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Abstract: A series of new 8-alkoxy-1,3-dimethyl-2,6-di-
oxopurin-7-yl-substituted acetohydrazides and butane-
hydrazides 6–12 was synthesized and evaluated for the 
analgesic activity in two in vivo models: the writhing 
syndrome and the hot-plate tests. Among the investi-
gated derivatives, compounds with N′-arylidenehydrazide 
moiety 9–12 show analgesic activity significantly higher 
than that of acetylsalicylic acid, which may indicate the 
importance of this structural element for analgesic prop-
erties. The lack of the activity in the hot-plate test may 
suggest that the analgesic activity of the newly synthe-
sized compounds is mediated by a peripheral mechanism. 
The selected compounds 7 and 12 inhibit tumor necrosis 
factor α production in a rat model of lipopolysaccharide-
induced endotoxemia, similarly to theophylline, which 
may confirm their anti-inflammatory properties.

Keywords: analgesic activity; hydrazides; theophylline;  
tumor necrosis factor α inhibition; xanthines.

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are a 
class of non-opioid anti-nociceptive agents very often 
used in the treatment of pain and inflammation. However, 
the clinical use of NSAIDs is limited by a variety of side 
effects, with gastroduodenal ulceration and bleeding 
being the most serious. Therefore, the search for new 
potent analgesic agents with minimal side effects is an 
important line of research in the pharmaceutical indus-
try [1–4]. It is well known that leukotrienes (LT), particu-
larly LTB4, are involved in the acute ulceration induced 
by NSAID’s. Evidence has been accumulating that com-
pounds that are dual inhibitors of cyclooxygenase (COX) 
and 5-lipoxygenase (5-LO) may show a safer profile of 
activity and enhanced efficacy as analgesic agents in 
inflammatory diseases.

Hydrazides are a group of compounds possessing 
several different biological activities including anti-
convulsant, antidepressant, antimalarial, antimicrobial, 
and antimycobacterial properties [4–8]. Moreover, some 
hydrazides have been also reported as potent anti-inflam-
matory and/or analgesic agents with potency comparable 
or even greater than currently used NSAIDs, such as sali-
cylic acid derivatives (aspirin, salicylamide), ibuprofen, 
mefenamic acid, or indomethacin [4–6]. Literature data 
suggest that the hydrazone moiety is a pharmacophore 
group for the inhibition of COX and 5-LO [4].

For several years, we have been interested in devel-
oping purine-2,6-dione derivatives with diverse biological 
activity, such as antidepressant, anxiolytic, antipsychotic 
[9–11], antiarrhythmic, and hypotensive activity [12, 13] 
for the potential treatment of central nervous and car-
diovascular systems disorders. Searching for new anal-
gesic agents in a group of purine-2,6-dione derivatives, 
we synthesized and pharmacologically evaluated series 
of 3,7-dimethyl-2,6-dioxopurin-1-yl I and 1,3-dimethyl-
2,6-dioxopurin-7-yl II and III derivatives (Figure 1). The 
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tested compounds show significant analgesic and/or anti-
inflammatory activity as evidenced in some behavioral 
models [14–16]. The most interesting compounds are up to 
36-fold more active than acetylsalicylic acid (ASA) used as 
a reference drug [16]. The obtained data suggest that the 
N′-benzylidenehydrazide moiety is strongly beneficial for 
analgesic activity [14].

In this study, new 8-alkoxy-1,3-dimethyl-2,6-dioxopu-
rin-7-yl derivatives of acetic and butanoic acids with a 
hydrazide moiety were designed and synthesized. In com-
parison with previously reported 8-methoxypurines [16], 
the new analogues contain a longer alkoxy substituent in 
the 8 position. The obtained compounds 6–12 were tested 
in vivo for their potential analgesic activity in the writhing 
syndrome and the hot-plate tests. In addition, anti-inflam-
matory properties for the selected compounds 7 and 12 
were evaluated in an animal model of endotoxemia.

Results and discussion
Synthesis of compounds 6–12 is presented in Scheme  1. 
Ethyl 2-[8-bromo-1,3-dimethyl-2,6-dioxo-2,3-dihydro-1H- 
purin7(6H)-yl]acetate (1) and its higher butanoate homo
logue 2 were prepared by a reaction of 8-bromo-1,3-
dimethylpurine-2,6-dione with ethyl 2-chloroacetate or ethyl  
4-bromobutyrate, respectively, according to the previously 
described method [17–19]. In the next step, ethyl 4-[8-eth-
oxy-1,3-dimethyl-2,6-dioxo-2,3-dihydro-1H-purin7(6H)-yl] 
butanoate (3), propyl 2-[1,3-dimethyl-2,6-dioxo-8-propoxy-

2,3-dihydro-1H-purin-7(6H)-yl]acetate (4), and its higher 
butanoate homologue 5 were obtained by treatment of 1 
or 2 with a corresponding sodium alkoxide. Subsequently, 
ω-(8-alkoxy-1,3-dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-
7-yl)alkanehydrazides 6–8 were prepared by treatment 
of 3–5 with a 5-fold molar excess of hydrazine hydrate in 
anhydrous ethanol. The final hydrazinylidene derivatives 
9–12 were prepared by condensation reaction of 6–8 with 
benzaldehyde or acetophenone at room temperature in 
the presence of a catalytic amount of concentrated hydro-
chloric acid. The structures of the newly synthesized 
compounds 6–12 were fully consistent with their 1H-NMR 
spectra, LC/MS data, and elemental analysis.

The analgesic activity of the newly synthesized 
hydrazides 6–12 was tested using a writhing syndrome 
assay with ASA as a reference agent. Based on the avail-
able literature data, this assay reveals anti-inflammatory 
properties [20]. On the basis of the calculated ED50 values, 
in a range of 12.2–51.3 mg/kg (see Supplementary Mate-
rial), it can be seen that the investigated compounds 
6–12 show diverse analgesic properties. Compounds with 
N′-arylidenehydrazide moiety 9–12 show higher anal-
gesic activity than ASA (ED50 = 39.1 mg/kg). The strong-
est analgesic effect (2- and 3-fold stronger than that of 
ASA) is observed for compounds 10 and 12 that contain a 
N′-(1-phenylethylidene)butanehydrazide fragment, which 
may indicate the importance of this group for analgesic 
activity. The same effect has been observed previously 
for (3,7-dimethylpurine-2,6-dioxo-1-yl)-substituted ace-
tohydrazide and butanehydrazide [14]. The elongation 
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Figure 1 Structures of the analgesic agents (series I–III) from our 
previous studies [14–16].
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Scheme 1 Reagents and conditions: (a) RONa, ROH, reflux; 
(b) hydrazine hydrate, ethanol, reflux; (c) benzaldehyde or acetophe-
none, HCl, methanol, room temperature.
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of an alkyl chain in the alkoxy substituent in the 8-posi-
tion of purine-2,6-dione slightly increases the analgesic 
activity, as can be seen from comparison of 9 with 11 and 
10 with 12. Compounds possessing more hydrophilic  
N′-unsubstituted hydrazide moiety show lower activity 
than their N-arylidene derivatives, as seen from compari-
son within the series 6–8 vs. 9–12. In the case of 7 and 8, 
their analgesic activity is less pronounced than that of ASA.

In the hot-plate test, which is used to determine activ-
ity of centrally acting analgesic compounds, for example, 
morphine and its analogues, the investigated compounds 
6–12 did not show any analgesic activity (see Supplemen-
tary material). It can be suggested that analgesic activity 
of the newly synthesized compounds is mediated by a 
peripheral mechanism. None of the tested derivatives 6–
12 significantly change the latency to fall from the rota-rod 
(data not shown). These compounds do not affect a motor 
performance in the rota-rod test [21].

Taking into account that the structures of compounds 
6–12 correspond to theophylline (Th) and pentoxifylline 
– the well-known tumor necrosis factor α (TNF-α) inhibi-
tors, their ability to inhibit TNF-α production in vivo in 
lipopolysaccharide (LPS)-induced model of endotoxemia 
was assessed for one representative compound from each 
group, namely 7 (with an unsubstituted hydrazide moiety) 
and 12 [with N′-(11-phenylethylidene)butanehydrazide 
fragment]. The results of the in vivo experiment in rats 
with LPS-induced endotoxemia indicate that compounds 
7 and 12 exert a significant anti-inflammatory activity that 
is similar to that of Th (Figure 2).

This effect is probably caused, at least in part, by an 
increased cyclic adenosine monophosphate level. This 
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Figure 2 TNF-α concentration vs. time profiles following intraperi-
toneal administration of compounds 7 and 12 and Th as a reference 
drug (50 mg/kg) to rats (n = 4–5) with endotoxemia induced by 
administration of LPS (1 mg/kg iv).

nucleotide acting as an inhibitor of the nuclear factor κB 
pathway is assumed to be the most important player in the 
mechanism of action of most xanthines with anti-inflam-
matory properties [22].

Conclusion
New 8-alkoxy-1,3-dimethyl-2,6-dioxopurin-7-yl-substituted 
acetohydrazides and butanehydrazides 6–12 were synthe-
sized and their analgesic activity was determined in phar-
macological models in vivo. The tested compounds show 
a significant analgesic activity in the writhing syndrome 
test. The strongest analgesic effect is observed for com-
pounds 10 and 12 with N′-(1-phenylethylidene)butanehy-
drazide moiety, which may indicate that this structural 
element is important for analgesic properties. The lack of 
the activity in the hot-plate test may suggest that analgesic 
activity of the newly synthesized compounds is mediated 
by a peripheral mechanism and may be connected with 
their anti-inflammatory properties. The selected com-
pounds 7 and 12 suppress TNF-α release in rat plasma 
similarly to Th, which may confirm their anti-inflamma-
tory properties.

Further studies are warranted to determine the effect 
of the evaluated compounds on the activity of COX, the 
acid-sensing ion channels, and the transient receptor 
potential V1 channel to clarify the exact mechanism of 
their analgesic and anti-inflammatory activity.

Experimental
Melting points (mp) were determined with a Büchi Melting Point 
B-545 apparatus and are uncorrected. 1H NMR spectra were taken 
with a Varian Mercury-VX spectrometer at 300  MHz in CDCl3 (3–5, 
7–12) or DMSO-d6 (6, 7) solutions. LC/MS analyses were performed on 
a Waters Acquity TQD apparatus with an eλ DAD detector. For mass 
spectrometry, ESI+ (electrospray-positive) ionization mode was used. 
The UPLC/MS purity of all the investigated compounds was deter-
mined to be over 98%. Purity of all compounds was checked by TLC 
using Merck Kieselgel 60 F254 sheets eluting with dichloromethane/
methanol (95:5). Spots were detected by UV irradiation. Elemental 
analyses were taken with an Elementar Vario EL III apparatus.

General procedure for preparation ethyl and propyl  
ω-[8-alkoxy-1,3-dimethyl-2,6-dioxo-2,3-dihydro-1H-
purin-7(6H )-yl]alkanecarboxylates 3–5

The equimolar amounts (20 mmol) of compound 1 or 2 and sodium 
ethoxide or sodium propoxide were heated under reflux in the corre-
sponding alcohol (100 mL) for 6 h. The mixture was filtered, and the 
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solvent was evaporated under reduced pressure. The oily residue was 
washed with water until it solidified, then crystallized from ethanol 
or propan-1-ol.

Ethyl 4-[8-ethoxy-1,3-dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-7 
(6H)-yl]butanoate (3) This compound was obtained from 2 in 76% 
yield; mp 59–61°C; Rf = 0.62; 1H NMR (CDCl3): δ 1.21 (t, 3J = 6.0 Hz, 3H), 
1.42 (t, 3J = 7.1 Hz, 3H), 2.05–2.11 (m, 2H), 2.27–2.36 (m, 2H), 3.36 (s, 3H), 
3.49 (s, 3H), 4.04–4.16 (m, 4H), 4.51 (q, 3J = 7.1 Hz, 2H); LC/MS: m/z 
339.26 [(M+H)+]. Anal. Calcd for C15H22N4O5: C, 55.89; H, 6.88; N, 17.38. 
Found: C, 55.80; H, 6.93; N, 17.34.

Propyl 2-[1,3-dimethyl-2,6-dioxo-8-propoxy-2,3-dihydro-1H-purin-7 
(6H)-yl]acetate (4) This compound was obtained from 1 in 71% yield; 
mp 68–70°C; Rf = 0.66; 1H NMR (CDCl3): δ 0.92 (t, 3J = 7.4 Hz, 3H), 0.99 (t, 
3J = 7.4 Hz, 3H), 1.62–1.71 (m, 2H), 1.81 (m, 2H), 3.35 (s, 3H), 3.52 (s, 3H), 
4.13 (t, 3J = 6.6 Hz, 2H), 4.43 (t, 3J = 6.6 Hz, 2H), 4.87 (s, 2H); LC/MS: m/z 
339.20 [(M+H)+]. Anal. Calcd for C15H22N4O5: C, 55.89; H, 6.88 N, 17.38. 
Found: C, 55.82; H, 6.90; N, 17.41.

Propyl 4-[1,3-dimethyl-2,6-dioxo-8-propoxy-2,3-dihydro-1H-purin-
7(6H)-yl]butanoate (5) This compound was obtained from 2 in 
68% yield; mp 53–55°C; Rf = 0.66; 1H NMR (CDCl3): δ 0.91 (t, 3J = 7.4 Hz, 
3H), 1.02 (t, 3J = 7.4 Hz, 3H), 1.55–1.67 (m, 2H), 1.77–1.89 (m, 2H), 2.05–
2.15 (m, 2H), 2.29–2.37 (m, 2H), 3.37 (s, 3H), 3.50 (s, 3H), 3.99 (t, 3J = 6.6 
Hz, 2H), 4.15 (t, 3J = 6.8 Hz, 2H), 4.41 (t, 3J = 6.5 Hz, 2H); LC/MS: m/z 
367.32 [(M+H)+]. Anal. Calcd for C17H26N4O5: C, 58.27; H, 7.48; N, 15.99. 
Found: C, 58.31; H, 7.42; N, 16.09.

General procedure for ω-(8-alkoxy-1,3-dimethyl-2,6-
dioxo-2,3-dihydro-1H-purin-7-yl)alkanehydrazides 6–8

A mixture of ester 3–5 (10 mmol) and hydrazine hydrate (50 mmol) in 
anhydrous ethanol (30 mL) was heated under reflux for 10 h. After-
ward, the reaction mixture was cooled and the resultant precipitate 
of product was filtered off, washed with a small amount of water, and 
crystallized from methanol.

2-[1,3-Dimethyl-2,6-dioxo-8-propoxy-2,3-dihydro-1H-purin-
7(6H)-yl]acetohydrazide (6) This compound was obtained from 4 
in 65% yield; mp 191–193°C; Rf = 0.46; 1H NMR (DMSO-d6): δ 0.91 (t, 
3J = 7.4 Hz, 3H,), 1.65–1.75 (m, 2H), 3.16 (s, 3H), 3.37 (s, 3H), 4.24 (bs, 
2H), 4.36 (t, 3J = 6.4 Hz, 2H), 4.62 (s, 2H), 9.25 (bs, 1H); LC/MS: m/z 
311.15 [(M+H)+]. Anal. Calcd for C12H18N6O4: C, 46.45; H, 5.85; N, 27.08. 
Found: C, 46.48; H, 5.90; N, 27.02.

4-[8-Ethoxy-1,3-dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-7(6H)-
yl]butanehydrazide (7) This compound was obtained from 3 in 
62%; mp 174–176°C; Rf = 0.55; 1H NMR (CDCl3): δ 1.44 (t, 3J = 7.1 Hz, 3H), 
2.11 (m, 2H), 2.22 (t, 3J = 6.5 Hz, 2H), 3.38 (s, 3H), 3.51 (s, 3H), 4.11 (t, 
3J = 6.5 Hz, 2H), 4.52 (q, 3J = 7.1 Hz, 2H), 7.60 (bs, 1H); 1H NMR (DMSO-d6): 
δ 1.35 (t, J = 7.1 Hz, 3H), 1.86–1.98 (m, 4H), 3.18 (s, 3H), 3.35 (s, 3H), 3.97 
(t, 3J = 6.5 Hz, 2H), 4.14 (bs, 2H), 4.43–4.50 (q, 3J = 7.1 Hz, 2H), 8.87 (bs, 
1H); LC/MS: m/z 325.30 [(M+H)+]. Anal. Calcd for C13H20N6O4: C, 48.14; 
H, 6.22; N, 25.91. Found: C, 48.11; H, 6.19; N, 25.96.

4-[1,3-Dimethyl-2,6-dioxo-8-propoxy-2,3-dihydro-1H-purin-
7(6H)-yl]butanehydrazide (8) This compound was obtained 
from 5 in 67% yield; mp 130–132°C; Rf = 0.46; 1H NMR (CDCl3): δ 1.02 

(t, 3J = 7.4 Hz, 3H), 1.80–1.87 (m, 2H), 2.08–2.12 (q, 3J = 7.4 Hz, 2H), 2.22 
(t, 3J = 7.0 Hz, 2H), 3.05 (bs, 2H), 3.38 (s, 3H), 3.51 (s, 3H), 4.11 (t, 3J = 6.5 
Hz, 2H), 4.42 (t, 3J = 6.5 Hz, 2H), 7.60 (bs, 1H); LC/MS: m/z 339.26. Anal. 
Calcd for C14H22N6O4: C, 49.70; H, 6.55; N, 24.84. Found: C, 49.67; H, 
6.50; N, 24.87.

General procedure for N′-arylidene-4-[8-alkoxy-1,3-
dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-7(6H)-yl]
butanehydrazides 9–12

A mixture of compound 7 or 8 (1 mmol) and benzaldehyde or aceto-
phenone (1 mmol) was stirred in methanol (10 mL) in the presence 
of a catalytic amount of HCl (2 drops of concentrated acid) at room 
temperature for 2 days. Afterward, water was added and the resultant 
precipitate of the product was filtered and purified by silica gel chro-
matography eluting with dichloromethane/methanol (95:5).

N′-Benzylidene-4-[8-ethoxy-1,3-dimethyl-2,6-dioxo-2,3-
dihydro-1H-purin-7(6H)-yl]butanehydrazide (9) This compound 
was obtained from 7 in 75% yield; mp 206–208°C; Rf = 0.40; 1H NMR 
(CDCl3): δ 1.41 (t, 3J = 7.0 Hz, 3H), 2.20 (m, 2H), 2.79 (t, 3J = 7.4 Hz, 2H), 
3.34 (s, 3H), 3.50 (s, 3H), 4.23 (t, 3J = 7.0 Hz, 2H), 4.50 (q, 3J = 7.0 Hz, 2H), 
7.36–7.40 (m, 3H), 7.57–7.60 (m, 2H), 7.73 (s, 1H), 9.29 (bs, 1H); LC/MS: 
m/z 413.25 [(M+H)+]. Anal. Calcd for C20H24N6O4: C, 58.24; H, 5.87; N, 
20.38. Found: C, 58.26; H, 5.81; N, 20.41.

4-[8-Ethoxy-1,3-dimethyl-2,6-dioxo-2,3-dihydro-1H-purin-7(6H)-
yl)-N′-(1-phenylethylidene]butanehydrazide (10) This com-
pound was obtained from 7 in 73% yield; mp 183–185°C; Rf = 0.40; 
1H NMR (CDCl3): δ 1.40 (t, 3J = 7.1 Hz, 3H), 2.16–2.25 (q, 3J = 7.0 Hz, 2H), 
2.18 (s, 3H), 2.81 (t, 3J = 7.4 Hz, 2H), 3.32 (s, 3H), 3.50 (s, 3H), 4.23 (t, 
3J = 6.6 Hz, 2H), 4.45–4.52 (q, 3J = 7.1 Hz, 2H), 7.35–7.43 (m, 3H), 7.66–7.69 
(m, 2H), 8.58 (bs, 1H); LC/MS: m/z 427.20 [(M+H)+]. Anal. Calcd for 
C21H26N6O4: C, 59.14; H, 6.14; N, 19.71. Found: C, 59.18; H, 6.19; N, 19.78.

N′-Benzylidene-4-[1,3-dimethyl-2,6-dioxo-8-propoxy-2,3-
dihydro-1H-purin-7(6H)-yl]butanehydrazide (11) This com-
pound was obtained from 8 in 71% yield; mp 166–169°C; Rf = 0.44; 
1H NMR (CDCl3): δ 0.97 (t, 3J = 7.0 Hz, 3H), 1.79 (m, 2H), 2.16–2.26 (q, 
3J = 7.0 Hz, 2H), 2.78 (t, 3J = 7.0 Hz, 2H), 3.32 (s, 3H), 3.49 (s, 3H), 4.23 (t, 
3J = 7.0 Hz, 2H), 4.38 (t, 3J = 7.0 Hz, 2H), 7.35–7.39 (m, 3H), 7.58 (m, 2H), 
7.79 (s, 1H), 10.55 (s, 1H); LC/MS: m/z 427.45 [(M+H)+]. Anal. Calcd for 
C21H26N6O4: C, 59.14; H, 6.14; N, 19.71. Found: C, 59.12; H, 6.17; N, 19.75.

4-[1,3-Dimethyl-2,6-dioxo-8-propoxy-2,3-dihydro-1H-purin-
7(6H)-yl)-N′-(1-phenylethylidene]butanehydrazide (12) This 
compound was obtained from 8 in 69% yield; mp 156–158°C; Rf = 0.52; 
1H NMR (CDCl3): δ 0.97 (t, 3J = 7.4 Hz, 3H), 1.71–1.84 (m, 2H), 2.15–2.22 
(q, 3J = 5.2 Hz, 2H), 2.19 (s, 3H), 2.81 (t, 3J = 7.4 Hz, 2H), 3.31 (s, 3H), 3.49 
(s, 3H), 4.22 (t, 3J = 6.7 Hz, 2H), 4.39 (t, 3J = 6.6 Hz, 2H), 7.34–7.37 (m, 
3H), 7.64–7.68 (m, 2H), 8.96 (s, 1H); LC/MS: m/z 441.21 [(M+H)+]. Anal. 
Calcd for C22H28N6O4: C, 59.99; H, 6.41; N, 19.08. Found: C, 59.92; H, 
6.35; N, 19.12.

Pharmacological evaluation

The writhing syndrome and rota-rod tests were carried out using the 
methods previously published by Zygmunt et al. [16]. The hot-plate 
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test was performed according to the method described by Śladowska 
et al. [23]. Experimental endotoxemia was induced by systemic injec-
tion of LPS (1 mg/kg) from Escherichia coli serotype 055:B5 (Sigma 
Aldrich, St Louis, MO, USA) to male Wistar rats cannulated in the 
jugular vein. Compounds 7, 12, and Th suspended in PEG400/saline 
(50:50, v/v) were given to rats (n = 4–5) at a dose of 50 mg/kg ip simul-
taneously with LPS. Control animals received LPS and a respective 
volume of vehicle by the same routes of administration as the treat-
ment groups. Blood samples were collected into heparinized tubes at 
different time points after LPS and compound administration. Blood 
was centrifuged at 4°C for 20 min (1500 × g), and plasma was stored 
at -80°C until assayed. Concentrations of TNF-α were measured using 
ELISA (R&D Systems, Minneapolis, MN, USA).

Statistical analysis

The data expressed as mean±standard error were evaluated by one-
way analysis of variance followed by Duncan or Tukey HSD test 
(Statistica, Statsoft, USA). The difference of means was considered 
significant if p < 0.05. The areas under effect curve were calculated 
using the trapezoidal rule (Phoenix WinNonlin v. 6.3; Pharsight, 
Mountain View, CA, USA).
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