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ABSTRACT

Synthesized new S-derivatives of 5-(adamantane-1-yl)-4-R-4H-1,2,4-triazoles-3-
thiols: 3-alkyl-5-(adamantane-1-yl)-4-R -4H-1,2,4-triazoles, 2-(5-(adamantane-1-yl)-4-
R-4H-1,2,4-triazoles-3-iltio)acetate acids and their salts, where R-methyl, phenyl. It
studied the structure and physico-chemical properties of the synthesized compounds,

Investigated their actoprotective activity.

The problem of physical and mental fatigue is a scourge in today’s society. The
last decade there has been a tendency to increase working hours and workload of

workers and managers. So people suffer from fatigue, which leads to stress and various



diseases. When the rest can not solve this problem, doctors use actoprotectors. Namely
drugs that enhance mental and physical activity. But they have a number of side effects.

Derivatives of 1,2,4-triazoles show different types of activities: antioxidant,
hypolipidemic, hypocholesterolemic, hepatoprotective, antimicrobial and others [1, 3, 4,
5,7,8].

The target of our work was the synthesis of s-derivatives of 5-(adamantane-1-yl)-
4-R-4H-1,2,4-triazoles-3-thiols: 3-alkyl-5-(adamantane-1-yl)-4-R-4H-1,2,4-triazoles, 2-
(5-(adamantane-1-yl)-4-R-4H-1,2,4-triazoles-3-ylthio)acetic acids and its salts, where
R-methyl, phenyl and study of their actoprotective activity.

Materials and methods

The objects of study are 4-R-5-adamantane-1-yl-3-(alkylthio)-4H-1,2,4-triazoles,
2-(4-R-5-adamantane-1-yl-4H-1,2,4-triazoles-3-ylthio)acetic acids and their salts.

As starting materials  we have used 2-(adamantane-1-yl)-N-

phenylhydrazinecarbothioamide and 2-(adamantane-1-yl)-N-
metylhydrazinecarbothioamide which were synthesized by reaction of adamantane-1-
carboxylic acid, hydrazide with phenylisothiocyanate and methylisothiocyanate
accordingly in the base of methyl alcohol. Synthesis of 5-(adamantane-1-yl)-4-R-4H-
1,2,4-triazoles-3-thiols was carried out by cyclization of 2-(adamantane-1-yl)-N-
phenylhydrazinecarbothioamide and 2-(adamantane-1-yl)-N-
metylhydrazinecarbothioamide in an alkaline base. Getting 3-alkylthio-5-(adamantane-
1-yI)-4-R-4H-1,2,4-triazoles by the addition of a-halogenalkanes to the corresponding
5-(adamantane-1-yl)-4-R-4H-1,2,4-triazolo-3-thiols in n-butanol base. For 2-(5-
(adamantane-1-yl)-4-R-4H-1,2,4- triazoles-3-ylthio) of acetic acids in isopropanol base
to 5-(adamantane-1-yl)-4-R-4H-1,2,4-triazoles-3-thiol was added an equivalent amount
of sodium hydroxide, the precipitate was dissolved by heating and added
monochloracetic acid in aqueous solution. The salts of the corresponding acids were
obtained by interaction of corresponding acids (compounds I, Il, Table 1.) With organic
(morpholine, piperidine, diethanolamine, diethylamine, monoethanolamine), inorganic
bases (aqueous ammonia, potassium hydroxide) and salts (zinc sulfate, iron (1)
chloride) in alcoholic or aqueous media.
Therefore, got compounds are white crystalline substances (compound |, Ia, Ib, Ic, Id,
le, If, 1g, II, lla, Ilb, lic, 1id, lle, 1If, 1ig Table 1.; I, IlIb, IV, IVa, I\Vc, 1Vd, IVe Table
2.), light yellow (compound Illd, Illg, IVf, IVh, IVi Table 2.), yellow (compound 1\VVg
Table 2.) light brown (compounds Illa, Illc, Ille, 11f, Table IVb. 2). For analysis the
obtained compounds were recrystallized from methanol or i-propanol or n-butanol.
Physico-chemical constants of the obtained compounds are given in Table. 1 and 2.



Table 1

Physico-chemical constants of 3-R;thio 5-(adamantane-1-yl)-4-R-4H-1,2,4-triazoles

S

R

T

Ne R, T. of melt., °C | Formula result, %
compounds

I CH; H 235-237 C13H19N3S 73,40
[ CeHs H 132-133 C1gH21N3S 78,67
la CH; H-C,Hy >230 C17H27N3S 73,77
Ib CH; H-CsHyq >230 C1gH29N3S 74,50
Ic CH; H-CgHys >230 C19H31N3S 80,52
Id CH; H-C7Hys >230 CyoH33N3S 75,54
le CH; H-CgHy7 178-180 Cy1H3sN3S 76,12
If CH; H-CoHjg >230 CyoH3z7N3S 73,33
Ig CH; H-C1oH >230 Co3H39N3S 77,17
lla CeHs H-C,Hg >230 CpoHygN3S 69,72
b CeHs H-CsHyq 105-108 Cy3H31N3S 65,57
llc CeHs H-CgHys >230 Cy4H33N3S 66,45
Id CeHs H-C;Hs >230 Cy5H3sN3S 72,51
lle CeHs H-CgHy7 150-152 CosH37N3S 70,11
Hf CeHs H-CgHyg >230 Co7H39N3S 71,42
llg CeHs H-C1oH21 >230 CogHa1N3S 65,74
Ne found, % calculated, %

compounds | C H N S C H N S

| 62,45 7,70 |16,82 (12,83 62,61 |7,68 16,85 12,86
1 69,21 6,82 |13,53(10,31 69,42 |6,80 13,49 10,30
la 67,01 8,93 |13,72 (10,48 66,84 |8,91 13,76 10,50
Ib 67,82 9,12 |13,17 (10,07 67,66 |9,15 13,15 10,04
Ic 68,21 9,39 |12,62 9,58 68,42 |9,37 12,60 9,61
Id 69,30 9,54 |12,13]9,26 69,11 |9,57 12,09 9,23
le 69,54 9,78 |11,63 8,90 69,75 | 9,76 11,62 8,87
If 70,17 9,90 |11,21 8,55 70,35 |9,93 11,19 8,54
Ig 70,72 10,07 [ 10,81 | 8,24 70,90 |10,09 |10,78 8,23




lla 72,06 7,92 |11,408,69 71,89 (795 |11,43 |8,72
b 72,25 8,17 |11,04 8,43 72,40 (8,19 [11,01 |8,40
llc 73,05 [8,39 |[10,59 8,13 72,87 |8,41 10,62 |8,11
Id 73,08 |8,60 |10,28 7,81 73,30 |8,61 10,26 | 7,83
lle 73,93 [8,78 [9,95 |7,54 73,71 18,80 |9,92 7,57
IIf 7391 [8,97 9,63 [7,34 74,09 (8,98 |9,60 7,33
llg 7459 19,12 (9,33 |7,11 74,45 19,15 |9,30 7,10
Table 2

Physico-chemical constants of 2-(5-(adamantane-1-yl)-4-R-4H-1,2,4-

triazoles-3-ylthio)acetic acids and their salts

st

R
No
R, T. of melt., °C | Formula result, %

compounds

1l CHs H 140-142 C15H2:N30,S 67,65
v CeHs [|H 156-158 C20H23N30,S 65,24
Illa CHs 1/3Fe 184-185 CasHeoFENgOsS3 84,11
Ib CHs; % Zn >230 C3oH40Ng04S,Zn 85,54
Illc CHs morpholinum 60-62 C19H30N403S 66,40
Iid CHs piperidinum 96-98 C20H32N403S 64,96
Ile CHs diethylaminum 98-100 C19H3,N40,S 68,82
Hif CHs diethanolaminum 58-60 C19H3,N404S 67,41
Ilg CHs; monoethanolaminum 134-136 C17H28N4O3S 51,63
IVa C6H5 K 76-77 ConzzKN30zS 69,59
IVb CeHs 1/3Fe >230 CeoHgsFENgOES3 88,77
Ve C5H5 Y% Zn >230 C40H44N604822n 89,77
Ivd CeHs | NH4 167-169 CoH26N40,S 65,89
Ve CeHs | morpholinum 184-186 C24H32N403S 68,62
IVf CeHs | piperidinum 160-162 C25H34N40,S 69,07
|Vg CeHs monoethanolaminum 50-52 CxH3gN4O3S 52,08
IVh C5H5 diethanolaminum 71-73 C24H34N404S 69,40
Vi C5H5 diethylaminum 175-177 C24H34N4028 70,94

No found, % calculated, %




compounds | C H N S C H N S

I 58,43 | 6,87 13,66 10,46 58,61 6,89 13,67 10,43
vV 64,85 | 6,28 11,40 8,67 6501 | 6,27 11,37 8,68
lla 55,59 | 6,18 12,96 9,88 55,43 | 6,20 12,93 9,87
b 52,97 | 5,96 12,36 9,48 53,13 |[5,94 12,39 9,46
lic 57,99 | 7,68 14,17 8,14 57,84 | 7,66 14,20 8,13
lid 61,01 |8,20 14,24 8,19 61,19 |8,22 14,27 8,17
e 59,79 | - 14,76 8,40 59,97 |- 14,72 8,43
Hif 55,48 | 7,84 13,60 7,75 55,32 | 7,82 13,58 7,77
g 55,54 | 7,67 15,16 8,72 55,41 | 7,66 15,20 8,70
IVa 58,26 | - 10,34 7,85 58,44 |- 10,31 7,87
Vb 61,87 | 5,75 10,84 8,29 62,06 5,73 10,86 8,28
IVc 59,73 | 5,54 10,49 7,96 59,88 | 5,53 10,47 7,99
Ivd 61,96 | 6,77 14,47 8,32 62,15 | 6,78 14,50 8,30
IVe 63,29 | 7,04 12,30 7,04 63,13 | 7,06 12,27 7,02
IVf 65,85 | 7,52 12,35 7,07 66,05 |7,54 12,32 7,05
IVg 61,55 | 7,03 13,04 7,44 61,37 | 7,02 13,01 7,45
IVh 60,59 | 7,21 11,82 6,77 60,73 | 7,22 11,80 6,76
IVi 64,92 | 7,77 12,64 7,24 6513 |7,74 12,66 7,24

5-(adamantane-1-yl)-4-methyl-4H-1,2,4-triazoles-3-thiol and 5-(adamantane-

1-yl)-4-phenyl-4H-1,2,4-triazolo-3-thiol (6, 7, tablel.)
A.  0.15 mol of KOH is added to an aqueous solution of 0.1 mol of 2-(adamantane-1-
yl)-N-methylhydrazinecarbothioamide or 2-(adamantane-1-yl)-N-
phenylhydrazinecarbotioamide and boiled for 1 hr. It is neutralized by acetic acid. It is
formed a white precipitate, which was filtered and recrystallized (dioxane:water, 20:1)

3-alkylthio-5-(adamantane-1-yl)-4-R-4H-1,2, 4-triazoles

0.01 mol of NaOH is added to 0.01 mol of 5-(adamantane-1-yl)-4-R-4H-1,2,4-
triazoles-3-thiol, where R — phenyl or methyl, in butanol base. It is heated to the
dissolving of the precipitate. It is added 0.01 mol of halogenalkanes (1-brombutane or
1-brompentane or 1-bromhexane or 1-bromheptane or 1-bromoktane or 1-bromnonane
or 1-bromdekane). It is boiled to the neutral pH base. It is evaporated. It is recrystallized
from n-butanol. It is received such substances (la— Ig, Ila — l1g, tablel.).

2-(5-(adamantane-1-yl)-4-methyl-4H-1,2,4-triazoles-3-ylthio)acetic acids and
2-(5-(adamantane-1-yl)-4-phenyl-4H-1,2,4-triazoles-3-ylthio)acetic acids (9, 17,
tabl. 2).



A. 0.01 mol of NaOH is added to 0.01 mol of 5-(adamantane-1-yl)-4-R-4H-
1,2,4-triazoles-3-thiol, where R — phenyl or methyl, in 40 ml of i-propanol. The mixture
was heated to the dissolving of the precipitate pre-dissolved in a minimum amount of
water 0.01 mol of monochloracetic acid is gradually added. The reactive mixture is
boiled for 5 hours, cooled. It is added 40 ml of water. It is formed a white precipitate.
For further analysis the substances (I, I1, table 2.) are recrystallized from i-propanol.

Salts of 2-(5-(adamantane-1-yl)-4-R-4H-1,2,4-triazoles-3-ylthio)acetic acids
(compounds la — Ib, 11a — llg, table2).

A. 0.01 mole of monoethanolamine and morpholine or piperidine or
diethanolamine or diethylamine is added to a solution of 0.01 mol of 2-(5-(adamantane-
1-yl)-4-R-4H-1,2 4-triazoles-3-ylthio)acetic acids in 30 ml of i-propanal,
correspondenly, is heated in a water bath to the dissolving of the precipitate. It is
evaporated. It is washed by the diethyl ester, dried, recrystallized from methanol (13,
20, 21, 48, table 2.), i-propanol (12, 14, 15, 16, table 2.), n-butanol (18, 19, table 2).

B. 0.01 mol of KOH is added to a solution of 0.01 mol of 2-(5-(adamantane-1-
yD)-4-R-4H-1,2,4-triazoles-3-ylthio)acetic acids in 30 ml of water. It is dissolved by
heating and adding 0.005 mol of ZnSO,. The precipitate that formed was filtered and
washed by water, dried, and get substances (89, 90, table 2).

C. 0.01 mol of KOH is added to a solution of 0.01 mol of 2-(5-(adamantane-1-
yl)-4-R-4H-1,2 4-triazoles-3-ylthio)acetic acids in 30 ml of water. It is dissolved by
heating and adding 0.0033 mol of FeCls. The precipitate that formed was filtered and
washed by water, dried, and get substances (91, 92, table 2).

D. 0.01 mol of NH4OH or KOH are added to a solution of 0.01 mol of 2-(5-
(adamantane-1-yl)-4-R-4H-1,2,4-triazoles-3-ylthio)acetic acids in 30 ml of water. The
solution was heated on a water bath to the total dissolving of the precipitate. It is
evaporated and recrystallized from methanol, and get substances (10, 11, table 2).

RESULTS OF THE RESEARCH AND DISCUSSIONS

The structure of all synthesized compounds by us, is confirmed by the complex
using of modern physico-chemical methods of analysis: elemental, IR-, UV-
spectroscopy, PMR-spectrometry, and its individuality is made by the method of thin
layer chromatography [6].



In IR-spectra of compounds I, Il band fluctuations groups are present characteristic
for the nucleus of 1,2,4-triazoles: NH— in the range of 3400-3100 cm™, —C=N — 1690-
1620 cm™. There are also band fluctuations of —C—S groups at 705-570 cm™. There are
bands fluctuations within the 2600-2550 cm™, which may indicate to the presence in the
molecule of —SH groups.

There are band fluctuations groups characteristic for the nucleus of 1,2,4-triazoles:
NH- in the range of 3400-3100 cm™, —-C=N — 1690-1620 cm™ studying in IR-spectra of
compounds la — Ig, Ila — Ilg. There are also present band fluctuations groups —C—-S — at
705-570 cm™. There are band fluctuations characteristic for —CHz group within 2975-
2950 cm™ and group —CH, — 2940-2915 cm™.

In IR-spectra of compounds I, 1V (Fig. 1) there are bands fluctuations groups
characteristic for the nucleus of 1,2,4-triazoles: NH- in the range of 3400-3550 cm™,
—C=N - 1690-1620 cm™. There are also present band fluctuations of —C—S — groups at
705-570 cm™ and there are no fluctuations bands within the 2600-2550 cm™, which may
indicate to the presence in the molecule of —SH groups. There are band fluctuations
characteristic for group —COOH within 1725-1700 cm™.

In the study of IR-spectra of compounds Illa — I11g, IVa — IVi we found the bands
of valent fluctuations of NH— groups within 3400-3550 cm™, group —C=N — at 1690-
1620 cm™. It is found characteristic fluctuations of —COO™ groups within the 1420-
1300 cm™ ! and 1610-1550 cm™. There are characteristic fluctuations of —NH," groups
within the 1620-1560 cm™, —NH3" groups within 1620-1560 cm™ and —OH within 1000-
1075 cm™.

The study was conducted on a group of white non-linear rats weighing 200-260 g.
In the study of actoprotective activity we used the method of forced swimming with a
load of 10 % of the rat’s weight [2]. The load was fixed at the base of the animal’s tail.
Swimming was performed to exhaustion, which was fixed after 10-seconds immersion
of laboratory animals under water. Rats were individually immersed in a container of a
large size of the layer of water that exceeds 60 cm. Water temperature was 24-26° C.
The researched compounds and standard of comparison — riboxinum was injected

intraperitoneally 20 minutes prior the animals’diving at a dose of 100 mg/kg. The time



of swimming is recorded in seconds. A control group of animals that received saline
intraperitoneally 20 minutes before the diving was also used in comparison.

Table 3
Actoprotective activity of s-derivatives 5-(adamantane-1-yl)-4-R-4H-1,2,4-triazoles-3-

thiols in comparison with riboxinum

Average _ )
code duration  of Correlation in
Ne 3/m forced  rats’ P comparison with
compounds/group swimming, control group
M+m A%
1 control 227,71+8,692 0
2 Vg 194,14+13,984 | >0,05 -14,74
3 lic 257,29+16,475 | >0,05 12,99
4 IVa 293,00+12,877 | <0,05 28,67
5 If 274,71+21,198 | >0,05 20,64
6 Ille 301,29+10,877 | <0,05 32,31
7 lic 223,86+14,395 | >0,05 -1,69
8 lle 96,00+10,335 |<0,05 -57,84
9 i 75,43+7,467 <0,05 -66,88
10 Riboxinum 278,00+23,639 | >0,05 22,08

The study of actoprotective activity (table 3) of s-derivatives of 5-(adamantane-1-
yl)-4-R-4H-1,2 4-triazoles-3-thiols indicates that given compound show actoprotective
activity in the range of 66,88 — 32,31 %. Diethylammonium 2-(5-(adamantane-1-yl)-4-
methyl-4H-1,2,4-triazoles-3-ylthio) acetate (compound Ille), which contains Cs carbon
atom of 1,2 4-triazole cycle adamantane-1-yl substituent methyl radical to C, carbon
atoms, a carboxyl group and the cation of diethylammonium has the most expressed
actoprotective activity of 32,31 % (P < 0.05).

llc, 1If, IVa compounds have showed moderate actoprotective activity increasing
action with the interval of 12,99 — 28,67 %. It is identified a compound, which is in
6,59 % higher than the standard in comparison with riboxinum. It is potassium 2-(5-
(adamantane-1-yl)-4-phenyl-4H-1,2 4-triazoles-3-ylthio) acetate (compound [Va),




containing phenyl radical cation and potassium the replacement of which is on cation
monoethanolamonium (IVg) was accompanied by a reduction of up to 14,74 %
(P >0,05).

The replacement of diethylammonium cation on the cation of morpholine in
diethylammonium 2-(5-(adamantane-1-yl)-4-methyl-4H-1,2,4-triazoles-3-ylthio) acetate
reduces the actoprotective activity (compound Ille, 1lIc).

Introduction of potassium cation leads to increased activity, whereas methyl
substitution on phenyl radical in the molecule of potassium 2-(5-(adamantane-1-yl)-4-
phenyl-4H-1,2 4-triazoles-3-ylthio) acetate reduces the actoprotective activity
(compound 1Va).

Reducing of the carbon chain in the molecule of 3-(adamantane-1-yl)-5-
(oktylthio)-4-phenyl-4H-1,2,4-triazoles to 3-(adamantane-1-yl)-5-(hexylthio)-4-phenyl-
4H-1,2,4-triazoles leads to a slight increase of activity, to the enlargement of the
number of carbon atoms to 3-(adamantane-1-yl)-5-(nonylthio)-4-phenyl-4H-1,2,4-
triazoles contributes to actoprotective action of (compound llc, lle, IIf).

Conclusions

1. It is synthesized a series of new compounds of 5-(adamantane-1-yl)-4-R-4H-
1,2,4-triazoles-3-thiols, the structure of which was confirmed by the complex
using of modern physico-chemical methods of analysis.

2. The researched compounds are derivatives of 5-(adamantane-1-yl)-4-R-4H-1,2,4-
triazoles-3-thiols which show actoprotective activity.

3. Diethylammonium 2-(5-(adamantane-1-yl)-4-methyl-4H-1,2,4-triazoles-3-ylthio)
acetate has the most expressed actoprotective activity of 32,31 % (P < 0,05) the
activity of which is greater than the known standard drug riboxinum on 10,23 %.
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