094, 1017 cm™ . Anal. Caled. for C,sH,N,O: C, 75.61; H,
5.92; N, 11.76; O, 6.71. Found: C, 75.72; H, 5.90; N, 11.71.

2.3.9. N-(4-Methoxyphenyl)-5-methylbenzo[d]oxazol-2-amine
(3i)

(Liu et al., 2013a,b): White solid; yield 91%; mp 131-132 °C;
'"H NMR (400 MHz, CDCl;) 6 8.28 (d, J = 8.4 Hz, 1H),
7.46-7.42 (m, 2H), 7.30 (s, 1H), 7.16-7.08 (m, 3H), 7.00 (br
s, 1H), 3.87 (s, 3H), 2.26 (s, 3H); '*C NMR (100 MHz,
CDCl; + DMSO dyg) 6 154.7, 153.1, 1429, 133.7, 132.6,
129.7, 129.5, 129.3, 126.1, 121.3, 114.9, 55.02, 20.56; FT-IR
(KBr) 3345 (—NH), 3092 (Sp> C—H), 2857 (Sp®> C—H), 1567
(C=C), 1535, 1506, 1321, 1271, 1235, 1182, 1123, 1074,
1033 cm ™!, Anal. Caled. for C;sH4N,O,: C, 70.85; H, 5.55;
N, 11.02; O, 12.58. Found: C, 70.97; H, 5.52; N, 10.96.

2.3.10. N-(4-Fluorophenyl)-5-methylbenzo[d]oxazol-2-amine
(3j)

(Yadav et al., 2018): White solid; yield 70%; mp 147-148 °C;
'"H NMR (400 MHz, CDCl3) 6 7.62 (s, 1H), 7.49-7.34 (m,
4H), 7.00 (t, J = 8.4 Hz, 2H), 6.14 (br s, 1H), 2.45 (s, 3H);
13C NMR (100 MHz, CDCl; + DMSO dg) 6 158.2, 155.8,
152.1, 142.1, 134.7, 133.0, 128.5, 128.6, 128.4, 120.6, 119.2,
114.2, 114.0, 20.0; FT-IR (KBr) 3266 (—NH), 3105 (Sp’
C—H), 2904 (Sp> C—H), 2812 (Sp> C—H), 1622 (C=C),
1587, 1533, 1587, 1319, 1226, 1087, 1018 cm~'. Anal. Calcd.
for Ci4;H FN,O: C, 69.41; H, 4.58; F, 7.84; N, 11.56; O,
6.60. Found: C, 69.55; H, 4.56; N, 11.50.

2.3.11. N-(4-Chlorophenyl)-5-methylbenzo[d]oxazol-2-amine
(3k)

(Daswani et al., 2016): White solid; yield 71%; mp 137-138 °C;
'"H NMR (400 MHz, CDCl3) 6 7.77 (s, 1H), 7.50 (t, J = 9.2 Hz,
2H), 7.26 (d,J = 7.6 Hz2H), 7.16 (d, J = 8.8 Hz, 2H), 4.66 (br
s, 1H), 2.40 (s, 3H); "*C NMR (100 MHz, CDCl; + DMSO dy)
o 151.1, 141.7, 136.9, 132.3, 128.3, 128.1, 127.7, 127.0, 124.7,
120.0, 118.1, 19.2; FT-IR (KBr) 3276 (—NH), 3076 (Sp>
C—H), 2958 (Sp° C—H), 2150, 1637 (C=C), 1504, 1421,

1374, 1330, 1256, 1207, 1030 cm™"'. Anal. Caled. for C 4H-
CIN,O: C, 65.00; H, 4.29; Cl, 13.70; N, 10.83; O, 6.18. Found:
C, 65.12; H, 4.28; N, 10.78.

2.3.12. 4-(5-Methylbenzo[d]oxazol-2-ylamino ) benzonitrile

(31)

White solid: yield 52%; mp 186187 °C; '"H NMR (400 MHz,
DMSO) 6 7.66 (d, J = 7.6 Hz, 2H), 7.46 (s, 1H), 7.39 (d,
J = 8.4Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 2.30 (s, 3H); '*C
NMR (100 MHz, CDCl; + DMSO dg) 6 152.0, 143.5, 143.2,
133.8, 132.7, 129.4, 128.9, 121.2, 118.0, 117.4, 104.0, 20.7;
FT-IR (KBr) 3269 (—NH), 3188 (Sp> C—H), 2857 (Sp’
C—H), 2227 (—CN), 1602 (C=C), 1532, 1324, 1248, 1175,
1085 cm™!. Anal. Caled. for C;sH;N;O: C, 72.28; H, 4.45;
N, 16.86; O, 6.42. Found: C, 72.41; H, 4.44; N, 16.81.

2.3.13. 5-Methyl-N-(4-nitrophenyl)benzo[ d]oxazol-2-amine
(3m)

(Daswani et al., 2016): White solid: yield 50%; mp 186-187 °C;
"H NMR (400 MHz, DMSO) 6 8.92 (br s, 1H), 8.09-8.05 (m,
2H), 7.78-7.75 (m, 2H), 7.26 (s, 1H), 7.07-7.04 (m, 2H), 2.45
(s, 3H); '*C NMR (100 MHz, CDCl; + DMSO dy) § 152.8,
146.3, 143.8, 141.8, 137.3, 129.6, 127.1, 125.6, 121.0, 120.7,
118.0, 21.5; FT-IR (KBr) 3314 (—NH), 3109 (Sp> C—H),
2887 (Sp® C—H), 1619 (C=C), 1509 (—NO2), 1330, 1250,
1112, 1088, 1025cm™'. Anal. Caled. for C;4H,N;O5 C,
62.45; H, 4.12; N, 15.61; O, 17.83. Found: C, 62.57; H, 4.11;
N, 15.54.

2.3.14. Methyl 4-(5-methylbenzo[d]oxazol-2-ylamino)benzoate
(3n)

White solid; yield 52%; mp 159-160 °C; 'H NMR (400 MHz,
CDCly) 6 7.64 (s, 1H), 7.51 (d, J = 8.4 Hz, 1H), 6.82 (t,
J = 6 Hz, 1H), 6.76-6.72 (m, 2H), 6.70 (d, J = 7.6 Hz, 1H),
6.61 (d, J = 8 Hz, 1H), 5.82 (br s,1H) 3.53 (s, 3H), 2.35 (s,
3H); *C NMR (100 MHz, CDCl; + DMSO d;) 6154.2,
145.8, 144.8, 141.4, 132.3, 131.2, 128.1, 119.9, 119.1, 106.5,
106.3, 99.3, 45.3, 19.2; FT-IR (KBr) 3360 (—NH), 3152 (Sp>
C—H), 2933 (Sp* C—H), 2843 (Sp® C—H), 1726 (C=0),
1622 (C=C), 1516, 1463, 1257, 1232, 1154, 1091, 1026 cm ™",
Anal. Calcd. for C¢H4N,O5: C, 68.07; H, 5.00; N, 9.92; O,
17.00. Found: C, 68.18; H, 4.99; N, 9.86.

2.3.15. N-(4-Ethylphenyl)-5-methylbenzo[d]oxazol-2-amine
(30)

White solid; yield 79%; mp 139-140 °C; '"H NMR (400 MHz,
CDCly) 6 7.63 (s, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.37-7.35 (m,
2H), 7.15 (d, J = 8.0 Hz, 2H), 6.00 (br s, 1H), 2.62-2.56 (q,
2H), 2.46 (s, 3H), 1.20 (t, J = 7.6Hz 3H); '*C NMR
(100 MHz, CDCl; + DMSO dg) ¢ 151.5, 141.5, 136.3, 135.8,
132.4, 128.3, 128.1, 126.4, 122.8, 120.0, 117.1, 26.3, 19.3,
14.3; FT-IR (KBr) 3250 (—NH), 3090 (Sp> C—H), 2928 (Sp*
C—H), 1610 (C=C), 1574, 1496, 1449, 1309, 1246, 1125,
1096 cm™'. Anal. Caled. for C;HsN,O: C, 76.16; H, 6.39;
N, 11.10; O, 6.34. Found: C, 76.28; H, 6.38; N, 11.03.

2.3.16. N-(4-Isopropylphenyl)-5-methylbenzo[d]oxazol-2-
amine (3p)

White solid; yield 76%; mp 144-145 °C; '"H NMR (400 MHz,
CDCl) 6 7.64 (s, 1H), 7.42 (d, J = 8.8 Hz, 2H), 7.37-7.32 (m,
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2H), 7.18 (d, J = 8.4 Hz, 2H), 5.99 (br s, 1H), 2.88-2.83 (m,
1H), 2.46 (s, 3H), 1.20 (d, J = 6.8 Hz, 6H); '*C NMR
(100 MHz, CDCl; + DMSO dg) & 151.7, 141.6, 141.2, 135. 9,
132.5, 128.4, 128.2, 128.1, 125.0, 120.1, 117.2, 31.6, 22.6,
19.4; FT-IR (KBr) 3251 (—NH), 3090 (Sp> C—H), 2960 (Sp>
C—H), 2812 (Sp*> C—H), 1611 (C=C), 1574, 1496, 1447,
1307, 1243, 1126, 1097 cm™'. Anal. Caled. for Ci7HsN>O:
C, 76.66; H, 6.81; N, 10.52; O, 6.01. Found: C, 76.78; H,
6.80; N, 10.45.

2.3.17. 5-Methyl-N-( 2,4-dimethylphenyl)benzo[d]oxazol-2-
amine (3q)

White solid; yield 84%; mp 138-139 °C; 'H NMR (400 MHz,
CDCly) 6 7.59 (d, J = 6.4 Hz, 1H), 7.22 (s, 1H), 7.16 (d,
J = 8Hz, 1H), 7.05 (d, J = 8.0 Hz, 2H), 6.98 (s, 1H), 2.48
(s, 3H), 2.39 (s, 3H), 2.02 (s, 3H); '3C NMR (100 MHz,
CDCl; + DMSO dg) & 1549, 1434, 1353, 134.8, 134.1,
133.2, 133.1, 131.4, 130.0, 129.9, 127.1, 125.5, 121.4, 21.0,
20.9, 18.1; FT-IR (KBr) 3276 (—NH), 3156 (Sp> C—H), 2976
(Sp> C—H), 2852 (Sp® C—H), 2812, 1607 (C=C), 1573,
1495, 1447, 1244, 1122, 1088, 1070 cm™'. Anal. Calcd. for
Ci6H6N,0: C, 76.16; H, 6.39; N, 11.10; O, 6.34. Found: C,
76.30; H, 6.36; N, 11.04.

2.3.18. 5-Methyl-N-(2,5-dimethylphenyl)benzo[d]oxazol-2-
amine (3r)

White solid; yield 81%; mp 120-121 °C; '"H NMR (400 MHz,
CDCls) 8 7.78 (s, 1H), 7.65 (s, 1H), 7.38-7.33 (m, 2H), 7.02 (d,
J = 7.6 Hz, 1H), 6.84 (d, J = 7.2 Hz, 1H), 5.90 (br s, 1H), 2.47
(s, 3H), 2.34 (s, 3H), 2.11 (s, 3H); '*C NMR (100 MHz,
CDCl; + DMSO dg) & 1542, 1428, 136.7, 1354, 133.7,
130.3, 129.6, 129.4, 129.3, 126.1, 125.2, 121.0, 20.6, 20.5,
17.4; FT-IR (KBr) 3282 (—NH), 3154 (Sp> C—H), 2921 (Sp>
C—H), 2812 (Sp*> C—H), 1587 (C=C), 1527, 1492, 1462,
1381, 1306, 1263, 1088 cm~'. Anal. Caled. for CigH1¢N>O:
C, 76.16; H, 6.39; N, 11.10; O, 6.34. Found: C, 76.28; H,
6.37; N, 11.05.

2.3.19. 5-Methyl-N-( 2,6-dimethylphenyl)benzo[d]oxazol-2-
amine (3s)

(Liu et al., 2013a,b): White solid; yield 77%; mp 147-148 °C;
'"H NMR (400 MHz, CDCly) 6 7.63 (s, 1H), 7.32 (d,
J=80Hz 2H), 7.13 (d, J=80Hz 2H), 7.69 (d,
J = 8.0 Hz, 1H), 5.96 (br s, 1H), 2.46 (s, 3H), 2.28 (s, 6H);
3C NMR (100 MHz, CDCl; + DMSO dg) & 153.4, 152.3,
143.5, 139.8, 138.5, 134.4, 130.1, 129.9, 124.5, 122.1, 116.7,
21.8, 21.4; FT-IR (KBr) 3267 (—NH), 3104 (Sp> C—H), 2920
(Sp> C—H), 2842 (Sp> C—H), 1624 (C=C), 1587, 1540,
1501, 1326, 1175, 1126, 1088 cm™!. Anal. Caled. for
CsHsN,O: C, 76.16; H, 6.39; N, 11.10; O, 6.34. Found: C,
76.29; H, 6.36; N, 11.04.

2.3.20. 5-Methyl-N-( 3 ,4-dimethylphenyl)benzo[d]oxazol-2-
amine (3t)

White solid; yield 84%; mp 120-121 °C; '"H NMR (400 MHz,
CDCl) 6 7.58 (s, 1H), 7.30-7.22 (m, 4H), 7.01 (d, J = 8.0 Hz,
1H), 6.59 (br s, 1H), 2.41 (s, 3H), 2.19 (s, 3H), 2.15 (s, 3H); 1*C
NMR (100 MHz, CDCIl; + DMSO dg) 6 151.4, 141.5, 135.7,
134.8, 132.2, 128.3, 128.0, 127.8, 119.9, 118.0, 114.2, 19.0,
18.1, 17.1; FT-IR (KBr) 3275 (—NH), 3057 (Sp> C—H), 2923

(Sp® C—H), 2856 (Sp® C—H), 1574 (C=C), 1533, 1498,
1455, 1375, 1315, 1254, 1218, 1168, 1115, 1092, 1020 cm ™.
Anal. Caled. for C,¢H,¢N-O: C, 76.16; H, 6.39; N, 11.10; O,
6.34. Found: C, 76.28; H, 6.38; N, 11.05.

2.3.21. 5-Methyl-N-(3,5-dimethylphenyl)benzo[d]oxazol-2-
amine (3u)

White solid; yield 89%; mp 132-133 °C; '"H NMR (400 MHz,
CDCls) 6 7.64 (s, 1H), 7.35 (d, J = 7.6 Hz, 2H), 7.15 (s, 2H),
6.70 (s, 1H), 5.93 (br s, 1H), 2.46 (s, 3H), 2.29 (s, 6H); '*C
NMR (100 MHz, CDCl; + DMSO dg) § 152.9, 142.9, 139.1,
138.0, 133.8, 129.5, 129.4, 129.3, 123.9, 121.4, 116.1, 21.2,
20.7; FT-IR (KBr) 3267 (—NH), 3104 (Sp> C—H), 2922 (Sp*
C—H), 2853 (Sp® C—H), 1624 (C=C), 1587, 1540, 1502,
1327, 1175, 1126, 1088 cm™!. Anal. Caled. for C;sH;¢N,O:
C, 76.16; H, 6.39; N, 11.10; O, 6.34. Found: C, 76.27; H,
6.38; N, 11.06.

2.3.22. 5-Methyl-N-phenylbenzo[d]oxazol-2-amine (3v)

(Yadav et. al., 2018): White solid; yield 88%; mp 146—147 °C;
'"H NMR (400 MHz, CDCls) 6 7.62 (s, 1H), 7.52 (d, J = 8 Hz,
2H), 7.36-7.28 (m, 4H), 7.03 (t, J = 14.8 Hz, 1H), 6.55 (br s,
1H), 2.44 (s, 3H); >*C NMR (100 MHz, CDCl; + DMSO dy)
0 152.7,142.4, 138.7, 133.2, 128.8, 128.7, 128.0, 121.6, 120.8,
117.7, 20.2; FT-IR (KBr) 3285 (—NH), 3056 (Sp> C—H),
2952 (Sp® C—H), 2849 (Sp* C—H), 1603 (C=C), 1574, 1534,
1497, 1456, 1321, 1234, 1121, 1085cm™". Anal. Calcd. for
C4sHpN>O: C, 74.98; H, 5.39; N, 12.49; O, 7.13. Found: C,
75.10; H, 5.37; N, 12.43.

2.3.23. 5-Methoxy-N-phenylbenzo[d]oxazol-2-amine (3w)

White solid: yield 90%; mp 150-151 °C; '"H NMR (400 MHz,
CDCl) 6 7.80 (d, J = 7.6 Hz, 1H), 7.54-7.47 (m, 3H), 7.40 (d,
J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 6.02 (br s, 1H), 3.76
(s, 3H); '*C NMR (100 MHz, CDCl; + DMSO dg) 6 155.0,
153.0, 133.4, 132.1, 131.9, 129.7, 128.5, 121.7, 120.2, 120.4,
114.6, 113.6, 55.0; FT-IR (KBr) 3281 (—NH), 3057 (Sp>
C—H), 2961 (Sp® C—H), 2835 (Sp> C—H), 1616 (C=C),
1513, 1498, 1431, 1331, 1301, 1292, 1253, 1183, 1035 cm™".
Anal. Calcd. for C;4H3N>O,: C, 69.99; H, 5.03; N, 11.66;
0O, 13.32. Found: C, 70.10; H, 5.01; N, 11.60.

2.3.24. 5-Chloro-N-phenylbenzo[d]oxazol-2-amine (3x)

White solid; yield 81%; mp 171-172 °C; '"H NMR (400 MHz,
CDCly) 6 7.74 (d, J = 2.0 Hz, 1H), 7.47-7.44 (m, 2H), 7.40—
7.37 (m, 2H), 7.10 (d, J = 9.2 Hz, 1H), 6.94 (br s, 1H), 6.81
(dd, J = 7.2, 2.4 Hz, 2H); *C NMR (100 MHz, CDCl; + -
DMSO dg) 6 153.9, 152.1, 135.8, 131.9, 131.2, 130.1, 129.9,
127.9, 121.8, 119.2, 112.7; FT-IR (KBr) 3275 (—NH), 3085
(Sp> C—H), 1607 (C=C), 1579, 1486, 1302, 1233, 1179,
1085, 1036 cm™'. Anal. Caled. for C;3HoCIN,O: C, 63.81; H,
3.71; Cl, 14.49; N, 11.45; O, 6.54. Found: C, 63.95; H, 3.68;
N, 11.39.

2.3.25. 5-Fluoro-N-phenylbenzo[d]oxazol-2-amine (3y)

Thick liquid; yield 70%; "H NMR (400 MHz, CDCl3) d 7.39
(d, J = 4.8 Hz, 1H), 7.29-7.20 (m, 3H), 7.10 (s, 1H), 7.03 (d,
J = 6.0 Hz, 3H), 5.80 (br s, IH); '*C NMR (100 MHz, CDCls)
5 160.8, 147.0, 136.4, 128.9, 127.1, 125.3, 123.7, 119.2, 116.1,
110.2; FT-IR (KBr) 3268 (—NH), 3157 (Sp?> C—H), 3072
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(Sp> C—H), 1633 (C=C), 1582, 1501, 1476, 1416, 1277, 1151,
1100, 1038 cm™~'. Anal. Caled. for C;3HoFN,O: C, 68.42; H,
397, F, 8.32; N, 12.27; O, 7.01. Found: C, 68.55; H, 3.95; N,
12.22.

2.3.26. 2-( Phenylamino )benzo[ d]oxazole-5-carbonitrile (3z)

White solid; yield 59%; mp 129-130 °C; '"H NMR (400 MHz,
CDCl) 6 7.82 (d, J = 8.4 Hz, 2H), 7.25-7.22 (m, 2H), 6.98 (d,
J = 8.0 Hz, 2H), 6.88 (s, 1H), 6.61 (br s, 1H) ; '*C NMR
(100 MHz, CDCl3) & 147.6, 139.8, 137.6, 135.0, 133.0, 128.0,
126.7, 124.1, 123.1, 119.3, 109.9; FT-IR (KBr) 3278 (—NH),
3177 (Sp> C—H), 3058 (Sp> C—H), 1633 (C=C), 1545, 1499,
1422, 1377, 1292, 1195, 1114, 1023 cm~!. Anal. Calcd. for
C14HgN;O: C, 71.48; H, 3.86; N, 17.86; O, 6.80. Found: C,
71.60; H, 3.84; N, 17.80.

2.3.27. 7-Nitro-N-phenylbenzo[ d]oxazol-2-amine (3aa)
(Daswani et al., 2016): White solid; yield 55%; mp 171-172 °C;
'"H NMR (CDCls, 400 MHz) 8.26-8.24 (m, 3H), 7.56-7.49 (m,
5H); 13C NMR (CDCI3, 100 MHz) 164.3, 150.8, 140.8, 132.4,
131.2, 129.1, 128.3, 128.2, 126.3, 113.0, 110.7; FT-IR (KBr)
3275 (—NH), 3085 (Sp> C—H), 1607 (C=C), 1579 (—NO,),
1486, 1302, 1233, 1179, 1085, 1036 cm~'. Anal. Calcd. for
C13HoN305: C, 61.18; H, 3.55; N, 16.46; O, 18.81. Found: C,
61.30; H, 3.54; N, 16.41.

2.3.28. 5,7-dimethyl-N-phenylbenzo[ d]oxazol-2-amine (3ab)

White solid; yield 80%; mp 167-168 °C; 'H NMR (400 MHz,
CDCls) & 7.46-7.42 (m, 3H), 7.19 (s, 1H), 6.87 (d, J = 7.2 Hz,
2H), 5.8 (br s, 1H), 2.42(s, 3H), 2.10(s, 3H); *C NMR
(100 MHz, CDCl; + DMSO dg) & 152.5, 152.4, 131.8, 130.7,
130.3, 127.6, 121.8, 119.9, 113.2, 20.2, 17.3; FT-IR (KBr)
3289 (—NH), 3076 (Sp> C—H), 2957 (Sp>° C—H), 1607
(C=C), 1575, 1516, 1301, 1261, 1235, 1182, 1113, 1094,
1033 cm™'. Anal. Caled. for CsH14N>O: C, 75.61; H, 5.92;
N, 11.76; O, 6.71. Found: C, 75.74; H, 5.90; N, 11.70.

2.3.29. 5,6-Dimethyl-N-phenylbenzo[d]oxazol-2-amine (3ac)

White solid; yield 82%; mp 148-149 °C; '"H NMR (400 MHz,
CDCls) 6 7.76 (s, 1H), 7.57 (s, 1H), 7.50 (d, J = 7.6 Hz, 2H),
6.85 (d, J = 8.8 Hz, 3H), 2.37 (s, 3H), 2.31 (s, 3H); '3*C NMR
(100 MHz, CDCl; + DMSO dy) § 153.3, 151.6, 140.3, 136.3,
132.3, 131.2, 129.1, 127.8, 118.6, 116.6, 112.3, 17.6, 17.3; FT-
IR (KBr) 3306 (—NH), 3122 (Sp> C—H), 2920 (Sp® C—H),
2847 (Sp® C—H), 1603 (C=C), 1515, 1444, 1302, 1236, 1302,
1236, 1191, 1115, 1095, 1020cm~'. Anal. Caled. for
C;sH14N>O: C, 75.61; H, 5.92; N, 11.76; O, 6.71. Found: C,
75.75; H, 5.90; N, 11.70.

2.4. Experimental procedure for the synthesis of 2-phenyl-N-p-
tolyl-2H-tetrazol-5-amine

At room temperature Et;N (1 mmol, 101 mg) and Cu(OAc),-
-H,O (50 mol %, 119 mg) were added in slowly to a stirred
solution of thiourea (1 mmol, 76 mg) in DMSO (2-3 mL).
Then the entire reaction mixture was stirred at room tempera-
ture for one hour until get the black color and the reaction pro-
gress was monitored by thin layer chromatography. After
confirming that the reaction was completed (monitored by
TLC), to this, PhNj3 (2 mmol, 238 mg) was added and the total

reaction mixture was stirred for 2h. Later, 4-iodotoulene
(1 mmol, 218 mg), Cs,CO;3 (1.5 mmol, 487.5 mg), Cu(OAc)»-
-H,O (10 mol %, 19.9 mg) and 1,10-phenanthroline (20 mol
%, 36 mg) were added consecutively for several minutes and
the reaction mixture was stirred for 14 h at 115 °C. The pro-
gress of the reaction was investigated by TLC (5% ethylacetate
in hexane). After completion of the reaction, the reaction mix-
ture was transferred into centrifuged tubes and the mixture
was centrifuged for 10 min by using centrifugation machine.
Black colour solid was settled in the bottom of centrifuged
tubes. The clear solution was concentrated by using rotary
evaporator and the crude mixture was purified by silica gel
(60-120 mesh) column chromatography using 30% ethylac-
ctate in hexane as eluent to obtain 2-phenyl-N-p-tolyl-2H-tetra
zol-5-amine 4a as a white solid.

2.4.1. 2-Phenyl-N-p-tolyl-2H-tetrazol-5-amine (4a)

White solid; yield 87%; mp 104-105 °C; '"H NMR (400 MHz,
CDCly) 6 7.59 (d, J = 7.6 Hz, 2H), 7.54 (d, J = 7.2 Hz, 2H),
7.42 (d, J = 7.6 Hz, 2H), 6.75 (m, 3H), 5.34(br s, 1H),2.33
(s, 3H); *C NMR (100 MHz, CDCls) 6 146.8, 137.5, 135.6,
134.4, 132.8, 129.7, 128.8, 126.5, 124.5, 117.9, 110.1, 24.8;
FT-IR (KBr) 3253 (—NH), 3153 (Sp?> C—H), 2919 (Sp’
C—H), 2852 (Sp> C—H), 1572 (C=C), 1486, 1455, 1408,
1384, 1284, 1260, 1100, 1017cm~'. Anal. Caled. for
C14H5Ns: C, 66.92; H, 5.21; N, 27.87. Found: C, 67.00; H,
5.19; N, 27.81.

2.4.2. N-(4-Methoxyphenyl)-2-phenyl-2H-tetrazol-5-amine
(4b)

White solid; yield 90%; mp 111-112 °C; '"H NMR (400 MHz,
CDCl3) 6 7.25-7.22 (m, 4H), 6.98 (d, J = 8.0 Hz, 2H), 6.88—
6.61 (m, 3H), 3.78 (s, 3H); '3*C NMR (100 MHz, CDCl;) &
154.7, 142.9, 133.7, 132.6, 129.7, 129.5, 129.3, 126.1, 121.4,
55.0; FT-IR (KBr) 3154 (Sp> C—H), 2922 (Sp> C—H), 2862
(Sp® C—H), 1607 (C=C), 1581, 1948, 1453, 1410, 1389,
1388, 1268, 1155, 1018 cm™'. Anal. Caled. for C;4H;3NsO:
C, 62.91; H, 4.90; N, 26.20; O, 5.99. Found: C, 63.04; H,
4.88; N, 26.15.

2.4.3. N-(4-Chlorophenyl)-2-phenyl-2H-tetrazol-5-amine (4c)

White solid; yield 78%; mp 96-97 °C; '"H NMR (400 MHz,
CDCly) ¢ 7.77-7.48 (m, 4H), 7.25 (d, J = 6.8 Hz, 3H), 7.16
(d, J = 8.8 Hz, 2H), 5.96 (br s, INH); '*C NMR (100 MHz,
CDCl;3) ¢ 141.7, 137.0, 132.3, 128.3, 128.1, 127.8, 127.0,
124.7, 118.1; FT-IR (KBr) 3209 (—NH), 3089 (Sp> C—H),
1666 (C=C), 1577, 1513, 1476, 1416, 1297, 1207, 1155,
1021 cm™". Anal. Caled. for C;3H,(,CINs: C, 57.47; H, 3.71;
Cl, 13.05; N, 25.78. Found: C, 57.60; H, 3.69; N, 25.71.

2.4.4. N-(4-Fluorophenyl)-2-phenyl-2H-tetrazol-5-amine (4d)
White solid; yield 72%; mp 99-100 °C; '"H NMR (400 MHz,
CDCly) 6 7.64-7.33 (m, 7H), 7.12 (d, J = 8 Hz, 2H), 5.98 (br
s, 1H, INH); '*C NMR (100 MHz, CDCl;) § 152.0, 142.1,
134.7, 133.0, 128.6, 128.5, 128.4, 120.6, 119.3, 119.2,
114.3,114.0; FT-IR (KBr) 3278 (—NH), 3177 (Sp> C—H),
3058 (Sp> C—H), 1633 (C=C), 1545, 1499, 1422, 1377, 1292,
1195, 1114, 1023 cm~!. Anal. Caled. for C;3H,(FNs: C,
61.17; H, 3.95; F, 7.44; N, 27.44. Found: C, 61.30; H, 3.93;
N, 27.38.
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2.4.5. 4-(2-Phenyl-2H-tetrazol-5-ylamino ) benzonitrile (4e)
White solid; yield 56%; mp 116117 °C; "H NMR (400 MHz,
CDCl;) 6 7.82 (d, J = 8.4 Hz, 2H), 7.25-7.22 (m, 3H), 6.98 (d,
J = 8.0 Hz, 2H), 6.88 (m, 2H), 6.61 (br s, 1H); '*C NMR
(100 MHz, CDCls) 6 147.6, 139.8, 137.6, 135.0, 133.0, 128.0,
126.7, 124.1, 123.1, 119.3, 109.9; FT-IR (KBr) 3278 (—NH),
3177 (Sp*> C—H), 3058 (Sp> C—H), 1633 (C=C), 1545, 1499,
1422, 1377, 1292, 1195, 1114, 1023 cm™'. Anal. Calcd. for
Ci4H oNg: C, 64.11; H, 3.84; N, 32.04. Found: C, 64.20; H,
3.81; N, 31.98.

2.4.6. N-(4-Nitrophenyl)-2-phenyl-2H-tetrazol-5-amine (4f)
White solid; yield 56%; mp 126-128 °C; '"H NMR (400 MHz,
CDCl;) o 8.09-8.05 (m, 2H), 7.78-7.76 (m, 2H), 7.74 (d,
J = 8.0Hz, 2H), 7.26-7.05 (m, 3H), 6.61 (br s, 1H); '*C
NMR (100 MHz, CDCl;) ¢ 152.8, 146.3, 143.8, 141.8,
137.3, 127.1, 125.6, 121.0, 120.7; FT-IR (KBr) 3278 (—NH),
3177 (Sp? C—H), 3058 (Sp> C—H), 2958 (Sp> C—H), 2863
(Sp> C—H), 1633 (C=C), 1545, 1499, 1422, 1377, 1292,
1195, 1114, 1023 cm™'. Anal. Caled. for C;3H;(NgOy: C,
55.32; H, 3.57; N, 29.77; O, 11.34. Found: C, 55.44; H,
3.55; N, 29.70.

2.4.7. N-(3,4-Dimethylphenyl)-2-phenyl-2H-tetrazol-5-amine
(4g)

White solid; yield 82%; mp 95-97 °C; "H NMR (400 MHz,
CDCl3) 6 7.55 (d, J = 8.4 Hz, 1H), 7.29 (d, J = 8 Hz, 2H),
7.15-7.07 (m, 4H), 6.96 (s, 1H), 2.40 (s, 3H), 2.34 (s, 3H);
13C NMR (100 MHz, CDCl;) 146.9, 139.5, 138.3, 137.7,
135.8, 132.6, 131.9, 130.7, 127.4, 124.3, 123.8, 117.8, 110.1,
21.7, 20.0; FT-IR (KBr) 3253 (—NH), 3172 (Sp> C—H), 2920
(Sp> C—H), 2823 (Sp> C—H), 1644 (C=C), 1436, 1407,
1384, 1261, 1206, 1172, 1012cm™'. Anal. Caled. for
CisH;sNs: C, 67.90; H, 5.70; N, 26.40. Found: C, 67.99; H,
5.68; N, 26.33.

2.4.8. N-(2,4-Dimethylphenyl)-2-phenyl-2H-tetrazol-5-amine
(4h)

White solid; yield 74%; mp 96-97 °C; 'H NMR (400 MHz,
CDCl;) ¢ 7.68-7.27 (m, 5H), 7.09 (s, 1H), 6.84 (d,
J = 7.2 Hz, 2H), 5.90 (br s, 1H, INH), 2.47 (s, 3H), 2.34 (s,
3H); '3*C NMR (100 MHz, CDCl;) & 143.4, 135.3, 134.8,
134.1, 133.2, 131.4, 130.0, 129.9, 127.1, 125.5, 121.4, 21.0,
20.9; FT-IR (KBr) 3267 (—NH), 3098 (Sp? C—H), 2912 (Sp°
C—H), 2842 (Sp>° C—H), 1651 (C=C), 1579, 1523, 1496,
1423, 1345, 1277, 1178, 1025cm~'. Anal. Caled. for
Cy5H;sNs: C, 67.90; H, 5.70; N, 26.40. Found: C, 67.98; H,
5.68; N, 26.34.

S I. DMSO, Et;N (1 eq), RT, 1h

Copper source (100 mol %) o
OH | NH,
I. ©i RT,1-3h
|

Scheme 1

2.4.9. N-Phenyl-2-p-tolyl-2H-tetrazol-5-amine (4i)

White solid; yield 92%; mp 97-98 °C; "H NMR (400 MHz,
CDCls) 6 7.49 (d, J = 8.4 Hz, 2H), 7.31-7.26 (m, 3H), 7.17-
7-15 (m, 2H), 7.02-6.94 (m, 2H), 2.39 (s, 3H); '*C NMR
(100 MHz, CDCls) 6 147.2, 139.7, 135.7, 134.9, 132.4, 129.0,
128.1, 126.9, 124.1, 118.0, 109.6, 21.9; FT-IR (KBr) 3294
(—NH), 3153 (Sp> C—H), 2919 (Sp® C—H), 1612 (C=C),
1572, 1486, 1455, 1408, 1384, 1284, 1260, 1100, 1017 cm™".
Anal. Calcd. for Ci4H3Ns: C, 66.92; H, 5.21; N, 27.87.
Found: C, 66.99; H, 5.19; N, 27.82.

2.4.10. 2-(4-Methoxyphenyl)-N-phenyl-2 H-tetrazol-5-amine
(4)

White solid; yield 95%; mp 101-102 °C; '"H NMR (400 MHz,
CDCl) 6 7.25-7.22 (m, 5H), 6.98 (d, J = 8.0 Hz, 2H), 6.88 (s,

Table 1 Optimization for the synthesis of (2-iodophenyl)
isourea.”
S 1. Solvent, EtzN (1 eq), RT, 1 h O 0T
HZNJI\ n Copper source (100 mol %) @ Y
OH | NH;
I @EI RT,1h A

Entry Solvent Copper source Conversion (%)"
A

1 EtOH Cul 100

2 EtOAc Cul 100

3 n-Hexane Cul n.d

4 n-Heptane Cul n.d

5 H,O Cul 43

6 DMF Cul 100

7 DMSO Cul 100

8 DMSO CuCl 100

9 DMSO CuBr 100

10 DMSO Cu,O 100

11 DMSO CuS0,45H,0 100

12 DMSO Cu(OAc),-H,O 100

13° DMSO Cu(OAc),-H,O 100

14¢ DMSO Cu(OAc),-H,O 54

15 DMSO - n.d

n.d. = not detected.

& Reaction conditions: Thiourea (1 mmol), solvent (2 mL), Et;N
(1 eq), Copper source (100 mol %), 1 h, room temperature, then, 2-
iodo phenol (2 mmol) room temperature, 1 h.

® Conversion based on diagnostic peaks integration in "H NMR
of crude reaction mixture.

¢ Copper source (50 mol %) was used.

4 Copper source (25 mol %) was utilized.

NH Arl (1 eq), Cu(OAc),.H,O (10 mol %), o)
1,10-Phenanthroline (20 mol %) @[ /%NH
N

DMSO, Cs,CO; (1.5 eq), 110 °C, 18 h

3a

Path way for the construction of N-phenylbenzo[d]oxazol-2-amine from thiourea.
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Table 2 Optimization for the synthesis of 2-aminophenyl benzoxazole."

OYNH Phl (1 eq), DMSO, Copper source (10 mol %)
NH, base (1.5 eq), ligand (20 mol %), 110 °C, 18 h

A
/N
HoN NH> HN NH HO
L1 Me L2 Me

-0

Gy
3a

N = = =
o (D -0

L3 N 4N L5

Entry Copper source Base Ligand Conversion(%)"
3a
1 Cul K5PO4-3H,0 L1 57
2 Cul K5PO4-3H,0 L2 60
3 Cul K;PO,4-3H,0 L3 52
4 Cul K5PO4-3H,0 L4 78
5 Cul K3P04'3H20 L5 73
6 Cul KOH L4 71
7 Cul K,CO; L4 61
8 Cul Cs,CO;3 L4 100
9 CuBr Cs,CO3 L4 100
10 CuCl Cs,CO;3 L4 100
11 CuSO45H,0 Cs,CO3 L4 100
12 Cu(OAc),-H,O Cs,CO;3 L4 100
13¢ Cu(OAc),-H,O Cs,CO3 L4 45°
14¢ Cu(OAc),-H,0 Cs,CO4 L4 57°
15 Cu(OAc),-H,O Cs,CO5 - 16
16 — C52CO3 - n.d
17 CoCl,-H,O Cs,CO; L4 42
18 FeCl;-H,O Cs,CO; L4 35
19 NiCl, Cs,CO; L4 n.d

n.d. = not detected.

# Reaction conditions: 2-Iodophenyl isourea (1 mmol), DMSO (2 mL), iodo benzene (1 mmol), catalyst (10 mol %), ligand (20 mol %), base

(1.5 mmol), 18 h, 110 °C.

° Conversion based on diagnostic peaks integration in "H NMR of crude reaction mixture.

¢ Copper source (5 mol %) used.
4 Cs,CO;5 (1.0 equiv) used.

¢ Rest of the percentage is recovered starting precursor as intact. n.d. = not detected.

1H), 6.61 (br s, 1H), 3.78 (s, 3H); *C NMR (100 MHz,
CDCly) 6 159.7, 147.6, 144.1, 139.3, 135.6, 127.9, 127.3,
122.4, 118.0, 114.5, 107.7, 55.9; FT-IR (KBr) 3283 (—NH),
3133 (Sp? C—H), 2950 (Sp*> C—H), 2839 (Sp> C—H), 1630
(C=C), 1516, 1484, 1422, 1408, 1329, 1276, 1243, 1204,
1147, 1025cm™". Anal. Caled. for C4H;3NsO: C, 62.91; H,
4.90; N, 26.20; O, 5.99. Found: C, 63.02; H, 4.88; N, 26.14.

2.4.11. 2-(4-Chlorophenyl)-N-phenyl-2 H-tetrazol-5-amine (4k)
White solid; yield 72%; mp 96-97 °C; 'H NMR (400 MHz,
CDCl,) 6 7.39 (d, J = 4.8 Hz, 2H), 7.29-7.10 (m, SH), 7.03
(d, J = 6.0 Hz, 2H), 5.80 (br s, 1H); '>*C NMR (100 MHz,
CDCl;) 6 160.8, 147.0, 136.4, 128.9, 127.1, 125.3, 123.7,
119.2, 116.1; FT-IR (KBr) 3268 (—NH), 3157 (Sp> C—H),
3072 (Sp®> C—H), 1633 (C=C), 1582, 1501, 1476, 1416, 1277,
1151, 1100, 1038 cm™!. Anal. Caled. for C;3H;(CINs: C,
57.47; H, 3.71; Cl, 13.05; N, 25.78. Found: C, 57.60; H, 3.69;
N, 25.72.

3. Results and discussion

3.1. Synthesis of benzoxazoles

The total scheme utilized for the synthesis of 2-
aminophenylbenzoxazole was shown in below Scheme 1. Ini-
tially, thiourea on copper promoted desulfurization and con-
secutive  nucleophilic ~ substitution = with  2-iodophenol
produced the intermediate 2-iodophenylisourea. Further, the
obtained 2-iodophenylisourea undergo domino intra and inter
molecular C-N cross coupling reactions respectively with
iodobenzene in presence of copper catalyst to afford the target
product 2-aminophenyl-benzoxazole (3a) under optimized
reaction conditions.

The authors initial efforts focused on finding the optimiza-
tion conditions for the synthesis of 2-iodophenyl isourea based
on thiourea and 2-iodophenol as a model substrates with var-
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Table 3 Synthesis of 2-aminophenyl benzoxazoles from 4-methyl-2-iodophenyl isourea and aryliodides."

(0] NH Arl (1 eq), Cu(OAc),.H,O (10 mol %), O H =
/@[ Y 1,10-Phenanthroline (20 mol %) )—N@
Me NH, Me N TR

| DMSO, Cs,CO; (1.5 eq), 110 °C, 18 h

Entry Substrate Product Yield(%)®
Me Me
| o0 H
1 )—N 79
Me N
3b
Me._ _Me " Me
e
' H
2 \é /@:,}N 76
Me 3 N
NO, ¢ O,N
[ O H
3 )—N 48
Me N
3d Me
| Me T
o O
4 Me N
3e cl
| cl o H
5 \©/ " N/ N 77
e
3f NO,
[ NO, o n
N e e I
Me N
39
| O H
Me Me 3hN
| O H
o \©\ P N—<: >—OMe 91
N
OMe Me 3
| O H
9 \©\ N/>—N—< >—F 70
F Me 3]
| O H
cl Me™ g N
|
O H
11 )—N CN 52
N
| e Me 3l
O H
N

<
o

NO,

w
3

(continued on next page)
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Table 3 (continued)
| O  H
13 \©\ >—N COOCH; 52
N
coocH, M g,
| O H
14 \©\ >—N CHs 79
N
CoHs Me™ 36
|
(@) H Me
15 Me /@: )—NO—( 76
Me N Me
Me 3p
| o H
. /@: )—N Me 84
Me Me Me N
3q Me Me
[ Me o H
D o e :
Me
Me 3r Mé
Me Me
| 0 H
18 )—N 77
Me Me N
| 3s Me
O  H
: . OO
Me biE 3t N
Me
Me
20

<

<
©

4 Reaction conditions: 4-Me-2-iodophenyl isourea (1 mmol), DMSO (2 mL), Cu(OAc),-H,O (10 mol %), ArI (1 mmol), 1,10-phenanthroline

(20 mol %), Cs,COs5 (1.5 mmol), 18 h, 110 °C.
® Isolated yield.

ious solvents and copper sources. As shown in Table 1, among
the tested solvents, non-polar solvents like n-hexane and n-
heptane couldn’t provide the target product (Table 1, entries
3-4). Other solvents such as EtOH, EtOAc, DMSO and
DMF gave the final product in complete conversion (Table 1,
entries 1-2 and 6-7). Very unfortunately, only a moderate
yield of target product is obtained by performing the reaction
in the presence of water (Table 1, entry 5).

Various copper sources were tested and the results revealed
that the reaction using both Cu (I) and Cu(Il) sources can
afford the product A in total conversion (Table 1, entries 8—
12). The reaction by loading the lower quantity of catalyst
50 mol % and 25 mol % produced the final product in 100%
and 54% conversion, respectively (Table 1, entries 13—14).
Control experiment without loading the catalyst did not pro-
vide target product indicated that the use of metal source is
essential (Table 1, entry 15).

Next, the authors performed the optimization reaction
condition with diverse bases, copper sources and ligands
towards the synthesis of 2-aminophenyl benzoxazole using
2-iodophenyl isourea and iodobenzene as model substrates.
We were delighted to observe that the reaction may well pro-
vide the target product 3a in total conversion with 10 mol %
copper catalyst, 20 mol % 1,10-phenanthroline (ligand) and
1.5 equiv. Cs,CO3(base) at 110 °C temperature in the presence
of solvent DMSO (Table 2, entry 8). Firstly, the optimization
was started with a set of ligands like L1-L5, among the used set
of ligands, L4 (Table 2, entry 4) was found to be the most
effective in comparison to L1-L3 and L5 (Table 2, entries 1—
3 and 5). Of the bases tested, the reaction employing Cs,CO;
showed superior reactivity (Table 2, entry 8) compared to that
of K3;P0,-3H,0, K,CO; and KOH.

Further, various copper sources were examined and the
results clearly suggested that the catalytic activity of both
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Table 4 Reactions between substituted 2-iodophenyl isourea and phenyliodide.”

(¢} NH Phl (1 eq), Cu(OAc),.H,O (10 mol %), NS H
o i X \I& 1,10-Phenanthroline (20 mol %) R_;C[ />_N©
g #Z
=, "Mz pmso, Cs,C05 (1.5 eq), 110 °C, 18 h N s
Entry Substrate Product Yield(%)°

O_ _NH

. OXX
Me Pl
OYNH

2 /©i NH;

MeO |

OYNH

NH

cl P2
O_ _NH
.
NH

F P2
OYNH

NC P2

NO,
OYNH
6 | NH,
Me
(0] NH
: Y
NH,
Me | Me

Me OYNH Me
8 :@i NH,
Me | Me

O H
/>—N4© 88
Me N

3v

O H
O
MeO N

3w

3x

IO
O .

O H

0
N
o
N

3ab

O -

3ac

# Reaction conditions: Substituted 2-iodophenyl isourea (I mmol), DMSO (2 mL), Cu(OAc),-H,O (10 mol %), PhI
(1 mmol), 1,10-phenanthroline (20 mol %), Cs,CO5 (1.5 mmol), 18 h, 110 °C.

® Isolated yield.

copper (I) and (II) sources (Cul, CuBr, CuCl, Cu(OAc),-H,O
and CuSOy4-5H,0) was similar (Table 2, entries 8—12). Next, by
lowering the amount of base (1.0 equiv) or the copper source
(5 mol %) led to the N-arylation to afford target product in
less conversion (Table 2, entries 13—14). In addition, the reac-
tion provided target product in less conversion in the absence
of ligand (Table 2, entry 15). Control experiments suggested
that the use of metal source and ligand was essential to afford
the final product. It is noteworthy that the formation of final
product was not observed in reactions without loading the
copper source and ligand (Table 2, entry 16). Furthermore,
the reaction was examined in the presence of other metal
sources; however, their catalytic activity is not more effective
than copper sources (Table 2, entries 17-19).

Soon after having the optimized the reaction conditions,
the authors further examined the scope and limits of the
method with a series of substituted iodobenzenes (Table 3)
and also with divergent 2-iodoaryl isoureas (Table 4).

As summarized in below Table 3, 4-me-2-iodophenyl
isourea readily underwent the reaction with various mono
substituted phenyl iodides bearing substitutions like
2-Methyl, 2-isopropyl, 2-nitro, 3-Methyl, 3-chloro, 3-nitro,
4-methyl, 4-methoxy, 4-floro, 4-chloro, 4-cyano, 4-nitro,
4-COOCHj3;, 4-Ethyl and 4-isopropyl to obtain their corre-
sponding target products 3b-p in 48-91% yields. Similarly,
iodobenzene with disubstituted groups such as 2,4-dimethyl,
2,5-dimethyl, 2,6-dimethyl, 3,4-dimethyl and 3,5-dimethyl car-
ried out the reaction with 4-methyl-2-iodophenyl isourea under
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Icul . /[ ] /[ u]
cu' *e, ¢y o5’ ® I OH
s Pl NHZ NH, —<— NH7XH,
HoNA NH, N \
)k P Q R |
HoN™ "NH, [ H H:B
Cu” B
>*NH cd fi\ Cul 0 I \ [CuS]
»>—NH, Cu O NH
OX|dat|ve N \f + poly
addition C> ‘+e | NH, sulfide
reductive .
elimination B Cul A
reductive L
0 elimination ~ oxidative
/>7 HB + I addition
N Cu Os-NH
d @: R O _NH
@ bl ¢
\/ CU‘NH
a

Scheme 2 Proposed mechanism for the formation of 2-phenylamino benzoxazole.

I. DMSO, Et;N (1 eq) (@

N\

HoN™ "NH2 Cu(0Ac),.H,0 (50 mol %) N" N
RT, 1 h. N=
IIl. PhNg, RT, 1 h NH,

/©/(1 eq)

Cu(OAc);.H,0 (10 mol %),
1,10-Phenanthroline (20 mol %)
DMSO, Cs,CO3 (1.5 eq),

QL
N

NH

2-phenyl-2H-tetrazol-5-amine 115 °C, 14 h

Me 4a

Scheme 3  Synthesis of 2-phenyl-N-p-tolyl-2H-tetrazol-5-amine.

optimized reaction conditions to afford their corresponding
target products 3q-u in 84-89% yields.

Moreover, we have also examined the applicability of the
methodology by the reaction between various substituted iodo-
phenyl isoureas and iodobenzene (Table 4). The reaction of
iodophenyl isourea with electron donating groups such as 4-
methyl and 4-methoxy with iodobenzene gave their respective
cross-coupled products 3v and 3w in 88% and 90% yields,
respectively. Similarly, 2-iodophenyl isourea holding electron
withdrawing substituent’s like 4-chloro, 4-floro, 4-cyano and
2-nitro underwent the reaction with iodobenzene to produce
their consecutive target products 3x, 3y, 3z and 3aa in 81%,
70%, 59% and 55% yields.

Phenyl ring having strong electron withdrawing sub-
stituent’s offered less reactivity compared to phenyl ring with
weak electron withdrawing substituents. It might be occurred
due to strong electron withdrawing capacity on reactive site.
Moreover, final products 3ab and 3ac were obtained in 80%
and 82% yield under standardized conditions by the domino
cross-coupling reaction of disubstituted 2-iodophenyl isourea
holding substitutions like 2,4-dimethyl and 3,4-dimethyl with
iodobenzene.

In summary, by using this efficient method, a total of 29 2-
arylaminobenzoxazoles in good yields were prepared and out
of which nineteen compounds were new and the remaining
known compounds were confirmed by comparision of their

spectral data with literature data. Further, the outcomes of
the aforementioned studies undoubtedly confirm that this
method is well-suited for the substrates possessing both
electron donating and withdrawing groups to provide the
2-aminobenzoxazoles derivatives in moderate to excellent
yield.

Control experiments: At the outset, control experiments
were conducted to reveal the mechanism. When we have done
the reaction at room temperature and at 50 °C, formation of
target product is not observed (Egs. (1) and (2)), however,
the intra molecular C-N cyclized product 2-amino benzoxazole
C was formed exclusively in 70% conversion performing the
reaction at 80 °C (Eq. (3)), whereas when the reaction is done
at 110 °C the target product 3a was produced in absolute con-
version (Eq. (4)). In addition, the reaction was also performed
in the absence of aryl iodide and it gave intra molecular C-N
cyclised product 2-aminobenzoxazole C (Eq. (5)) under opti-
mized reaction conditions. In addition, under optimized reac-
tion conditions the reaction of 2-aminobenzoxazole with
iodobenzene proceeded readily to afford target product 3a in
whole conversion (Eq. (6)). The outcomes of the above control
experiments obviously suggest that, 2-amino benzoxazole C
was obtained first from 2-iodophenyl isourea A as intra molec-
ular C-N cyclized product, next that may undergo inter molec-
ular C-N cross-coupling reaction with iodo benzene to afford
the final product 3a.
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R
R
{/ ] Arl (1 eq), Cu(OAC),.H,0 (10 mol %) @
, 2.Ho b), _N
A DMsO BN (o) | | N 1.10-Phenanthroline (20 mol %) NNy
) “ -
> 2 Cu(OAC),.H,0 (50 mol %) NN DMSO, G,CO; (1.5 6q), N=¢
RT, 1 h. N=( 115°C, 14 h NH
Il AN, RT, 1 h : .
® NH, R, R' = EDG, EWG R

2-aryl-2H-tetrazol-5-amine
N,2-diaryl-2H-tetrazol-5-amine

o Q. QL S
N<

E N Z N Z N
< % )
NH NH QNH QNH
M€ 4a, 87% MeO  4p, 90% Cl" 4c,78% F" 4d, 72%
N/N“N N/N“N E N E N
N= N= = =
X B )% ¢
NH NH N
E; S E; S ; ; ; j‘Me
Me Me
NG 4e, 56% C2Hs00C 45 569, Me 4n, 74%
49, 82% ’
Me Meo\@\ cl
:\ -N N-N \O\ -N
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< X i
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4i, 92% 4j, 95% 4k, 72%

Scheme 4  Synthesis of 2,5-disubstituted tetrazole amines®.

0]
O. _NH Arl (1 eq), Cu(OAc),.H,0 (10 mol %), />—NH
Y 1.10-Phenanthroline (20 mol %) N |
| NH, DMSO, Cs,C05 (1.5 eq). RT, 18 (1)
A no reaction

0
0. _NH ATl (1 eq), Cu(OAc),H,0 (10 mol %), ©: >—NH

Y 1.10-Phenanthroline (20 mol % N 5
NH, DMSO, Cs,COs (1.5 eq), 50 °C, 18 h (2)
I no reaction
A
0]
O. _NH Arl (1 eq), Cu(OAc),.H,O (10 mol %), />—NH2
Y 1.10-Phenanthroline (20 mol %) N 3)
NH, DMSO, Cs,COs (1.5 eq), 80 °C, 18 h c
: 70%

A
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0
O. _NH Arl (1 eq), Cu(OAc),.H,0 (10 mol %), />—NH
Y 1.10-Phenanthroline (20 mol % N )
NH, DMSO, Cs,COs(1.5€q), 110 °C, 18 h 3a
| >99%
A
O. _NH Cu(OAc),.H,0 (10 mol %), 0
Y .10-Phenanthroline (20 mol %) @: )—NH,
| NH,  DMSO, Cs,CO3 (1.5 €q), 110 °C, 18 N (5)
c
A >99%
0 Arl (1 eq), Cu(OAc),.H,0 (10 mol %) O>_
rl (1 eq), Cu(OAc),.Hy mol %), NH
O: />—NH2 1.10-Phenanthroline (20 mol 9 N/ (6)
N DMSO, Cs,CO; (1.5 eq), 110 °C, 18 h 3a
>99%

c
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Scheme 5  Plausible mechanism for the synthesis of 2,5-disubstituted tetrazole amine.

Based on the above observations and from previous litera-
ture reports, the possible mechanistic route towards the forma-
tion of substituted 2-aminophenyl benzoxazole from thiourea
is shown in below Scheme 2. As we shown in mechanism path,
intermediate R may be afforded from co-ordination of copper
with thiourea and removal of proton using base.

During this way intermediates P and Q may be obtained.
2-Iodophenol reacts with intermediate R to provide

2-iodophenyl isourea A along with by-products CuS and poly
sulphide (Ramana and Punniyamurthy, 2012; Usharani et al.,
2017) via desulphurization/substitution (Ali et al., 2010; Sahoo
et al., 2010; Guin et al., 2012a, 2012b; Mohan et al., 2016; S N
Murthy et al, 2018c). According to literature reports
(Bowmaker et al., 2009; Ramana et al., 2010), copper (II)
species may reduce with isourea to give copper (I) species that
may undergo oxidative addition with A to provide b via the
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Table 5 Comparison of Previous synthetic methods of Benzoxazoles with present method.

S. Catalyst used Temperature Time Remarks Reference
No
1 FeCl; 120 °C 20 h Expensive catalyst Hiher temperature ~ Bonnamour et al.,
and reaction time 2008
2 Niy(BDC), (DABCO) - - Expensive catalyst Phan et al., 2014
3 Fe salt 150 °C 24 h Expensive catalyst. Wu et al., 2012
dppf [1,10 -bis(diphenylphosphino)- Higher temperature and reaction time
ferrocene]
4 TiCL;OTf RT 70 min Expensive catalyst Azizian et al., 2016
5 ([Pd(m-allyl)Cl], 120 °C 12h Expensive catalyst and high Zhu et al., 2015
temperature
6 Pd(OAc), in imidazolium ionic liquids 60-75 °C 12h Expensive catalytic system Kalkhambkar and
(bmim)BF,4 and (bmim)PF¢ Laali, 2012
7 PI/CB-Pt 30 °C 20 h Expensive catalyst and more reaction Yoo et al., 2011
Polymer-Incarcerated Platinum time
Nanoclusters
8 RuCl; 80 °C 12h Expensive catalyst Fan et al., 2011
9 [Cp*IrL;], 80 °C 24 h Expensive catalyst and more reaction  Blacker et al., 2009
time
10  Cu(OAc),-H,O Iststepat R Iststep In expensive catalyst, lower reaction Present work
T —1h temperature and time
2nd step at  2nd
110 °C step-
18h

Table 6 Comparison of Previous synthetic methods of tetrazoles with present method.

S. Reference Catalyst used Temperature Time Remarks
No
1 Lakshmikantham et al.,  Zinc hydroxyapatite 120-130 °C 5-24h Expensive catalyst, Higher temperature and
2006a (ZnHAP) reaction time
2 Lakshmikantham et al.,  Zn/Al hydrotalcite 120-130 °C 5-24h Expensive catalyst, Higher temperature and
2006b reaction time
3 Amantini et al., 2004 TMSN;-TBAF-3H,0 85-120 °C 148 h Expensive catalyst, Higher reaction time
4 Tienan et al., 2008 Cu,O 80 °C 12-24 h Expensive catalyst, Higher reaction time
5 Venkateshwarlu et al., Sb,05 120-130 °C 8-10h Expensive catalyst, Higher temperature
2009
6 Nasrollahzadeh et al., FeCl5-SiO, 120 °C 12h Expensive catalyst, Higher temperature
2009
7 Present Work Cu(OAc),-H,O Ist step at R T Iststep—  Inexpensive catalyst, lower reaction temperature
2nd step at lh and time
115°C 2nd step-
14h

formation copper (III) complex a using base. The copper (I1I)
complex b may give intramolecular C-N cyclised product C via
reductive elimination. On the other hand iodobenzene can
undergo oxidative addition with copper (I) species to obtain
intermediate ¢, that may react with intermediate product C
to produce resulting inter molecular C-N cross-coupled
(Deng et al., 2009; Lv and Bao, 2009; Cahiez and Moyeux,
2010; Chiba et al., 2010; Saha et al., 2010; Hu et al., 2011;
Zhao et al., 2011; Wang et al., 2012; Tan and Teo, 2014) pro-
duct 2- aminophenyl benzoxazole 3a via copper (I11) complex d
by reductive elimination.

3.2. Synthesis of 2,5-disubstituted tetrazoles: Inspired by the
result of our reported protocol for regioselective synthesis of

1,5-disubstitutedtetrazoles (S N Murthy et al., 2018a), the
authors attempted to extend the scope of the protocol towards
the synthesis of 2,5-di-substituted tetrazoles. Target tetrazole
was obtained in one pot reaction through in situ formation
of phenyl tetrazole amine from thiourea in the presence of cop-
per catalyst under mild reaction conditions (Scheme 3). Desul-
furization of thiourea followed by consecutive nucleophilic
substitution of phenyl azide and electrocyclization reactions
provide 2-phenyl-2H-tetrazol-5-ylamine, which was treated
with 4-iodotoulene in the presence of copper-ligand complex
at 120 °C using Cs,COj3 base proceeded an inter molecular
C-N cross-coupling reaction to obtain the target product 2-
phenyl-N-p-tolyl-2 H-tetrazol-5-amine (4a) in good yield.
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Next the scope of the protocol was extended to prepare 11
novel 2,5-di-phenyltetrazolamines (Scheme 4). Different sub-
stituted iodobenzenes were effectively participated in inter
molecular C-N cross-coupling reaction with phenyl tetrazole
amine to obtain corresponding target products 4a-4h in good
to high yield. Similarly, various aryl azides effectively undergo
the reaction to provide the intermediate aryltetrazole amines
which were reacted with iodobenzene under optimized reaction
conditions to afford the final products 4i-4k in good to excel-
lent yield. In addition, the experimental results clearly suggest-
ing that the aryl azides or aryl iodides with donating groups
exhibited greater reactivity than those bearing withdrawing
groups.

Mechanism for the synthesis of 2,5-disubstituted tetrazole
has been demonstrated in Scheme 5. Copper (I) species coordi-
nate with thiourea to give complex X that may provide inter-
mediate complex Z via intermediate Y using base. The
intermediate Z reacts with Phenyl azide to get phenyl tetrazole
amine D via substitution/electrocyclization (Ali et al., 2010;
Sahoo et al., 2010; Guin et al., 2012a, 2012b; Mohan et al.,
2016; S N Murthy et al., 2018c). According to literature
reports (Bowmaker et al., 2009; Ramana et al., 2010) along
with CuS and poly sulphide (Ramana and Punniyamurthy,
2012; Usharani et al., 2017) are obtained. Apart from this, aryl
iodide and Cu(I) species which could be formed from Cu(II)
species (Bowmaker et al., 2009; Ramana et al., 2010) undergo
oxidative addition that lead to the formation of a that can fur-
ther proceed an intermolecular C-N cross-coupling reaction
(Deng et al., 2009; Lv and Bao, 2009; Cahiez and Moyeux,
2010; Chiba et al., 2010; Saha et al., 2010; Hu et al., 2011;
Zhao et al., 2011; Wang et al., 2012; Tan and Teo, 2014) with
tetrazole amine utilizing base to provide the intermediate b
which can complete the catalytic cycle through reductive elim-
ination to obtain target product 2,5-diphenyl tetrazole amine
4a.

In order to show the present catalytic system is much better
than the earlier reported methodologies, the efficiency of the
present method is compared with other synthesis methods of
title compounds in the below Tables 5-6.

From the above tables, it can be concluded that in our pre-
sent protocol we have developed the title compounds by using
inexpensive, air stable, abundantly available copper source as
catalyst and readily available thiourea as starting material
under simple reaction conditions and also we observed target
products with excellent yield. The present protocols involve
lower reaction temperatures and times than most of the
reported methods in literature. Based on these points we feel
that our method is more efficient than other methods.

4. Conclusion

In summary, the facile and promising synthesis of 2-
aminobenzoxazoles and 2,5-di-substituted tetrazole amines
was established with the use of an inexpensive, air stable and
readily available copper catalyst under mild reaction condi-
tions. This methodology involves C-N cross-coupling reac-
tions. Considering the cost effectiveness of catalytic system,
simplicity, ecological adequacy and selectivity, these
approaches would thus be extremely useful in construction
of biologically potent 2-aminobenzoxazoles and tetrazole
frameworks.
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