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Abstract: Glycerol is a subproduct of biodiesel production and represents an important problem 26 
when generated in large scale. Alternatives that can utilize this unrefined byproduct is of potential 27 
interest. It is herein described the synthesis of a series of 1,2,3-triazoles using glycerol as starting 28 
material. The key step involved in the preparation of triazolic derivatives corresponded to the 29 
Copper(I)-catalyzed Azide-Alkyne Cycloaddition (CuAAC), also known as click reaction, between 30 
4-(azidomethyl)-2,2-dimethyl-1,3-dioxolane (3) and different terminal alkynes. The eight prepared 31 
derivatives were evaluated with regard to their fungicide, phytotoxic and cytotoxic activities. The 32 
fungicide activity was assessed in vitro against Colletotrichum gloeosporioides, the causing agent of 33 
papaya anthracnose. It was found that the compounds 1-(1-((2,2-dimethyl-1,3-dioxolan-4-34 
yl)methyl)-1H-1,2,3-triazol-4-yl)cyclohexanol (4g) and 2-(1-((2,2-dimethyl-1,3-dioxolan-4-35 
yl)methyl)-1H-1,2,3-triazol-4-yl)propan-2-ol (4h) demonstrated high efficiency on controlling C. 36 
gloeosporioides when compared to the commercial fungicide tebuconazole. The triazoles did not 37 
present any phytotoxic effect when evaluated against Lactuca sativa. However, five derivatives were 38 
mitodepressive, inducing cell death detected by the presence of condensed nuclei and acted as 39 
aneugenic agents in the cell cycle of L. sativa. It is believed that glycerol derivatives bearing 1,2,3-40 
triazole functionalities may represent a scaffold to be explored toward the development of new 41 
agents to control C. gloeosporioides. 42 

Keywords: glycerol, 1,2,3-triazoles, fungicide, cytotoxic activity, click chemistry. 43 
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1. Introduction 45 

Triazoles constitute an important group of agrochemicals used to control fungal diseases and 46 
they are considered inhibitors of sterol biosynthesis [1]. Their mechanism of action is the competitive 47 
inhibition of lanosterol 14 α-demethylase (a cytochrome P-450 enzyme), which causes a decrease in 48 
ergosterol biosynthesis. Ergosterol is a key compound in the lipid organization of the cell membranes 49 
of fungi and thus hinders their development [2-4]. 50 

Several triazoles, such as cyproconazole, tebuconazole, flutriafol, epoxiconazole, tetraconazole, 51 
fluquinconazole, metconazole, difenoconazole and propiconazole [5], are found in commercial 52 
products worldwide. In view of the commercial importance of triazoles, chemists have developed 53 
synthetic strategies to prepare this class of compounds. In addition, there have been concerns about 54 
finding easily available, low-cost reagents to make such synthesis economically viable [6,7]. 55 

Among the available methodologies to prepare triazoles, the Copper(I)-catalyzed Azide-Alkyne 56 
Cycloaddition (CuAAC), also known as click reaction, proposed by Sharpless and Meldal, stands out 57 
as a versatile strategy affording products in high yields and being extremely useful in the preparation 58 
of 1,2,3-triazoles-1,4-disubstituted [8].  59 

The 1,2,3-triazoles are five-membered nitrogenated aromatic heterocyclic molecules of 60 
exclusively synthetic origin, remarkably stable and essentially inert to oxidation, reduction and 61 
hydrolysis [9]. This class of compounds has attracted the attention of researchers because of its high 62 
effectiveness, low toxicity and vast range of biological activities, including antibacterial [10], 63 
cytotoxicity [11], antitumor [12], antiprotozoan [13], antifungal [14,15], antimalarial [16], 64 
tripanossomicide [17], phytotoxicity [18], among others. 65 

Glycerol is an unrefined raw product generated during biodiesel production. For industrial 66 
applications, this triol is utilized only in purified form. Therefore, unrefined glycerol has become a 67 
potential environmental pollutant. In this regard, alternatives that uses glycerol either in its gross 68 
form or as derivatives with higher aggregated value, are of potential interest [19]. In this context, 69 
using glycerol to obtain novel triazoles may be a feasible alternative.  70 

Within this context, in the present investigation we describe the synthesis of a series of novel 71 
1,2,3-triazoles using glycerol as the starting material. The key step involved in the preparation of 72 
them corresponded to the CuAAC reaction between 4-(azidomethyl)-2,2-dimethyl-1,3-dioxolane (3) 73 
and different terminal alkynes. The fungicide activity of the obtained 1,2,3-triazoles was assessed in 74 
vitro on the fungus Colletotrichum gloeosporioides, which is an important pest for papaya crops. In 75 
addition, the phytotoxicity and cytotoxicity of the glycerol triazolic derivatives were evaluated on 76 
Lactuca sativa L. (lettuce), which is an efficient model for the investigation of toxic effects of chemical 77 
compounds [20], and the results are also discussed. 78 

2. Results and Discussion 79 

2.1. Synthesis 80 
 81 

The new triazoles were synthesized from glycerol following the synthetic route shown in Figure 82 
1. The acetal 1 was obtained in 63% yield via reaction of glycerol with acetone, catalyzed by p-83 
toluenesulfonic acid. The treatment of compound 1 with tosyl chloride afforded the ester sulfonate 2 84 
in 75% yield. The bimolecular nucleophilic substitution reaction between ester sulfonate 2 and 85 
sodium azide afforded compound 3 in 93% yield. The CuAAc reaction (click reaction) between 86 
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organic azide 3 and different commercially available terminal alkynes gave rise to eight novel 87 
triazoles 4a−4h in synthetically useful yields (65%-84%, Figure 1). IR and NMR (1H and 13C) 88 
spectroscopies as well as mass spectrometry analyses confirmed the structures of the synthesized 89 
compounds. 90 
 91 

 92 
Figure 1. Synthetic route involved in the preparation of novel 1,2,3-triazoles 4a−4h. 93 

 94 
2.2. Biological evaluation 95 

 96 
It is presented in Table 1 the results of the mycelial growth (cm) of C. gloeosporioides treated with 97 

the triazoles 4a-4h. The triazoles presented inhibitory effects in all treatments, compared to the 98 
negative control. The best results were associated with compunds 4f and 4g which, at the highest 99 
concentration, presented 0.46 and 0.85 cm mean radial diameters, respectively. 100 

 101 
 102 
 103 
 104 
 105 
 106 
 107 
 108 
 109 
 110 
 111 
 112 
 113 
 114 
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 115 
The synthesized triazoles 4a-4h also presented antisporulating activity in vitro against C. 116 

gloeosporioides (Table 2). The most effective compounds were 4d and 4g at the concentration of 1,000 117 
µg mL-1, presenting 2.49 and 2.99 spores mL-1, respectively. These compounds significantly reduced 118 
the sporulation more than 98%. 119 

 120 
Table 2. Mean values for spores mL-1 of Colletotrichum gloeosporioides treated with Triazoles 4a-4h. 

Compounds 
Concentrations (µg mL-1) 

1 10 100 500 1,000 
4a 148.28 b 145.33 b 78.78 b 37.40 b 18.61 b 
4b 145.15 b 125.40 c 71.61 c 37.66 b 17.51 b 
4c 128.30 c 99.06 d 45.69 f 37.04 b 19.83 b 
4d 102.16 e 85.48 e 66.66 d 13.79 e 2.49 d 
4e 114.46 d 74.59 g 58.13 e 28.10 c 19.00 b 
4f 112.30 d 79.54 f 49.54 f 19.34 d 4.68 c 
4g 86.72 f 46.18 h 30.28 h 12.26 e 2.99 d 
4h 83.04 f 74.41 i 41.60 g 10.20 e 3.45 c 

Tebuconazole 9.35 g 3.28 m 0.00 i 0.00 f 0.00 e 
Control 206.70 a 206.70 a 206.70 a 206.70 a 206.70a 

*Means followed by the same letter in the column do not differ at 5% probability by the Scott- Knott test 
 121 

The significant antisporulating performance demonstrated by the triazoles can be explained by 122 
rapid penetration and translocation as well as toxic action over sporulation and spore germination 123 
[21]. The efficiency of 1,2,3-triazoles in reducing sporulation was demonstrated by Chen and co-124 
workers [22]. These authors synthesized eighteen triazolic compounds and verified that they showed 125 

Table 1. Mean values for mycelial growth (cm) of Colletotrichum gloeosporioides treated 

with triazoles (4a-4h). 

Compounds 
Concentrations (µg mL-1) 

1 10 100 500 1,000 

4a 5.39 e 5.36 d 5.01 e 4.02 c 1.74 d 

4b 5.72 d 5.53 d 5.29 d 3.86 d 2.64 b 

4c 5.75 d 5.73 c 5.65 c 4.88 b 2.33 c 

4d 5.93 d 5.90 b 4.92 e 3.72 d 1.66 d 

4e 6.15 c 6.15 b 5.27 d 4.07 c 1.05 e 

4f 6.17 c 6.10 b 5.97 b 1.50 g 0.46 g 

4g 6.57 b 6.19 b 5.63 c 2.86 f 0.85 f 

4h 6.06 c 6.18 b 5.64 c 3.27 e 1.22 e 

Tebuconazole 1.83 f 0.30 e 0.00 f 0.00 h 0.00 h 

Control 7.14 a 7.14 a 7.14 a 7.14 a 7.14 a 

*Means followed by the same letter in the column do not differ at 5% probability by the Scott-Knott 

test 
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fungicide activity against C. lagenarium, inhibiting the reproduction of the phytopathogen by 61% at 126 
a concentration of 200 µg mL-1. In another study, Silva and colleagues [23] synthesized fifteen new 127 
1,2,3-triazoles observed that the compounds displayed fungicide activity against Aspergillus niger and 128 
low cytotoxicity. 129 

It is worth to mention that new triazole compounds have been synthesized and the fungicide 130 
activity of them evaluated against a vast range of fungal species, including some from the genus 131 
Colletotrichum, such as C. capisici [24], C. gossypii [25] and C. falcatum [26,27]. However, investigations 132 
that describes the synthesis of new triazoles for control of C. gloeosporioides are scarce. Among the 133 
available studies, it is highlighted the investigation of Bassyouni and co-workers [28], who described 134 
the synthesis of new fungicides and observed that compounds containing a triazole ring in their 135 
structure present good mycelial inhibitory activity on C. gloeosporioides. 136 

The regression models of the data obtained from the fungicide activity evaluation of triazoles 137 
4a-4h on C. gloeosporioides are depicted in Table 3. The lowest values of ED50 and ED100 were obtained 138 
for the compounds 4f and 4g in relation to mycelial growth. Compounds 4g and 4h were the most 139 
active in terms of sporulation. 140 
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Table 3. Regression equation models obtained from fungicide evaluation of triazoles (4a−4h) and tebuconazole against Colletotrichum gloeosporioides. 141 

Solutions 
Regression equations ED50 (µg mL-1) ED100 (µg mL-1) 

MG SP MG SP MG SP 

4a 
Ŷ=23,742+0.049x** 

R2=0.98 
Ŷ=4,145+0.6421 logx** 

R2=0.91 
529.50 21.48 1,537.77 1,439.60 

4b 
Ŷ=16,937+0.046x** 

R2=0.92 
Ŷ=4,295+0.608 logx* 

R2=0.99 
715.72 14.45 1,798.08 1,384.10 

4c 
Ŷ=17,159+0.048x** 

R2=0.90 
Ŷ=4,642+0.515 logx** 

R2=0.91 
682.63 4.97 1.721,94 1.425,83 

4d 
Ŷ=19,419+0.057x** 

R2=0.97 
Ŷ=4,033+0.494 logx* 

R2=0.81 
529.94 0.98 1,396.40 1,048.40 

4e 
Ŷ=14,677+0.070x** 

R2=0.99 
Ŷ=4,823+0.463 logx** 

R2=0.99 
502.20 2.41 1,213.07 1,425.00 

4f 
Ŷ=19,205+0.078x* 

R2=0.88 
Ŷ=25.6+20.7x-1.2x2** 

R2=0.99 
394.80 10.70 1,035.83 1,112.17 

4g 
Ŷ=8,334+0.084x** 

R2=0.97 
Ŷ=5,183+0.517 logx** 

R2=0.99 
496.02 0.44 1,091.26 1,069.37 

4h 
Ŷ=14,334+0.069x** 

R2=0.98 
Ŷ=5,043+0.514 logx2** 

R2=0.95 
519.76 0.83 1,248.41 1,098.15 

Tebuconazole 
Ŷ=5,627+1.097 logxns 

R2=0.55 
Ŷ=6,598+0.640 logx2** 

R2=0.99 
0.26 < 1 35.32 13.71

 

MG = Mycelial growth; SP = Sporulation; ED50 and ED100  correspond to, respectively, minimum concentration necessary to inhibit 50% and 100% of mycelial growth and 142 
pathogen sporulation. 143 

 144 
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As can be seem from Table 3, the triazoles 4a-4h presented lower values of ED50 and ED100 for 145 
sporulation in relation to mycelial growth of C. gloeosporioides, meaning that such compounds have 146 
greater inhibitory action on the reproductive structures than on the vegetative growth structures. 147 
Reducing the sporulation of a phytopathogen is of great importance, since inhibition or death of these 148 
structures is directly linked to the reproduction of the species, thus affecting its propagation, 149 
reproductive cycle and resistance [29,30]. 150 
 151 
3.3 Cytotoxic and phytotoxic effect 152 

The investigation of the phytotoxicity and cytotoxicy effects of triazoles 4a-4h on L. sativa 153 
revealed that the percentage of germinated seeds in all treatments was higher than 98%, including 154 
the control treatments (distilled water and DCM) (Table 4). In addition, the germination speed index 155 
(GSI) of all treatments was statistically similar, not differing from the applied controls. With regard 156 
to root length (RL), variation was observed from 6.81 mm for compound 4a to 9.91 mm for compound 157 
4c, at the 250 µg mL-1 concentration, with this being the only treatment that significantly increased 158 
RL in relation to the controls. On the other hand, compounds 4a and 4e at 250 µg mL-1 and 4b at 100 159 
µg mL-1 significantly reduced RL by about 10%. 160 
 161 
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Table 4. Macroscopic and microscopic parameters evaluated in Lactuca sativa seeds treated with the triazoles 4a−4h at three concentrations and negative controls 162 
(distilled water and dichloromethane). 163 

Compounds 
Concentrations 

(µg mL-1) 
   G%      GSI       RG     MI%    CA%   NA% 

4a 
 50  98.40 a 11.13 ab 7.76 ab 6.88 c 0.88 a 0.36 c 
 100 100.00 a 11.12 ab 8.08 ab 6.70 d 0.78 a 0.40 c 
 250  98.40 a 11.70 ab 6.81 ab 6.78 d 1.00 b 0.36 c 

4b 
 50  98.40 a 11.43 ab 7.22 ab 6.76 d 0.72 a 0.38 c 
 100  98.40 a 10.97 ab 7.13 ab 6.26 d 0.96 b 0.38 c 
 250 100.00 a 11.35 a         9.05 a 6.90 c 0.80 a 0.34 c 

4c 
 50 100.00 a 11.27 a         8.18 a 6.94 c 0.80a 0.30 c 
 100  98.40 a 11.01 a         8.54 a 6.26 d 0.68a 0.40 c 
 250 100.00 a 10.43 a         9.91 a 7.36 c 0.82a 0.52 d 

4d 
 50 100.00 a 11.28 a         8.20 a 7.10 c 0.62 a 0.20 a 
 100  98.40 a 10.98 a         8.77 a 7.16 c 0.64 a 0.28 c 
 250  99.20 a 10.57 a         8.80 a 7.20 c 0.68 a 0.30 c 

4e 
 50 100.00 a 11.37 a         7.37 a 7.3 c 0.66 a 0.34 c 
 100  99.20 a 10.73 a         7.88 a 6.88 c 0.48 a 0.36 c 
 250  99.20 a 11.46 a         6.92 a 7.20 c 0.56 a 0.16 a 

4f 
 50 100.00 a 11.51 a         8.13 a 7.88 a 0.44 a 0.06 b 
 100  97.60 a 10.77 a         8.17 a 7.76 a 0.82 a 0.20 a 
 250  99.20 a 11.31 a         7.84 a 7.26 c 0.48 a 0.24 a 

4g 
 50 100.00 a 11.05 a         7.66 a 7.9 a 0.54 a 0.20 a 
 100 100.00 a 11.53 a         7.87 a 8.14 b 0.50 a 0.08 b 
 250  96.80 a 10.35 a         7.95 a 7.96 a 0.44 a 0.06 b 

4h  50 100.00 a 11.66 a         8.07 a 8.00 a 0.36 c 0.02 b 
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 100  99.20 a 11.47 a         7.95 a 8.04 a 0.50 a 0.08 b 
 250 100.00 a 11.27 a         9.26 a 8.12 b 0.56 a 0.12 a 

Water   98.40 a     10.90 a      7.52 a 7.88 a 0.48 a 0.16 a 
Dichloromethane   100.00 a     11.31 b      7.48 b 8.10 b 0.48 a 0.14 a 
G% = Germination; GSI = Germination speed index; RG = Root growth; MI% = Mitotic index; CA% = Chromosome aberrations; NA% = Nuclear aberrations. *Means followed by the 164 
same letter do not differ statistically by the Tukey test (p < 0.05). 165 
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Among the macroscopic parameters evaluated in the assays to investigate the effects of chemical 166 
substances, germination appears to be the least sensitive [31]. On the other hand, root growth (RG) is 167 
directly affected by the germination delay, which is reflected in the GSI reduction as a consequence 168 
of the toxic effect of the tested compound. Hence, significant decreases in RG reflect the toxicity of 169 
the substance [32]. Evaluating the phytotoxicity of the triazolic active principles difenoconazole and 170 
tebuconazole, found in commercial fungicides, Bernardes and co-workers [33] found that the first did 171 
not affect the percentage of germinated seeds, similarly to what was observed in the present work. 172 
The triazoles tested here did not affect the GSI of lettuce seeds, whereas significant reductions in GSI 173 
were observed for difenoconazole and tebuconazole. 174 
  Root growth and initial development of the lettuce plantlet were significantly reduced only in 175 
three treatments (4a, 250 µg mL-1; 4b, 100 µg mL-1; 4e, 250 µg mL-1) with the triazoles evaluated here 176 
(Table 4), whereas tebuconazole and difenoconazole, in the work of Bernardes and co-workers44, had 177 
significant effects on the reduction of GSI and RG at all evaluated concentrations. It is worth noting, 178 
however, that the concentrations tested in the present work are one thousand times more diluted 179 
than those utilized by Bernardes and co-workers [33], which varied from 7 to 200 g L-1. 180 
 The herbicide potential of the triazoles 4a-4h did not become evident in the applied tests, since 181 
they did not compromise plantlet development, but the mechanism of action of triazoles presenting 182 
herbicide activity is related to photosynthesis. According to Rodrigues and Almeida [34], the 183 
commercial triazolic herbicide amicarbazone acts by inhibiting photosystem II and photosynthesis, 184 
thus preventing the fixation of CO2 and NADPH2 and affecting weed growth. Sulfentrazone is 185 
another herbicide from the triazole class and acts on the inhibition of the enzyme 186 
protoporphyrinogen oxidase. This enzyme is important in the chlorophyll synthesis chain [35] which 187 
also impacts the inhibition of photosynthesis and causes death of the plant due to lack of nutrients. 188 
 Nevertheless, the mechanism of action of the triazoles 4a-4h is in accordance with the 189 
observations of Borgati and co-workers [18]. In evaluating the effect of 13 triazolic derivatives 190 
containing benzyl-halogenated groups, the authors observed an RG reduction in Allium cepa (onion), 191 
Cucumis sativus (cucumber) and L. sativa (lettuce), comparable to 2,4-D (2,4-dichlorophenoxyacetic 192 
acid), a commercial herbicide. Furthermore, the phytotoxic action of a compound is directly related 193 
to its antiproliferative capacity and aneugenic action, hindering microtubule proliferation. In the 194 
present work, the aneugenic action was observed as discussed below.  195 
 The microscopic evaluation (Table 4) showed that, overall, the treatments with triazoles 4a to 4e 196 
reduced MI compared to the control treatments, whereas triazoles 4f, 4g and 4h presented MI 197 
statistically similar to the control. Comparable effects were observed with regard to nuclear 198 
alterations, which comprises condensed nuclei (Figure 2A), and micronuclei (Figure 2B), where 199 
condensed nucleus was the most frequent. In this case, an increase in nuclear alterations was noticed 200 
in the treatments with triazoles 4a to 4e, while NA frequencies significantly identical to the controls 201 
were registered for the applied concentrations of triazoles 4f-4h (Table 4). 202 
 203 
 204 
 205 
 206 
 207 
 208 
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 209 
Figure 2. Examples of chromosomal and nuclear alterations observed in the meristematic cells of Lactuca 210 
sativa (lettuce) exposed to the synthesized 1,2,3-triazoles 4a−4h . (A) Condensed nuclei (arrows), (B) 211 
micronuclei, (C) sticky chromosomes, (D) c-metaphases, (E) non-oriented chromosomes in metaphase 212 
(arrow), (F) lost chromosomes in anaphase/telophase (arrow), (G) polyploid. 213 

 214 
The relationship between MI reduction and an increase in condensed nuclei, observed as the 215 

most frequent nuclear alteration in the present work, has also been reported by Palmieri and 216 
colleagues [36]. This observation is related to the fact that condensed nuclei represent cytological 217 
evidence for the occurrence of cell death [37]. Hence, an increase in the frequency of cells with 218 
condensed nucleus reflects the increase in the number of cells in death process, which will no longer 219 
undergo division, thus reducing MI. 220 

Regarding the frequency of chromosome alterations, which may lead the cell to activate its death 221 
mechanism, a variation was observed between 0.36 for the triazole 4h at the concentration of 50 µg 222 
L-1 and 1.0 for the triazole 4a at 250 µg L-1 (Table 4). Significant differences were established in the 223 
treatments where the increase in the frequency of total chromosome alterations was higher than 50% 224 
that observed in the controls (Table 4). 225 
 Distribution of the frequency of each detected alteration (bridges, c-metaphases, sticky 226 
chromosomes, non-oriented chromosomes and polyploid cells) is presented in Figure 3. 227 
 228 

 229 
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Figure 3. Distribution of the frequency of chromosome alterations observed in meristematic cells of Lactuca 230 
sativa exposed to the triazoles 4a-4h. 231 

 232 
The presence of sticky chromosomes (Figure 2C) was the most frequent alteration in all 233 

evaluated treatments, followed by c-metaphases (Figures 2D and 3). Among the tested treatments, 234 
only triazole 4c at 250 µg L-1 presented all detected alterations simultaneously (Figure 3). 235 
 The observed chromosome alterations allow drawing conclusions concerning the mechanism of 236 
action of the tested triazoles, which is related to malfunctioning or non-polymerization of the mitotic 237 
spindle. According to Leme and Marin-Morales [38], chromosome alterations that bring about the 238 
loss or gain of chromosomes reflect aneugenic mechanisms of action of the tested compound. In 239 
addition, an aneugenic mechanism of action is attributed to the presence of c-metaphases, polyploid 240 
cells and non-oriented chromosomes in metaphase (Figure 2E) or lost in anaphase/telophase [39] 241 
(Figure 2F). Together, these changes comprise more than 50% of all chromosome alterations observed 242 
in each treatment (Figure 3). 243 
 The presence of c-metaphases with polyploid cells (Figure 2G) is the most concrete evidence for 244 
the predominance of an aneugenic mechanism of action. Chromosomes spread across the cell and 245 
showing well-defined centromeres, which characterizes the c-metaphase (Figure 2D), arise from the 246 
absence or stabilization of the mitotic spindle [40]. In the absence of the spindle, without the 247 
possibility of segregation of the chromosomes, the cell cannot finalize the division process. 248 
Commonly, with prolongation of the compound's effect, the cell restores interphase without 249 
occurrence of chromatid segregation; as a consequence, in the subsequent cycle this cell will display 250 
twice the number of chromosomes, characterizing a polyploid cell [41,42] (Figure 2G). The presence 251 
of non-oriented chromosomes together with the set of chromosomes on the equatorial plaque (Figure 252 
2E), also observed in the present study as an effect of exposure to the triazoles, reinforces the 253 
aneugenic mechanism of action. These delayed chromosomes may lead to chromosome loss during 254 
the segregation process in anaphase/telophase, generating a chromosome imbalance in the daughter 255 
nuclei due to irregularities in the spindle, giving rise to daughter cells with different shapes and 256 
nuclear sizes [43]. 257 
 In addition to these aneugenic alterations, the occurrence of metaphases with sticky 258 
chromosomes (Figure 2C) is also attributed to the mechanism of aneugenic action, since one of the 259 
factors responsible for their formation is related to proteins of the chromosomal protein scaffold [41]. 260 
The consequence of sticky chromosomes is abnormal chromosome segregation, which may 261 
compromise the balancing of their number in the daughter nuclei and may lead to cell death in more 262 
severe cases when the interchromatid bond [41] is very intense [39]. 263 
 264 

3. Materials and Methods  265 

3.1. General Information 266 
 267 
The terminal alkynes used in the click chemistry reactions were purchased from Sigma-Aldrich 268 

(and used as received. Other reagents and solvents were procured from Vetec (Rio de Janeiro, Brazil). 269 
IR spectra were obtained using a Tensor 27 spectrometer (Bruker). The samples were analyzed by 270 
attenuated total reflectance (ATR) scanning from 4000 to 500 cm−1. Mass spectra were recorded on a 271 
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GCMS-QPPlus 2010 device (Shimadzu) under electron impact (70 eV) conditions of positive ion 272 
mode.  1H and 13C-NMR spectra were recorded on a Varian Mercury 300 instrument at 300 MHz and 273 
75 MHz, respectively, using CDCl3 and TMS as internal standard. NMR data are presented as follows: 274 
chemical shift (δ) in ppm, multiplicity, the number of protons, J values in Hertz (Hz). Multiplicities 275 
are shown as the following abbreviations: s (singlet), brs (broad singlet), d (doublet), dd (double of a 276 
doublet), t (triplet), quart (quartet), quint (quintet), sept (septet). Melting points were obtained with 277 
PFMII equipment (Tecnopon, SP, Brazil) and they were not corrected. Analytical thin layer 278 
chromatography analysis was conducted on aluminum backed precoated silica gel plates using 279 
different solvent systems. TLC plates were visualized using potassium permanganate solution, 280 
phosphomolybdic acid solution and/or UV light. Flash column chromatography was performed 281 
using silica gel 60 (60−230 mesh).  282 

 283 
3.2. Synthesis of (2,2-dimethyl-1,3-dioxolan-4-yl)methanol (1) 284 

 285 
Glycerol (100 mL, 1.36 mol), acetone (100 mL, 1.36 mol), p-toluenesulfonic acid (0.0800 g, 0.460 286 

mmol) and copper sulfate pentahydrate (10.0 g, 62.65 mmol) were added to a round-bottom flask. 287 
The resulting reaction mixture was stirred at room temperature for two days. After that, the mixture 288 
was filtered, yielding a bluish viscous liquid. This liquid (20 g) was purified by silica gel column 289 
chromatography eluted with hexane-ethyl acetate (3/1 v:v). Compound 1 was obtained in 63% yield 290 
as a colorless liquid. The structure of compound 1 is supported by the following data. IR (cm-1) νmax: 291 
3385, 2937, 1372, 1213, 1156. 1H NMR (300 MHz, CDCl3) δ: 1.27 (s, 3H, CH3), 1.33 (s, 3H, CH3), 2.99 292 
(brs, 1H, OH), 3.49 (dd, 1H, J1=11.5 Hz, J2=5.2 Hz), 3.58 (dd, 1H, J1=11.5 Hz, J2=4.2 Hz), 3.66 (dd, 1H, 293 
J1=8.2 Hz, J2=6.6 Hz), 3.94 (dd, 1H, J1=8.2, J2=6.6 Hz), 4.09−4.16 (m, 1H). 13C NMR (75 MHz, CDCl3) δ: 294 
25.0 (CH3), 26.4 (CH3), 62.8, 65.6, 76.0, 109.1. MS (m/z, %): 117 ([M-15]+, 38), 101 (22), 72 (10), 57 (25), 295 
43 (100), 31 (12). 296 
 297 
3.3. Synthesis of (2,2-dimethyl-1,3-dioxolan-4-yl)methyl 4-methylbenzenesulfonate (2) 298 
 299 

Compound 1 (12.52 g, 98.48 mmol) and pyridine (50 mL, 640.0 mmol) were added into a round-300 
bottom flask. The mixture was cooled in ice bath and stirred for 20 min. Next, 4-toluenesulfonyl 301 
chloride (27.00 g, 142.2 mmol) dissolved in dry dichoromethane (10 mL) was added. The resulting 302 
yellowish solution was magnetically stirred in ice bath for 2 hours. After this time, water (10 mL) was 303 
added to the reaction mixture and the phases were separated. The organic phase was washed several 304 
times with HCl (1 mol L-1), dried over anhydrous sodium sulfate, filtered and concentrated under 305 
reduced pressure. Compound 2 was purified by column chromatography eluted with hexane-ethyl 306 
acetate (3/1 v:v). This procedure afforded compound 2 as a colorless liquid in 75% yield. Its structure 307 
is supported by the following data. IR (cm-1) νmax: 2995, 2985, 1600, 1365, 1265, 1176, 978. 1H NMR 308 
(300 MHz, CDCl3) δ: 1.30 (s, 3H, CH3), 1.33 (s, 3H, CH3), 2.45 (s, 3H, tosyl-CH3), 3.76 (dd, 1H, J1=8.8 309 
Hz, J2=5.2 Hz), 3.93−4.04 (m, 3H), 4.23−4.31 (m, 1H), 7.34 (d, 2H, J=8.2 Hz), 7.79 (d, 2H, J=8.2 Hz). 13C 310 
NMR (75 MHz, CDCl3) δ: 21.6 (CH3-tosyl), 25.1 (CH3), 26.6 (CH3), 66.1, 69.4, 72.8, 110.0, 127.9, 129.8, 311 
132.4, 145.0. MS (m/z, %): 271 ([M-15]+, 90), 173 (10), 155 (76), 101 (86), 91 (89), 65 (24), 59 (10), 43 (100), 312 
31(4). 313 

 314 
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3.4. Synthesis of 4-(azidomethyl)-2,2-dimethyl-1,3-dioxolane (3) 315 
 316 

A round-bottom flask was charged with compound 2 (0.900 g, 3.15 mmol), NaN3 (1.00 g, 15.73 317 
mmol) and DMF (3.00 mL). The resulting reaction mixture was stirred and refluxed for 8 hours. After 318 
that, the mixture was filtered yielding a yellowish liquid. The solution was extracted with ethyl 319 
acetate (3X30 mL). The organic phase was dried over Na2SO4, filtered and concentrated under 320 
reduced pressure. Compound 3 was not submitted to any further purification procedure and it was 321 
obtained as a yellow liquid in 93% yield. The structure of compound 3 is supported by the following 322 
data. IR (cm-1) νmax: 3497, 2932, 2102, 1736, 1662, 1439, 1386, 1244, 1091, 1046, 659. 1H NMR (300 MHz, 323 
CDCl3) δ: 1.32 (s, 3H, CH3), 1.42 (s, 3H, CH3), 3.24 (dd, 1H, J1=12.6, J2=5.4 Hz), 3.35 (dd, 1H, J1=12.6 Hz, 324 
J2=4.7 Hz), 3.72 (dd, 1H, J1=8.5 Hz, J2=5.7 Hz), 4.00 (dd, 1H, J1=8.5 Hz, J2=6.3 Hz), 4.19−4.26 (m, 1H). 13C 325 
NMR (75 MHz, CDCl3) δ: 25.4 (CH3), 26.6 (CH3), 53.0, 66.7, 74.7, 110.2. MS (m/z, %): 142 ([M-15]+, 39), 326 
101 (61), 83 (4), 72 (10), 59 (12), 43 (100), 31 (5). 327 
 328 
3.5. General Procedure for Copper(I)-Catalyzed Azide-Alkyne Cycloaddition Reactions for the preparation of 329 
triazoles 4a-4h 330 

 331 
To a round-bottom flask, it was added the azide 3 (1.00 g, 6.40 mmol), the terminal alkyne (9.60 332 

mmol), aqueous solutions of tert-butyl alcohol (6 mL of water/6 mL of tert-butyl alcohol), CuSO4∙5H2O 333 
aqueous solution (0.100 mol L-1, 1.00 mL, 0.0960 mmol), and sodium ascorbate (0.0600g, 0.288 mmol). 334 
The reaction mixture was stirred at 50 oC for 8 h. After the end of the reaction as verified by TLC 335 
analysis, distilled water (10.0 mL) was added and the aqueous layer was extracted with 336 
dichloromethane (3 x 20 mL). The organic extracts were combined and the resulting organic phase 337 
was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The 338 
residue was purified by silica gel column chromatography eluted with ethyl acetate-methanol (9:1 339 
v/v). The described procedure afforded triazoles 4a−4h in 65%─84% yield. The structures of 340 
compounds 4a−4h are supported by the following data. 341 
 342 
(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-1H-1,2,3-triazol-4-yl)methanol (4a). Yellow liquid. IR (cm-1) ν343 
max: 3355, 2972, 1472, 1365, 1202, 1040, 910, 833; 1H NMR (300 MHz, CDCl3) δ: 1.32 (s, 3H, CH3), 1.37 (s, 344 
3H, CH3), 3.44 (s, 1H, OH), 3.72 (dd, 1H, J1=8.8 Hz, J2=5.5 Hz), 4.10 (dd, 1H, J1=8.8 Hz, J2=6.0 Hz), 4.38 345 
(dd, 1H, J1=12.9 Hz, J2=6.0 Hz), 4.41−4.48 (m, 1H), 4.53 (dd, 1H, J1=12.9 Hz, J2=3.3 Hz), 4.75 (s, 2H), 7.68 346 
(s, 1H). 13C NMR (75 MHz, CDCl3) δ: 25.3 (CH3), 26.9 (CH3), 52.5, 56.3, 66.6, 74.4, 110.6, 123.6, 148.0. 347 
MS (m/z, %): 213 ([M.+], 1), 198 ([M-15]+, 42), 155 (49), 138 (18), 113 (18), 101 (44), 83 (10), 73 (23), 57 348 
(23), 43 (100), 31 (12). 349 
 350 
2-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-1H-1,2,3-triazol-4-yl)ethanol (4b). Yellow liquid. IR (cm-1) ν351 
max: 3384, 2928, 1648, 1554, 1457, 1373, 1217, 1151, 1116, 1051, 968, 880, 831. 1H NMR (300 MHz, CDCl3) 352 
δ: 1.30 (s, 3H, CH3), 1.35 (s, 3H, CH3), 2.91 (t, 2H, J=6.3 Hz), 3.40 (s, 1H, OH), 3.70 (dd, 1H, J1=8.8 Hz, 353 
J2=5.5 Hz), 3.88 (t, 2H, J=6.3 Hz), 4.08 (dd, 1H, J1=8.8 Hz, J2=6.0 Hz), 4.35 (dd, 1H, J1=12.6 Hz, J2=5.4 Hz), 354 
4.39−4.45 (m, 1H), 4.48 (dd, 1H, J1=12.6 Hz, J2=3.3 Hz), 7.52 (s, 1H). 13C NMR (75 MHz, CDCl3) δ: 25.4 355 
(CH3), 26.9 (CH3), 28.9, 52.5, 61.6, 66.6, 74.3, 110.4, 123.3, 145.4. MS (m/z, %): 228 ([M.+], 2), 227 (M+, 2), 356 
212 ([M-15]+, 35), 197 (8), 169 (65), 152 (16), 127 (15), 110 (20), 101 (25), 68 (37), 57 (62), 43 (100), 32 (50). 357 
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 358 
3-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-1H-1,2,3-triazol-4-yl)propan-1-ol (4c). Yellow liquid. IR (cm-359 
1) νmax: 3380, 2938, 1648, 1552, 1456, 1373, 1257, 1216, 1151, 1058, 969, 880, 831. 1H NMR (300 MHz, 360 
CDCl3) δ: 1.30 (s, 3H, CH3), 1.34 (s, 3H, CH3), 1.88 (quint, 2H, J1=7.4 Hz, J2=6.3 Hz), 2.78 (t, 2H, J=7.4 361 
Hz), 3.41 (s, 1H, OH), 3.69 (t, 2H, J=6.3 Hz), 3.70 (dd, 1H, J1=8.7 Hz, J2=5.7 Hz), 4.07 (dd, 1H, J1=8.7 Hz, 362 
J2=5.7 Hz), 4.35 (dd, 1H, J1=12.6 Hz, J2=5.2 Hz), 4.38-4.45 (m, 1H), 4.48 (dd, 1H, J1=12.6, J2=3.2 Hz), 7.44 363 
(s, 1H). 13C NMR (75 MHz, CDCl3) δ: 22.1, 25.4 (CH3), 26.7 (CH3), 32.2, 52.4, 61.7, 66.6, 74.3, 110.4, 122.6, 364 
147.8. MS (m/z, %): 242 ([M+], 2), 241 ([M.+], 4), 226 ([M-15]+, 31), 211 (12), 197 (9), 183 (39), 166 (11), 112 365 
(46), 101 (28), 83 (223), 68 (25), 57 (61), 43 (100), 41 (41), 31 (18). 366 
 367 
1-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-1H-1,2,3-triazol-4-yl)ethanol (4d). Yellow liquid. IR (cm-1) ν368 
max: 3385, 2985, 1373, 1217, 1149, 1066, 892, 830. 1H NMR (300 MHz, CDCl3) δ: 1.33 (s, 3H, CH3), 1.37 369 
(s, 3H, CH3), 1.58 (d, CH3, J=6.6 Hz), 3.50 (s, 1H, OH), 3.73 (dd, 1H, J1=8.8 Hz, J2=5.4 Hz), 4.10 (dd, 1H, 370 
J1=8.8 Hz, J2=5.7 Hz), 4.39 (dd, 1H, J1=12.9 Hz, J2=5.5 Hz), 4.42−4.49 (m, 1H), 4.52 (dd, 1H, J1=12.9 Hz, 371 
J2=3.0 Hz), 5.07 (quart, 1H, J=6.6 Hz), 7.61 (s, 1H). 13C NMR (75 MHz, CDCl3) δ: 23.0, 25.1 (CH3), 26.6 372 
(CH3), 52.2, 62.9, 66.3, 74.0, 110.1, 121.4, 152.7. MS (m/z, %): 228 ([M+], 1), 227 ([M.+], 1), 212 ([M-15]+, 373 
36), 169 (38), 152 (16), 127 (12), 101 (36), 73 (23), 57 (29), 43 (100), 31 (8). 374 
 375 
1-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-1H-1,2,3-triazol-4-yl)propan-2-ol (4e). Yellow liquid. IR (cm-376 
1), νmax: 3384, 2985, 1648, 1552, 1457, 1373, 1216, 1151, 1117, 1065, 1045, 968, 941, 880, 831. 1H NMR 377 
(300 MHz, CDCl3) δ: 1.26 (d, 3H, CH3, J=6.3 Hz), 1.33 (s, 3H, CH3), 1.37 (s, 3H, CH3), 2.72−292 (m, 1H), 378 
3.46 (s, 1H, OH), 3.74 (dd, 1H, J1=8.8 Hz, J2=5.7 Hz), 4.10 (dd, 1H, J1=8.8 Hz, J2=5.8 Hz), 4.15−4.17 (m, 379 
2H), 4.39 (dd, 1H, J1=12.6 Hz, J2=5.7 Hz), 4.42−4.49 (m, 1H), 4.52 (dd, 1H, J1=12.6 Hz, J2=3.3 Hz), 7.52 (s, 380 
1H). 13C NMR (75 MHz, CDCl3) δ: 23.1 (CH3), 25.4 (CH3), 26.9 (CH3), 35.0, 52.5, 66.6, 67.3, 74.3, 110.4, 381 
123.4, 145.5. MS (m/z, %): 242 ([M+], 1), 226 ([M-15]+, 31), 197 (94), 183 (12), 166 (11), 139 (22), 115 (26), 382 
101 (22), 83 (26), 68 (50), 57 (69), 43 (100). 383 
 384 
2-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-1H-1,2,3-triazol-4-yl)butan-2-ol (4f). Yellow liquid. IR (cm-385 
1) νmax: 3407, 2979, 1457, 1373, 1217, 1151, 1046, 993, 919, 831. 1H NMR (300 MHz, CDCl3) δ: 0.84 (t, 386 
3H, J=7.4 Hz, CH3), 1.33 (s, 3H, CH3), 1.35 (s, 3H, CH3), 1.56 (d, 3H, J=3.6 Hz, CH3), 1.89 (sept, 2H, J=7.4 387 
Hz), 3.46 (s, 1H, OH), 3.71 (dd, 1H, J1=8.7 Hz, J2=5.5 Hz), 4.09 (dd, 1H, J1=8.7 Hz, J2=6.0 Hz), 4.39 (dd, 388 
1H, J1=12.9 Hz, J2=5.2 Hz), 4.42−4.49 (m, 1H), 4.51 (dd, 1H, J1=12.9 Hz, J2=4.4 Hz), 7.55 (s, 1H). 13C NMR 389 
(75 MHz, CDCl3) δ: 8.5 (CH3), 25.4 (CH3), 26.7 (CH3), 28.2 (CH3), 36.1, 52.3, 66.6, 71.4, 74.4, 110.4, 121.5, 390 
154.7. MS (m/z, %): 256 ([M+], 1), 240 ([M-15]+, 25), 226 (95), 180 (9), 125 (40), 101 (20), 84 (22), 57 (45), 391 
43 (100), 31 (9). 392 
 393 
1-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-1H-1,2,3-triazol-4-yl)cyclohexa nol (4g). White solid. 394 
Melting point (mp): 85−89 oC. IR (cm-1) νmax: 3290, 2933, 1448, 1371, 1223, 1162, 1071, 968, 898, 828. 1H 395 
NMR (300 MHz, CDCl3) δ: 1.34 (s, 3H, CH3), 1.36 (s, 3H, CH3), 1.52−1.99 (m, 10H), 3.48 (s, 1H, OH), 396 
3.73 (dd, 1H, J1=8.5 Hz, J2=5.4 Hz), 4.11 (dd, 1H, J1=8.5 Hz, J2=6.0 Hz), 4.38−4.55 (m, 3H), 7.58 (s, 1H). 397 
13C NMR (75 MHz, CDCl3) δ: 21.9, 23.1, 25.3 (CH3), 26.6 (CH3), 38.1, 39.7, 52.1, 66.4, 69.5, 72.0, 74.0, 398 
110.1, 121.0, 152.0. MS (m/z, %): 281 ([M+], 33), 263 (32), 248 (34), 238 (18), 210 (19), 176 (12), 152 (19), 399 
134 (39), 121 (18), 101 (27), 79 (35), 68 (33), 57 (65), 43 (100), 31 (12). 400 
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 401 
2-(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)-1H-1,2,3-triazol-4-yl)propan-2-ol (4h). Yellow liquid. IR (cm-402 
1) νmax: 3388, 2983, 1457, 1374, 1212, 1150, 1052, 960, 830. 1H NMR (300 MHz, CDCl3) δ: 1.32 (s, 3H, 403 
CH3), 1.34 (s, 3H, CH3), 1.61 (s, 3H, CH3), 1.62 (s, 3H, CH3), 2.98 (s, 1H, OH), 3.72 (dd, 1H, J1=8.8 Hz, 404 
J2=5.2 Hz), 4.09 (dd, 1H, J1=8.8 Hz, J2=5.7 Hz), 4.38 (dd, 1H, J1=12.6 Hz, J2=5.2 Hz), 4.41−4.47 (m, 1H), 405 
4.51 (dd, 1H, J1=12.6 Hz, J2=3.3 Hz), 7.57 (s, 1H). 13C NMR (75 MHz, CDCl3) δ: 25.1 (CH3), 26.6 (CH3), 406 
30.2 (CH3), 30.4 (CH3), 52.1, 66.3, 68.3, 73.9, 110.1, 120.6, 155.7. MS (m/z, %): 241 ([M+], 1), 226 ([M-15]+, 407 
49), 208 (11), 183 (24), 166 (10), 101 (35), 94 (24), 73 (21), 57 (38), 43 (100), 31 (12). 408 
 409 
3.6. Evaluation of fungicide activity 410 
 411 

To evaluate the fungicide effect of the triazoles 4a-4h on the fungal species Colletotrichum 412 
gloeosporioides, aqueous solutions were prepared at 1, 10, 100, 500 and 1,000 µg mL-1 containing 3.5% 413 
(v/v) of dimethyl sulfoxide (DMSO). The fungicide tebuconazole was used as positive control and a 414 
3.5% (v/v) DMSO solution as negative control. The C. gloeosporioides isolate was obtained from 415 
wounded tissues of papaya fruits. Pure cultures were incubated in PDA (potato-dextrose-agar) 416 
culture medium at 25 °C for 10 days. 417 

Fungitoxic activity was determined based on the sensitivity of C. gloeosporioides mycelial growth 418 
to the applied treatments, according to methodology described by Edgington, Khew and Barron [44] 419 
and Rampersad and Teelucksingh [45], with modifications [46]. 420 

For sporulation analysis, a spore suspension was prepared for each treatment by adding distilled 421 
water (10 mL) to the Petri dishes. With the help of a Drigalsky spatula, light friction was applied on 422 
the fungal colony to release the reproductive structures of the fungus from the culture medium. The 423 
obtained mixture was filtered with the help of a glass funnel and gauze layer. The obtained 424 
suspension was homogenized and the number of conidia was determined in a Neubauer chamber 425 
(hemocytometer). 426 

 427 
3.7. Evaluation of phytotoxicity and cytotoxicity 428 

 429 
The phytoxic and cytotoxic effects of compounds 4a-4h were evaluate in order on the plant 430 

model Lactuca sativa L. (2n=2x=18) [47]. The assays were performed using three different 431 
concentrations (50, 100 and 250 µg mL-1) of each compound in dichloromethane and distilled water 432 
were used as negative controls. 433 

Twenty-five lettuce seeds were placed in a 9 cm diameter Petri dish containing filter paper 434 
moistened with solution from each treatment (2 mL). The experiments followed a completely 435 
randomized design (CRD), with five repetitions per treatment. The dishes were sealed with 436 
transparent plastic film to prevent evaporation and kept moist in BOD incubator at 24 ± 2 ºC without 437 
light throughout the experiment period. The number of germinated seeds was evaluated from 8 to 438 
48 h, at 8 h intervals. The macroscopic parameters assessed were germination speed index (GSI), 439 
percentage of germinated seeds (GR), root length after 48 h (RL) and aerial growth (AG) after 120 h, 440 
as previously describe [48]. 441 

For microscopic analysis, ten roots from each Petri dish were collected after 48 h of exposure, 442 
fixed in an ethanol-acetic acid solution (3:1 v/v), and stored at -4 °C for at least 24 h. The slides were 443 
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prepared using the squash technique and stained with 2% acetic orcein. Slides were evaluated and 444 
the parameters mitotic index (MI), chromosomal alterations (CA) and nuclear alterations (NA) 445 
frequencies were determined. 446 

 447 
3.8. Statistical Analyses 448 

 449 
For the fungicide assays, a completely randomized design (CRD) was adopted using a 9×5+1 450 

factorial scheme, with nine treatments (triazoles 4a-4h and tebuconazole), five concentrations (1, 50, 451 
100, 500 and 1,000 µg mL-1), and one additional treatment (negative control). The data on mycelial 452 
growth and sporulation sensitivity were subjected to analysis of variance. When the ANOVA was 453 
significant at a 5% probability level, the quantitative factor (concentrations) were evaluated by means 454 
of regression analysis, and the qualitative factor (triazole compounds) by the means clustering test of 455 
Scott-Knott. The values of the percentage of fungal growth inhibition (GIP) and sporulation inhibition 456 
(SIP) [21] were used to determine ED50 and ED100 (concentration of the fungicide active ingredient 457 
necessary to inhibit by 50% and 100% the mycelial growth and sporulation of the pathogen) by means 458 
of adjustments to the regression equations [45,46]. 459 

To assess phytotoxicity and cytotoxicity, the experiments were done in a CRD using a 8x4+2 460 
factorial scheme, with eight treatments (triazoles 4a-4h), three concentrations (50, 100 and 250 µg mL-461 
1), and two additional treatments (water and dichoromethane). When significant, the obtained 462 
phytotoxicity and cytotoxicity data were subjected to analysis of variance and the means were 463 
compared by the Tukey test at a 5% significance level. 464 
 465 

4. Conclusions 466 

The four-step methodology presented in this work demonstrates that the chemical 467 
transformations using glycerol, a biodiesel unrefined byproduct, as a starting material were effective 468 
for obtaining new triazoles in a quick and efficient way.  469 

The compounds 1-(1-((2,2-dimethyl-1,3-dioxolan-4-yl) methyl)-1H-1,2,3-triazol-4-yl) 470 
cyclohexanol (4g) and 2-(1-((2,2-dimethyl-1,3-dioxolan-4-yl) methyl)-1H-1,2,3-triazol-4-yl) propan-2-471 
ol (4h) were highly efficiency when compared with the commercial fungicide tebuconazole in 472 
inhibiting the sporulation of Colletotrichum gloeosporioides, with ED50 values of 0.44 and 0.83 mg L-1. In 473 
addition, 4g and 4h compounds do not exert neither phytotoxicity nor cytotoxicity against the plant 474 
model Lactuca sativa L. Compounds 4g and 4h stand out among the other triazoles synthetized here 475 
as potential candidates for developing novel antifungal agents against C. gloeosporioides.  Glycerol-476 
derived 1,2,3-triazoles may thus represent a novel scaffold to be exploited aiming at the development 477 
of new active ingredients for fungus control. Work is currently in progress in our laboratories to 478 
synthesize new derivatives with increased effectiveness. 479 
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