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Introduction

As is known, derivatives of organic acids, par-
ticularly hydrazides, are widely used as starting 
compounds in fine organic chemistry. The data on 
the useful properties of the latter are rather scanty. 
Recently it has been shown that some derivatives 

of the naproxen series (S) that are acetohydrazides 
of various structures have antitumor activity 
against cell lines of human prostate carcinoma 
[Han M et al., 2018]. Some hydrazides of substi-
tuted benzoic acids also exhibit a similar property 

Keywords: gamma-hydroxycarboxylic acid hydrazides, cyclic esters, competitive reactions, hypotensive 
activity, antioxidant activity.

Abstract
A method has been proposed for the preparation of 4-hydroxybutanoic acid hydrazides for 

the first time. It has been established that the target products are obtained by the interaction of 
2-substituted (H, alkyl, aralkyl, allyl, etc.)-4-substituted-4-butanolides with 85% aqueous solution 
hydrazine hydrate. Testing was carried out on white mongrel mice and reliably shown that the 
introduction of a hydroxypropyl residue into the composition of the synthesized hydrazides leads 
to new properties, namely hypotensive activity, not previously observed in compounds class of 
carboxylic acid hydrazides of various structures. The most active compounds have been selected 
and tested in rats and cats. It has been established that the lethal dose (lethal doses 50) of the 
proposed compounds ranges from 550-762 mg/kg and they exhibit superior activity compared to 
those used in the medical preparation “Dibazol”.

In order to find new useful properties in a series of gamma-hydroxy acid hydrazides, their 
antioxidant features were studied by the method of competitive reactions. As a competitive 
acceptor, 4-nitroso-N,N-dimethylaniline was used.

According to the rate of discoloration of the last the reactivity of H radicals with respect to the 
studied compounds was determined. H radicals were initiated by photolysis of hydrogen peroxide 
(conc, 10-3 mol/l), under exposure to ultraviolet radiation, at a wavelength of 313 nm. Initiation 
rate H radicals were measured by the rate of change in the optical density of para-Nitroso-N,N-
dimethyl aniline in distilled water and in the presence of the studied compounds.

As a result of the research, it was found that all compounds of this series have antioxidant 
properties, and some of them are comparable with renowned antioxidant vitamin C.
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[Arjun H et al., 2019]. It was found that a number 
of hydrazonohydrazides showed antioxidant and 
antimicrobial activity [Afsah E et al., 2019]. In ad-
dition to the aforesaid, hydrazides of carboxylic 
acids are successfully used for the synthesis of het-
erocyclic compounds, in particular, oxadiazoles 
and 1,2,4-triazoles. The role of hydrazides in the 
synthesis of the latter is especially important, since 
numerous representatives of 1,2,4-triazoles are 
widely used in practical medicine – Voriconazole, 
Triazolam, Fluconazole, Itraconazole, Furaciline, 
Alprazolam, Estazolame and others.

The uniqueness of these compounds lies in the 
fact they are not found in natural raw material, eas-
ily obtained and have a wide range of application. 
The development of new methods for producing 
1,2,4-triazolesis still under way [Khan T et al., 
2019; Dolzhenko A et al., 2007; Gupta M, 2007; 
Song Y.-H, Young S, 2010]. Recent studies show 
that the biological properties of compounds are in-
creasing from year to year. It was shown that vari-
ous derivatives of 1,2,4-triazoles possessed anti-
microbial [Koparir M et al., 2013], antitumor [Li 
YH et al., 2017; Zhang G, Hu Y, 2007], antibacte-
rial [Gao F et al., 2019; Karnik А et al., 2006; 
Arafa W, 2010; Puthiyapurayil P et al., 2011; 
Zeydi M et al., 2017], fungicidal [Jian F et al., 
2006; Song HX, Shi DQ, 2014] activities. For the 
first time it has been found that at a certain set of 
substituents in a molecule, the triazole derivatives 
show affinity for the human adenosine A3 receptor 
[Federico S et al., 2018] and exhibit insecticidal 
properties against T cinnabarinus [Luo Y et al., 
2007]. As can be seen from the data presented, 
studies in the field of various derivatives of 
1,2,4-triazoles and their starting compounds are 
relevant and urgent.

Searches of literature data have shown that 
there are no data on gamma-hydroxy acid hydra-
zides. The interest in these compounds can be ex-
plained by the fact that the first representative of 
the homologous series – gamma-hydroxybutyric 
acid plays a crucial role in the human central ner-
vous system, and the sodium salt of this acid is 
widely used in anesthesiology and ophthalmology. 
Based on the foregoing, it can be assumed that the 
introduction of the gamma-hydroxybutyric acid 
residue into the molecules of the biologically ac-
tive substance can lead to manifestation of new 

useful properties in this class of compounds.
The lack of data on the hydrazides mentioned 

can most likely be explained by the absence of a 
raw material base since γ-hydroxy acids and their 
esters are unstable and gamma-hydroxybutyric 
acid even in aqueous solution is in equilibrium 
with a cyclic form.

Results and Discussion

Dihydrofuran-2(3H)-one (butyrolactone or bu-
tan-4-olide) is a cyclic ester of gamma-hydroxybu-
tyric acid. Similarly, but under harsher conditions, 
other representatives of gamma-hydroxycarbox-
ylic acids undergo cyclization to form dihydrofu-
ran-2(3H)-ones of various structures. We previ-
ously synthesized a series of 2,4,4-trisubstituted-
4-butanolides (1a-k) (fig.1) [Kochikyan T et al., 
2003; Haroutunyan V et al., 2000].

Compounds 2a-k [Ghochikyan T et al., 2023] 
were subjected to preliminary biological screening 
and it was established that some of those hydra-
zides showed hypotensive and antioxidant activi-
ties. The most promising compounds were studied 
in rats and cats. Specifically, the effect of com-

1a-k
OR2 O

R3

R1

R1 R2

HO

R3

O

NHNH2

2a-k

N2H4,  EtOH
reflux

Table 1
Yields of compaunds 2a-k

Comp. # R1 R2 R3 Yield, 
(%)

2a PrOCH2 H Et 93

2b iBuOCH2 H H 90

2c iBuOCH2 H Bu 85

2d AmOCH2 H H 89

2e Am H H 85

2f PrOCH2 H Bu 83

2g iBuOCH2 H Bn 87

2h iAmOCH2 H Bn 91

2i Am H All 94

2j Me Me Bu 86

2k Me H iAm 80

Figure 1. Schem synthesis of compaunds 2a-k
radicals of compaunds is show in table 1



61

The New Armenian Medical Journal, Vol. 17 (2023), Is.3, p. Ghochikyan T.V. et al.59-65

pounds 2b and 2d on the level of systemic blood 
pressure (SBP) was studied in the usual way in ex-
periments on anesthetized (Nembutal 50 mg/kg) 
animals. In a separate series of experiments on the 
anesthetized cats, the effect of substances on the 
central hemodynamics was studied; SBP was re-
corded in the common carotid artery. Minute blood 
volume was studied by thermode-
lation. The heart rate (HR) was 
calculated by the electrocardio-
gram recorded in the 2nd standard 
lead. The total peripheral resis-
tance (TPR), stroke volume (SV) 
and the left ventricle (LVF) work 
were determined by calculation.

Acute toxicity was studied in 
experiments on white mice with 
intraperitoneal administration ac-
cording to the method of Miller 
and Teitner. Acute toxicity of 4b 
was 762 mg/kg, and that of 2d – 
550 mg/kg.

The test substances were ad-
ministered intravenously in an 
aqueous solution at doses of 10, 
20, 50 and 100 mg/kg.

Compound 2b at doses of 20 
and 50 mg/kg reduced SBP mod-
erately and briefly, at a dose of 
100 mg/kg more pronounced hy-
potension was observed (Table 2). 
Compound 2d significantly ex-
ceeded compound 2b in hypoten-
sive activity. So already a dose of 
10 mg/kg caused a distinct de-
crease in SBP. Increase of the dose 
to 20 and 50 mg/kg led to a sig-
nificant strengthening of the hy-
potensive effect (Table 2).

In experiments on anesthetized 
cats, compound 2d caused a less 
hypotensive effect than in experi-
ments on rats. This can probably 
be explained by unequal species 
sensitivity to this substance. The 
decrease in SBP after administra-
tion of 2d in experiments on cats 
is due to a decrease in TPR, while 
multivesicular body (MVB) in-

Table 2
The effect of compounds 2b and 2d on the level of SBP 

(experiments on rats)
C

om
p.

 #

D
os

e
m

g/
kg

N
um

be
r o

f
ex

pe
rie

nc
es Changes in SBP* after administration of the substance 

(in% to the initial) after a time (min)

5 15 30 45 60

2b

20 5 -21±6** -13±5 -8±5 -3±4 -1±4
50 5 -18±5** -9±3 -8±4 -7±2 -5±2

100 5 -26±6** -16±7 -14±5 -13±5 -11±5

2d

20 5 -17±4** -13±6 -9±3 -3±3 -3±3
50 5 -25±7** -14±4** -12±4 -10±4 -6±2

100 5 -35±8** -27±8** -19±6** -18±6** -11±5
Notes: * – “-” decrease, “+” increase SBP, ** – changes SBP statistically 
reliable

Table 3
The effect of compound 2d on the level of SBP (experiments on cats)

D
os

e
(m

g/
kg

)
Ti

m
e 

fr
om

 
st

ar
t (

m
in

) Changes in SBP* after administration of the substance 
(in % to the initial) after a time (min)

SBP HR MVB TPR SV LVF

25

ID 170±20.2 148±12.2 686±42.6 15156±139.8 12.3±2.3 14103±96.2

5 -1.2±0.4 -1.9±3.9 -38.7±6.4 +63.3±6.4 +38.4±4.3 -39.0±9.2

15 -1.2±0.4 -1.9±4.2 -29.9±6.8 +40.65±5.8 -29.5±4.8 -39.0±9.2

30 -1.8±0.6 -3.6±3.8 -17.6±8.9 +31.9±12.4 -16.2±3.6 -17.3±6.4

45 -1.9±0.6 -4.6±3.6 -15.8±7.4 +19.6±7.9 -10.1±4.2 -12.2±6.9

60 -2.0±0.5 -4.6±3.4 +24.8±12.6 -16.4±9.6 +12.8±6.4 +11.8±6.2

50

ID 140±20.6 140±25.3 292±42.6 31169±83.4 2.3±2.3 3577±64.3

5 -6.4±3.6 -0.8±1.2 +4.1±3.8 -9.7±4.3 +15.3±6.2 +3.7±3.5

15 -14.6±4.9 -0.8±1.2 +0.5±3.2 -16.8±3.7 +6.9±2.4 -18.3±6.8

30 -14.6±4.9 -0.4±0.2 +6.3±2.4 -21.4±6.2 +3.4±1.8 -1.5±0.9

45 -17.5±5.3 0 +16.2±4.6 -29.5±4.3 +13.9±3.3 -0.9±0.2

60 -17.6±5.4 0 +12.4±6.2 -38.0±5.5 +12.5±3.8 +6.9±4.3

Notes: * * – “-” decrease, “+” increase, SBP – systemic blood pressure, HR - 
Heart rate, MVB – – multivesicular body, TPR – total peripheral resistance, SV 
– stroke volume, LVF – left ventricle, ID - Initial data

creased slightly (Table 3). Heart rate and LVF after 
administration of 2d at doses of 25 and 50 mg/kg 
were practically unchanged. 

Thus, compounds 2b and 2d have pronounced hy-
potensive activity being low toxic at that (Table 4).

In order to find new useful properties in a series 
of gamma-hydroxy acid hydrazides, their antioxi-
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Table 5
The reaction rate constant of the interaction of H 
radicals and the test compounds were obtained

Compound # Reaction rate constant for interaction 
of H radicals + test compound

2a 3.92×108

2b 4.82×108

2c 4.86×108

2d 4.95×108

2e 1.75×108

2f 5.25×108

2g 6.2 ×108

2h 2.7×108

2i 4.0×108

2j 1.71×108

2k 0.965×108

Ascorbic acid 
(control) 9.45×109

kOH+P = 1.25×1010×
[PNDMA]

×[ W1 -1] ( l )[P] W2 mol × sec

Table 4 
Comparative effect of compound 2b (experiments on cats) (in comparable doses of 1/10 of LD50)

Dose
(mg/kg)

Time from 
start(min)

Changes in SBP* after administration of the substance (in % to the initial) 
after a time (min)

SBP HR MVB TPR SV LVF
Compound 2b

60

ID 125±15.3 200±13.3 184±58 50497±320 1.2±0.3 2931±305
5 -4.4±1.3 -1.2±4.3 -6.7±7.3 +30.5±12.3 -7.2±5.8 -9.5±1.5

15 -4.4±1.3 -5.5±6.1 -8.5±3.5 +40.2±8.7 -12.6±3.4 -10.5±4.2
30 -8.7±2.9 -9.9±9.0 -22.0±9.8 +55.8±14.6 -18.7±9.8 -18.7±9.8
45 -8.7±2.9 -9.9±9.0 -22.0±9.8 +55.8±14.6 -18.7±9.8 -18.7±9.8
60 -12.0±4.0 -9.9±9.0 -30.6±12.4 +50.3±6.7 -18.7±6.4 -20.5±7.5

Dibazole 

60

ID 140±4.6 200±18.5 328±12.6 32012±159.8 2.4±0.7 0.7±0.1
5 -21.4±6.8 -10.6±8.3 -15.2±3.8 -27.3±6.2 -21.9±3.6 -30.9±5.6

15 -7.8±2.4 -7.1±8.1 -23.8±1.6 -13.8±3.2 -29.8±5.4 -10.4±8.7
30 -4.2±3.8 -1.3±0.9 -34.3±6.5 -1.9±1.8 -59.6±8.7 -12.1±8.7
45 -1.5±2.2 +0.7±1.2 -19.4±5.4 36.7±6.4 -27.6±10. -4.3±3.2
60 +5.1±4.3 +2.4±1.3 -17.4±3.6 -63.5±9.8 +21.3±9.7 +9.9±7.8

Notes: * – “-” decrease, “+” increase, SBP – systemic blood pressure, HR - Heart rate, MVB – multivesicular 
body, TPR – total peripheral resistance, SV – stroke volume, LVF – left ventricle, ID - Initial data

dant features were studied by the method of com-
petitive reactions. As a competitive acceptor, 4-ni-
troso-N,N-dimethylaniline (PNDMA) was used, 
by the rate of discoloration of which the reactivity 
of H radicals in relation to compounds 2a-k was 
determined. H was initiated by the photolysis of 
H2O2(10-3mol/l) under the influence of UV radia-
tion at λ = 313 nm. The rate of H initiation was 
measured by the rate of change in the optical den-
sity of PNDMA in distilled water (2a-k). 

The kinetic data of the effect of compounds of 
various concentrations on the optical density of 
PNDMA depending on the irradiation time are 
given below (Fig. 2).

Based on experimental data (Fig. 2,3) accord-
ing to [Bielski B et al., 1985; Ernestova L, 1988; 
Simonsen M et al., 2010; Galstyan A et al., 2018] 
the rate constants were calculated by equation (1): 

where 1.25×1010 is the rate constant of the inter-
action of H radicals with PNDMA, [P] is the con-
centration of compounds 2a-k, W1 and W2 are the 
rates of PNDMA discoloration in distilled water 
and in the presence of the studied compounds, re-
spectively.

The following data for the reaction rate con-

stant of interaction of H radicals and the test sub-
stance were obtained (Table 5).

Conclusion

For the first time, a method for producing 4-hy-
droxybutanoic acid hydrazides is proposed. It was 
found that the target products are obtained on the 
basis of 2-substituted (H, alkyl, aralkyl, allyl, etc.) – 
4,4-disubstituted-4-butanolides, which undergo hy-
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Figure 2. Dependence of optical 
density of PNDMA vs the time of UV 
irradiation (λ = 313 nm) at various 
concentrations of compounds 2a-k

Figure  3. The dependence of the 
rate of PNDMA decolouration (in 
relative units) on concentration
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drazinolysis with 85% solution of hydrazine hydrate.
Preliminary screening established that newly 

synthesized compounds exhibited hypotensive ac-
tivity. The selected, most active compounds were 
tested on rats and cats. It has been reliably estab-
lished that the proposed compounds exceed in ac-
tivity the drug Dibazole used in medical practice.

By the method of competitive reactions, it has 
been found that the proposed compounds also ex-
hibit significant antioxidant activity.

Experimental Section
The most promising compounds were studied in 

rats and cats. Specifically, the effect of compounds 
4b and 4d (fig.4) on the level of systemic blood 
pressure was studied in the usual way in experi-
ments on anesthetized (Nembutal 50 mg/kg) ani-
mals. Ina separate series of experiments on the 
anesthetized cats, the effect of substances on the 
central hemodynamics was studied; SBP was re-

corded in the common carotid artery. Minute blood 
volume was studied by thermodelation. The heart 
rate was calculated by the electrocardiogram re-
corded in the 2nd standard lead. The total periph-
eral resistance, stroke volume and the left ventricle 
work were determined by calculation.

Acute toxicity was studied in experiments on 
white mice with intraperitoneal administration 
according to the method of Miller and Teitner. 
Acute toxicity of 2b was 762 mg/kg, and that of 
2d – 550 mg/kg.

The test substances were administered intrave-
nously in an aqueous solution at doses of 10, 20, 
50 and 100 mg/kg.
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