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Non-annulated tetrazole-containing polynuclear compounds, in which heterocyclic 
fragments are bound by an acetamide linker were synthesized. The synthesis was accom-
plished by acylation of 2-hydrazinyl-4,6-dimethylpyrimidine, 4-amino-4H-1,2,4-triazol-
3-thiol, 2-[(1-amino-1H-tetrazol-5-yl)thio]-N-tert-butylacetamide, 1-methyl-1H-tetr-
azol-5-amine, and 2-methyl-2H-tetrazol-5-amine with one key reagent, (5-phenyltetrazol-
2-yl)acetyl chloride. Preliminary in silico studies showed the presence of the in vivo anti-
diabetic (diabetes 2 type) activity in N´-(4,6-dimethylpyrimidin-2-yl)-2-(5-phenyl-2H-
tetrazol-2-yl)acetohydrazide. N-(3-Mercapto-4H-1,2,4-triazol-4-yl)-2-(5-phenyl-2H-
tetrazol-2-yl)acetamide demonstrated minimal hypoglycemic activity in in vivo studies, 
at the same time, it showed pronounced activity as a drug for combating obesity.

Key words: 2-(5-phenyl-2H-tetrazol-2-yl)acetyl chloride, acylation, synthesis, non-
annulated heterocyclic compounds, biological activity, diabetes, post-diabetic disorders.

One of the important areas of medicinal chemis-
try is the search and study of the biological activity 
of tetrazole-containing non-annulated polynuclear 
(hybrid) compounds, in which the tetrazole ring is 
bound by a linker group to another, at least one, 
heterocyclic fragment.1,2 The modern strategy for 
obtaining promising active ingredients of drugs is 
based on the development of rational schemes for 
the synthesis of target products using a minimum 
number of chemical steps.3 We hypothesized that the 
key reagent for the synthesis of such compounds 
could be (5-phenyltetrazol-2-yl)acetyl chloride (1). 
Previously,4 it was shown that the acylation of carb-
ocyclic and heterocyclic amines with acyl chloride 1 
proceeds smoothly and allows one to obtain the 
corres ponding amides in good yields. It is important 

that, in contrast to (5-phenyltetrazol-2-yl)acetic acid 
ester, acylation with acyl chloride 1 is eff ective even 
in the case of low-basic amines.4—6 In the develop-
ment of rational methods for the synthesis of tetr-
azole-containing polynuclear compounds, the use 
of acyl chloride 1 can solve several problems at 
once: the introduction of a tetrazole ring in the de-
sign of molecules and the synthesis of drug candi-
dates,1 as well as a linker, in this case an acet-
amide group, binding the tetrazole ring with other 
hetero cyclic fragments of the hybrid molecule.4—6 
As we have shown previously,7 promising sub-
strates for the acyl ation with acyl chloride 1 are 
2-hydrazine derivatives of pyrimidine and 4,6-di-
methylpyrimidine. The acylation products of these 
heterocyclic substrates showed pronounced antiviral 
activity.7 

However, N-amino derivatives of 1,2,4-triazoles,8 
N-amino and С-amino derivatives of tetrazoles1,9 
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can be no less interesting and promising substrates 
for acylation. 

Results and Discussion 

In the present work, we used acyl chloride 1 to 
acylate 2-hydrazinyl-4,6-dimethylpyrimidine (2), 
4-amino-4Н-1,2,4-triazole-3-thiol (3), 2-[(1-amino-
1H- tetr azol-5-yl)thio]-N-tert-butylacetamide (4), 
2-methyl-2H-tetrazol-5-amine (5), and 1-methyl-
1H-tetrazol-5-amine (6) and obtain the target prod-
ucts 7—11 (Scheme 1). 

N´-(4,6-Dimethylpyrimidin-2-yl)-2-(5-phenyl-
2H-tetrazol-2-yl)acetоhydrazide (7) was obtained 
according to the previously described procedure,7 
N-(3-mercapto-4H-1,2,4-triazol-4-yl)-2-(5-phenyl-

2H- tetr azol-2-yl)acetamide (8), N-tert-butyl-2-({1-
[2-(5-phenyl-2H-tetrazol-2-yl)acetamido]-1H-tetr-
azol-5-yl}thio)acetamide (9), N-(2-methyl-2H-tetr-
azol-5-yl)-2-(5-phenyl-2H-tetrazol-2-yl)acetamide 
(10), and N-(1-methyl-1H-tetrazol-5-yl)-2-(5-phen-
yl-2H-tetrazol-2-yl)acetamide (11) were synthesized 
by us for the fi rst time. Compounds 7, 8, 10, and 11 
were obtained in good yields (48—85%). The rela-
tively low yield of compound 9 (36%) may be ex-
plained by a decrease in the rate of the main reaction, 
the nucleophilic substitution of the halogen atom, 
due to steric hindrances caused by the bulky sub-
stituent at the sulfur atom at position 5 of the tetr azole 
ring in compound 4. In fact, during the synthesis of 
compound 9 a spot of (5-phenyltetrazol-2-yl)acetic 
acid (Rf 0.32, CHCl3—MeOH (85 : 15, v/v) + 1 drop 

Scheme 1 

Reagents and conditions: Et3N, MeCN, refl ux, 4 h. 
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of AcOH) appeared on the TLC plate of the reaction 
mixture. This compound is formed in the reaction 
mixture as a result of hydrolysis of acyl chloride 1, 
which competes with the main process of acylation 
of substrate 4. Taking into account the presence of 
two exocyclic nucleophilic centers in compound 3, 
one could have expected the formation of two acyl-
ation products: both at the nitrogen atom of the 
amino group and at the sulfur atom of the thiol group. 
Under the experimental conditions (see Scheme 1), 
the formation of an acylation product only at the 
amino group was observed, which is consistent with 
the data of the work.10 

As is known, the tetrazole ring is a metabolically 
stable, bioisosteric analog of cis-amide and carboxy 
groups.11 The most important role in the design of 
compounds with potential biological activity is played 
by functional groups capable of non-covalent inter-
actions with receptors of living systems.12 It was 
shown that tetrazoles, being weak bases, nevertheless 
exhibit the ability to eff ectively form hydrogen bonds 
involving both "pyridine" and "pyrrole" nitrogen 
atoms of the ring.13 

Study of biological activity in silico. Before testing 
in vivo, we carried out computational prediction of 
biological activity of tetrazole-containing non-an-
nealed polynuclear heterocyclic compounds 7—11. 
At the fi rst stage of the in silico study, we assessed the 
likelihood of various types of activity using the PASS 
Online 2022 program (https://www.way2drug.com/
all/).14—16 

For compounds 9—11, the probability values for 
the presence of antidiabetic activity are moderate 
(Pa  0.400—0.500), but, at the same time, com-
pounds 9—11 are considered promising for testing 
antiviral activity. For compounds 7 and 8, the ob-
tained Pa values indicate a high probability of 
manifestation of the properties of an alpha-gluco-
sidase inhibitor: Pa = 0.751 and 0.757, respectively. 
These data indicate the possibility of the presence of 
activity against type 2 diabetes. Type 2 diabetes mel-
litus (T2DM) is an incurable disease characterized 
by metabolic disorders and accompanied by hyper-
glycemia, as well as by the development of a number 
of dangerous diseases: hypertension, thrombosis, 
neurodegenerative disorders, and other complica-
tions.17 Our analysis of the bibliography showed that 
compounds which are very potent in the treatment 
of type 2 diabetes can be found in the series of tet-
razole derivatives and related heterocycles.18,19 

In this regard, based on the above prediction 
(PASS), we carried out molecular docking, as well 
as in vivo studies of the antidiabetic activity of com-
pounds 7 and 8. 

High-throughput virtual screening based on mo-
lecular docking is a molecular modeling method that 
allows one to position a low-molecular-weight com-
pound (ligand) in the active center of an enzyme 
(target protein) and estimate the free energy of bind-
ing of the target protein to this ligand. The greater 
(in absolute value) the value of such energy, the 
stronger the ligand binds to the active site of the 
target protein, and therefore potentially has a stron-
ger eff ect on the enzyme. Currently, one of the most 
used docking programs in the scientifi c community 
is the AutoDock Vina. As output information, the 
AutoDock Vina program provides the value of the 
interaction energy (free binding) of the ligand with 
the receptor, the "docking score" (evaluation func-
tion). In this case, a satisfactory result should be 
taken as values lying in the range from –6 kcal mol–1 
and higher in absolute value.20,21 

We chose a representative of the PPAR-γ group 
as the target protein. Peroxisome proliferator-acti-
vated receptor gamma (PPAR-γ or PPARG) is 
a popular target in predicting antidiabetic activity.22 
We performed the docking analysis of positioning of 
molecules 7 and 8 in the active site of the enzyme 
(target protein) PPAR-γ (the AutoDock Vina code 
sc-PDB 1i7i). As can be seen from Fig. 1, a, for 
molecule 7, eff ective non-covalent interactions are 
possible involving heterocyclic fragments (tetrazolyl, 
4,6-dimethylpyrimidinyl) and the active site of 
the enzyme.11 A similar conclusion can be drawn 
by visual analysis of the positioning of molecule 8 in 
the active center of the same enzyme (Fig. 1, b). 
These data confi rm the high (in absolute value) 
values of non-covalent binding energies (scor-
ing) with the active site of PPAR-γ. For com-
pound 7, a high binding energy value was obtained 
(–8.8 kcal mol–1) (see Fig. 1, a), it is lower for com-
pound 8 (–7.8 kcal mol–1) (see Fig. 1, b). 

The results of in silico prediction of biological 
activity gave us grounds to recommend compounds 
7 and 8 for in vivo study of antidiabetic activity. 

Studies of biological activity in vivo. Existing sci-
entifi c evidence and established guidelines do not 
provide acceptable in vitro alternatives to the use of 
laboratory animals as a test system in this work.23 The 
in vivo study of antidiabetic activity was carried out 
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reference drug group. The content of adipose tissue 
in the body of animals of both groups diff ered: 
49.40±2.95 g in mice of the control group and 
40.26±2.34 (р = 0.0379) in mice treated with com-
pound 8 (Fig. 2). 

This phenomenon requires further study; it is 
planned to continue research with a reorient-
ation from type 2 diabetes mellitus to obesity in this 
substance. Of interest is the fact that, apparently, 
the eff ectiveness in obesity is not related to the 
hypoglycemic eff ect, in contrast to the sensitizer 
metformin. 

Table 1. Change in blood glucose levels over time after epinephrine injection (t = 0—3 h) in rats 

Group of animals Concentration of blood glucose (mmol L–1) at diff erent t

 0 1 2 3

Control 6.32±0.37 13.44±1.76* 16.42±2.02* 20.36±3.73*
Metformin (300 mg kg –1) 6.52±0.49 7.20±1.65* 8.60±2.40* 6.90±1.07*
7 (100 mg kg–1) 5.56±0.34 7.78±2.46* 8.00±2.25* 8.92±1.78*

* Value of p compared to control group (p < 0.01).

in rats (compound 7) and mice (compound 8). A model 
of adrenaline hyperglycemia was used for rats.24 

The results of the in vivo experiment for com-
pound 7 on the model of adrenaline hyperglycemia 
in rats are presented in Table 1. 

The results of the biochemical blood test in mice 
after administration of metformin or compound 8 
for 14 days demonstrate minimal hypoglycemic ac-
tivity (Table 2). 

Impedancemetry analysis revealed comparable 
results for the group receiving compound 8 and the 

Table 2. Results of biochemical analysis of blood in mice 

Group of animals Concentration of blood 
  glucose/mmol L–1

Control 41.32±2.50
Metformin (300 mg kg –1) 28.93±1.75*
8 (100 mg kg–1) 35.83±2.56

* Value of p compared to control group (p < 0.01).

Fig. 2. Final values of fat percentage (C) in animals: control (1), 
compound 8 (100 mg kg–1) (2), metformin (300 mg kg–1) (3); 
the values of statistical signifi cance threshold (p): *p < 0.05, 
**p < 0.01. 

60

50

40

30
1 2 3

C (%) *

**

Fig. 1. Positioning of ligands, molecules 7 (a) and 8 (b), in the 
active site of PPAR-γ (code sc-PDB 1i7i) (docking), a model of 
a biological target macromolecule; binding energy –8.8 and 
–7.8 kcal mol–1, respectively. 

a

b
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***

In conclusion, we developed a rational and unifi ed 
method for the synthesis of tetrazole-containing 
polynuclear heterocyclic systems as promising plat-
form compounds for the design, synthesis, and 
screening in the fi eld of antidiabetic biological activ-
ity, including those with possible multi-target action. 

Experimental

IR spectra were recorded on a Shimadzu 8400-FTIR 
spectrometer in KBr pellets, 1H and 13C NMR spectra 
were recorded on a Bruker Avance III spectrometer (1H, 
400 МHz; 13C, 100 МHz) in DMSO-d6 at 25 С, using 
residual signals of the solvent DMSO-d6 as references 
(δH 2.50, δC 39.51). Mass spectra were obtained on 
a Bruker maXis impact quadrupole time-of-fl ight ultra-
high resolution mass spectrometer (electrospray ioniz-
ation, solvent MeOH). Melting points were measured on 
a Büchi M-560 apparatus at heating rate of 1 С min–1 in 
the melting range. Purity of the synthesized compounds 
was monitored by TLC on Macherey-Nagel Alugram Xtra 
SIL G plates, visualizing under the UV light (254 nm). 

 (5-Phenyltetrazol-2-yl)acetyl chloride (1), 2-hydr-
azinyl-4,6-dimethylpyrimidine (2), 4-amino-4Н-1,2,4-
triazole-3-thiol (3), 2-methyl-2H-tetrazol-5-amine (5), 
1-methyl-1H-tetrazol-5-amine (6), and N´-(4,6-di me-
thyl pyrimidin-2-yl)-2-(5-phenyl-2H-tetrazol-2-yl)acetо-
hydrazide (7) were obtained and purifi ed as described 
previously.7,25,26 Physicochemical properties of the syn-
thesized compounds 1—3 and 5—7 are consistent with 
literature data. Due to the high hygroscopicity of acyl 
chloride 1, it is necessary to store it over P2O5 in a drying 
pistol under vacuum. 

2-[(1-Amino-1H-tetrazol-5-yl)thio]-N-tert-butylacet-
amide (4). N-tert-Butyl-2-chloroacetamide (1.0 g, 6.7 mmol) 
and sodium 1-amino-1H-tetrazole-5-thiolate (0.93 g, 
6.7 mmol) were added to acetоnitrile (40 mL). The reac-
tion mixture was stirred for 2 h. The solvent was evapo-
rated on a rotary evaporator at reduced pressure, the 
residue was diluted with water (50 mL) and stirred for 
15 min, the precipitate was collected by fi ltration. The 
resulting compound was recrystallized from aqueous 
ethanol, m.p. 188—190 С, Rf 0.38 (CHCl3—MeOH 
(90  : 10, v/v), 24 С). 1H NMR, δ: 7.93 (s, 1 Н, NH); 
6.96 (s, 2 Н, NH2); 3.98 (s, 2 H, S—CH2); 1.24 (s, 9 H, 
Me). 13C NMR, δ: 165.48 (С=О), 154.03 (C—N4), 50.61 
(CH2), 36.32 (CMe3), 28.33 (Me). IR, ν/cm–1: 3321, 3197 
(NH2), 3085, 2935, 2885 (С—Н), 1662 (C=O), 1550, 
1458, 1272, 1218, 1103, 983 (СN4). MS, found m/z 
231.1025 [М + Н]+, calculated for С7H15N6ОS 231.1023. 

Synthesis of compounds 8—11 (general procedure). 
Amine 3—6 (4 mmol) was added to a solution of acyl 

chloride 1 (1.0 g, 4.5 mmol) in acetоnitrile (50 mL) with 
stirring. The reaction mixture was cooled to 0—5 C, fol-
lowed by a dropwise addition of triethylamine (0.4 g, 
4.0 mmol) and refl ux for 4 h. The reaction progress was 
monitored by TLC (CHCl3—MeOH (95 : 5, v/v)). After 
cooling the mixture to room temperature, the solvent was 
evaporated at reduced pressure on a rotary evaporator, the 
residue was washed with water (3×20 mL) and recrystal-
lized from aqueous ethanol. 

N-(3-Mercapto-4H-1,2,4-triazol-4-yl)-2-(5-phenyl-
2H-tetrazol-2-yl)acetamide (8). The yield was 0.56 g 
(85%), m.p. 272 С (with decomp), Rf 0.32 (CHCl3—
MeOH (95  : 5, v/v)). 1H NMR, δ: 14.01 (s, 1 H, SH); 
12.14 (s, 1 H, NH); 8.67 (s, 1 Н, СH); 8.10—8.08 (m, 2 Н, 
CHPh); 7.59—7.57 (m, 3 Н, CHPh); 5.88 (s, 2 Н, CH2). 
13C NMR, δ: 166.89, 164.86, 164.74, 142.96, 131.25, 
129.83, 127.08, 126.88, 53.78 (CH2). IR, /cm–1: 3150 
(NH), 1737 (C=O), 1280, 1180, 1072, 1044, 1026 (СN4), 
1326 (Me), 1610, 733, 665 (Ph), 553 (С—S). MS, found 
m/z 325.0591 [M + Na]+, calculated for C11H10N8NaOS 
325.0593. 

N-tert-Butyl-2-({1-[2-(5-phenyl-2H-tetrazol-2-yl)-
acetamido]-1H-tetrazol-5-yl}thio)acetamide (9). The yield 
was 0.15 g (36%), colorless crystals, m.p. 168—169 С, 
Rf 0.82 (CHCl3—MeOH (95 : 5, v/v)). 1H NMR, δ: 13.21 
(s, 1 H, NH); 8.10—8.08 (m, 2 Н, CHPh); 7.98 (s, 1 H, 
NH); 7.59—7.56 (m, 3 Н, CHPh); 6.08 (s, 2 H, CH2); 4.12 
(s, 2 Н, N(2)—CH2); 1.25 (s, 9 H, Me). 13C NMR, δ: 
165.34 (С=О), 156.01 (C=O), 164.97, 164.84 (CN4), 
131.25, 129.80, 127.03, 126.92 (CPh), 53.80 (N(2)—CH2), 
51.19 (CH2), 37.60 (CMe3), 28.76 (Me). IR, /cm–1: 
3401, 3117 (N—H), 2972, 2875 (С—Н), 1649 (C=O), 
1549, 1452, 1278, 1194, 1027, 965 (СN4). MS, found 
m/z 417.1582 [M + H]+, calculated for C16H21N10O2S 
417.1570. 

N-(2-Methyl-2H-tetrazol-5-yl)-2-(5-phenyl-2H-tetr-
azol-2-yl)acetamide (10). The yield was 0.7 g (61%), 
colorless crystals, m.p. 204—207 С, Rf 0.46 (CHCl3—
MeOH (95 : 5, v/v), 24 С). 1H NMR, δ: 11.84 (s, 1 H, 
NH); 8.10–8.06 (m, 2 Н, CHPh); 7.59—7.53 (m, 3 Н, 
CHPh); 6.00 (s, 2 H, N(2)—CH2); 3.92 (s, 3 H, Me). 
13C NMR, δ: 164.35 (С=О, CN4); 149.25 (CN4), 130.77, 
129.37, 126.65, 126.40 (CPh), 54.81 (N(2)—CH2), 34.13 
(Me). IR, ν/cm–1: 3255 (N—H), 2989, 2924 (С—Н), 1726 
(C=O), 1573, 1450, 1288, 1110, 1073, 1026, 972 (СN4). 
MS, found m/z 286.1158 [М + Н]+, calculated for 
C11H12N9O 286.1159. 

N-(1-Methyl-1H-tetrazol-5-yl)-2-(5-phenyl-2H-tetr-
azol-2-yl)acetamide (11). The yield was 0.65 g (59%), 
colorless crystals, m.p. 195—199 С, Rf 0.65 (CHCl3—
MeOH (95 : 5, v/v), 24 С). 1H NMR, δ: 11.79 (s, 1 H, 
NH); 8.10—8.06 (m, 2 Н, CHPh); 7.59—7.53 (m, 3 Н, 
CHPh); 5.88 (s, 2 H, N(2)—CH2); 4.32 (s, 3 H, Me). 
13C NMR, δ: 164.31 (С=О), 162.93, 158.92 (CN4), 
130.72, 129.35, 126.73, 126.39 (CPh), 54.99 (N(2)—CH2), 
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39.86 (Me). IR, ν/cm–1: 3255 (N—H), 2935 (С—Н), 1693 
(C=O), 1573, 1450, 1226, 1199, 1041, 972 (СN4). MS, found 
m/z 286.1156 [М + Н]+, calculated for C11H12N9O 286.1159. 

Study of biological activity. An adrenaline hyperglyce-
mia model was used for rats.24 The experiment was per-
formed on 15 white male rats weighing from 139 to 254 g, 
randomized in groups of fi ve individuals. The fasting 
blood glucose concentration was preliminarily determined 
(mmol L–1). Rats in the experimental group were admin-
istered a fi nely dispersed aqueous suspension (Tween-80 
stabilizer) of compound 7 at a dose of 100 mg kg–1 intra-
gastrically. As a reference drug,27 we used the original 
metformin drug, Siofor 500®, series 0821021. Animals in 
the control group were administered purifi ed water. After 
30 min, a solution of adrenaline hydrochloride (1 mg mL–1) 
was administered once at a dose of 1 mg kg–1 subcutane-
ously. The glucose concentration in the blood was mea-
sured again 1, 2, and 3 h after the administration of 
adrenaline using an Accu-Chek Active glucometer (Roche 
Diagnostics, Switzerland) and test strips. To do this, the 
animal´s gum was cut between the lower incisors and 
the blood was applied to a test strip. The results were 
recorded and the average value was calculated for each 
time period. 

The study of the hypoglycemic activity of compound 
8 was carried out on black mice of the C57BL/Ks-db+/+m 
line. This test system can be characterized as follows: coat 
color is black; inbreeding Fn+8, genotype a, db+/+m, 
animals carry the recessive diabetes gene db (8th linkage 
group, 4th chromosome), the db gene in the homozygous 
state causes diabetes, accompanied by abnormal obesity. 
Glycemia is very high, the level of glucose utilization is 
reduced, there is no insulin defi ciency, males and females 
are infertile, the recessive m-misty gene, a color-lighten-
ing marker of the opposite chromosome, not carrying the 
db gene.28 Animals were kept during the period of adapta-
tion and experiment in groups of three to fi ve individuals. 
The test sample was administered intragastrically for 
14 days daily in a volume of 0.5 mL per animal. Animals 
in the control group received purifi ed water in equivolume 
quantities. We also used a comparison drug, metformin 
(Siofor®) at a dose of 300 mg kg–1, it was administered 
as a suspension. Blood was collected from the retro-or-
bital sinus, after which glucose levels were measured using 
an ERBA XL biochemical analyzer. Additionally, bio-
impedance analysis was performed at the end of the treat-
ment period using a ImpediVET® BIS1 spectroscopic 
impedance meter (ImpediMed Inc., USA) after prelimi-
nary anesthesia with zolazepam/tiletamine (Zoletil®, 
Virbac, France; 25 mg kg–1 intramuscular) with xylazine 
(Xyla®, Interchemie, Netherlands; 10 mg kg–1 intramus-
cularly). Fat mass (%) was determined by performing three 
consecutive measurements for each animal at an interval 
of 3 s at the given parameters: body proportion 1.0, body 
density 1.05 g cm–3, hydration constant 0.732, resistance 

coeffi  cients ρi = 1220.2 and ρe = 998.9.29 Statistical 
analysis of the obtained data was performed using the 
GraphPad Prism 8 software package using the nonpara-
metric Mann—Whitney statistical test. 
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