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Regio- and diastereoselective 1,3-dipolar cycloaddition reactions of nitrones {(Z)-a-phenyl-N-methylnitrone (1a) and
(2)-a-propyl-N-butylnitrone (1b)} with electron-deficient perfluoro-2-methyl-2-pentene (2) lead to novel isoxazolidin-
es {5-fluoro-5-pentafluoroethyl-4,4-bis-trifluoromethyl-2-methyl-3-phenyl-isoxazolidine (3a) and 2-butyl-5-fluoro-5-
pentafluoroethyl-4,4-bis-trifluoromethyl-3-propyl-isoxazolidines (3b) respectively} as major constituents. These deri-
vatives were characterized by IR, 'Hand “F NMR, GC-MS and NOE measurements, and the absolute structure of 3a

was confirmed by X-ray crystallography.
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Introduction

There has been an ever increasing quest for natural products
containing the isoxazolidine moiety due to their vast applica-
tions as biologically active substances, e.g., plant growth regula-
tors,"” antiviral, and anticancer compounds.” The 1,3-dipolar
cycloaddition reaction is one of the best known methods to af-
ford 5-membered heterocyclic derivatives due to its direct, re-
giospecific, and stereo-controlled approach to highly-functiona-
lized, cyclic systems.”’

Isoxazolidines, primarily arising by the interaction of nitrones
and olefins, are interesting intermediates for accessing amino
alcohols, amino acids, and alkaloids.”"* The presence of a per-
fluoroalkyl group (C-F group) due to a low polarizability and
high lipophilicity induces a relative metabolic stability and im-
proves the bioavailability of the modified heterocycles compar-
ed to its hydrocarbon analogues.'""

A vast amount of literature has been published on the use of
Lewis acid catalystsw'15 and ionic liquidsm’17 in cycloaddition
reactions to control the regio-, diastereo- and enantioselectivity
ofthe products. The reaction mechanism can be rationalized in
terms of a dominant LUMO-HOMO alkene interaction. Only a
few reports are available concerning the cycloaddition reaction
of electron-rich"® or electron-deficient alkenes' with nitrones
catalyzed by a chiral Lewis acid catalyst.

In this manuscript, we wish to report an efficient method
applicable to the synthesis of partially-fluorinated isoxazolidin-
es without using an external catalyst. This reaction between elec-
tron-rich nitrones and an electron-deficient olefin displays regio-
and diastereoselectivity leading to partially-fluorinated isox-
azolidines (Scheme 1). The regioselectivity of the reaction can
be understood as a Type I cycloaddition reaction dominated
by a HOMOitrone (12 and 1b) and LUMOefin (2) interaction.”””'

The syntheses of nitrones, (Z)-a-phenyl-N-methylnitrone
(1a)** and (Z)-o-propyl-N-butylnitrone (1b)> were accomplish-
ed by literature procedures.

The primary focus of our work was the optimization of syn-

thesis protocols for the isoxazolidines. The results are sum-
marized in Table 1.

We observed that increasing the molar ratio of olefin with
respect to nitrone improved the yield of the desired products,
3aand 4a, as two constitutional isomers in a 3:1 ratio. The ratio
of isomeric products was not affected by changing the molar
ratio of reactants.

The electron-deficient nature and high substitution of the per-
fluoro-2-methyl-2-pentene olefin make it a well tuned cycload-
dition reaction partner with nitrones resulting in high yields of
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Scheme 1. 1,3-Dipolar reaction of nitrones and perfluoro-2-methyl-
2-pentene.
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Table 1. Optimization studies for the cycloaddition reaction.

Solvent Molar ratio of Yield (%) of 3a
(Reaction temperature)  reactants (1a:2) and 4a
1.0:1.2 55
Tol 80 °
oluene (80 °C) 1.0:2.0 67
1.0:1.2 20
Toluene/perﬂgloro-hexane 1.0:2.6 33
(60°C)

1.0:5.0 90
THF (60 °C) 1.0:1.2 53
1.0:2.5 87

Table 2. Regioselectivity of the 1, 3-dipolar cycloaddition reaction of
nitrones

. Molar ratio Yield (%)“*  Product
No. Nitrone Olefin of 12 Products of 3and4 ratio of 3:4°
1 la 2 1:2.0 3a+4a 87 3:1
2 1b 2 1:2.0 3b+4b 40 2:1

“Reaction Conditions: the mixture was stirred in THF for 3 h at 60 °C,
"Yield: isolated yields, “isomer ratios were determined by NMR spectro-
scopy.

partially-fluorinated isoxazolidines. With the two nitrones in-
vestigated, different ratios of an inseparable mixture of isoxa-
zolidine constitutional isomers were produced (Table 2).

The regio- and distereoselectivity of the reaction were establi-
shed with the support of 'Hand "FNMR spectral data. For the
sake of clarity, spectral details of the product mixture of 3a and
4a are discussed below.

In the 'HNMR spectra, the characteristic signal for the C-H
proton observed at 6 4.27 and 6 4.86 ppm in a 3:1 intensity ratio
suggests the presence of two types of C-H protons. The signal at
5 4.27 is consistent with the major product 3a in which the
fluorine atom is far from the C-H proton leading to an upfield
shift as compared to the minor product 4a in which the fluorine
is directly attached to the same side of C-H leading to a down-
field shift at 6 4.86 ppm. In the "“FNMR, the two signals as mul-
tiplets for C-F at 5 -108.49 ppm and 6 —95.69 ppmin a 3:1 inten-
sity ratio is in agreement with the presence of two isomers. Fur-
thermore, two signals were found for the phenyl and methyl
groups in the 'HNMR spectra, and in the “FNMR spectra, two
signals were evident for the CF;,CF>, and CF,CF3 groupsin 3:1
intensity ratios, validating the presence of only two constitu-
tional isomers.

To confirm the structures of these isomers, we opted to per-
form NOE measurement studies (Fig. 1). Irradiation of the pro-
ton at 8 4.27 ppm (3a) was observed to enhance the “F NMR
signal for the fluorine of the CF3 at 6 =63.65 ppm, and no enri-
chment of the CF; fluorine signal on irradiation of the proton at
4 4.86 ppm (4a) verified the structures and presence of two iso-
mers in the mixture.

The absolute configuration of 5-fluoro-5-pentafluoroethyl-
4,4-bis-trifluoromethyl-2-methyl-3-phenyl-isoxazolidine (3a)
was proven by an X-ray structure (Fig. 2). The crystal structure
of 3a corroborates conclusions based on the NMR and NOE
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Figure 1. NOE spectral data for isoxazolidine derivatives 3a and 4a.

Figure 2. X-ray crystal structure of 5-fluoro-5-pentafluoroethyl-4,4-
bis-trifluoromethyl-2-methyl-3-phenyl-isoxazolidine (3a) with 50%
ellipsoid.

data.

Finally, while the possible formation of other isoxazolidine
diastereomers can not be ruled out, it is reasonable to postulate
that steric factors played an important role in controlling the dia-
stereoselectivity of the isoxazolidines produced and can help
prevent the formation of other isoxazolidine isomers during
the course of the reaction.

In conclusion, we have synthesized new, partially-fluorinated
isoxazolidines in good to moderate yields by an operationally
simple 1,3-dipolar cycloaddition reaction of nitrones with a fluo-
rinated olefin. The regio- and distereoselectivity of the reaction
were explained by the possible electronic interactions and/or
steric hindrance of the reactants during their approach in the
transition state.
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Experimental Details

General methods. The 'H and '°F NMR spectra were recorded
in CDCl; on a Varian Unity Inova 500 FT-NMR. Mass spectra
were performed on a Varian Saturn 2200 GC/MS by chemical
ionization, and IR spectra (KBr) were recorded on a Mattson-
5000 (UNICAM). Melting points were carried out on a MEL-
TEMP II instrument.

Materials. (2)-a-Phenyl-N-methylnitrone (la)22 and (2)-a-
propyl-N-butylnitrone (1b)™ were synthesized by the reported
methods. Commercial grade perfluoro-2-methyl-2-pentene (2)
was used without purification.

General procedure for the synthesis of isoxazolidines. A solu-
tion of nitrone 1a (106 mg, 0.787 mmol) and perfluoro-2-meth-
yl-2-pentene (624 mg, 2.08 mmol) in THF (10 mL) was added to
a sealed tube containing a magnetic stirring bar. The reaction
mixture was vigorously stirred at 60 °C for 3 hin an oil bath. Aft-
er completion of the reaction (TLC), the solvent was distilled off,
and traces of solvent were removed on a rotary evaporator. The
crude product was then subjected to column chromatography
(eluent 100% Hexane) to yield the mixture of products 3a and
4a as colorless, transparent crystals (279 mg, 87%, mp 46.5 °C).

5-Fluoro-5-pentafluoroethyl-4,4-bis-trifluoromethyl-2-me-
thyl-3-phenyl-isoxazolidine (3a) and 4-fluoro-4-pentafluoro-
ethyl-5,5-bis-trifluoromethyl-2-methyl-3-phenyl-isoxazolidine
(4a): Colorless transparent solid, Yield: 87%, mp 46.5 °C, IR
(cm): 3090, 2923, 1975, 1459, 1228, 1142, 1034, 975, 940,
889, 849,741,701, 625, 542, 473. MS m/z (rel. intensity): 436
(M'+1, 100), 357 (2.5), 319 (3.5), 223 (20). 3a: 'H NMR (500
MHz, CDCl;) 6 2.88(s, -CHs,3H), 4.27 (d, Ar-CH, 1H), 7.43 (m,
Ar-H, 5H); "F NMR (282.2MHz, CDCl3) 5 -124.45 (m, -CF,-
CF3, 2F), -108.49 (m, -CF, 1F),—80.25 (d,/=28.2 Hz, -CF,CF;,
3F), =63.65 (m, -CF3 3F), —60.35 (m, -CF3, 3F). 4a: '"H NMR
(500 MHz, CDCls) 6 2.97 (s, -CHs, 3H), 4.86 (m, Ar-CH, 1H),
7.68 (s, Ar-H, 5H); "F NMR (282.2 MHz, CDCL3) § -119.51
(dq,J=15.51,39.95 Hz, -CF,CF3, 2F), -95.69 (m, -CF, 1H),
-80.05 (d, J=23.97 Hz, -CF,CF3, 3F), =60.35 (m, -CF3, 3F),
=59.25 (s, -CF;3, 3F).

2-Butyl-5-fluoro-5S-pentafluoroethyl-4,4-bis-trifluoromethyl-
3-propyl-isoxazolidine (3b) and 2-butyl-4-fluoro-4-pentafluo-
roethyl-5,5-bis-trifluoromethyl-3-propyl-isoxazolidine (4b):
Colorless transparent liquid, Yield: 40%. IR (cm '): 2966, 2940,
2881, 1469, 1330, 1274, 1211, 1130, 1045, 1025, 970, 943, 875,
850, 742. MS m/z (rel. intensity): 444 (M'+1, 100), 425 (29), 144
(7.5). 3b: '"HNMR (500 MHz, CDCl3) 8 0.92 (m, -CH,CH,CHs,
3H), 0.99 (m, -CH,CH,CH,CHj3, 3H), 1.39-1.40 (m, -CH,CHo,-
CHs, 4H), 1.64-1.65 (m, -CH,CH,CH,CH3, 4H), 2.82 (m, -CHs-
CH,CH,CHs, 2H), 3.11 (m, -CH, 1H); "’F NMR (282.2 MHz,
CDCl3) 6 -60.50 (br.s, -CCF3, 3F), =61.81 (m, -CCFs3, 3F), -80.42
(d,J=15.6 Hz, -CF,CF3, 3F), -80.72 (d, J= 18.0 Hz, -CF,CF3,
3F),-108.18 (br.s, -CF, 1F),~118.94 (dq, /=34.6, 8.3 Hz, -CF,-
CFs, 2F), -120.25 (dq, J = 28.2, 9.3 Hz, -CF,CF3, 2F). 4b: 'H
NMR (500 MHz, CDCl;) & 0.93-0.97 (m, -CH>CH>CHs, 3H),
1.00 (m, -CH,CH>CH,CHj3, 3H), 1.42-1.55 (m, -CH,CH,CHj3,
4H), 1.94-2.01 (m, -CH,CH,CH>CHj3, 4H), 3.02 (m, -CH,CHo»-
CH,CHs, 2H), 3.15 (t, -CH, 1H); "’F NMR (282.2 MHz, CDCl;)
5 -64.78 (br.s, -CCF3, 3F), -60.52 (br.s, -CCF3, 3F), —100.89
(br.s, -CF, 1F), -118.33 (dq, J = 34.1, 7.8 Hz, -CF,CF3, 2F),
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-119.65 (dq, J = 28.2, 8.8 Hz, -CF,CF;, 2F).
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