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Trabajo Científico

Síntesis de bis-isoxazol derivados de la pentamidina 
vía reacciones de cicloadición 1,3-dipolares  

catalizadas con tricloruro de cerio
Synthesis of pentamidine bis isoxazoles derivatives via a cerium trichloride catalyzed 

1,3-dipolar cycloaddition reaction

Héctor Salgado-Zamora1, Rosa Terám2, Ma. Elena Campos-Aldrete1, Rogelio Jiménez J.1, Humberto Cervantes3

1 Departamento de Química Orgánica, Escuela Nacional de Ciencias Biológicas – IPN
2 Facultad de Química e Ingeniería, Universidad Autónoma del Estado de Morelos

3 Departamento de Química, Universidad Autónoma Metropolitana – Azcapotzalco

RESUMEN: la reacción de cicloadición 1,3-dipolar de varios óxidos de arilnitrilo con dipolarófilos seleccionados condujo a la 
obtención de isoxazoles, incluyendo bis isoxazoles derivados de la pentamidina, en buenos rendimientos cuando el proceso 
se realizó en presencia del ácido de Lewis fuerte, tricloruro de cerio. De esta forma se demostró un efecto catalítico y se aportó 
una aplicación adicional del lantánido.

ABSTRACT: the 1,3-dipolar cycloaddition reaction of various arylnitrile oxides to selected dipolarophiles gave isoxazoles, in-
cluding pentamidine bis isoxazoles, in good yields when the process was performed in the presence of the strong Lewis acid, 
cerium trichloride. Thus showing a catalytic effect and rendering a new application of the lanthanide. 
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Introduction
Pentamidine 1 is the second drug of choice for the treatment 
of the parasitic disease  tripanosomiasis. Pentamidine was found 
effective as well for the treatment of pneumonia (an opportunistic 
disease caused by Pneumocystis carinii) in HIV positive patients. 
However pentamidine is a highly toxic substance. 1-4 After an 
intravenous injection of the drug an outcome of several, even fatal 
reactions may appear, such as air deficiency, vomiting, dizziness, 
or sincope. Nevertheless pentamidine is still the lead compound 
to follow in the development of drugs with anti-pneumonia 
activity as has been demonstrated by the extensive work carried 
out by Tidwel and Boykin.5-8 Pentamidine is also the molecular 
model in the design of alternative structures for the treatment 
of tripanosomiasis and leishmaniasis. 9-10  
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Consequently a wide variety of bis heterocycles attached to 
the phenoxypentane system have been synthesized and investi-
gated in connection to a possible anti-neumocystis activity. Our 
interest in bis isoxazoles derived from pentamidine resides in 
their potential use as anti-parasitic agents.

On their own isoxazoles are found in several pharmacolo-
gically important structures e.g. cycloserine (bactericide), sulfi-
soxazol (anti–bacterial) and in the synthetic penicillin derivatives, 
oxacycline, dicloxaciline. The 1,3-dipolar cycloaddition reaction 
is one of the main synthetic strategies to prepare the isoxazole 
ring and has been extensively exploited for the building of this 
and other heterocycles.11 

On the other hand, the utility of cerium trichloride in orga-
nic synthesis has been widely exploited,12 the reagent is mainly 
used to increase the nucleophilicity of several species. Thus, in 
combination with sodium borohydride is an excellent reducing 
agent.13 It is also used with lithium aluminum hydride to facilitate 
the reduction of organic halides.14 Organocerium intermediates 
(prepared from Grignard reagents and cerium trichloride) allow 
the addition of the Grignard reagent to enolizable carbonyls and 
nitro containing carbonyls.15,16 It is known that the 1,3-dipolar 
cycloaddition process may be catalyzed by lanthanide Lewis acids 
(e.g. Yb(OTf )3)17 however no reports exist on the intervention 
of the strong Lewis acid cerium trichloride in a 1,3-dipolar 
cycloaddition reaction. Nevertheless a combined reductive mix-
ture of CeCl3.SnCl2 promoted a cycloaddition reaction of α,α-
dibromoketones with 1,3-dienes.18 And an aqueous (4+2) hetero 
Diels Alder cycloaddition reaction assisted by cerium trichloride 
has been described as well.19 Thereby our interest was to explore 
the possible application of cerium trichloride as a catalyst in a 
1,3-dipolar cycloaddition reaction. 

Material and methods
Melting points were measured on an Electrothermal melting 
point apparatus and are uncorrected. 1H and 13C NMR spectral 
data were recorded at 300 and 75 MHz respectively using a Varian 
Gemini 300 MHz NMR spectrometer. Chemical shifts (δ) are 
given in parts per million downfield from TMS (δH=0). Mass 
spectra were obtained with a Jeol JMS AX505HA instrument. 
Column chromatography was carried out with silica gel (Merck 
60, 70-230 mesh) as the adsorbent. All reactions were carried out 
under nitrogen atmosphere.

Typical procedure followed in the 1,3-dipolar cycloaddition reac-
tion illustrated for the synthesis of bis isoxazoles 10a-b.

 1,5-bis(4’-Carboxaldehydephenoxy)pentane (6). Isolated 
in 98% yield, following the literature procedure described in 
reference 20.

1,5-bis(4’-Hydroxyiminophenoxy)pentane (7)
1,5-bis(4’-Carboxaldehydephenoxy)pentane 2 g (6.4 

mmol) was dissolved in ethyl alcohol (20 mL) and treated with 
hydroxylamine hydrochloride 3.0 g (43.16 mmol) and sodium 
acetate 4 g (48.8 mmol).  The reaction mixture was heated for 
2 h at reflux temperature, then it was allowed to cool to room 
temperature and poured onto iced water. The solid formed was 
separated by filtration and washed with cold water (3 x 10 mL).  
The bis oxime 6, 2.1 g (91.3%) was obtained as a white solid, mp 
156-158ºC. I.R. (KBr) ν, cm-1: 3238, 1946, 1606, 958. H1 NMR 
δ, (ppm) 1.7 (m, 2H), 1.9 (m.4H), 4.1 (t, 4H), 7.0 (d, 4H), 7.85 
(d, 2H), 8.05 (s, 2H).

1,5-bis (4’-Hydroxyiminoylphenoxy)pentane chloride (8)
1,5-bis(4’-Hydroxyiminophenoxy)pentane, 2.5 g (7.3 mmol) 

was dissolved in dry DMF (10mL), cooled to 0 ºC, then NCS 
2.0 g (7.48 mmol) was added and the mixture stirred for 45 
min, keeping the temperature at 10-15ºC. After this time, the 
reaction mixture was poured onto iced water and extracted with 
ethyl acetate (3 x 15 mL). Organic extracts were combined, 
dried over Na2SO4 and the solvent removed under vacuum. The 
title compound, 2.8g (93.3%) was isolated as a yellow solid, mp. 
97-99ºC. I.R. (KBr) ν, cm-1: 3455.2, 1600.3, 638.2. 1H NMR 
(CDCl3) δ, (ppm):1.8 (m, 2H), 1.9 (m, 4H), 4.0 (t, 4H), 6.9 (d, 
4H), 7.75 (d, 4H), 8.1 HON=CCl (s, 2H).

1 , 5 - b i s [ 4 ’ - ( 5 - C h l o ro m e t h y l ) - 1 , 2 - ox a z o l - 3 - y l ) -
phenoxy]pentane (10a)

Cerium trichloride (0.4 g, 1.62 mmol), previously dried fo-
llowing Imamoto protocol was suspended in dry THF (15 mL). 
In another flask, 1,5-bis(4’-hydroxyiminoylphenoxy)pentane 
chloride 0.2 g (0.57 mmol) was dissolved in THF (10 mL) and 
dry triethylamine (0.6 g, 0.6 mmol) added in one portion. The 
white precipitate formed was separated by filtration, thoroughly 
washed with THF and the filtrate received upon the cerium tri-
chloride suspension. The mixture was kept stirring for one hour 
under nitrogen, then propargyl chloride, 0.2 mL (0.20mol) in 
THF (10 mL) was syringed in and the reaction mixture allowed 
to stir for 2 h at room temperature. After this time, the mixture 
was filtered and the solvent removed to afford 0.21 g (80.7%) of 
the title compound as a yellow solid, mp 99-101ºC. 1H NMR 
(CDCl3) δ 1.7  (m, 2H), 1.95 (q, 4H), 3.65 (s, 4H), 4.03 (t,4H), 
6.45 (s, 2H), 6.95 (d, 4H), 7.75(d, 4H). 13C (CDCl3) δ 21.62, 
27.81, 62.64, 66.75, 113.80, 120.05, 123.58, 128.00, 132.90, 
135.23, 146.39. MS (m/z), 487 (M+).

1 , 5 - b i s [ 4 ’ - ( 5 - B r o m o m e t h y l ) - 1 , 2 - ox a z o l - 3 - y l ) -
phenoxy]pentane (10 b)

The title compound was obtained from 1,5-bis (4’-hydroxyim
noylphenoxy)pentane chloride 0.2 g (0.57 mmol) and propargyl 
bromide 0.2 mL (0.19 mmol) following the procedure previously 
described to furnish 0.24 g (83.0%) of the title compound, as a 
yellow solid, mp 94-97ºC. I.R. (KBr) ν, cm-1: 2942, 1612. 1H 
NMR (CDCl3) δ, 1.7 (m, 2H), 1.9 (q, 4H), 4.03 (t, 4H), 4.56 
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(d, 4H), 6.55 (s,2H), 6.9(d, 4H), 7.72 ( d, 4H). 13C (CDCl3) δ 
20.22, 28.01, 65.54, 70.57, 116.25, 124.0, 128.36, 130.37, 135.08, 
139.12, 148.74. MS (m/z), 576 (M+).

Results and discussion
The reaction of an arylnitrile oxide with either an alkene or an 
alkyne results in an isoxazoline or isoxazole ring respectively. 
Thus, known 1,3-dipolar cycloaddition reactions, depicted in 
Scheme 1 were carried out following literature protocols and 
additionally in the presence of dry cerium trichloride/THF. 

The exploratory experiments involved the cycloaddition of 
phenyl nitrile oxide to methylvinylketone and to vinyl ether 
and the cycloadditon of 3,4-di-MeOphenyl nitrile oxide and 
4-NO2phenyl nitrile oxide to propargyl chloride. 

The results obtained from these experiments showed that 
yields are slightly lower for those cases in which the lanthanide 
was used, but much milder conditions were required in the latter 
processes, Table 1.  

Table 1. Comparison of experimental conditions in the 1,3-dipolar cycloaddition reaction of ar ylnitrile oxides 
to dipolarophiles

Cycloadduct Reaction time, yield (%)

Literature conditions
Benzene, 80 ºC

CeCl3/THF
rt

Experimental 
mp (ºC)

2 6 h (91) 4 h (85) Oil

3 4.5 h (90) 4 h (88) 195 197

4 5 h (84) 3.5 h (82) Oil

5 8 h (78) 5 h (77) 204 – 206

Scheme 2. Synthesis of 1,5-bis[4’-(3-(5-halomethyl)-1,2-oxa-
zolyl)-phenoxy]pentanes

Scheme 1. Cycloaddition reactions carried out both, in ac-
cordance to literature protocols and in the presence of cerium 
trichloride/THF

Following a general protocol, the synthesis of bis isoxazoles 
10 was attempted, starting from bis aldehyde 6 (Scheme 2). 
The latter was prepared from 4-hydroxybenzaldehyde (2 molar 
equivalents) and 1,5-dibromopentane using sodium ethoxide 
or cesium carbonate in dry acetonitrile.20 The bis oxime 7 was 
readily prepared by treatment of bis aldehyde with an excess 
of hydroxylamine hydrochloride and sodium acetate in ethyl 
alcohol. Treatment of the bis oxime with NCS in dry DMF at 
low temperature, following Liu procedure,21 afforded the bis 
hydroxymoyl chloride 8, which was used in the next step without 
further purification.

Treatment of 8 with triethyl amine in dry benzene formed 
the corresponding ammonium salt which was separated by 
filtration, propargyl bromide was added to the filtrate and the 
mixture heated at reflux temperature for several hours. The 
expected cycloadduct 10b was obtained in a very poor yield. At 
this point, it seemed convenient to carry out the 1,3-dipolar 
cycloaddition reaction in the presence of  cerium trichloride to 
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Table 2. Yields and mp of phenoxypentane derivatives
Compound Reaction Conditions Yield % Mp (ºC)

6 EtONa

(Cs)2CO3

98

(93)

75-97 (77-78)a

7 NH2OH/ NaOAc/EtOH

70ºC/1 h

91 156-158 (155-157)a

8 NCS/DMF/0 -5 ºC/ 1 h 93 97-99 (98-99)a

a Literature mp, reference 20.

Bis isoxazole Reaction conditions Yield (%) Mp (˚C)

10a THF/CeCl3, propargyl 
chloride, 5 h 80.7 99-101

10b THF/CeCl3, propargyl 
bromide, 4 h 83.0 94-97

Table 3. Yields and mp of  bis Isoxazoles 10

define whether the lanthanide catalyze the process. Accordingly 
the arylnitrile oxide was generated in the presence of dry cerium 
trichloride,15 at room temperature in dry THF followed by the 

addition of the corresponding dipolarophile. From the reaction 
mixture, cycloadducts 10a-b were isolated in the yields shown 
in Table 3. 

The cycloaddition reaction was regioselective affording only 
one regioisomer, the 5-substituted isoxazole, determined by the 
chemical shift shown by isoxazole H-4 proton (δ 6.4, 6.5) in com-
pounds 10a and 10b. As regards to the role played by the lanthanide 
in the reaction it is only possible to speculate that cerium trichloride 
stabilized the transition state of the process probably allowing a 
better interaction of the frontier orbitals involved.  

Conclusion
It was concluded that the regioselective 1,3-dipolar cycloaddition 
formation of phenoxyalkane bis 5-halomethylisoxazoles (pen-
tamidine derivatives), is favored if carried out in the presence 
of the lanthanide cerium trichloride, leadung to a better yield 
process and allowing the reaction to be performed under mild 
experimental conditions.  
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