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A new family of isoxazolines has been obtained via 1,3-dipolar cycloaddition in good to high
yields under mild conditions. Our approach focused on construction of the heterocyclic ring and
direct access to a quaternary carbon center at position 5. The methodology has also been
extended to pyrazoline analogues. The antibacterial activity of these compounds was evaluated,
showing specific antibacterial activity against Staphylococcus aureus. Six members of these
heterocycles exhibited MIC values of 4 pg/mL.

2009 Elsevier Ltd. All rights reserved.

1. Introduction

Isoxazolines are partially hydrogenated five-membered
heterocycles containing neighbouring oxygen and nitrogen
atoms. Members of this family are key scaffolds of numerous
naturally occurring and synthetic biologically active
compounds.[1] The steady interest of the scientific community
for modulating biological properties has resulted in the
development of effective and appealing synthetic procedures
towards  densely  substituted  isoxazolines.[2-10]  The
incorporation of more diverse molecular functionalities to the
isoxazoline core as well as the construction of targets displaying
a quaternary center in position 5 are among the current
challenges in this domain. Indeed, the C-5 site is crucial to tether
isoxazoles to podophyllotoxin or coumarin derivatives in the
elaboration of molecular architectures which display potent
insecticide, acaricide or anticancer properties.[11, 12] Moreover,
the presence of a quaternary carbon center at position 5 of the
isoxazoline ring prevents aromatization of the heterocycle into
the related isoxazoles. Furthermore, the joint presence of a
quaternary center and a functional group (CF;)[5] were revealed
to be crucial to the enhancement of the biological properties of
isoxazoline derivatives. Access to differently substituted
isoxazoline cores is reported through two main methodologies:
cyclisation at the remote position or ring construction from
oxime derivatives (Fig. 1).

Metal-mediated oxyhalogenation or oxidation of tertiary C-H
bonds and photoredox processes are elegant procedures for
promoting cyclisation at remote positions and thus the formation
of isoxazolines. Such methods are especially useful to produce
quaternary carbon centers substituted by aryl and alkyl groups as
well as halides and di(tri)fluoromethyl groups.[6-10] Ring
construction via conjugate addition or cycloaddition from oxime
derivatives and nitrile oxide intermediates is a convenient
approach allowing the formation of tertiary or quaternary C-5
centers mainly functionalized by alkyl, aryl or CF; groups.[2-5]
However, the installation of carboxylic ester, sulfanyl or
phosphonate groups at the C-5 position of the heterocycle
remains less reported using both of the aforementioned
strategies.[13] In most of these examples such functional groups
substitute tertiary C-5 centers, with carboxylic esters being rarely
found at a quaternary C-5 center.
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Figure 1. Overview of literature methods and the construction of
isoxazolines containing a quaternary C-5 center.

In this paper we have focused on the installation of two
different functional groups, namely ethoxycarbonyl and
phosphonomethyl at the quaternary C-5 center of isoxazolines.
Our approach is based on the use of ethoxycarbonyl
allylphosphonate[14] and nitrile oxides as the starting materials
via a single step 1,3-dipolar cycloaddition under mild conditions.
Our general methodology was further extended to the preparation
of pyrazolines[15] from the same phosphonate precursor and
nitrile imines. In this family of heterocycles, access to quaternary
C-5 centers bearing valuable functional groups such as CO,R and
CH,PO(OR), remains a challenge. In addition, the preliminary
biological activities of both isoxazolines and pyrazolines against
Staphylococcus aureus have been evaluated for the development
of potential new antibacterial agents.

2. Results and Discussion

1,3-Dipolar cycloaddition of alkenes to nitrile oxides,
generated in situ from N-hydroximoyl chlorides, has been widely
used for the synthesis of various heterocyclic structures.[16] We
initially chose allylphosphonate 7 and hydroximoyl chloride 9 as
model substrates to optimize the reaction conditions by testing
several bases and solvents (Table 1). The reaction carried out in
absence of a base led to the unchanged allylphosphonate 7 (Entry
1). We then decided to prepare the corresponding nitrile oxide in
situ by treatment of chlorooxime 9 in the presence of a base. In
addition, we were inspired by the reported methods for oxime
cycloadditions, to use amine-type bases to access isooxazoline
12. Initially, we observed that protic or aprotic solvents had no
significant effect on the reaction time or yield (Entries 2 and 5).
Increasing the temperature reduced the reaction time, but
unfortunately led to the formation of several by-products.
Consequently, isoxazoline 12 was obtained with a poor yield
(Entry 4).

Bases such as 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU),
pyridine and Et;N were successively tested (Entries 6-9). A
significant increase in the vyields and in allylphosphonate
conversion was observed, after 18-24 h, when Et;N was used
(Entries 2, 5, 8, 9). It should be noted that using more than 1.1
equivalent of Et;N has no significant effect on the reaction yield.
Although only small differences were observed between the use
of CH,CIl, and CHClI;, the latter led to cleaner crude material
avoiding the presence of unidentified side-products. Thus,
Et;N/CHCI; was determined as the most suitable base/solvent
combination for the cycloaddition.

Table 1. Preparation of 5-phosphonomethylisoxazoline 12.

Ph
;325; o0EY, Phj:/l/N\ oH Conditions Wf; e,
7 9 12
Entry Conditions® Time (h)°  Yield 12
(%)
1 CH,Cl,, r.t 72 -
2 Et;N, CH,Cl,, 1.t 20 72
3 Et;N, CH3CN, r.t 22 68
4 Et;N, CH,Cl,, reflux 10 35
5 Et;N, C,HsOH, r.t 24 68
6 DBU, CHCl,, r.t 72 50
7 pyridine, CH;CN, r.t 72 52
8 Et;N, CHCl;, r.t 18 75
9 Et;N, CHCIj, reflux 18 70

# Reaction was carried out using 7 (1 mmol), 9 (1.1 mmol) and base (1.1
mmol) in solvent (2 mL).
PReactions were monitored by TLC.

With the optimized reaction conditions in hand, we proceeded
to synthesize a new family of 5-phosphonomethylisoxazolines
12-17 in 67-82% yield (Scheme 1).
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Scheme 1. Cycloaddition of hydroximoyl chlorides and
allylphosphonates 7-8 towards phosphonomethylisoxazolines 12-
17.

As reported in the literature, 1,3-dipolar cycloaddition can be
regioselective or lead to the formation of a mixture of
regioisomers.[17] In our case, the cycloaddition was selective as
only one adduct could be identified according to *H and *C
NMR data. Similarly, proton decoupled *P NMR spectroscopy
confirmed the presence of a single adduct for isoxazolines 12-17,
displaying a single signal in the range of 23-28 ppm. In our case,
the steric effect may explain the regioselectivity of the reaction as
previously noted in several 1,3-dipolar cycloadditions.[18]
Plausibly, the formation of regioisomer (I) is favored in
comparison with (Il) (Fig. 2). Indeed, the formation of
regioisomer (1) appears less favorable due to the steric hindrance
between the aryl fragment of the nitrile oxide and the
phosphonate-ethoxycarbonyl groups of dipolarophiles 7-8. The
formation of regioisomer (1) was consistent with the *C NMR
data which allowed discrimination between both potential
adducts. The *C NMR spectra of isoxazolines 12-17 displayed a
signal in the range 84-85 ppm, which precludes approach (I1) and
accounts for the formation of a quaternary carbon alpha to the
oxygen atom, consistent with the spectroscopic data of
regioisomer (I). In addition, 2D HMBC NMR spectroscopy
undoubtedly confirmed that only regioisomer (1) was obtained.
Indeed, protons H* and H° are privileged spectators of the
structure of the heterocycle and thus of the cycloaddition
selectivity. As shown in the ESI, 2D HMBC NMR spectroscopy
exhibited characteristic correlations between H* and H® in
complete agreement with the structure of regioisomer (I). At the
same time, no correlation between H° and the (C=N) carbon of
the heterocycle which potentially accounts for regioisomer (1)
was observed.
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Figure 2. Proposed regioselectivity control for the 1,3-dipolar
cycloaddition.
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We next examined the transformation of allylphosphonates
7-8 into 5-phosphonomethylpyrazolines 21-25. Several studies
have shown that 1,3-dipolar cycloaddition between
dipolarophiles and hydrazonyl chlorides, which are used as a
source of nitrile imines, is an efficient approach to access 5-
membered aza-heterocycles.[19, 20]
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Scheme 2. Cycloaddition of hydrazonyl chlorides and allylphosphonates
7-8 towards 5-phosphonomethylpyrazolines 21-25.

In our case, we chose to examine the cycloaddition between
allylphosphonates 7-8 and hydrazonyl chlorides. The latter can be
easily generated in situ from hydrazones 18-20, using N-
chlorosuccinimide (NCS) in pyridine (Scheme 2). The resulting
hydrazonyl  chlorides  reacted  smoothly  with  the
allylphosphonates at room temperature to afford the expected
pyrazoline derivatives. The cycloaddition process led to the
formation of 5-phosphonomethylpyrazolines 21-25 in 70-90%
yield (Scheme 2). Spectroscopic data were also consistent with
the presence of a quaternary carbon center substituted by
phosphonomethyl, methylcarboxylate and nitrogen fragments.
Surprisingly, the cycloaddition between allylphosphonates 7-8
and hydrazones bearing an electron-withdrawing nitro group in
both the meta and para positions did not allow the formation of
the corresponding pyrazolines, even with prolonged reaction
times and at higher reaction temperatures. This might be
attributed to either the instability of the hydrazonyl chloride
intermediate or the lack of reactivity of hydrazones bearing
electron-withdrawing groups precluding in situ formation of the
hydrazonyl chloride at an early stage of the reaction.

Antibacterial activity

The biological activities of nine compounds were evaluated
for their antibacterial properties against several bacterial species;
Staphylococcus aureus and Enterococcus faecalis classified as
Gram-positive bacteria; Escherichia coli and Pseudomonas
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aeruginosa classified as Gram-negative bacteria. The

antibacterial activity of isoxazolines 12-17 and pyrazolines 21-25
was assessed using the disc-diffusion and broth dilution
methods.[21] Gram negative bacteria (Escherichia coli and
Pseudomonas aeruginosa) and Enterococcus faecalis Gram
positive bacteria isolates showed no sensitivity to the tested
compounds. Interestingly, growth inhibition was observed in the
Staphylococcus aureus strain that exhibited susceptibility to most
of the evaluated compounds, especially 5-
phosphonomethylisoxazolines (12, 14 and 17) and 5-
phoshonomethylpyrazolines (22, 23 and 24) which exhibited the
lowest MIC values of 4 pg/mL (Table 2). According to the
antibacterial test results, the synthesized isoxazolines and
pyrazolines showed specific activity against Staphylococcus
aureus Gram positive bacteria.

Table 2. Antimicrobial activity assays and minimal inhibitory
concentrations (MIC) against Staphylococcus aureus.

Compounds MIC (ug/mL)
12 4
14 4
15 32
17 4
21 16
22 4
23 4
24 4
25 32
Gentamicin 4
3. Conclusion
In the present work, we have prepared novel 5-
phosphonomethyl-isoxazoline  derivatives  incorporating a

quaternary carbon center at the C-5 position via 1,3-dipolar
cycloaddition reactions from allylphosphonate precursors. This
easy to implement and efficient strategy allowed the synthesis of
densely functionalized isoxazolines. The cycloaddition process
was shown to be highly selective, leading to a single adduct most
plausibly due to steric factors. Our approach was also
successfully extended to the preparation of 5-phosphonomethyl-
pyrazolines starting from allylphosphonates. Biological activities
of the synthesized isoxazolines and pyrazolines have been
evaluated. Heterocycles bearing phosphonomethyl fragments
exhibited specific activity against Staphylococcus aureus Gram
positive bacteria. Functionalization of the phosphonated
isoxazolines and pyrazolines as well as the study of its effect on
their biological activities will be the subject of a forthcoming
publication.
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