Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 November 2018 d0i:10.20944/preprints201811.0569.v1

1 Communication

2 Efficient Erbium-Catalyzed [3+2] Cycloaddition:

3 Regioselective Synthesis of 1,5-Disubstituted 1,2,3-
4+ Triazoles

5 Loredana Maiuolo*!, Beatrice Russo*!, Vincenzo Algieri!, Monica Nardi!, Maria Luisa Di Gioia?,
6 Matteo Antonio Tallarida!, Antonio De Nino*!
7
8

1 Dipartimento di Chimica e Tecnologie Chimiche, Via P. Bucci, cubo 12C, Universita della Calabria, 87036
Rende (CS), Italy;

9 2 Dipartimento di Farmacia e Scienze della Salute e della Nutrizione, Edificio Polifunzionale, Universita
10 della Calabria, 87036 Rende (CS), Italy.
11 * Correspondence: maiuolo@unical.it; denino@unical.it; Tel.: +39 0984492853.
12
13 Abstract: A simple procedure to obtain 1,5-disubstituted 1,2,3-triazoles, using the catalytic system
14 erbium(Ill) trifluoromethanesulfonate, 1-methyl pyridinium trifluoromethanesulfonate and water
15 is described. The reaction proceeds through an eliminative azide-olefin cycloaddition (EAOC)
16 offering a highly regioselective approach and good yields (81-94%). The advantages of this method
17 include simple operations of work-up and the ability of the catalytic system to be re-used five times
18 without an evident loss in yield.

19 Keywords: triazoles, azides; 1,3-dipolar cycloaddition; EAOC.
20

21 1. Introduction

22 The 1,2,3-triazole nucleus represents a significant class of biologically active nitrogen
23 compounds that exhibit a number of important biological properties, such as antibacterial, anticancer,
24 antivirus, and antituberculosis. [1,2] Moreover, 1,2,3-triazoles have found industrial applications as
25 dyes, agrochemicals, corrosion inhibitors, and photostabilizers.[3,4] For the synthesis of 1,2,3-
26  triazoles the classic approach mainly used is the 1,3-dipolar cycloaddition between substrates that
27  contain triple bonds with organic azides. [5] In general, the most recent methods for the synthesis of
28  heterocyclic compounds or their precursors are based on the use of catalysts like Lewis acids and/or
29 non-conventional conditions (MW, ILs, DES, etc.) [6-13] Therefore, more recently, in order to develop
30 regioselective triazole synthesis were used copper (CuAAC) or ruthenium (RuAAC) catalysts,
31  obtaining 1,4- or 1,5-regioisomers, respectively. [14-17] Lewis acids like lanthanide triflates [18-21]
32 are mild reagents, recoverable, and reusable and, thus, environmentally friendly. Lanthanide triflates
33 seem to be very effective as catalysts in many organic reactions and in particular in 1,3-dipolar
34 cycloaddition reactions. [22,23] Particularly, the system Er(OTf)s/Ionic Liquid/H20 used to catalyze
35  Diels Alder reactions has emerged as a versatile tool for developing synthesis due to their numerous
36  advantages, namely, their relatively high efficiency, water compatibility, mild reaction conditions,
37  and eco-friendly catalytic reactions.[24] The merits of these systems derive from the rare-earth metal
38  peculiar photophysical (in particular catalytic) properties [25] and from the dynamical processes of
39  ionic liquids (emulated recently by ionic liquid - like systems) which, when simultaneously present,
40  give synergic effects [26-28].

41 An alternative procedure to prepare 1,5-substituted triazoles is represented by eliminative
42 azide-olefin cycloaddition (EAOC), in which azides are employed as dipole and electron deficient
43 olefins are proposed to replace alkynes as dipolarophile. [29,30] The azide-olefin cycloaddition
44 furnishes triazoline, an unstable compound that readily decompose but that may be transformed into
45  the stable triazole by eliminative azide—olefin cycloaddition (EAOC). In particular, nitroolefins are
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46  revealed as excellent starting materials because of the presence of electron withdrawing nitro group
47  both improves the 1,3-dipolar cycloaddition process, lowering the LUMO of the dipolarophile, and
48  favors the formation of required 1,2,3-triazoles due to the fast nitrous acid loss through elimination

49  step.[31]

50 2. Results and Discussion

51 Herein, we report a new synthetic method for 1,5 disubstituted 1,2,3-triazoles formation
52 obtained by [3+2] cycloaddition of azides with electron-deficient dipolarophiles catalyzed by the
53 Er(OTf)s/IL/H20 system (Scheme 1).

54
[mpy]OTf/H,O/Er(OTf)3 20%
100 ° B
55 1a-1n 2a-2b
56
57 Scheme 1. Generic reaction to synthesize 1,5-disubstituted 1,2,3-triazole
58
59 Initially, we commenced the reaction with w-nitrostyrene 1a (R = H) and phenylazide 2a (R’ =
60  Ph) as model substrates (Table 1).
61
62 Table 1. Optimization of reaction conditions for preparing 1,5 disubstituted 1,2,3-triazoles!
IL Time Yield
Entry Catalyst (h) %) Product

1 none [mpy]OT{ 48 18 3ab

2 AgOT( (10%) [mpy]OT( 3 20 3a

3 Zn(OTf)2 (10%) [mpy]OT( 3 34 3a

42 Cu(OTf)2 (10%) [mpy]OTE 3 29 3a

5 Sc(OTf)s (10%) [mpy]OT( 3 13 3a

6 Ce(OTf)s (10%) [mpy]OT( 3 82 3a

7 Er(OTf)s (10%) [mpy]OT( 3 91 3a

8 Er(OTf)s (10%) [mpy]OT( 3 55 3a

9 Er(OTf)s (5%) [mpy]OTE 6 78 3a

10 Er(OTf)s (10%) [bmim]Cl 3 66 3a

11 Er(OTf)s (10%) [bmim]BF. 3 71 3a
63 1 Reaction conditions: 2.0 eq. of 2a were used unless the reaction in entry 8, in which 1.0 eq. of 2a
64 was employed. 100 pl of water was added to 5 ml of ionic liquid (IL/H20 v/v 5:0.1).
65 2. A mixture of 1,4- and 1,5-disubstituted 1,2,3-triazoles was observed.
66
67 We decided to explore prevalently 1-methyl pyridinium trifluoromethanesulfonate [mpy]OTf

68  as ionic liquid for its easy one-step preparation through halide-free direct synthesis, by adding
69  directly methyltrifluoromethanesulfonate to dry pyridine.[32] Moreover, triflate salts were only
70 employed to avoid the simultaneous presence of different counteranions in the reaction system.
71 Without any catalyst, a mixture of 1,4- and 1,5-disubstituted triazoles were observed in very low yield
72 after a long reaction time (entry 1, Table 1). Exploring between a number of triflate salts (entry 2-
73 7table 1) we found that the Er(OTf)s was the most effective, carrying out the desired product in very
74  high yield (entry 7, table 1). Halving the amount of reagent 2a only a 55% of 3a was obtained (entry
75 8, table 1), whereas, when the catalyst was decreased to 5 mol % (entry 9, table 1) the yield of final
76  product was lower than that obtained using 10 mol% of catalyst. Additional experiments with
77  different ionic liquids (entry 10-11, table 1), confirmed that the [mpy]OTf appeared to be the best
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78  choice. Probably, it may due to increased solvation of dipolarophile intermediate because of higher
79  charge localization in piridynium cation than imidazolim cation. [33]

80 Using our optimized experimental conditions, we investigated the reaction of various
81  arylnitroolefins 1a-1n and phenylazide 2a or benzylazide 2b (Table 2).
82
83 Table 2. Preparation of 1,5-dsubstituted 1,2,3-triazoles 3a-3n
Entry R R1 Product Yield (%)
1 H Ph 3a 90
2 4-Me Ph 3b 94
3 4-MeO Ph 3¢ 91
4 2-NO2 Ph 3d 88
5 2-Cl Ph 3e 81
6 3-Cl Ph 3f 85
7 4-Cl Ph 3g 90
8 H Bn 3h 91
9 4-Me Bn 3i 90
10 4-MeO Bn 3j 92
11 2-NO2 Bn 3k 86
12 2-Cl Bn 31 81
13 3-Cl Bn 3m 80
14 4-Cl Bn 3n 85
84
85 It is to note that nitroolefins bearing electron-withdrawing and electron-donors substituents

86  were used as starting materials without observing considerable variations in the reaction path.
87  Furthermore, in all cases, it is good to highlight that the intermediate triazoline has never been
88  isolated because it spontaneously evolves to the corresponding triazole by loss of HNO:.

89 At this point, we propose a possible reaction mechanism for the reaction of 1a with 2a as
90 illustrated in Scheme 2.
91

\Er

+ Ph—N—N=N + Er(0Tf)y ——> :
H,O

1a 2a

Ph/N\N’/N
92 3a
93 Scheme 2. Proposed mechanism to formation of 1,5-disubstituted 1,2,3-triazoles.
94
95 The first step of the reaction may be represented by the coordination of erbium(Ill) triflate to

96  nitroolefin compound 1a to form an activated intermediate stabilized through hydrogen bonds with
97  water and electrostatic interactions with the cation and the anion of ionic liquid. Then, the solvated
98  intermediate reacts with the azide derivative 2a by a 1,3-dipolar cycloaddition reaction to form a
99 triazoline substrate that evolves to the 1,5-disubstituted 1,2,3-triazole 3a via a step of elimination of
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100  HNOe.. The catalytic system [mpy]OTf/Er(TfO)s has been analyzed with respect recovery and re-use
101  in the reaction between w-nitrostyrene 1a and benzylazide 2a and the results are shown in Table 3.

102
103 Table 3. Recovery and re-use of catalytic [mpy]OT{/Er(OTf)s system until six cycles
Entry Cycle Yield (%)
1 0 91
2 1 91
3 2 90
4 3 90
5 4 89
6 5 88
104
105 The results of table 3 demonstrate that the [mpy]OT{/H2O/Er(OTf)s system remains active until
106  six cycles without loss of efficiency.
107
108 3. Materials and Methods
109 All chemicals purchased from common commercial sources were used as received without any

110 further purification. Reactions were monitored by TLC using silica plates 60-F264, commercially
111 available from Merck. H and 13C NMR spectra were recorded at 300 MHz and 75 MHz, respectively,
112 in CDCls using tetramethylsilane (TMS) as internal standard (Bruker ACP 300 MHz). Chemical shifts
113 are given in parts per million and coupling constants in Hertz. LC-MS analysis were carried using an
114  Agilent 6540 UHD Accurate - Mass Q-TOF LC-MS (Agilent, Santa Clara, CA) fitted with a
115 electrospray ionization source (Dual AJS ESI) operating in positive ion mode. Chromatographic
116  separation was achieved using a C18 RP analytical column (Poroshell 120, SB-C18, 50 x 2.1 mm, 2.7
117  mm) at 30 °C with a elution gradient from 5% to 95% of B over 13 min., a being H20 (0.1% FA) and B
118  CH:CN (0.1% FA). Flow rate was 0.4 mL min-'.

119

120 Synthesis of Ionic Liquids

121 1-Methyl pyridinium trifluoromethanesulfonate ([mpy]OTf) was prepared by halide-free direct
122 synthesis in according to the procedure reported in the literature. [24,34]

123

124 Recycling of the catalytic system IL/FeCls

125 After the polar phase was extracted three times by dichloromethane, the ionic

126 liquid/H20O/Er(OTf)s system was washed with hexane and dried under vacuum condition. Successive
127  runs were performed in the recycled catalytic system by reacting fresh reagents at the usual
128  conditions.

129
130 General procedure for synthesis of 1,5-disubstituted-1,2,3-triazoles 3a-3n
131 In a two-necked round bottom flask, equipped with bubble condenser and magnetic stir bar,

132 ionic liquid (5ml), water (0.1 ml), Er(OTf)s (20 mol%), (E)-nitrostyrene 1a-1n (1 eq) and azide 2a-2b (2
133 eq) were placed. The reaction was conducted at 100°C for the appropriate time. The crude was
134 extracted with dichloromethane (3x5ml) and the combined organic layer was evaporated under
135 vacuum. The crude product was purified on flash silica gel column by using hexane/ethyl acetate (9:1
136  v/v) to obtain the desired product (3a-3n).

137

138 1,5-diphenyl-1,2,3-triazole (3a). Colorless oil. 'H NMR (CDCls, 300 MHz): d (ppm) 7.22-7.31 (m,
139 2H, Ar), 7.36-7.44 (m, 5H, Ar), 7.44-7.50 (m, 3H, Ar),7.90 (s, 1H, CH); 3C NMR (CDCls, 75 MHz): d
140  (ppm)125.23,126.79, 128.61, 128.87, 129.24, 129.37, 133.41, 136.64, 137.75. ESI(+)-MS: m/z [M+H] calcd
141 for C1sH12Ns 222.1026, found: 222.0591.

142 5-(4-methylphenyl)-1-phenyl-1,2,3-triazole (3b) Colorless oil. 'H NMR (CDCls, 300 MHz): d (ppm)
143 2.36 (s, 3H, CHs), 7.08-7.18 (m, 4H, Ar), 7.33-7.41 (m, 2H, Ar), 7.41-7.48 (m, 3H, Ar),7.84 (s, 1H, CH);
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144  BCNMR (CDCl, 75 MHz):  (ppm) 21.30, 116.82, 123.74, 125.25, 128.47, 129.21, 129.58, 133.14, 137.89,
145 139.42. ESI(+)-MS: m/z [M+H] caled for CisH1sNs 236.1182, found: 236.0834.

146 5-(4-methoxyphenyl)-1-phenyl-1,2,3-triazole (3c). Yellow oil. 'TH NMR (CDCl;, 300 MHz): d (ppm)
147 3.81 (s, 3H, CHs), 6.83-6.90 (m, 2H, Ar), 7.10-7.18 (m, 2H, Ar), 7.34-7.41 (m, 2H, Ar),7.41-7.48 (m, 3H,
148  Ar), 7.81 (s, 1H, CH); 3C NMR (CDCl;, 75 MHz): d (ppm) 55.32, 114.35, 118.95, 125.24, 129.14, 129.35,
149 129.96, 132.96, 136.76, 137.60, 160.28. ESI(+)-MS: m/z [M+H] caled for CisH14aNsO 252.1131, found:
150  252.1197.

151 5-(2-nitrophenyl)-1-phenyl-1,2,3-triazole (3d). Colorless oil. 'TH NMR (CDCls, 300 MHz): d (ppm)
152 7.28-7.31 (m, 1H, Ar), 7.33-7.42 (m, 3H, Ar), 7.46 (dd, 1H, J=7.42 Hz, 1.70 Hz, Ar), 7.60-7.75 (m, 3H,
153 Ar), 7.84 (s, 1H, CH), 8.04 (dd, 1H, J=7.90 Hz, 1.60 Hz, Ar); *C NMR (CDCL, 75 MHz): d (ppm)
154 122.56, 124.53, 125.17, 129.38, 129.46, 130.92, 132.78, 133.45, 133.75, 135.94, 148.34. ESI(+)-MS: m/z
155  [M+H] calcd for C1sHiuiN«Oz2 267.0877, found: 267.1267.

156 5-(2-chlorophenyl)-1-phenyl-1,2,3-triazole (3e). Colorless oil. 'TH NMR (CDCls, 300 MHz): d (ppm)
157 7.22-7.32 (m, 2H, Ar), 7.32-7.43 (m, 6H, Ar), 7.43-7.50 (m, 1H, Ar),7.90 (s, 1H, CH); *C NMR (CDClL,
158 75 MHz): & (ppm) 124.16, 126.60, 127.02, 129.02, 129.26, 130.22, 131.07, 131.95, 134.13, 134.75, 134.90,
159 136.62. ESI(+)-MS: m/z [M+H] calcd for CisH11CINs 256.0636, found: 256.0782.

160 5-(3-chlorophenyl)-1-phenyl-1,2,3-triazole (3f). Colorless oil. 'TH NMR (CDCls, 300 MHz): & (ppm)
161 7.06-7.13 (m, 1H, Ar), 7.26-7.35 (m, 2H, Ar), 7.35-7.44 (m, 3H, Ar), 7.45-7.55 (m, 3H, Ar), 7.92 (s, 1H,
162  CH); 3C NMR (CDCls, 75 MHz): d (ppm) 125.21, 126.73, 128.57, 129.39, 129.53, 129.55, 130.14, 133.64,
163 134.89, 136.28, 136.42. ESI(+)-MS: m/z [M+H] calcd for CiaHnCINs 256.0636, found: 256.0781.

164 5-(4-chlorophenyl)-1-phenyl-1,2,3-triazole (3g). Yellow oil. ™H NMR (CDCls;, 300 MHz): d (ppm)
165  7.13-7.20 (m, 2H, Ar), 7.30-7.39 (m, 4H, Ar), 7.43-7.50 (m, 3H, Ar),7.87 (s, 1H, CH); *C NMR (CDClL,
166 75 MHz): d (ppm) 125.23, 129.23, 129.47, 129.52, 129.83, 133.45, 135.51, 136.38, 136.68. ESI(+)-MS: m/z
167  [M+H] caled for C1aHiiCINs 256.0636, found: 256.0781.

168 1-benzyl-5-phenyl-1,2,3-triazole (3h). Colorless oil. 'H-NMR (CDCls, 300 MHz): d (ppm) 5.55 (s, 2H,
169  CH), 7.05-7.12 (m, 2H, Ar), 7.22-7.33 (m, 5H, Ar), 7.38-7.48 (m, 3H, Ar), 7.75 (s, 1H, CH). "C-NMR
170  (CDCls, 75 MHz): d (ppm) 51.83, 126.97, 127.17, 128.16, 128.82, 128.92, 128.95, 129.50, 133.30, 135.53,
171 138.15. ESI(+)-MS: m/z [M+H] caled for CisH1sNs 236.1182, found: 236.0952.

172 1-benzyl-5-(4-methylphenyl)-1,2,3-triazole (3i). Colorless oil. 'TH NMR (CDCls, 300 MHz): d (ppm)
173 2.43 (s, 3H, CHs), 5.57 (s, 2H, CH), 7.09-7.22 (m, 4H, Ar), 7.22-7.29 (m, 2H, Ar), 7.29-7.37 (m, 3H, Ar),
174 7.75(s, 1H, CH); 3C NMR (CDCls, 75 MHz): d (ppm) 21.31, 51.71, 123.94, 128.10, 128.76, 128.81, 129.64,
175 133.16, 135.67, 139.63. ESI(+)-MS: m/z [M+H] calcd for CisH1sN3 250.1339, found: 250.1241

176 1-benzyl-5-(4-methoxyphenyl)-1,2,3-triazole (3f). Yellow oil. TH NMR (CDCls, 300 MHz): d (ppm)
177 3.87 (s, 3H, CHs), 5.56 (s, 2H, CH), 6.92-6.99 (m, 2H, Ar), 7.08-7.16 (m, 2H, Ar), 7.17-7.24 (m, 2H, Ar),
178 7.28-7.37 (m, 3H, Ar), 7.73 (s, 1H, CH); 5C NMR (CDCL, 75 MHz): d (ppm) 51.67, 55.39, 114.42, 119.01,
179 127.12,128.12, 128.84, 130.25, 133.09, 135.69, 137.99, 160.52. ESI(+)-MS: m/z [M+H] calcd for CisHisNsO
180  266.1288, found: 266.1609.

181 1-benzyl-5-(2-nitrophenyl)-1,2,3-triazole (3k). Colorless oil. 'TH NMR (CDCls, 300 MHz): d (ppm)
182 5.42 (s, 2H, CHa), 6.90-6.97 (m, 2H, Ar), 7.00 (dd, 1H, J=7.50Hz, 1.53Hz, Ar), 7.15-7.25 (m, 3H, Ar), 7.55
183 (td, 1H, J=7.54Hz, 1.56Hz, Ar), 7.62 (dd, 1H, J= 7.95 Hz, 1.56Hz, Ar), 7.66 (s, 1H, CH),8.12 (dd, 1H,
184  J=8.21Hz, 1.43Hz, Ar);3*C NMR (CDCls, 75 MHz): d (ppm) 52.85, 122.27, 124.92, 127.77, 128.42, 128.72,
185 131.01, 133.04, 133.11, 133.23, 133.94, 134.40. ESI(+)-MS: m/z [M+H] calcd for CisHi1sN4O2 281.1033,
186  found: 281.1016.

187 1-benzyl-5-(2-chlorophenyl)-1,2,3-triazole (31). Colorless oil. TH-NMR (CDCls, 300 MHz): d (ppm)
188 5.45 (s, 2H, CHb), 6.90-6.99 (m, 2H, Ar), 7.01 (d, 1H, J=7.60 Hz, 1.70 Hz, Ar), 7.15-7.30 (m, 4H, Ar), 7.40
189 (td, 1H, ]=7.70Hz, 1.70Hz, Ar), 7.47-7.52 (m, 1H, Ar), 7.72 (s, 1H, CH). BC-NMR (CDCL, 75 MHz):
190  (ppm)52.50, 126.44, 126.90, 127.72, 128.21, 128.62, 129.97, 131.18, 132.01, 134.32, 134.43, 134.78, 134.83.
191  ESI(+)-MS: m/z [M+H] calcd for CisHisCIN3 270.0793, found: 270.1254.

192 1-benzyl-5-(3-chlorophenyl)-1,2,3-triazole (3m). Colorless oil. TH-NMR (CDCls, 300 MHz): & (ppm)
193 5.55 (s, 2H, CH2), 7.05-7.16 (m, 3H, Ar), 7.23 (m, 1H, Ar), 7.26-7.34 (m, 3H, Ar), 7.36 (d, 1H, J=7.55Hz,
194 Ar), 7.39-7.45 (m, 1H, Ar), 7.75 (s, 1H, CH); *C-NMR (CDCL;, 75 MHz): d (ppm) 52.11, 127.03, 127.21,
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195 128.37, 128.64, 128.94, 129.01, 129.66, 130.22, 133.52, 134.92, 135.18, 136.80. ESI(+)-MS: m/z [M+H] calcd
196  for CisHisCINs 270.0793, found: 270.1256.

197 1-benzyl-5-(4-chlorophenyl)-1,2,3-triazole (3n). Colorless oil. 'TH NMR (CDCls, 300 MHz): d (ppm)
198 5.54 (s, 2H, CHz), 7.03-7.10 (m, 2H, Ar), 7.14-7.21 (m, 2H, Ar), 7.25-7.33 (m, 3H, Ar), 7.36-7.43 (m, 2H,
199  Ar), 7.74 (s, 1H, CH); 3C NMR (CDCl;, 75 MHz): d (ppm) 51.95, 125.37, 127.07, 128.31, 128.94, 129.26,
200 130.19, 133.46, 135.30, 135.85, 137.04. ESI(+)-MS: m/z [M+H] calcd for CisHi3CINs 270.0793, found:
201 270.1252.

202

203 4. Conclusions

204 In conclusion, we have realized an efficient route for the synthesis of 1,5-disubstitued-1,2,3-
205  triazoles using an eco-friendly catalytic system formed by erbium(Ill) trifluoromethanesulfonate, 1-
206  methyl pyridinium trifluoromethanesulfonate and water. The reactions proceed in a highly
207  regioselective manner with the possibility to reuse of catalytic system until six cycles. This strategy
208  has many advantages, for example high regioselectivity, good yields and experimentally convenient
209  catalytic process, which could significantly direct further research of eco-friendly synthesis of 1,5-
210  disubstituted triazoles.

211

212 Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1. 'H
213 NMR, 13C NMR and ESI(+)-MS spectra of . 1,5-diphenyl-1,2,3-triazole (3a), 5-(4-methylphenyl)-1-phenyl-
214 1,2,3-triazole (3b), 5-(4-methoxyphenyl)-1-phenyl-1,2,3-triazole (3c), 5-(2-nitrophenyl)-1-phenyl-1,2,3-
215 triazole (3d), 5-(2-chlorophenyl)-1-phenyl-1,2,3-triazole (3e), 5-(3-chlorophenyl)-1-phenyl-1,2,3-triazole (3f),
216 5-(4-chlorophenyl)-1-phenyl-1,2,3-triazole  (3g), 1-benzyl-5-phenyl-1,2,3-triazole (3h), 1-benzyl-5-(4-
217 methylphenyl)-1,2,3-triazole  (3i),  1-benzyl-5-(4-methoxyphenyl)-1,2,3-triazole ~ (3f),  1-benzyl-5-(2-
218  nitrophenyl)-1,2,3-triazole (3k), 1-benzyl-5-(2-chlorophenyl)-1,2,3-triazole (31), 1-benzyl-5-(3-chlorophenyl)-
219 1,2,3-triazole (3m), 1-benzyl-5-(4-chlorophenyl)-1,2,3-triazole (3n).

220

221 Author Contributions: Conceptualization, A. De Nino and L. Maiuolo; Methodology, B. Russo,
222 M.Nardi, V. Algieri, M. Tallarida; Validation, A. De Nino, L. Maiuolo; Formal Analysis, B. Russo, M.
223  Nardi and M.L. Di Gioia, Data Curation, L. Maiuolo, B. Russo, M.L. Di Gioia, V. Algieri; Writing-
224  Original Draft Preparation, A. De Nino, L. Maiuolo and B. Russo ; Supervision, A. De Nino.

225

226 Funding: This research received no external funding.

227

228 Acknowledgments: We thank the Italian Ministry of University and Scientific Research (MIUR)
229  for a doctoral grant and the University of Calabria for financial support.

230

231 Conflicts of Interest: The authors declare no conflict of interest

232

233 References

234 1. Thirumurugan, P.; Matosiuk, D.; Jozwiak, K. Click Chemistry for Drug Development and
235 Diverse Chemical-Biology Applications. Chem. Rev., 2013, 113, 4905-4979. DOL
236 10.1021/cr200409f.

237 2. Sadeghpour, H.; Khabnadideh, S.; Zomorodian, K.; Pakshir, K.; Hoseinpour, K.; Javid, N,
238 Faghih-Mirzaei, H.; Rezaei, Z. Design, Synthesis, and Biological Activity of New Triazole and
239 Nitro-Triazole Derivatives as Antifungal Agents. Molecules 2017, 22, 1150-1161. DOL
240 10.3390/molecules22071150.

241 3. Swarup, H. A.; Kemparajegowda; Mantelingu, K.; Rangappa, K. S. Effective and Transition-
242 Metal-Free Construction of Disubstituted, Trisubstituted 1,2,3-NH-Triazoles and Triazolo
243 Pyridazine via Intermolecular 1,3-Dipolar Cycloaddition Reaction, Chemistry Select, 2018, 3, 703—

244 708. DOL. org/10.1002/slct.201702547


http://dx.doi.org/10.20944/preprints201811.0569.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 November 2018 d0i:10.20944/preprints201811.0569.v1

7 of 8

245 4. Borgati, T. F,; Alves, R. B.; Teixeira, R. R.; de Freitas, R. P.; Perdigao, T. G.; da Silva, S. F,;

246 Aparecida dos Santos, A.; Bastidas, A. J. O. Synthesis and phytotoxic activity of 1,2,3-triazole
247 derivatives. J. Braz. Chem. Soc. 2013, 24, 953-961. DOLl.org/10.5935/0103-5053.20130121.

248 5. Huisgen, R. 1.3-Dipolar Cycloadditions. Paste and Future. Angew. Chem., Int. Ed. Engl., 1963, 2,
249 565-598. DOIl.org/10.1002/anie.196305651.

250 6. Maiuolo, L.; De Nino, A.; Algieri, V..; Nardi, M. Microwave-Assisted 1,3-Dipolar Cycloaddition:
251 Recent Advances In Synthesis of Isoxazolidines. Mini-Reviews in Organic Chemistry, 2017, 14, 136-
252 142. DOL. 10.2174/1570193X14666170206123513.

253 7. Maiuolo, L.; Merino, P.; Algieri, V.; Nardi, M.; Di Gioia, M.L.; Russo, B.; Delso, I; Tallarida, M.A;
254 De Nino, A. Nitrones and nucleobase-containing spiro-isoxazolidines derived from isatin and
255 indanone: Solvent-free microwave-assisted stereoselective synthesis and theoretical
256 calculations. RSC Advances, 2017, 7 77, 48980-48988. DOI. 10.1039/C7RA09995A.

257 8. Maiuolo, L.; Bortolini, O.; De Nino, A.; Russo, B.; Gavioli, R.; Sforza, F. Modified N,O-
258 nucleosides: Design, synthesis, and anti-tumour activity. Australian Journal of Chemistry, 2014, 67,
259 4, 670-674. DOLorg/10.1071/CH13511.

260 9. Bortolini, O.; Mulani, L; De Nino, A.; Maiuolo, L.; Melicchio, A.; Russo, B.; Granchi, D. Synthesis
261 of anovel class of gem-phosphonate-phosphates by reductive cleavage of the isoxazolidine ring.
262 Current Organic Synthesis, 2014, 11, 3, 461-465. DOI. 10.2174/15701794113109990061.

263  10. Maiuolo, L.; De Nino, A.; Merino, P.; Russo, B., Stabile, G., Nardi, M., D'Agostino, N., Bernardj,
264 T. Rapid, efficient and solvent free microwave mediated synthesis of aldo- and ketonitrones.
265 Arabian Journal of Chemistry, 2016, 9, 1, 25-31. DOL. org/10.1016/j.arabjc.2015.01.015.

266  11. Di Gioia, M.L.; Costanzo, P.; De Nino, A.; Maiuolo, L.; Nardi, M.; Olivito, F.; Procopio A. Simple
267 and efficient Fmoc removal in ionic liquid. RSC Adv., 2017, 7, 36482-36491.

268  12. Maiuolo, L; Feriotto, G.; Algieri, V.; Nardi, M.; Russo, B.; Di Gioia M.L.; Furia E.; Tallarida M.A.;
269 Mischiati C.; De Nino A. Antiproliferative Activity of Novel Isatinyl/Indanyl Nitrones (INs) as
270 Potential Spin Trapping of Free Radical Intermediates. MedChemComm, 2018, 9, 299-304, DOL:
271 10.1039/c7md00537g

272 13. Di Gioia, M. L.; Nardi, M.; Costanzo, P.; De Nino, A.; Maiuolo, L.; Oliverio, M.; Procopio, A.
273 Biorenewable deep eutectic solvent for selective and scalable conversion of furfural into
274 cyclopentenone  derivatives.  Molecules ~ 2018, 23, 8§, 1891-1904. DOL
275 org/10.3390/molecules230818911.

276 14. Tornee, C. W.; Christensen, C; Meldal, M. Peptidotriazoles on Solid Phase: [1,2,3]-Triazoles by
277 Regiospecific Copper(l)-Catalyzed 1,3-Dipolar Cycloadditions of Terminal Alkynes to Azides. J.
278 Org. Chem. 2002, 67, 3057-3064. DOI. 10.1021/j0011148;

279 15. Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B. A Stepwise Huisgen Cycloaddition
280 Process: Copper(I)-Catalyzed Regioselective “Ligation” of Azides and Terminal Alkynes.
281 Angew.  Chem.,  Int.  Ed. 2002, 41,  2596-2599. DOIL  org/10.1002/1521-
282 3773(20020715)41:14<2596:: AID-ANIE2596>3.0.CO;2-4.

283 16. Rasmussen, L. K.; Boren, B. C; Fokin V. V. Ruthenium-Catalyzed Cycloaddition of Aryl Azides
284 and Alkynes. Org. Lett. 2007, 9, 5337-5339. DOI. 10.1021/01701912s.

285 17. Boren, B. C.; Narayan, S.; Rasmussen, L. K.; Zhang, L.; Zhao, H.; Lin, Z.; Jia, G.; Fokin, V. V.
286 Ruthenium-Catalyzed Azide-Alkyne Cycloaddition: Scope and Mechanism. J. Am. Chem. Soc.,
287 2008, 130, 8923-8930. DOI. 10.1021/ja0749993

288  18. Kobayashi, S.; Sugiura, M.; Kitagawa, H.; Lam, W. W-L. Rare-Earth Metal Triflates in Organic
289 Synthesis. Chem. Rev. 2002, 102, 2227-2302. DOL 10.1021/cr010289i

290  19. Oliverio, M.; Nardi, M.; Costanzo, P.; Di Gioia, M.L.; Procopio, A. Erbium salts as non-toxic
291 catalysts compatible with alternative reaction media. Sustainability, 2018, 10, 3, 721-740. DOL
292 org/10.3390/su10030721.

293 20. Nardi, M.; Herrera Cano, N.; De Nino, A.; Di Gioia, M. L.; Maiuolo, L.; Oliverio, M.; Santiago,
294 A.; Sorrentino, D.; Procopio, A. An eco-friendly tandem tosylation/Ferrier N-glycosylation of
295 amines catalyzed by Er(OTf); in 2-MeTHF. Tetrahedron Letters, 2017, 58, 1721-1726. DOL

296 0rg/10.1016j.tetlet.2017.03.047.


http://dx.doi.org/10.20944/preprints201811.0569.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 November 2018 d0i:10.20944/preprints201811.0569.v1

8 of 8

297 21. Nardi, M.; Di Gioia, M.L.; Costanzo, P.; De Nino, A.; Maiuolo, L.; Oliverio, M.; Olivito, F,;

298 Procopio, A. Selective Acetylation of Small Biomolecules and Their Derivatives Catalyzed by
299 Er(OTf)3. Catalysts, 2017, 7, 269-281. DOI. org/10.3390/catal7090269.

300 22. Bortolini, O.; De Nino, A.; Maiuolo, L.; Russo, B.; Sindona, G.; Tocci A. 1,3-Cycloaddition of
301 nitrones in ionic liquids catalyzed by Er(IIl): an easy access to isoxazolidines. Tetrahedron Letters,
302 2007, 48, 7125-7128. DOL. org/10.1016/j.tetlet.2007.07.219.

303  23. Nugiel, D. A. Lanthanide triflate catalyzed 1,3-dipolar cycloaddition reactions: stereoselective
304 synthesis of indenoisoxazolidines Tetrahedron Letters 2001, 42, 3545-3547. DOL
305 org/10.1016/50040-4039(01)00517-2.

306  24. Bortolini, O.; De Nino, A.; Garofalo, A.; Maiuolo, L.; Procopio, A.; Russo, B. Erbium triflate in
307 ionic liquids: A recyclable system of improving selectivity in Diels-Alder reactions. Applied
308 Catalysis A: General, 2010, 372, 124-129. DOIL. org/10.1016/j.apcata.2009.10.020.

309 25. Caschera, D.; Federici, F.; de Caro, T.; Cortese, B.; Calandra, P.; Mezzi, A.; Lo Nigro, R.; Toro R.
310 G. Fabrication of Eu-TiO2 NCs functionalized cotton textile as a multifunctional photocatalyst
311 for dye pollutants degradation. Applied Surface Science, 2018, 427, 81-91. DOL
312 org/10.1016/j.apsusc.2017.08.015.

313 26. Calandra, P.; Caschera, D.; Turco Liveri, V.; Lombardo, D. How self-assembly of amphiphilic
314 molecules can generate complexity in the nanoscale. Colloids and Surfaces A: Physicochemical and
315 Engineering Aspects, 2015, 484, 164-183. DOL. org/10.1016/j.colsurfa.2015.07.058.

316 27. Turco Liveri, V.; Lombardo, D.; Mikolaj Pochylski, D.; Calandra P. Molecular association of small
317 amphiphiles: Origin of ionic liquid properties in dibutyl phosphate/propylamine binary
318 mixtures. Journal of Molecular Liquids, 2018, 263, 274-281. DOI.  org/10.1016/j.molliq.2018.05.003.
319 28. Calandra, P.; Ruggirello, A.; Mele A.; Turco Liveri V. Self-assembly in surfactant-based liquid
320 mixtures: Bis(2-ethylhexyl)phosphoric acid/bis(2-ethylhexyl)amine systems. Journal of Colloid
321 And Interface Science, 2010, 348, 1, 183-188. DOI. 10.1016/j.jcis.2010.04.031.

322 29. Huisgen, R; Szeimies, G.; Mébius, L. 1,3-Dipolare Cycloadditionen, XXIV. Triazoline aus
323 organischen Aziden und a.f-ungesattigten Carbonylverbindungen oder Nitrilen. Chem. Ber.
324 1966, 99, 475-490. DOL. org/10.1002/cber.19660990216.

325 30. Broeckx, W.; Overbergh, N.; Samyn, C.; Smets, G.; Labbe, G. Cycloaddition reactions of azides
326 with electron-poor olefins : Isomerization and thermolysis of the resulting A2-triazolines.
327 Tetrahedron, 1971, 27, 3527-3534. DOL. org/10.1016/S0040-4020(01)97763-4.

328 31. Gangaprasad, D.; Raj, J. P.; Kiranmye, T.; Sasikala, R.; Karthikeyan, K.; Kutti Rani, S.; Elangovan,
329 J. A tunable route to oxidative and eliminative [3+2] cycloadditions of organic azides with
330 nitroolefins: CuO nanoparticles catalyzed synthesis of 1,2,3-triazoles under solvent-free
331 condition. Tetrahedron Letters 2016, 57, 3105-3108. DOL. org/10.1016/j.tetlet.2016.06.004.

332 32. De Nino, A.; Maiuolo, L.; Merino, P.; Nardi, M.; Procopio, A.; Roca-Lopez, D.; Russo, B.; Algieri,
333 V. Efficient Organocatalyst Supported on a Simple Ionic Liquid as a Recoverable System for the
334 Asymmetric Diels-Alder Reaction in the Presence of Water. ChemCatChem, 2015, 7, 830-835. DOL
335 org/10.1002/cctc.201402973.

336 33. Hawker, R. R,; Haines, R. S.; Harper, J. B. Variation of the Cation of Ionic Liquids: The Effects on
337 Their Physicochemical Properties and Reaction Outcome. Targets Heterocycl. Syst., 2014, 18, 141-
338 213.

339  34. Bortolini, O.; De Nino, A.; Garofalo, A.; Maiuolo, L.; Russo, B. Mild oxidative conversion of
340 nitroalkanes into carbonyl compounds in ionic liquids. Synthetic Communications, 2010, 40, 16,
341 2483-2487. DOL. org/10.1080/00397910903267921.

342

343


http://dx.doi.org/10.20944/preprints201811.0569.v1

