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Abstract
The design, synthesis, antinociceptive and β-adrenoceptor blocking activities of several eugenyloxy propanol azole derivatives
have been described. In this synthesis, the reaction of eugenol with epichlorohydrin provided adducts 3 and 4 which were
N-alkylated by diverse azoles to obtain the eugenyloxy propanol azole analogues in good yields. Adducts 3 and 4 were also
reacted with azide ion to obtain the corresponding azide 6. The ‘Click’ Huisgen cycloaddition reaction of 6 with diverse
alkynes afforded the title compounds in good yields. The synthesized eugenyloxy propanol azole derivatives were in vivo
studied for the acute antinociception onmale SpargueDawley rats using tail-flick test. Compounds 5f, 5g, 7b and 11a exhibited
potent analgesic properties in comparison with eugenol as a standard drug. In addition, all compounds were ex vivo tested for
β-adrenoceptor blocking properties on isolated left atrium of male rats which exhibited partial antagonist or agonist behaviour
compared to the standard drugs. The molecular docking study on the binding site of transient receptor potential vanilloid
subtype 1 (TRPV1) has indicated that like capsaicin, eugenyloxy propanol azole analogues exhibited the strong affinity to
bind at site of TPRV1 in a “tail-up, head-down” conformation and the presence of triazolyl moieties has played undeniable
role in durable binding of these ligands to TRPV1. The in silico pharmacokinetic profile, drug likeness and toxicity predictions
carried out for all compounds determined that 5g can be considered as potential antinociceptive drug candidate for future
research.
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Introduction

Through the history of human life, pain is known as a global
severe problem. As an instance in USA, 3 million adults suf-
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fer from daily pain [1]. Pain is an unpleasant sensory and
emotional experience associated with actual or potential tis-
sue damage [2]. Although the pain is diseases’ symptom,
pain extensively diminishes the quality of life and also costs
a lot to human society. Up to now, diverse classes of analgesic
drugs are in use; nevertheless, they exhibit a wide range of
side effects. Thus, the search for the new therapeutic alter-
natives is critically essential.

Natural products provide a diverse and unique source of
lead compounds for drug discovery [3]. Naturally occur-
ring eugenol (4-allyl-2-metoxy-phenol) is known biological
active phenolic ingredient found in essential oils of diverse
plants majorly in clove oil (Eugenia caryophyllata) [4].
Eugenol has been extensively applied in medicine especially
in dentistry due to its analgesic and antiseptic properties upon
mixing with zinc oxide (ZOE) which is utilized as cement for
temporary fillings of the teeth [5]. In addition to its traditional
applications as both analgesic and antiseptic drug, eugenol is
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known for its different biological activities. They comprise
anti-inflammatory [6], antispasmodic [6], hepatoprotective
[6], antianaphylactic [7], antiplatelet [7], antipyretic [7], anti-
fungal [8], antiviral [9], antidepressant [10], anti-oxidant
[10], antibacterial [11], acaricidal [12], antihelicobacter [13]
and antiproliferative properties [14]. Given the significance
and prominent pharmaceutical properties of eugenol, it was
extensively used to design and synthesize the potentially bio-
logically active compounds. One way to acquire the new
eugenol derivatives is the conjugation with various func-
tionalities, molecules and/or other drugs [15–17]. However,
the biological assessments on these eugenol derivatives have
revealed that the therapeutic activity ismostly observedwhen
the eugenol is conjugatedwith diverse functionalities through
its free hydroxylmoiety (Fig. 1) [16, 17]. In this connection, a
few hybrid molecules I–XIII having a eugenyloxy core were
reported by different research teams [18–31]. The chemical
structures and biological activities of compounds I–XIII are
depicted in Fig. 2.

Hypertension is called the silent killer since most patients
with high blood pressure have no symptoms to alert them
[32]. Untreated hypertension increases the risk of heart dis-
ease and stroke. Hypertension can also damage the kidneys
and increase the risk of blindness and dementia [33]. Regard-
ing to the importance of this dangerous disease, the extensive
efforts were made to find the potent and novel therapeutic
agents for hypertension remedy in recent years [34]. To over-
come the hypertension, antagonizing the β-adrenoceptors
with β-blockers is a decisive and effective way [35]. Among
β-blockers known for the inhibition of β-adrenergic recep-
tors, aryloxypropanolamine ismost known and distinguished
compounds (Fig. 3) [36]. The structural activity relationship
(SAR) assessments of aryloxypropanolamines have revealed
that they are very homogeneous in pattern as the majority of
them exhibit the incumbent pharmacophores comprising ary-
loxy, amine and hydroxypropyl moieties [37]. Up to now, a
great deal of aryloxypropanolamines have been synthesized
where many of them are now approved drugs and largely
prescribed for hypertension remedy [38]. To improve the ary-
loxypropanolamines activity, the strategy in ring variations
was applied and in this connection various aryloxy moi-
etieswere considered.As instance, incorporation of naturally

occurring guaiacol and 2-allyl phenol was led to discovery of
moprolol and alprenolol, respectively. Chen and coworkers
[22, 31] demonstrated that the combination of methoxy and
allyl residues in phenolic part as a eugenolyl moiety was led
to potent β-blockers (V) and (XIII) (Fig. 2).

In most of known β-blockers involving ary-
loxypropanolamine framework, the variation is generally
conducted in aromatic cores, whereas the alteration in
amine residues is mostly restricted to simple branched
aliphatic amines [38]. In this context, it was proved that
the extension of amino group and/or incorporation of long
and bulky amine substituents in aryloxypropanolamine
structure can extensively improve the selectivity towards
β-adrenoceptores [39]. In line with our interest in design and
synthesis of new aryloxypropanolamines [40–44], herein
we would like to report the synthesis, antinociceptive and
β-blocking studies of eugenyloxy propanol azole derivatives
(Fig. 4) as new analogues of compounds (V) and (XIII)
in which the azole cores are surrogated instead of amine
residues in (V) and (XIII).

Results and discussion

Chemistry

The synthesis of title compounds followed the general path-
way demonstrated in Scheme 1. As shown in Scheme 1, the
first step includes the reaction of eugenol (1) with epichloro-
hydrin (2) which was achieved in the presence of K2CO3

as a base and a catalytic amount of tetrabutylammonium
iodide (TBAI) in anhydrous acetonitrile at reflux condition.
After the reaction completion, a mixture of chlorohydrin (3)
and epoxide (4) was afforded as major and minor products,
respectively.

Without requiring to separate 3 from 4, the crude mix-
ture was subsequently prepared to react with diverse N-
heterocyclic compounds comprising azole and imide deriva-
tives using a basic mixture of K2CO3 and triethylamine
(TEA) and a catalytic amount of TBAI in anhydrous ace-
tonitrile at reflux condition (Scheme 1a). The structures of
N-heterocyclic compounds used to prepare 5a–g are depicted
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in Scheme 1a. To involve the 1,2,3-triazolyl cores as the sur-
rogates for N-heterocyclic residues inside 5a–g structures,
a mixture of (3) and (4) underwent the azidation reaction
using sodium azide in acetone–water solution at reflux con-
dition which led to 1-(4-allyl-2-methoxy-phenoxy)-3-azido-
propan-2-ol (6) (Scheme 1b). β-Azido alcohol 6 is a proper
starting material for Huisgen’s azide-alkyne cycloaddition.
In this connection, azide 6 was used to react with diverse
alkynes through Cu(I)-catalysed azide-alkyne cycloaddition

(CuAAC) in the presence of catalytic amount of CuI in
H2O-THF (1:1) media at ambient temperature. Two dif-
ferent types of terminal alkynes were employed to access
the corresponding 1,2,3-triazolyl derivatives including, (1)
commercially available terminal alkynes having simple sub-
stituents (Scheme 1b) and (2) commercially unavailable
terminal alkynes bearing diverse N-heterocyclic compounds
(Scheme 1c). The later alkynes were synthesized from the
propargyl tosylate (9) that was easily obtained from tosy-
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Fig. 4 General structure of new eugenyloxy propanol azole derivatives

lation of propargyl alcohol (8) due to modified reported
procedure [45] (Scheme 1c). The obtained 9was then used to
react with diverseN-heterocyclic compounds to yield alkyne
(10). All alkynes were readily converted to their correspond-
ing 1,2,3-triazolyl derivatives (7a,b,11a–c) utilizing CuAAC
reaction in good yields (Table 1).

Antinociceptive activity

Acute antinociception was studied by tail-flick test. The
analgesic response of compounds was carried out using the
tail-flick apparatus (Sanat Azma, Iran). Rats were restrained
in a plexiglass cylinder, and radiant heat was focused from
a distance of 4–7 cm on the distal end of the tail [46]. Time
of latency was determined three times for each rat, and their
mean was considered as baseline latency before compounds
treatment. The intensity of the light was adjusted to produce
mean baseline latency time between 3 and 5 s. The cut-off
time was fixed at 10 s to avoid tissue damage. After baseline
latencieswere established, ratswere treatedwith an intraperi-
toneal injection of vehicle (15% DMSO/saline), eugenol
and synthesized compounds (100 mg/kg), and the latency
time was measured at 15, 30, 45 and 60 min after injection
[47, 48]. The latencies were converted to the percentage of
antinociception (% Maximal Possible Effect) according to
the following equation [49, 50]:

%Antinociception (%MPE)

� [
(Latency time of compound − baseline latency time)

/ (cut-off time-basal response time)
] × 100

Time-dependent antinociceptive response (MPE vs time)
of eugenyloxy propanol azole derivatives, vehicle and pure
eugenol as a standard analgesic drug on the tail-flick assay
is shown in Fig. 5. As can be seen in Fig. 5a, none of
compounds 5a–c have displayed analgesic property in com-
parison with eugenol at examined times; however, among
5d–f (Fig. 5b), compound 5f demonstrates the best anal-
gesic profile at all exposure times compare to eugenol. The
maximal analgesic potency for 5f with MPE around 64%
at 15 min was observed, whereas eugenol exhibited MPE
value around 26% at the same exposure time. Compound 5e
showed nearly an equal analgesic strength at 15 min test time
compared to eugenol, instead of its weaker activity profile
at other tested times. Additionally, both compounds 5g and
7b were determined to have higher MPE values at all stud-
ied times and thus exhibited stronger analgesic performance
than eugenol (Fig. 5c). Antinociception mediated by 7a was
merely observed at 15-min exposure time with a higherMPE
value (33%) compare to eugenol (Fig. 5c). Among com-
pounds 11a–c, 11a displayed considerable antinociception
activity at all investigated times (Fig. 5d). The highest anal-
gesic activity for 11a was observed at 30 min with a MPE
value around 58%. Similarly to 7a, also 11b revealed a higher
antinociception at 15 min as compared to eugenol. Finally,
11c involved nearly an equal antinociception behaviour at
45 min (Fig. 5d). Since the general presence of eugenyloxy
propanolyl moiety in all synthesized compounds, the differ-
ence in antinociception activities is attributed to the alteration
in tethered N-heterocyclic cores. Regarding obtained data
and also the variation in structure of title compounds, it is
well revealed that the presence of 1,2,3-triazolyl moieties
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extensively enhances the antinociceptive potency of synthe-
sized compounds.

β-Adrenoceptor studies

Tissue studies

The effect of title compounds was examined on isolated left
atrium of male rats. Left atria were dissected free from the
hearts of anaesthetized rats and mounted between two stain-

less steel electrodes in organ bath witch filled by 20 mL of
physiological salt solution (PSS) with the following com-
position (mM): NaCl (119), KCl (4), KH2PO4 (1.2), CaCl2
(3.3), MgSO4 (2.4), NaHCO3 (25), and d-glucose (11). The
solution was bubbled continuously with a carbogen mixture
(5% CO2) at temperature 37 °C and pH 7.4 [51].

The atria were paced by the stimulation (frequency 1 Hz,
pulse width 5 ms and voltage 20% above threshold). The
resting tension was adjusted to 0.5 g for a stability period
of 30 min which the solution was exchanged every 10 min.
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Table 1 List of synthesized novel eugenyloxy propanol azole deriva-
tives

Compounda mp (°C) Yield (%)b

5a Oil 75

5b 127–129 82

5c Oil 76

5d 106–108 78

5e 155–157 80

5f 40–42 69

5g Foam 80

7a 96–98 78

7b 80–82 75

11a 97–99 80

11b Foam 83

11c 100–102 84
aAll products were characterized by 1H and 13C NMR, IR, CHN, and
MS analysis
bIsolated yield

The tension was recorded with an isometric force transducer
(K 30, Hugo Sachs Elektronik, Germany) on a PC software
(HSE-ACAD, Hugo Sachs Elektronik, Germany).

Study of β-antagonist and β-agonist activities

To examine the β-antagonist activity of title compounds
on the atrial β-adrenergic receptors, initially, the isolated
atria were exposed to the concentration of isoprenaline that
increased initial stimulator-provoked contraction by 50%
(EC150). After washing out and maintaining the baseline
contractions, the atria were pre-incubated with different con-
centrations of synthesized compounds or propranolol (1×
10−10–1×10−4 M) for 10 min. Thereafter, the tissues were
exposed once again with EC150 of isoprenaline. Finally, the
concentration–response curves of synthetic compounds and
propranolol were plotted. The initial contraction percentage
versus compounds’ concentrations is shown in Fig. 6. As
can be seen in Fig. 6, none of the synthesized compounds
showed the remarkable antagonistic properties compared to
propranolol as a reference β-antagonist. Unlike compounds
5a–g, 11a and 11b exhibited antagonistic behaviour to some
extent at different concentrations; however, other compounds
involving 7a, 7b and 11c essentially exhibited agonistic
behaviour (Fig. 6).

In another set of experiments, the β-agonist activity of title
compounds on the atrial β-adrenergic receptors was exam-
ined. To this end, the isolated left atria were exposed to
concentrations of isoprenaline or synthetic compounds (1×
10−10–1×10−4 M) and increasing atrial contractions were

Fig. 5 Time-dependent antinociceptive response of vehicle, eugenol,
and synthetized compounds on the tail-flick assay in rats. Compounds
were administered intraperitoneally (100 mg/kg) into rats. All results
were presented as mean±SEM (n=3–5/compound) of MPE (%).

Comparisons were made by one-way ANOVA with Tukey post hoc
test. Higher and statistical significance versus eugenol derivatives was
depicted as *p <0.05
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Fig. 6 Effect of different concentrations of synthesized compounds on the response of isolated rat atrium to EC50-induced contraction of isoprenaline
(100% contraction); each point represents the mean±SEM (n=3–5/compound)

recorded. Thereafter, the concentration–response curves of
isoprenaline and synthetic compounds were plotted and
their pEC50 (negative logarithm of the concentration that
increased baseline contraction by 50%) andCmax (maximum
contraction that produced at 1×10−4 M) were calculated.
The initial contraction percentage versus compounds’ con-
centrations is shown in Fig. 7. As specified in Fig. 7, all
compounds exhibited lower initial contraction in compari-
son with isoprenaline as a reference agonist, and thus, they
demonstrated the antagonistic properties. Table 2 indicates
the potency and the maximum efficacy of synthesized com-
pounds respect to isoprenaline on the response of isolated rat
atrium. As indicated in this Table, among tested compounds,
5a displayed less agonistic property than other examined
compounds, whereas 5g showed more maximum contrac-
tion (Emax) or agonistic property at a certain concentration
(Table 2). In general, on the basis of both β-agonist and
antagonist assessments (Figs. 6, 7), eugenyloxy propanol
azole derivatives could be considered as partial antagonists or
agonists.

Toxicity studies

Animals were cared for 5 days after administration of each
compounds and no mortality rate was observed.

In silico studies

Molecular docking study

Transient receptor potential vanilloid subtype 1 (TRPV1) is a
key transducer molecule of nociceptors which acts as a poly-
modal molecular pain receptor [52–54]. TRPV1 is a cation
channel which has a vital effect in the molecular mecha-
nisms responsible for pain hypersensitivity and injury-related
hyperalgesia [55]. The activation of TRPV1 channel can be
considered as an attractive strategy for pain therapy. Gen-
erally, this is achieved by various stimuli including acidic
pH, heat, several inflammatory mediators and a wide range
of vanilloids [52–54]. Particularly, the activation of TRPV1
by capsaicin, the spicy component of chili pepper, is well
established and studied. It was proved that TRPV1 which is
present in nociceptive neurons act as a specific and selective
receptor for capsaicin [56]. Accordingly, TRPV1 is also well
known as the capsaicin receptor [57].

Recently, three-dimensional (3D) structure of TRPV1
has been determined using single-particle electron cryo-
microscopy (cryo-EM) experiments [58]. TRPV1 channels
are homotetramers around a central permeation pore andhave
transmembrane topology resembling that of voltage-gated
ion channels [58]. Each subunit consists of six transmem-
brane helices (S1–S6) plus a re-entrant loop-helix domain
between S5 and S6. Based on the mutagenesis studies, four
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Fig. 7 Effect of different concentrations of isoprenaline and synthesized compounds on the response of isolated rat atrium; each point represents
the mean±SEM (n=3–5/compound)

Table 2 Potency and maximum efficacy of isoprenaline and synthetic compounds on the response of isolated rat atrium

Compounds pECb
50 Emax (%)d Compounds pEC50 Emax (%)

ISPa 9.0±1.2 224.9±25.4

5a NCc 2.1±2.1 5g 4.7±0.3 109.5±9.5

5b NC 19.6±2.6 7a 5.0±0.4 79.4±1.6

5c NC 48.9±22.0 7b NC 27.0±9.2

5d NC 46.8±10.7 11a 4.5±0.3 77.7±38.1

5e 4.6±0.2 52.4±9.9 11b NC 38.5±6.1

5f 4.6±0.1 86.3±3.3 11c 4.4±0.2 85.6±35.9

Data are presented as the mean±SEM (n=3–5/compound)
aIsoprenaline
bpEC50: negative logarithm of the concentration that increased baseline contraction by 50%
cNot calculated
dEmax: maximum contraction that produced at 1×10−4 M

residues play a significant role for specification of sensitiv-
ity to small vanilloid compounds. These residues include
Tyr511 and Ser512 in S3 and Met547 and Thr550 in S4
[58]. The binding site of capsaicin is located at the inter-
face between two monomers involving residues from S3 and
S4 helices [58]. Recently, a “tail-up, head-down” conforma-
tion in the binding pocket was reported for the binding mode
of capsaicin to the receptor which is known as the VRdown

conformation [59]. Thus, the vanillyl ring (VR) of capsaicin
points downward and towards the S4–S5 linker that provides
an interaction with Tyr511. In addition, the aliphatic tail of
capsaicin is upward and towards Phe543 in S4 helix provid-
ing nonspecific hydrophobic contacts with the channel.

The molecular docking study is a widely used computa-
tional method to study the binding mode and interactions
of the ligand with the binding site of receptor or enzyme.
Since our compounds demonstrated good to excellent pro-
file of analgesic activity, the bindingmodes of themost potent
compounds in the binding site of TRPV1 were investigated
using a molecular docking study.

To this end, the structure of TRPV1 from Rattus norvegi-
cus (PDB code: 3J5R) was selected as a template. The
structure of 3J5R was taken from the Protein Data Bank
(http://www.rcsb.org). The molecular docking study was
performed using Molegro Virtual Docker (MVD) software
without any change in its default settings [60]. The bind-
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Fig. 8 Chemical structure, docked conformation and hydrogen bonds (dark blue) of capsaicin in binding site of TRPV1. (Color figure online)

ing site of the receptor was defined to comprise the residues
within a 7 Å radius around the bound ligand. To obtain the
optimized geometry of ligands 5f, 5g, 7b, 11a, and capsaicin,
the DFT method at the B3LYP/6-31+G** level of theory
using Gaussian 09 programme was employed [61].

In our initial attempt to perform the molecular docking
study, the binding mode of capsaicin with TRPV1 (PDB
code: 3J5R) was investigated, and the results were found to
be similar to that reported in the literature [59]. The chemical
structure of capsaicin and its binding geometry and interac-
tion are depicted in Fig. 8.

It is clear from Fig. 8 that capsaicin has adopted the
VRdown conformation since the vanillyl ring is pointing
downward and in direction of Tyr511 and the hydropho-
bic tail is upward. In general, three types of interactions
including electrostatic, hydrogen bond, and hydrophobic
interactions play substantial role for binding the ligand to the
receptor. Since capsaicin is neutral, the electrostatic interac-
tions were not detected. However, both hydrogen bonding
and hydrophobic interactions are important stabilizing fea-
tures for suitable interaction of capsaicin with receptor. The
aliphatic tail is involved in the hydrophobic interactions with
the channel, and the polar groups such as amide moiety
can easily achieve the hydrogen bonds with the appropri-
ate amino acids. In this concern, three hydrogen bonds were
perceived for interaction of capsaicin with TRPV1 including
(1) the carbonyl moiety of amide from capsaicin with Tyr511
from S3, (2) the nitrogen atom of amide from capsaicin with
Thr550 from S4, and (3) the OH residue of vanillyl ring with
Glu570 in S4-S5 linker. In addition, two hydrophobic pock-
ets contribute to the hydrophobic interactionwith the vanillyl
ring and the aliphatic tail of capsaicin. Thus, a hydrophobic
cluster formed by Tyr511, Leu515, Leu553, Val583, Phe587,

and Leu669 interacts with the vanillyl ring. The second
hydrophobic pocket formed by Phe543, Ala546, Met547,
Phe591, Leu662, and Ala665 anchors in the hydrophobic
tail.

An overlay view of docked conformations of 5f, 5g, 7b,
11a, and capsaicin at the binding site of TRPV1 is shown in
Fig. 9. Similarly with status of vanillyl ring in capsaicin at
TPRV1 binding site, the eugenolyl rings of the above com-
pounds stand at the same position. As expected, the docking
results determined that the eugenolyl rings of ligands 5f, 5g,
7b, and 11a are oriented towards Tyr511which is downward.
Therefore, all of four docked ligands adopted the confor-
mation similar to capsaicin which is known as the VRdown

conformation.
The docked conformations and hydrogen bond interac-

tions of 5f, 5g, 7b, and 11a are illustrated in Fig. 10. As
shown in Fig. 10, all of docked ligands participate in sev-
eral hydrogen bonds with TRPV1. In the case of 5f, five
strong hydrogen bonds were detected (Fig. 10a). The car-
bonyl group of Thr550 contributes to the hydrogen bondwith
hydroxyl residue of ligand. In addition,OHofThr550 formed
two hydrogen bonds with two nitrogens of triazole ring of
5f. Also, these nitrogens participate in hydrogen bonds with
OH of Tyr511. Both eugenolyl and benzotriazolyl groups of
5f were involved in hydrophobic interactions with diverse
amino acids including Tyr511, Leu515, Met547, Leu553,
Ala566, Val583, Phe587, Phe591, Leu669.

The docked conformation of ligand 5g is shown in
Fig. 10b. As shown in Fig. 10b, ligand 5g was located in
the binding site of receptor and stabilized with three strong
hydrogen bonds. The eugenolyl group participates in hydro-
gen bonds with hydroxyl moieties of Tyr511 and Thr550.
The third hydrogen bond was formed between hydroxyl

123



Molecular Diversity

Fig. 9 Overlay view of docked conformations of 5f (green), 5g (pink),
7b (yellow), 11a (blue), and capsaicin (red) in binding site of TRPV1.
(Color figure online)

residues of Thr550 and ligand. A hydrophobic cluster formed
by Tyr511, Leu515, Leu553, Ala566, Val583, Phe587,
and Leu669 anchors the eugenolyl group. In addition, the
sacharinyl moiety interacts with the second hydrophobic
pocket formed by Phe543, Ala546, Met547, Phe591, and
Leu662.

The docking study of 7b revealed that this ligand partici-
pates in five hydrogen bonds with the binding site of receptor
(Fig. 10c). Similar to compound 5f, the triazolyl group has
a significant role in stabilizing 7b in binding site since all
nitrogens of triazolyl group establish three strong hydrogen
bonds with OH of Tyr511. The hydroxyl of CHOHmoiety of
7b provides a strong hydrogen bondwithOHof Thr550. This
residue also provides another strong hydrogen bond with the
eugenolyl group. The hydrophobic interactions between 7b
and binding site of TRPV1 were significantly achieved using
Tyr511, Ser512, Leu515, Met547, Ala546, Leu553, Ile569,
Val583, Phe587, Phe591, and Leu669 residues.

Ligand 11a participates in establishing six strong hydro-
gen bonds with binding site of receptor (Fig. 10d). As
observed for 5f and 7b, the nitrogen atoms of triazolyl

Fig. 10 Docked conformation and hydrogen bonds (dark blue) of 5f (a), 5g (b), 7b (c), and 11a (d) in binding site of TRPV1. (Color figure online)
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group of 11a participate in hydrogen bonds formation with
residues at binding site. In this context, five strong hydrogen
bonds between triazolyl group with Tyr511 and Thr550 were
detected. It seems that the presence of triazolyl group can
largely influence the proper binding of synthesized ligands
with TRPV1 which results in good to excellent antinocicep-
tive activity of these ligands. Apparently, this hypothesis was
confirmed by obtained results from both experimental and
docking studies. In addition, the hydroxyl group of 11a forms
a strong hydrogen bond with the carbonyl group of Thr550.
Two hydrophobic pockets participate in hydrophobic interac-
tions with 11a. The first pocket is formed by Tyr511, Ser512,
Leu515, Leu553, Tyr565, Ala566, Ile569, Val583, Phe587,
and Leu669 which interacts with eugenolyl group. The sec-
ond pocket which anchors in phthalimidyl group is formed
by Phe543, Ala546, Met547, Phe591, Leu662, and Ala665.

Using MVD software, the calculated �G values for the
interaction of capsaicinwithTRPV1and their hydrogen bond
energy are − 134.53 and − 6.16 kcal/mol, respectively. The
calculated �G values for the interaction of ligands 5f, 5g,
7b, and 11a with receptor are−141.04,−141.46,−131.85,
and −168.30 kcal/mol, respectively. These �G values are
strong evidence for binding of eugenyloxy propanol azole
ligands at binding site of TRPV1. The total hydrogen bond
energies for 5f, 5g, 7b, and 11a are−14.19,−8.93,−13.41,
and −14.89 kcal/mol, respectively. The comparison of the
values of total hydrogen bond energies of 5f, 7b, and 11a
with that of capsaicin and 5g confirms that the presence of
triazolyl groups plays a substantial role in binding of these
ligands with TRPV1.

In silico pharmacokinetic profile

In recent decades, the developed approaches on the basis of
in silico predictions have found a powerful tool for theoret-
ical assessments of physiochemical properties [62]. In this
connection, diverse physiochemical parameters and molec-
ular descriptors were developed to estimate toxicity risks,
drug likeness and drug scores in drug candidate molecules.
An established concept by Lipinski, namely Lipinski’s rule
of five (RO5), emerged as a simple route to predict the drug
likelihood for candidate drugs [63, 64].

Due to RO5, a drug candidate should (1) have a molecu-
lar weight less than 500 Dalton; (2) have an octanol–water
partition coefficient value not more than 5; (3) include the
hydrogen bond donors (sum of NH and OH) less than 5; (4)
avoid more than 10 hydrogen bond acceptors (sum of N and
O); and (5) exhibit 10 or fewer rotatable bonds. A drug can-
didate molecule that does not comply with these rules likely
shows inferior pharmacokinetic profile for oral administra-
tion.

To investigate the in silico pharmacokinetic profile
for synthesized compounds, we have employed a well-

Table 3 Toxicity risks predicted by OSIRIS DataWarrior for all synthe-
sized compounds

Compd. Mutagenic Tumourigenic Reproductive
effective

Irritant

5a None High None High

5b None High None High

5c High High None High

5d High High None High

5e None High None High

5f High High None High

5g None High None High

7a None High None High

7b None High None High

11a None High None High

11b None High None High

11c None High None High

Eugenol High High None High

validate OSIRIS DataWarrior V4.7.1 freeware [65]. This
software encompasses the database for commercial none
drug molecules or traded drugs. The risks of side effects,
such as mutagenic, tumourigenic, irritant and reproduc-
tive effects, can be estimated utilizing this software. The
predicted toxicity risks by OSIRIS DataWarrior for all syn-
thesized compounds are depicted in Table 3.

As indicated in Table 3, in addition to eugenol as a ref-
erence drug, all synthesized compounds were predicted to
involve the high risk of tumourigenic and irritant properties,
whereas none of the studied compounds demonstrated the
reproductive effective. Except that of compounds 5c, 5d, 5f
and eugenol that show the mutagenic risks, other studied
compounds were anticipated to be harmless from mutagenic
point of view (Table 3).

Aside from toxicity risks prediction by OSIRIS DataWar-
rior, this software is capable to determine some important
physiochemical parameters or descriptors. In this connection,
we calculatedLipinski’s parameters to indicatewhether com-
pounds complied Lipinski’s RO5 or not. As shown in Table 4,
all computed molecular weights for synthesized compounds
were ranged in 306–466 Dalton (<500 g/mol). Additionally,
except that of 11c, the number of hydrogen bond acceptors
(nHba) for all compounds were 5–10which follows the RO5.
The number of hydrogen bond donors (nHbd)�1 and num-
ber of rotatable bonds (nrotb)�8–10 were almost similar to
commercial drugs which lie in range of RO5 (Table 4).

One of the most important parameters in Lipinski’s RO5
is lipophilicity factor which traditionally is represented as
an octanol–water partition coefficient (cLog P). This param-
eter is a descriptor for the affinity of unionized molecules
or drugs for a lipophilic environment. Drugs with intense of
lipophilicity values are unable to pass the blood–brain bar-
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Table 4 Physicochemical
properties predicted by OSIRIS
DataWarrior software

Compd. mw nHba nHbd nrotb cLog P cLog S TPSA Drug
likeness

Drug
score

5a 288.346 5 1 8 1.6183 −1.65 56.51 2.4166 0.3216

5b 338.406 5 1 8 3.0577 −3.046 56.51 1.1508 0.2609

5c 364.444 5 1 9 3.2613 −3.795 56.51 1.1548 0.1428

5d 347.370 8 1 9 1.1111 −2.263 102.33 −3.604 0.0990

5e 352.433 5 1 8 3.2911 −2.674 56.51 1.1687 0.2596

5f 339.394 6 1 8 2.4726 −3.324 69.4 −3.7662 0.0917

5g 403.454 7 1 8 2.5996 −2.972 101.52 4.1726 0.2840

7a 365.432 6 1 9 2.7834 −3.706 69.4 −3.1898 0.1460

7b 319.360 7 2 9 0.4899 −1.836 89.63 −3.1423 0.1733

11a 448.478 9 1 10 1.8393 −3.284 106.78 −1.6583 0.1560

11b 484.532 10 1 10 1.6293 −2.78 132.23 0.4982 0.2111

11c 481.511 12 1 10 0.6067 −2.27 127.84 −1.5139 0.1592

Eugenol 164.203 2 1 3 2.2723 −2.05 29.46 −4.6405 0.1022

rier. Most known drugs are reported to have cLog P values
<5. The cLog P values for all synthesized compounds were
calculated around 0.48–3.29 which are below the defined
limit by RO5 (<5). Among the title compounds, 5e and 7b
was found to exhibit themaximal lipophilic and hydrophobic
properties, respectively (Table 4). The aqueous solubility of
a molecule or drug candidate (cLog S) is a main parameter
that significantly affects absorption and distribution charac-
teristics. Most established or traded drugs have a cLog S
value>−4. As can be seen in Table 4, all compounds have
values more than indicated threshold value (>−4). Topolog-
ical or total polar surface area (TPSA) is a useful parameter
for prediction of drug transport properties. TPSA is defined
as a sum of surfaces of polar atoms (usually oxygen, nitro-
gen, and attached hydrogen) in a molecule. This parameter
has been shown to correlate very well with the human intesti-
nal absorption and blood–brain barrier penetration. In most
common drugs, TPSA values were known to be less than
140 Å2.

As shown in Table 4, all compounds involve TPSA values
less than 140 Å2. Fragment-based drug likeness is a param-
eter that is obtained from a fragment list which is prepared
by the fragmentation of 3300 traded drugs as well as 15,000
commercially available chemicals to access a comprehensive
list of all available fragments. Molecules that predominantly
contain fragments that are often found in commercial drugs
have a positive drug likeness. Among synthesized com-
pounds, 5a–c, 5e, 5g and 11b exhibit positive drug likeness
while the other compounds were found to involve negative
values. Interestingly, the most negative values is obtained
for eugenol as a reference drug. Among potent antinocicep-
tive agents such as 5f, 7b, and 11a and also all other tested
derivatives, the maximum drug likeness was found for 5g.
The result of drug likeness as well as the above explained
descriptors can be integrated to a parameter the so-called

drug score. Drug score is a parameter that indicates whether
a compound could be considered as a drug candidate or not.
The higher drug score valuemeans that compound has amore
chance to be a drug candidate. Through the title compounds,
nonetheless of their marginal biological activity, 5a and 5d
were indicated to have maximum and minimum drug score
values, respectively. Through antinociceptive compounds 5g,
5f, 7b, and 11a, compound 5g showed the maximum drug
score evenmore than eugenol. Regarding to appropriate drug
likeness and drug score values of 5g and also its remarkable
antinociceptive activity, 5g can be considered as a future drug
candidate.

Conclusions

In summary, we explained the design and synthesis of novel
eugenyloxy propanol azole derivatives. These compounds
were in vivo examined for the acute antinociception on male
SpargueDawley rats using tail-flick test. The test results have
revealed that compounds 5f, 5g, 7b, and 11a displayed potent
antinociceptive properties compare to eugenol as a reference
drug. In this connection, at the time of maximal antinocicep-
tive effect, i.e. 15 min. for 5f, 5g, 7b and 30 min. for 11a,
the ratio of antinociceptive activity of 5f, 5g, 7b, and 11a
to that of eugenol were found to be 2.3, 1.7, 1.9, and 1.7,
respectively. Also, all compounds were ex vivo tested for β-
adrenoceptor antagonist and/or agonist properties on isolated
left atrium of male rats. This study has indicated that eugeny-
loxy propanol azole analogues involved partial antagonist or
agonist behaviour compare to isoprenaline andpropranolol as
a reference β-agonist and antagonist agents, respectively. In
silicomolecular docking studywas conducted for someof the
analogues at the binding site of transient receptor potential
vanilloid subtype 1 (TRPV1). The results have proved that

123



Molecular Diversity

similar to capsaicin, the titled compounds show the strong
affinity to bind at the site of TPRV1. Moreover, the presence
of triazolyl moieties has played undeniable role in estab-
lishing durable binding of these ligands to TRPV1 and thus
the significant factor for enhancing the analgesic activity of
studied compounds compare to eugenol. The in silico phar-
macokinetic profile, drug likeness and toxicity predictions
were carried out for all compounds which determined that
5g can be considered as potential analgesic drug candidate
for further investigations.

Experimental

General

All materials as well as standard drugs involving isopre-
naline, propranolol, and eugenol were purchased from either
Sigma-Aldrich (UK), Fluka or Merck. All the chemical salts
of PSS were used in analytical grade. The synthesized com-
poundswere dissolved in pure dimethylsulphoxide (DMSO).
Final concentrationofDMSOin contactwith preparationwas
up to 0.1% which had not any effect on responses in prelimi-
nary studies. Isoprenaline and propranolol were dissolved in
distilled water. Solvents were purified using standard proce-
dures and stored over 3 Å molecular sieves. Reactions were
monitored by TLC using SILG/UV 254 silica-gel plates.
Column chromatography was performed on silica gel 60
(0.063–0.200 mm, 70–230 mesh; ASTM). Melting points
were measured using Electrothermal IA 9000 melting point
apparatus in open capillary tubes and are uncorrected. IR
spectra were obtained using a Shimadzu FT-IR-8300 spec-
trophotometer. 1H- and 13C-NMR spectra were recorded
on a Brüker Avance DPX-250 spectrometer operating at
250/62.5 MHz, respectively. Chemical shifts are given in δ

relative to tetramethylsilane (TMS) as an internal standard,
and coupling constants J are given in Hz. Abbreviations used
for 1H NMR signals are s singlet, d doublet, t triplet, q quar-
tet, m multiplet, b broad, dd doublet of doublet. GC/MS was
performed on a Shimadzu GC/MS-QP 1000-EX apparatus
(m/z; rel.%). Elemental analyses were performed on a Perk-
in–Elmer 240-B microanalyzer.

Animals

Male Spargue Dawley rats (200–220 g) were obtained from
the Center of Comparative and Experimental Medicine, Shi-
raz University of Medical Sciences, Shiraz, Iran. All animals
were kept in standard condition. The rats were randomly
divided into 12groups of synthesized compounds and a group
of control. The experimental protocols were approved by the
Ethics Committee of Shiraz University of Medical Sciences
(Ethics committee approval number; ec-p-91-5317).

General procedure for the synthesis of Intermediates 3
and 4

Toa roundbottomflask (100mL), equippedwith a condenser,
it was added a mixture of eugenol (0.01 mol), epichlorohy-
drin (0.02mol),K2CO3 (0.01mol), and tetrabutylammonium
iodid (TBAI) (0.1 g) in CH3CN (20 mL). The solution was
heated to reflux for 10 h (TLC control). Then, the solvent was
evaporated at reduced pressure, and the residuewas dissolved
in CHCl3 (150mL) and washed with H2O (2×150mL). The
organic layer was dried (Na2SO4, 10 g) and evaporated. This
adducts were used for the next step without further purifica-
tion and separation.

General procedure for the synthesis of compounds (5a–g)

A solution of adducts 3 and 4 (0.01 mol) in CH3CN (30 mL)
was added into a flask containing mixture of appropriate N-
heterocycle (0.01 mol), K2CO3 (0.01 mol), triethylamine
(0.01 mol), and a catalytic amount of TBAI (0.1 g). The
solution was heated to reflux for 10 h (Table 1). Then, the
solvent was evaporated at reduced pressure, and the residue
was dissolved in CHCl3 (150mL) andwashedwithH2O (2×
150 mL). The organic layer was dried (Na2SO4, 10 g) and
concentrated to afford the crude product which was purified
by column chromatography eluting with proper solvents.

General procedure for the synthesis
of 1-(4-allyl-2-methoxy-phenoxy)-3-azido-propan-2-ol (6)

A mixture of adducts 3 and 4 (0.02 mol) with NaN3

(0.04 mol) and acetone/H2O 1:1 (30 mL) in a round bottom
flask (100 mL) was stirred for 3 h (TLC control). After-
wards, acetone was evaporated at reduced pressure, and then,
the crude product was dissolved in CHCl3 (150 mL) and
washed with H2O (2×150 mL). The organic layer was dried
(Na2SO4, 10 g) and concentrated to afford the crude product
which was purified by column chromatography eluting with
EtOAc–n-hexane (1:6).

Synthesis of propargyl tosylate (9)

In a round bottomed flask (100mL) equippedwith amechan-
ical stirrer was added propargyl alcohol (0.01 mol), tosyl
chloride (0.02 mol), and diethyl ether (25 mL). The resulting
reaction mixture was cooled in an ice bath, and NaOH (2 g,
0.05 mol) pellets were added to the solution in 6 portions at
0 °C under vigorous stirring. After the reaction completion
(TLC control) and the evaporation of the organic solvent, the
residue was dissolved in CHCl3 (150 mL) and washed with
H2O (3×150 mL). The organic layer was dried (Na2SO4,
10 g) and concentrated to afford the crude product, which
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was pure enough to use for the subsequent reaction without
further purification.

General procedure for the synthesis of N-propargyl
heterocycles (10)

In a round bottomed flask (100 mL), a mixture of the
appropriate N-heterocycle (0.01 mol), propargyl tosylate
(0.01 mol), and K2CO3 (0.01 mol) was dissolved in DMF
(20 mL). Then, the mixture was stirred at room temperature
for 10 h (TLC control). Afterwards, the solvent was evapo-
rated at reduced pressure, and the residue was dissolved in
CHCl3 (150 mL) and washed with H2O (3×150 mL). The
organic layer was dried (Na2SO4, 10 g) and evaporated and
then concentrated to afford the crude productwhichwas puri-
fied by column chromatography elutingwith proper solvents.

General procedure for the synthesis of compounds 7a, 7b,
and 11a–c

To a round bottom flask (100 mL) was added a solution
of 6 (0.01 mol), appropriate alkyne (0.01 mol), and a cat-
alytic amount of CuI (0.1 g) in H2O/THF 1:1 (30 mL). Then,
the mixture was stirred at room temperature for 8 h (TLC
control). Afterwards, the solvent was evaporated at reduced
pressure, and the residue was dissolved in CHCl3 (150 mL)
and washed with H2O (3×150 mL). The organic layer was
dried (Na2SO4, 10 g) and evaporated and concentrated to
afford the crude product which was purified by column chro-
matography eluting with proper solvents indicated below.

Data for compounds 5a–g, 7a, 7b and 11a–c

1-(4-allyl-2-methoxy-phenoxy)-3-(1H-imidazol-1-yl)
propan-2-ol (5a) This compound was obtained as a yellow
oil using column chromatography on silica gel (EtOAc);
Yield: 2.16 g, 75%; Rf �0.17 (Methanol-EtOAc, 1:4);
IR (film) νmax �3345, 3050, 2938, 1640, 1458, 1285,
1130 cm−1; 1H NMR (CDCl3, 250 MHz): δppm 3.23 (d,
J �6.7 Hz, 2H, ArCH2), 3.73–3.79 (complex, 5H, OCH3,
NCH2), 3.87–3.91 (m, 1H, CHOH), 4.03–4.20 (complex,
3H, OCH2, OH), 4.96–5.03 (m, 2H, =CH2), 5.78–5.91 (m,
1H, =CH), 6.74–6.95 (complex, 5H, aryl, C(4)-H andC(5)-H
of imidazole), 7.45 (s, 1H, C(2)-H of imidazole); 13C NMR
(CDCl3, 62.5 MHz): δppm 38.74, 51.47, 55.16, 69.50, 72.13,
112.53, 113.82, 116.42, 120.87, 122.42, 128.95, 132.83,
137.04, 138.05, 147.91, 150.03; MS (EI): m/z (%)�288
(19.5) [M+]; Anal. Calcd for C16H20N2O3: C, 66.65; H,
6.99; N, 9.72. Found: C, 66.79; H, 7.17; N, 9.87.

1-(4-allyl-2 methoxyphenoxy)-3-(1H-benzo[d] imidazole-
1-yl) propan-2-ol (5b) This compound was obtained as a
creamy solid using column chromatography on silica gel

(EtOAc–n-hexane, 4:1); Yield: 2.77 g, 82%; mp 127–129
0C; Rf �0.62 (Methanol-EtOAc, 1:4); IR (KBr) νmax �
3300, 3028, 2954, 1662, 1450, 1282, 1148 cm−1; 1H NMR
(CDCl3, 250 MHz): δppm 3.24 (d, J �6.6 Hz, 2H, ArCH2),
3.76 (s, 3H, OCH3), 3.84–4.01 (m, 2H, NCH2), 4.09–4.17
(m, 1H, CHOH), 4.25–4.33 (m, 1H, OCHAHB), 4.36 (dd, J
�3.2, 13.9 Hz, 1H, OCHAHB), 4.96–5.03 (m, 2H, =CH2),
5.72–5.92 (complex, 2H,OH, =CH), 6.59–6.65 (m, 2H, aryl),
6.72 (d, J �8.0 Hz, 1H, aryl), 7.00–7.08 (m, 2H, aryl),
7.30–7.40 (m, 2H, aryl), 7.77 (s, 1H, C(2)-H of benzimi-
dazole); 13C NMR (CDCl3, 62.5 MHz): δppm 38.25, 55.70,
56.74, 68.18, 72.35, 110.11, 112.94, 114.00, 115.81, 120.21,
122.85, 123.35, 123.87, 133.23, 135.08, 137.17, 143.12,
144.67, 147.29, 150.41;MS (EI):m/z (%)�338 (24.1) [M+];
Anal. Calcd for C20H22N2O3: C, 70.99; H, 6.55; N, 8.28.
Found: C, 71.12; H, 6.70; N, 8.45.

1-(4-allyl-2-methoxy-phenoxy)-3-(2-phenyl-1H-
imidazol-1-yl) propan-2-ol (5c) This compound was
obtained as a yellow oil using column chromatography on
silica gel (EtOAc–n-hexane, 2:1); Yield: 2.77 g, 76%; Rf �
0.52 (Methanol-EtOAc, 1:2); IR (film) νmax �3250, 3065,
2983, 1668, 1471, 1268, 1143 cm−1; 1H NMR (CDCl3,
250MHz): δppm 3.21 (d, J �6.7 Hz, 2H, ArCH2), 3.66–3.74
(complex, 5H, OCH3, NCH2), 3.95–4.20 (complex, 3H,
OCH2, CHOH), 4.95–5.02 (m, 2H, =CH2), 5.15 (br s, 1H,
OH), 5.77–5.90 (m, 1H, =CH), 6.56–6.59 (m, 3H, aryl),
6.87 (d, J �1.1 Hz, 1H, C(5)-H of imidazole), 7.03 (d, J �
1.1 Hz, 1H, C(4)-H of imidazole), 7.22–7.24 (m, 3H, aryl),
7.42–7.46 (m, 2H, aryl);); 13C NMR (CDCl3, 62.5 MHz):
δppm 37.45, 50.34, 57.40, 68.97, 72.85, 113.32, 114.66,
116.46, 122.25, 125.11, 127.21, 128.29, 130.12, 130.65,
131.94, 133.25, 137.15, 148.47, 150.31, 154.53; MS (EI):
m/z (%)�364 (22.7) [M+]; Anal. Calcd for C22H24N2O3:
C, 72.50; H, 6.64; N, 7.69. Found: C, 72.36; H, 6.80; N,
7.81.

1-(4-allyl-2-methoxy-phenoxy)-3-(2-methyl-4-nitro-1H-
imidazol-1-yl) propan-2-ol (5d) This compound was
obtained as a yellow solid using column chromatography on
silica gel (EtOAc–n-hexane, 3:1); Yield: 2.70 g, 78%; mp
106–108 0C; Rf �0.64 (Methanol-EtOAc, 1:10); IR (KBr)
νmax �3200, 3074, 2986, 1667, 1548, 1463, 1350, 1285,
1142 cm−1; 1H NMR (CDCl3, 250 MHz): δppm 2.40 (s, 3H,
CH3), 3.32 (d, J �6.6 Hz, 2H, ArCH2), 3.84 (s, 3H, OCH3),
3.95–4.31 (complex, 6H, NCH2, OCH2, CHOH), 5.04–5.11
(m, 2H, =CH2), 5.88–6.02 (m, 1H, =CH), 6.70 (d, J �
7.7 Hz, 2H, aryl), 6.82 (d, J �7.8 Hz, 1H, aryl), 7.87 (s, 1H,
C(5)-H of imidazole); 13C NMR (CDCl3, 62.5 MHz): δppm
13.07, 37.96, 50.51, 57.33, 69.62, 72.66, 112.49, 113.84,
116.25, 120.65, 121.36, 133.27, 137.06, 142.48, 147.91,
148.24, 150.65; MS (EI): m/z (%)�347 (20.3) [M+]; Anal.
Calcd for C17H21N3O5: C, 58.78; H, 6.09; N, 12.10. Found:
C, 58.90; H, 6.26; N, 12.29.
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1-(4-allyl-2-methoxy-phenoxy)-3-(2-methyl-1H-
benzo[d]imidazol-1-yl) propan-2-ol (5e) This compound
was obtained as a creamy solid using column chromatog-
raphy on silica gel (EtOAc–n-hexane, 3:1); Yield: 2.82 g,
80%; mp 155–157 0C; Rf �0.50 (Methanol-EtOAc, 1:4);
IR (KBr) νmax �3260, 3075, 2937, 1664, 1468, 1291,
1135 cm−1; 1H NMR (DMSO-d6, 250 MHz): δppm 2.57
(s, 3H, CH3), 3.31 (d, J �5.5 Hz, 2H, ArCH2), 3.81–3.96
(complex, 5H, OCH3, NCH2), 4.18–4.26 (m, 2H, OCH2),
4.39–4.45 (m, 1H, CHOH), 5.07–5.13 (m, 2H, =CH2), 5.53
(s, 1H, OH), 5.93–6.04 (m, 1H, =CH), 6.69 (d, J �7.7 Hz,
1H, aryl), 6.85–6.94 (m, 2H, aryl), 7.15 (br s, 2H, aryl), 7.52
(br s, 2H, aryl); 13C NMR (DMSO-d6, 62.5 MHz): δppm
15.07, 40.78, 53.10, 57.30, 68.03, 71.97, 111.04, 113.14,
114.18, 116.01, 120.47, 122.06, 123.35, 123.88, 133.08,
136.48, 142.75, 143.28, 148.26, 149.05, 150.65; MS (EI):
m/z (%)�352 (26.2) [M+]; Anal. Calcd for C21H24N2O3:
C, 71.57; H, 6.86; N, 7.95. Found: C, 71.41; H, 6.73; N,
7.80.

1-(4-allyl-2-methoxy-phenoxy)-3-(1H-benzo[d] [1–3] tri-
azol-1-yl)propan-2-ol (5f) This compound was obtained
as a yellow solid using column chromatography on silica
gel (EtOAc–n-hexane, 2:1); Yield: 2.34 g, 69%; mp 40–42
0C; Rf �0.60 (EtOAc–n-hexane, 2:5); IR (KBr) νmax �
3201, 3039, 2881, 1662, 1432, 1280, 1129 cm−1; 1H NMR
(CDCl3, 250 MHz): δppm 2.88 (br s, 1H, OH), 3.29 (d, J
�6.5 Hz, 2H, ArCH2), 3.79 (s, 3H, OCH3), 3.91–3.98 (m,
1H,NCHAHB), 4.02–4.08 (m, 1H,NCHAHB), 4.52–4.58 (m,
1H, CHOH), 4.81–4.89 (m, 2H, OCH2), 5.02–5.10 (m, 2H,
=CH2), 5.84–5.98 (m, 1H, =CH), 6.64–6.79 (m, 3H, aryl),
7.27–7.40 (m, 2H, aryl), 7.65–7.68 (m, 1H, aryl), 7.88–7.91
(d, J �8.3Hz, 1H, aryl); 13CNMR(CDCl3, 62.5MHz): δppm
39.84, 55.92, 58.85, 64.05, 72.92, 111.19, 112.68, 114.06,
116.91, 120.60, 122.40, 126.30, 126.81, 133.36, 134.13,
137.54, 145.84, 148.42, 150.25; MS (EI): m/z (%)�339
(21.8) [M+];Anal. Calcd for C19H21N3O3: C, 67.24;H, 6.24;
N, 12.38. Found: C, 67.43; H, 6.40; N, 12.52.

2-(3-(4-allyl-2-methoxy-phenoxy)-2-
hydroxypropyl)benzo[d]isothiazol-3(2H)-one 1,1-dioxide
(5g) This compound was obtained as a creamy foam using
column chromatography on silica gel (EtOAc–n-hexane,
2:1); Yield: 3.23 g, 80%; Rf �0.68 (EtOAc–n-hexane,
2:1); IR (film) νmax �3251, 3050, 2969, 1693, 1658, 1447,
1293, 1175, 1132 cm−1; 1H NMR (CDCl3, 250 MHz): δppm
3.23 (d, J �6.7 Hz, 2H, ArCH2), 3.45 (s, 1H, OH), 3.75
(s, 3H, OCH3), 3.93–4.04 (complex, 4H, NCH2, OCH2),
4.30–4.36 (m, 1H, CHOH), 4.95–5.03 (m, 2H, =CH2),
5.81–5.92 (m, 1H, =CH), 6.61–6.63 (m, 2H, aryl), 6.79 (d,
J �8.6 Hz, 1H, aryl), 7.74–7.96 (m, 4H, aryl); 13C NMR
(CDCl3, 62.5 MHz): δppm 40.13, 47.24, 57.23, 66.41, 72.50,
113.47, 114.54, 116.10, 121.90, 123.19, 124.25, 127.25,
133.72, 135.05, 136.35, 136.87, 141.08, 148.18, 150.01,

171.58; MS (EI): m/z (%)�403 (23.5) [M+]; Anal. Calcd
for C20H21NO6S: C, 59.54; H, 5.25; N, 3.47. Found: C,
59.40; H, 5.14; N, 3.60.

1-(4-allyl-2-methoxy-phenoxy)-3-(4-phenyl-1H-1, 2, 3-
triazol-1-yl) propan-2-ol (7a) This compound was obtained
as a white solid using column chromatography on silica gel
(EtOAc–n-hexane, 2:1); Yield: 2.85 g, 78%; mp 96–98 0C;
Rf �0.60 (EtOAc–n-hexane, 2:1); IR (KBr) νmax �3253,
3042, 2971, 1670, 1427, 1231, 1152 cm−1; 1HNMR(CDCl3,
250MHz): δppm 3.20 (d, J �6.6Hz, 2H,ArCH2), 3.69 (s, 3H,
OCH3), 3.84–3.97 (m, 2H, NCH2), 4.37–4.45 (complex, 2H,
CHOH), 4.55 (dd, J �2.5, 13.0 Hz, 2H, OCH2), 4.93–5.01
(m, 2H, =CH2), 5.77–5.88 (m, 1H, =CH), 6.57 (d, J �7.6Hz,
2H, aryl), 6.70 (d, J �8.0 Hz, 1H, aryl), 7.12–7.27 (m, 3H,
aryl), 7.57–7.61 (m, 2H, aryl), 7.80 (s, 1H, C(5)-H of tri-
azole); 13C NMR (CDCl3, 62.5 MHz): δppm 39.87, 57.26,
58.56, 66.35, 72.86, 113.04, 114.85, 116.67, 122.92, 127.82,
128.35, 129.37, 130.93, 131.46, 132.73, 137.67, 148.07,
149.11, 150.66; MS (EI): m/z (%)�365 (24.1) [M+]; Anal.
Calcd for C21H23N3O3: C, 69.02; H, 6.34; N, 11.50. Found:
C, 69.19; H, 6.20; N, 11.68.

1-(4-allyl-2-methoxy-phenoxy)-3-(4-(hydroxymethyl)-
1H-1, 2, 3-triazol-1-yl) propan-2-ol (7b) This compound
was obtained as a white solid using column chromatography
on silica gel (EtOAc–n-hexane, 2:1); Yield: 2.40 g, 75%;
mp 80–82 0C; Rf �0.48 (EtOAc–n-hexane, 2:1); IR (KBr)
νmax �3328, 3073, 2945, 1662, 1460, 1246, 1143 cm−1;
1H NMR (CDCl3, 250 MHz): δppm 3.29 (d, J �6.4 Hz, 2H,
ArCH2), 3.80 (s, 3H, OCH3), 3.90–4.01 (m, 2H, NCH2),
4.38–4.47 (m, 3H, OCH2, CHOH), 4.60 (s, 1H, CH2OH),
4.65 (s, 2H, CH2OH), 4.93–5.10 (complex, 3H, =CH2,
CHOH), 5.84–5.97 (m, 1H, =CH), 6.66 (d, J �7.4 Hz, 2H,
aryl), 6.78–6.85 (m, 1H, aryl), 7.72 (s, 1H, C(5)-H of imi-
dazole); 13C NMR (CDCl3, 62.5 MHz): δppm 40.38, 54.65,
57.78, 59.10, 66.35, 72.85, 113.96, 115.20, 117.06, 122.76,
129.54, 133.19, 138.13, 143.32, 148.75, 151.13; MS (EI):
m/z (%)�319 (15.6) [M+]; Anal. Calcd for C16H21N3O4:
C, 60.17; H, 6.63; N, 13.16. Found: C, 60.01; H, 6.79; N,
13.35.

2-((1-(3-(4-allyl-2-methoxy-phenoxy)-2-hydroxypropyl)-
1H-1,2,3-triazol-4-yl)methyl)isoindoline-1,3-dione (11a)
This compound was obtained as a yellow solid using column
chromatography on silica gel (EtOAc–n-hexane, 1:1); Yield:
3.59 g, 80%; mp 99–97 0C; Rf �0.43 (EtOAc–n-hexane,
1:4); IR (KBr) νmax �3339, 3060, 2947, 1698, 1661, 1429,
1272, 1150 cm−1; 1H NMR (CDCl3, 250 MHz): δppm
3.21 (d, J �6.6 Hz, 2H, ArCH2), 3.72–3.94 (complex, 6H,
OCH3, NCH2CH, OH), 4.27–4.43 (complex, 2H, OCHAHB,
CHOH), 4.52 (dd, J �3.4, 11.8 Hz, 1H, OCHAHB), 4.87
(s, 2H, =CCH2N), 4.95–5.02 (m, 2H, =CH2), 5.76–5.92 (m,
1H, =CH), 6.57 (d, J �7.4 Hz, 2H, aryl), 6.71 (d, J �8.1 Hz,
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1H, aryl), 7.58–7.62 (m, 2H, aryl), 7.69–7.74 (complex, 3H,
aryl, C(5)-H of triazole); 13C NMR (CDCl3, 62.5 MHz):
δppm 40.73, 45.70, 57.21, 58.02, 66.41, 72.93, 113.01,
114.60, 116.93, 122.43, 124.02, 124.30, 125.82, 131.34,
132.68, 133.97, 137.65, 148.15, 150.20, 169.84; MS (EI):
m/z (%)�448 (29.7) [M+]; Anal. Calcd for C24H24N4O5:
C, 64.28; H, 5.39; N, 12.49. Found: C, 64.40; H, 5.23; N,
12.58.

2-((1-(3-(4-allyl-2-methoxy-phenoxy)-2-hydroxypropyl)-
1H-1,2,3-triazol-4-yl)methyl)benzo[d]isothiazol-3(2H)-
one 1,1-dioxide (11b) This compound was obtained as a
yellow foam using column chromatography on silica gel
(EtOAc–n-hexane, 1:1); Yield: 4.02 g, 83%; Rf �0.50
(EtOAc–n-hexane, 5:1); IR (film) νmax �3350, 3037, 2976,
1697, 1663, 1464, 1283, 1167 cm−1; 1H NMR (CDCl3,
250MHz): δppm 3.22 (d, J �6.6 Hz, 2H, ArCH2), 3.73–4.05
(3, 3H, OCH3), 3.78–3.91 (complex, 3H, NCH2CH)
4.27–4.45 (complex, 2H, OH, OCHAHB), 4.53 (dd, J �
3.7, 10.2 Hz, 1H, OCHAHB), 4.96–5.03 (complex, 4H,
=CCH2N, =CH2), 5.79–5.90 (m, 1H, =CH), 6.58 (d, J �
7.8 Hz, 2H, aryl), 6.72 (d, J �7.9 Hz, 1H, aryl), 7.73–7.82
(complex, 5H, aryl, C(5)-H of triazole); 13C NMR (CDCl3,
62.5 MHz): δppm 39.76, 43.59, 56.76, 58.07, 65.91, 72.48,
112.70, 113.75, 116.38, 122.13, 122.68, 123.44, 124.46,
127.90, 131.02, 133.12, 135.20, 137.56, 137.81, 141.47,
148.27, 150.10, 171.28; MS (EI): m/z (%)�484 (26.4)
[M+]; Anal. Calcd for C23H24N4O6S: C, 57.01; H, 4.99; N,
11.56. Found: C, 56.85; H, 4.87; N, 11.43.

7-((1-(3-(4-allyl-2-methoxy-phenoxy)-2-hydroxypropyl)-
1H-1,2,3-triazol-4-yl)methyl)-1,3-dimethyl-1H-purine-
2,6(3H,7H)-dione (11c) This compound was obtained as
a white solid using column chromatography on silica gel
(EtOAc–n-hexane, 2:1); Yield: 4.04 g, 84%;mp 100–102 0C;
Rf �0.50 (EtOAc–n-hexane, 5:1); IR (KBr) νmax �3342,
3053, 2962, 1712, 1696, 1653, 1461, 1260, 1149 cm−1; 1H
NMR (CDCl3, 250 MHz): δppm 3.30–3.34 (complex, 5H,
N(3)-CH3, ArCH2), 3.51 (s, 3H, N(1)-CH3), 3.81 (s, 3H,
OCH3), 3.89–4.03 (complex, 3H, NCH2CH), 4.45–4.53
(complex, 3H, OCH2, OH), 5.04–5.10 (m, 2H, =CH2), 5.54
(s, 2H, =CCH2N), 5.87–5.98 (m, 1H, =CH), 6.66 (d, J �
7.8 Hz, 2H, aryl), 6.79 (d, J �7.8 Hz, 1H, aryl), 7.80 (s, 1H,
C(5)-H of triazole), 8.01 (s, 1H, C(8)-H of theophylline);
13C NMR (CDCl3, 62.5 MHz): δppm 28.76, 29.81, 38.21,
45.31, 56.32, 58.14, 64.47, 70.77, 108.29, 112.47, 114.06,
116.17, 122.21, 123.25, 131.39, 133.24, 137.46, 147.14,
147.91, 149.25, 150.28, 152.37, 156.59; MS (EI): m/z (%)�
481 (27.2) [M+]; Anal. Calcd for C23H27N7O5: C, 57.37; H,
5.65; N, 20.36. Found: C, 57.50; H, 5.81; N, 20.21.
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