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Abstract -   An  efficient method for the preparation of novel 
1,3,4-trisubstituted 4,5-dihydro-1H-pyrazoles via 1,3-dipolar 
cycloaddition has been described. Using this method, various 
pyrazole were synthesized from eugenol, a major phenolic 
constituent of clove bud essential oil, as dipolarophilic system 
and N-aryl-C-ethoxycarbonitrilimine: the (Z)-ethyl 2-bromo-2-
(2-(4-chlorophenyl)-hydrazono) acetate. 
Keywords :  clove (eugenia caryophyllata), eugenol, 1,3-
dipolar cycloaddition, pyrazole, dipolarophile, nucleo-
philic substitution (SN). 

I. Introduction 

ccording to the literature, the majority of natural 
products derived from plants by different 
extraction methods. In bibliography, eugenol 

extracted from clove, is cited as a substance similar to 
an odorous oil, having the same functional groups as 
those of the family of natural allyl phenols such as 
chavicol (A), estragol (B), and osmorhyzol (C) (fig. 1).1 

This is also the main component of the oil of 
clove (Eugenia caryophyllata), also present in many 
herbs like cinnamon.2  

Eugenol 1 is used as raw material in the 
manufacture of several drugs. Thus, in dentistry, it is 
employed as an antiseptic, disinfectant and also widely 
used as an analgesic.3, 4 This is also the major active 
ingredient of rhizoma Acori graminei (RAG). Cited in the 
literature as a medicinal herb that has been used for 
epilepsy and forgetting in East Asia for centuries, down 
cytotoxicity Aβ1-40-induced PC-12 cells in vitro.10  

In cosmetic and food products, it is used as a 
flavoring, antimicrobial, and antioxidant agent.5 In 
addition to these antioxidant properties,6 it protects 
neurons in culture from toxic events.7 It has activities of 
anti-convulsive8 and hypothermic9 agent.  

Complex heterocyclic systems such as: 
isomerization in polar protic solvents,11 the conversion 
into ferulic acid,12 oxidation13 and enzymatic 
glycosylation   of    eugenol    by   cultured   cells   of   E. 
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perriniana.14 Much of the synthetic strategy is devoted to 
the preparation of heterocyclic compounds derived from 
medicinal plants.  

As part of our research, we have synthesized 
new pyrazole derivative structure from eugenol 1. In this 
case, the 4-allyl-2 methoxyphenol (eugenol) 1 has a high 
reactivity, attributed to the functional groups of the 
aromatic ring. Recently, considerable attention has been 
focused on the development of new methodologies to 
synthesize many kinds of substituted pyrazolic subunit.15 
Indeed, these compounds are now widely recognized as 
important materials showing interesting biological 
activities and also as intermediate on heterocyclic 
chemistry. Many pyrazoles derivatives known to exhibit a 
wide range of biological properties such as 
antihyperglycemic, analgesic, anti-inflammatory, 
antibacterial, hypoglycaemic, sedative-hypnotic 
activity.16 Although many pyrazoles have 
pharmacological activities,17 those who have found a 
practical application, their activities are due more to the 
various substituents that the intrinsic activity of the 
pyrazole ring itself.  

H3CO

HO

1

H3CO H3CO

OCH3

A B C

Fig. 1 : Names of allyl phenols natural 

According to studies cited in the literature and 
those carried out in our laboratory for building five-
membered pyrazole cycles prompted us to explore new 
methodologies for the synthesis of substituted 1-aryl-
pyrazoles.18  

According to studies cited in the literature and 
those carried in our laboratory for the construction of 
five-membered pyrazole cycles, we looked at the 
development of new methodologies for the synthesis of 
substituted 1-aryl-pyrazoles namely the 1,3-dipolar 
cycloaddition.18 This is a process for the synthesis of 
several classes of azoles, such as isoxazoles, triazoles 
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and pyrazoles.19 Pyrazoles are part of heterocyclic 
structures most commonly used for the development of 
new drugs.20, 21 Subsequently, David J. Babinski et al. 
have synthesized heterocyclic compounds containing 
the pyrazole skeleton, following a synthetic strategy 
based on pericyclic reactions for the preparation of 
pyrazoles 3,4,5-tri-substituted by a tandem catalytic 
cross-coupling/electrocyclization enol triflates and 
diazoacetates.19-f 

Our investigation of this system is part of a 
current study on the synthesis of new pyrazole 
derivatives via 1,3-dipolar cycloaddition reaction. In this 
paper, we present the synthesis of 1-aryl-4,5-dihydro-
1H-pyrazoles from eugenol, previously extracted of 
cloves, and different dipoles N-aryl-C-
ethoxycarbonitrilimines. 

II. RESULTS AND DISCUSSION 

 

 The eugenol 1
 
will then be separated from the 

water by extraction with diethyl ether. The diethyl ether 
solution will then be dried and evaporated at a 
temperature not exceeding 40°C, to afford the eugenol 
oil. This oil was then purified by chromatography and 
identified by NMR 1H and 13C.22  

Thereafter, new cycloaddition reactions with 4-
allyl-2-methoxyphenol 1

 
as a dipolarophile were 

developed using the N-aryl-C-ethoxycarbonitrilimine 
derivative: the (Z)-ethyl 2-bromo-2-(2-(4-chlorophenyl)-
hydrazono)acetate, who act as a dipole. The synthesis 
of the latter,

 
was performed under conditions described 

by Hamilton et al.,23

 
according to one reaction of 

diazonium chloride aniline with ethyl diazoacetate 
treated with a solution of bromine. 

 The 1,3-dipolar cycloaddition of 4-allyl-2-
methoxy-phenol

 
1

 
with allyl group formed the 

corresponding pyrazole 2a. Unfortunately, we have 
noted the presence of compound 2b

 
according O-

alkylation reaction.24

 
To avoid this side reaction, the 1,3-

dipolar cycloaddition reaction was carried in different 
non-polar solvents. 

 The desired derivative 2a
 

(1-aryl-4,5-dihydro-
1H-pyrazoles) was formed predominantly in relation to 
the derivative 2b

 
(N-aryl-C-ethoxy-carbonitrilimines). The 

latter product is derived from the condensation of 
phenol on the dipole via

 
a nucleophilic substitution (SN) 

reaction (Scheme 1). The conversion rate, according to 
the results (Table 1), increases with the temperature 
without any degradation. We noted that the best 
conversion was obtained after 48 hours, when the 
reaction was carried out in refluxing toluene. 

 

OH

MeO

HN
N

Cl

BrEtO2C

N

Cl

N

CO2Et

+

1

2a

2b

(a)

ON

CO2Et

N
H

Cl

MeO

HO

MeO

 

Scheme 1
 
: 

 
Reagents and conditions: (a) Et3N, solvent, 

reflux, 48h
 

Table 1
 
:
 
Reaction yields depending on solvent

 

Solvent

 

2a

 

yield (%)

 

2b yield (%)

 

THF

 

6

 

11

 

Toluene

 

30

 

16

 

Xylene

 

20

 

1

 

To control the dipolar cyclization reaction and 
avoid the formation of the ether-oxides, first we initially 
protected the phenol by a simple nucleophilic 
substitution reaction with various alkyl halides, which 
also allow us studying the donor effect of the

 

system. 
The SN

 

reaction was carried out with K2CO3 in acetone 
(Scheme 2). 

 

HO OMe

1 3a

 

and

 

3b

(a)

O OMeR
 

Scheme 2

 

:

 

Reagents and conditions: (a) RX, K2CO3, 
Acetone, reflux, 4 h
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Clove (buds) was purchased commercially for 
extraction of essential oil eugenol. Eugenia caryophyllata
buds were converted into powder by crushing and 
extracted by steam distillation of water for 4 hours. 



Table 2 : Synthesis, yields of compounds 3a and 3b 

R Compound Yield (%) 

Benzyl 3a 92 

Ethyl 3b 90 

OR

MeO

HN
N

EtO2C

Cl

Br

N
N+

3a
 
:
 
R

 
=

 
-CH2-Ph

3b
 
:
 
R

 
=

 
-CH2-CH3 4a

 
:
 
R

 
=

 
-CH2-Ph

   
(40%)

4b
 
:
 
R

 
=

 
-CH2-CH3

   (36%)

(a)

CO2Et

Cl

OMe

O R

 

Scheme 3
 
:
 
Reagents and conditions: (a) Et3N, Toluene, 

reflux, 48 h
 

The desired compounds, 3a and 3b, were 
isolated in good yields (Scheme 2, Table 2) and were 
subjected to condensation reaction with N-aryl-C-
ethoxy-carbonitrilimine to afford only derivatives of 1-
aryl-4,5-dihydro-1H-pyrazole, 4a

 
and 4b, with average 

yields. This modest result is presumably due to the 
degradation of the N-aryl-C-ethoxycarbonitrilimine 
(Scheme 3).

 

HO OMe

1 3c

(a)

O OMe  

Scheme 4

 

:

 

Reagents and conditions: (a) allyl chloride, 
K2CO3, Acetone, reflux, 4 h

 

We envisioned the protection of the phenol with 
allyl group so as to examine the effect of the presence 
of two dipolarophile systems in our condensation 
reaction. 

 

Thus, the eugenol 1

 

was engaged in SN

 

reaction in presence of allyl chloride, according the 
conditions described for the preparation of 3a

 

and 3b, to 
afford the compound 3c

 

in good yield (91%) (Scheme 

4).The resulting allyl 3a

 

was heated in toluene at reflux 
for 48 hours in the presence of a dipole: the (Z)-ethyl 2-
bromo-2-(2-(4-chlorophenyl)-hydrazono) acetate, to give 
two dipolar cycloadducts 4c

 

(30%) and 4c’

 

(40%). 
(Scheme 5) we noted that this 1,3-dipolar cycloaddition 
is not regioselective.

 

MeO

O

N
N

OMeO

N
N

3a

4c

  

(30%) 4c'

  

(40%)

(a)

CO2Et CO2Et

Cl Cl

Dipole

O

MeO

 

Scheme 5

 

:

 

Dipole: (Z)-ethyl 2-bromo-2-(2-(4-
chlorophenyl)-hydrazono) acetate; (a) Et3N, Toluene, 

reflux, 48 h

 

III.

 

EXPERIMENTAL SECTION

 

Melting points were taking for samples in 
capillary tubes with an electro-thermal apparatus and 
are uncorrected. 1H NMR and 13C

 

NMR were recorded 
on a Bruker Avance DPX250 spectrometre (300 MHz 1H, 
75 MHz 13C) using trimethylsilane as the internal 
standard, chemical shifts were reported in parts par 
million (ppm, δ

 

units). Coupling constants were reported 
in units of hertz (Hz). Flash chromatography was 
performed on silica gel 60 (40–63 mesh). Thin layer 
chromatography (TLC) was carried out on Merck silica 
gel 60F254 precoated plates. Visualization was made 
with ultraviolet light. All organic solvents were distilled 
immediately prior to use.

 

a)

 

General procedure for preparation of compound 2a 
and 2b

 

To a solution of 4-allyl-2-methoxyphenol 1 (1.22 
mmol) in dry THF, toluene or xylene (10 mL); was added 
(3.4 mmol) the (Z)-ethyl 2-bromo-2-(2-(4-chlorophenyl)-
hydrazono)

 

acetate, and 0.52 mL of the triethylamine. 
The mixture was heated at solvent reflux for 48 hours. 
After cooling, the reaction mixture was extracted three 
times with dichloromethane. Organic phase was dried, 
evaporated and the crude was purified by column 
chromatography (eluent: ethyl acetate -

 

hexane, 2: 8) to 
give 2a

 

and 2b.
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b) Ethyl-5-(4-hydroxy-3-methoxybenzyl)-1-(4 chloroph-
enyl)-4,5-dihydro-1H-pyrazole-3-carboxylate 2a 

This compound was obtained as a yellow solid. 
Yields from: THF (6%), toluene (30%), xylene (20%). Mp: 
124-126°C. 1H NMR (300 MHz, CDCl3): δ 7.23 (d, J = 
9.1 Hz, 4H), 6.85 (d, J = 8.2 Hz, 1H), 6.65 (dd, J = 1.9 
and 8.2 Hz,1H), 6.55 (d, J = 1.9 Hz ,1H), 5.55 (s, 1H), 
4.82-4.55 (m, 1H), 4.3 (q, J = 7.2 Hz, 2H), 3.82 (s, 3H), 
3.19-2.62 (m, 4H), 1.35 (t, J = 7 Hz, 3H). 13C NMR (75 
MHz, CDCl3): δ 162.86, 146.75, 144.82, 140.96, 139.68, 
129.39, 127.84, 126.36, 122.25, 116.03, 114.73, 112.02, 
62.22, 61.35, 56.08, 36.97, 36.52, 14.45. 
c) (4-Allyl-2-methoxy-phenoxy)-[(4-chloro-phenyl)-hyd-

razono]acetic acid ethyl ester 2b: 
This compound was obtained as a yellow oil. 

Yields from: THF (11%), toluene (16%), xylene (1%). 1H 
NMR (300MHz, CDCl3): δ 9.80 (s, 1H), 7.40 (d, J = 8.4 
Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 6.80-6.61 (m, 3H), 
5.94-5.76 (m, 1H), 5.15-5.01 (m, 2H), 4.22 (q, J = 7.1 
Hz, 2H), 3.87 (s, 3H), 3.39-2.22 (m, 2H), 1.25 (t, J = 6.8 
Hz, 3H). 13C NMR (75 MHz, CDCl3): 158.6, 154.0, 151.3, 
141.2, 140.0, 136.5, 131.1, 129.7, 124.3, 122.8, 117.7, 
116.8, 114.5, 61.4, 56.2, 48.4, 13.8. 
d) General procedure for preparation of compounds 

3a-c 
To a solution of 4-allyl-2-methoxyphenol 1 (0.3 

g, 1.7 mmol) in dry acetone (10 ml) was added K2CO3 
(0.67 g, 4.88 mmol). The reaction was stirred in oil bath 
at 50-80°C. After 1 hour, 1.7 mmol of the corresponding 
haloalkyl groups or allyl chloride was added to a 
previous solution and the mixture was heated for 4 
hours. After complete conversion of the starting material, 
the reaction was evaporated to dryness and the residue 
was purified by column chromatography (eluent: ethyl 
acetate - hexane, 1: 9) to give the corresponding 
compounds 3a-c. 

e) 4-Allyl-1-(benzyloxy)-2-methoxybenzene 3a
 The compound was obtained as a yellow oil 

(92%). 1H NMR (300 MHz, CDCl3): 
δ
 
7.50-7.19 (m, 5H), 

6.78-6.58 (m, 3H), 6.10-5.90 (m,1H), 5.07 (s, 2H), 5.20-
5.00 (m, 2H), 3.80 (s,

 
3H), 3.40-3.20 (m, 2H). 13C NMR 

(75 MHz, CDCl3): 
δ
 
149.6, 146.5, 137.6, 137.4, 133.3, 

128. 7, 127.7, 127.3, 120.46, 115.6, 114.3, 112.4, 71.2, 
55.9, 39.8.

 
f)

 
4-Allyl-1-methoxy-2-ethoxybenzene 3b

 

  
  
 

  
 

g) 4-Allyl-1-allyloxy-2-methoxybenzene 3c 

The compound was obtained as a yellow oil 
(91%). 1H NMR (300 MHz, CDCl3):

 δ 6.90-6.70 (m, 3H), 

6.20-5.90 (m, 2H), 5.48 (dd, J = 3.3 and 1.5 Hz, 1H), 5.4 
(dd, J = 3.3 and 1.5 Hz, 1H), 5.36-5.24 (m, 2H), 5.15-
5.05 (m, 2H), 4.69-4.51 (m, 2H), 3.85 (s, 3H), 3.38-3.26 
(m, 2H). 13C NMR (75 MHz, CDCl3): 149.7, 146.8, 136.5, 
133.6, 130.8, 122.4, 117.2, 116.4, 115.2, 114.1, 72.3, 
56.2, 48.2. 

h) General procedure for preparation of 4a-c 
To a solution of each compounds 3a-c in dry 

toluene (10 mL) was added 1.2 equivalents of N-aryl-C-
ethoxycarbonitrilimine and appropriate quantity of 
triethylamine. The mixture was stirred at reflux for 48 
hours. After cooling, the mixture was extracted with 
dichloromethane. Organic phase was evaporated and 
purified by column chromatography (eluent: ethyl 
acetate - hexane, 2: 8) to give the corresponding 
compounds. 

i) Ethyl-5-(4-Benzyloxy)-3-methoxybenzyl)-1-(4-chlor-
ophenyl)-4,5-dihdro-1H-pyrazole-3-caboxylate 4a 

This compound was obtained as a yellow solid 
(40%). Mp: 102-104°C. 1H NMR (300 MHz, CDCl3): δ 
7.28-7.13 (m, 5H), 7.00 (d, J = 8.1 Hz, 2H), 6.80 (d, J = 
7.9 Hz, 2H), 6.60 (d, J = 7.8 Hz, 1H), 6.57-6.48 (m, 1H), 
6.00 (d, J = 7.8 Hz, 1H), 5.20 (s, 2H), 4.87-4.75 (m, 1H), 
4.20 (q, J = 7.3 Hz, 2H), 3.75 (s, 3H), 3.40-3.20 (m, 2H), 
1.40-1.60 (m, 2H), 1.10 (t, J = 7 Hz, 3H). 13C NMR (75 
MHz, CDCl3): δ 172, 160, 150, 146, 142, 140, 136, 132, 
129, 127, 120, 119, 117, 111, 65, 63, 56, 40, 15, 13. 

j) Ethyl-5-(4-ethoxy-3-methoxybenzyl)-1-(4-chloro-phe-
nyl)-4,5-dihydro-1H-pyrazole-3-carboxylate 4b 

This compound was obtained as a yellow solid 
(36%). Mp: 124-126°C. 1H NMR (300 MHz, CDCl3): δ 
7.33 (d, J = 9.1 Hz, 2H), 7.2 (d, J = 9.1 Hz, 2H), 6.80 (d, 
J = 8.7 Hz, 1H), 6.68-6.56 (m, 1H), 5.99 (d, J = 8.7 Hz, 
1H), 5.07-4.92 (m, 1H), 4.18 (q, J = 6.9 Hz, 2H), 4.00 (q, 
J = 7.2 Hz, 2H), 3.8 (s, 3H), 3.36-3.25 (m, 2H), 1.4-1.6 
(d, J = 7.2 Hz, 2H), 1.44 ( t, J = 7.2 Hz, 3H), 1.10 (t, J = 
6.9 Hz, 3H). 13C NMR (75 MHz, CDCl3): δ 158.9, 149, 
146, 142, , 136, 132, 130, 129, 120, 119, 115, 113, 112, 
64, 63, 55, 40, 14.8, 13.6. 

k) Ethyl-5-(4-(allyloxy)-3-methoxybenzyl)-1-(4-chloro-
phenyl)-4,5-dihydro-1H-pyrazole-3-carboxylate 4c 

This compound was obtained as a yellow oil 
(30%). 1H NMR (300 MHz, CDCl3): δ 7.3 (d, J = 9.1 Hz, 
2H), 7.2 (d, J = 9.1Hz, 2H), 6.82 (d, J = 8.1Hz, 1H), 
6.68 (dd, J = 2.1 and 8.1 Hz, 1H), 6.6 (d, J = 2.1 Hz, 
1H),  6.18-6.02 (m, 1H), 5.4 (dd, J = 1.5 and 17.4 Hz, 
1H), 5.3 140 (dd, J = 1.5 and 10.2 Hz, 1H), 4.80-4.70 
(m, 1H), 4.65-4.58 (m, 2H), 4.32 (q, J = 7.2, 2H), 3.85 
(s, 3H), 3.22-2.65 (m, 4H), 1.38 (t, J = 7 Hz, 3H); 13C 
NMR (75 MHz, CDCl3): δ 163.08, 149.93, 147.46, 
141.18, 139.9, 133.65, 129.18, 126.6, 121.81, 118.34, 
116.26, 114.05, 113.38, 70.29, 62.34, 61.56, 56.37, 
37.14, 36.79, 14.67. 
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The compound was obtained as a yellow oil 
(90%). 1H NMR (300 MHz, CDCl3): δ 6.60-6.70 (m, 3H), 
5.90-5.80 (m, 1H), 5.00-4.90 (m, 2H), 4.00 (q, J = 6 Hz, 
2H), 3.80 (s, 3H), 3.30-3.16 (m, 2H), 1.33 (t, J = 6 Hz, 
3H, O-CH2-CH). 13C NMR (75 MHz, CDCl3): δ 149.3, 
146.7, 137.7, 132.6, 120.0, 115.5, 112.4, 112.2, 64.4, 
55.8, 39.8, 14.9. 



l) Ethyl-5-((4-allyl-2-methoxyphenoxy)methyl)-1-(4-chlo-
rophenyl)-4,5-dihydro-1H-pyrazole-3-carbox-ylate 4c’ 

This compound was obtained as a yellow oil 
(40%). 1H NMR (300 MHz, CDCl3): δ 7.25 (d, J = 9.6Hz, 
2H), 7.2 (d, J = 9.6 Hz, 2H), 6.75-6.65 (m, 3H), 6.2-5.88 
(m, 1H), 5.12-5.05 (m, 2H), 4.95-4.85 (m, 1H), 4.38       
(q, J = 7.2 Hz, 2H), 4.86-3.60 (m, 2H), 3.82 (s, 1H), 
3.42-3.30 (m, 4H), 1.4 (t, J = 7 Hz, 3H); 13C NMR (75 
MHz, CDCl3): δ 162.91, 150.26, 146.29, 141.37, 140.61, 
135.02, 129.64, 126.66, 120.93, 116.15, 115.40, 113.08, 
68.79, 61.62, 60.54, 56.18, 40.13, 36.29, 14.67.  

IV. Extraction of Eugenol 

Commercially available plant material (buds) 
was purchased for the essential oil extraction. The buds 
of Eugenia caryophyllata were extracted by steam 
distillation for 4h. The distillation was extracted with 
diethyl ether, dehydrated with anhydrous sodium sulfate 
and solvent removed and by evaporation using a rotator 
evaporator at 40°C. The residual oil obtained was used 
for chemical analysis, further purification and biological 
assays. The extracted oil was purified by normal phase 
chromatography on silica gel with the eluent of n-hexane 
; ethyl acetate (10 : 1). The eluate was collected in 30 
fractions of 30ml, Fractions collected were evaporated 
and of the residual obtained is colorless oil was 
identified by 1H-NMR (250 MHz, CDCl3), 

13C-NMR 
(62,5MHz, CDCl3). 

V. CONCLUSION 

New structure pyrazole derivatives have been 
prepared by 1,3-dipolar cycloaddition with eugenol as 
the starting material. The latter was extracted from 
cloves by steam distillation. The cycloaddition reaction 
with the compound (Z)-ethyl 2-bromo-2-(2-(4-
chlorophenyl)-hydrazono) acetates, used as a dipole, 
was carried out with modest yields. In the case of the 
presence of dipolarophile: 4-allyl-1 (allyloxy)-2-
methoxybenzene, the reaction proceeded with full 
conversion and 70%, with the formation of the two 
possible regioisomeric products, are: ethyl 4-(4-
(allyloxy)-3-methoxybenzyl)-1-(4-chlorophenyl)-4,5-dihy- 
dro-1H-pyrazole-3-carboxylate (4c) and ethyl 4- ((4-allyl-
2-methoxyphenoxy)methyl)-1-(4-chlorophenyl)-4,5-dihy-
dro-1H-pyrazole-3-carboxylate (4c'). The two regioiso-
meric products were obtained in good yields. This 
method was used to prepare a variety of substituted 1-
(4-aryl)-4,5-dihydro-1H-pyrazole. All synthesized compo-
unds were purified and identified by conventional 
spectroscopic methods. 
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