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Differently fluorinated c-fluoro-a-nitroalkenes 1a–d are effective dipolarophiles in 1,3-dipolar cycload-
ditions with nitrones and azomethine ylides, respectively, providing fluoroalkyl isoxazolidines 3–12
and pyrrolidines 13–14 in good to excellent yields, with nearly complete regiocontrol and total diastereo-
control in favor of the isomers having anti-configuration of the nitro- and fluoroalkyl-substituted carbon
centers. The 3,4-cis-cycloadducts were generally produced in higher ratios. In the case of chiral nitrones,
such as 2e, very high diastereocontrol in favor of the endo bicyclic cycloadduct 11 was observed. Inter-
estingly, in most cases the chlorodifluoro nitroalkene 1b was found to afford the best diastereocontrol.

� 2009 Elsevier Ltd. All rights reserved.
c-Fluoro-a-nitroalkenes 1 (Scheme 1) represent a very promis-
ing, highly reactive, yet easy-to-handle class of fluorinated building
blocks, which have been so far scarcely studied and exploited in
the synthesis of functionalized fluoroorganic molecules.1,3

Within the frame of a project aimed at the synthesis of fluori-
nated peptidomimetics via aza-Michael reactions, we became
interested in the chemistry of c-fluoro-a-nitroalkenes 1,2 thus
we decided to undertake a research program on the synthetic
opportunities offered by these interesting fluorinated building
blocks in the preparation of fluoroorganic molecules of potential
interest in biomedicinal chemistry and materials science.

Here we disclose the results of a study on the 1,3-dipolar cyclo-
addition reaction of nitroalkenes 1a–d with the 1,3-dipoles 2a–e
(Schemes 1 and 2) and 13 (Scheme 3), which allowed for an effi-
cient entry to an array of highly functionalized nitro- and fluoroal-
kyl-substituted heterocycles 3–12 (Schemes 1 and 2) and 14
(Scheme 3). The reactivity of compounds 1 is nearly unexplored,
as only a handful of papers describing some examples of Diels–Al-
der,3 Friedel–Crafts,4 aza-Michael,2,5 and Michael reactions,1b,3,6

are present in the literature. A single example of 1,3-dipolar cyclo-
addition of 1a with C-phenyl-N-methyl nitrone 2b was also re-
ported (Scheme 1, Eq. 2).7 The reaction was described to occur
with total regiocontrol and 69:31 endo-diastereocontrol, affording
in quantitative yields N-methyl-4-nitro-3-phenyl-5-trifluoro-
methyl-isoxazolidine 5a. However, the scope of 1,3-dipolar cyc-
loadditions involving differently fluorinated c-fluoro-a-
nitroalkenes 1 remains virtually unexplored.
ll rights reserved.
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).
The c-fluoro-a-nitroalkenes 1a–d were prepared in satisfactory
overall yields through the method described in the literature.1b

According to 1H, 13C, and 19F NMR analysis of 1a–d in CDCl3, all
of them exist exclusively in E-form. Since 1,3-dipolar cycloaddi-
tions provide a powerful means for the synthesis of a wide range
of heterocycles,8 we decided to investigate the use of 1a–d for
the synthesis of densely functionalized, differently fluorinated het-
erocycles, which could be valuable molecules in biomedicinal field,
as well as intermediates for other bio-important compounds.

C,N-Diphenyl nitrone 2a (Scheme 2, Eq. 1) reacted overnight
with dipolarophiles 1a–d affording the diastereomeric isoxazoli-
dines 3 and 4 with total regiocontrol and in very good yields.9

The 4,5-trans stereochemistry of 3, 4 reflects the geometry of the
dipolarophiles 1a–d, and was invariably observed for all of the cyc-
loadducts studied herein. Fair 3,4-cis-diastereocontrol was
achieved in favor of products 3a–c, whereas an equimolar mixture
was obtained in the case of the C2F5-derivatives 3, 4d. C-Phenyl-N-
methyl nitrone 2b (Eq. 2) afforded better stereocontrol in favor of
diastereomers 3,4-cis-5 with both dipolarophiles 1a,b. It is worth
noting that the stereoselectivity we recorded for the reaction of
1a with 2b is slightly higher than that described in the literature.7

Surprisingly, no stereocontrol was observed with C-naphthyl-N-
benzyl nitrone 2c (Scheme 2, Eq. 3), which afforded the isoxazoli-
dines 7 and 8 in good yields and with total regiocontrol, but as a
nearly equimolar mixture of diastereomers with all of the nitroal-
kenes 1a–d. Isoquinoline-derived nitrone 2d10 (Scheme 2, Eq. 4)
afforded lower yields of the tricyclic isoxazolidines 9 and 10, but
once again the regiocontrol was excellent. Only in the case of the
difluoro-nitroalkene 1c we could detect, by NMR analysis of the
crude reaction mixture, the formation of a regioisomeric cycload-
duct (<10% of the mixture).
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Scheme 1. Diastereomeric ratios determined by 1H, 19F, and 13C NMR of the crude reaction mixtures. Yields are isolated. a A small amount of a regioisomer (less than 10% of
the whole product mixture) was observed by NMR analysis of the crude, but we were unable to isolate it in pure form.
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Scheme 2. Reactions with chiral nitrone 2e. Diastereomeric ratios determined by 1H, 19F, and 13C NMR of the crude reaction mixtures. Yields are isolated. Trace amounts of
two other stereoisomers were detected by 19F NMR.
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Scheme 3. Reactions with N-benzyl azomethine ylide 13. Yields are isolated.

Figure 1. ORTEP view of 7a.14
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To further explore the scope of these 1,3-dipolar cycloaddi-
tions involving nitroalkenes 1, the use of the chiral enantiomeri-
cally pure nitrone 2e11 was also investigated (Scheme 2).
Rewardingly, the reaction occurred in high yields and with good
diastereocontrol, essentially providing two diastereoisomeric cyc-
loadducts out of four possible (trace amounts of two other ster-
eoisomers were detected by 19F NMR of the crude reaction
mixture), with a quite large predominance of 11 over 12. It is
worth noting that the chlorodifluoro nitroalkene 1b was gener-
ally found to afford the highest degrees of stereocontrol, except
in the case of the achiral cyclic nitrone 2d. However, a general
trend of diastereocontrol upon changing the fluorinated residue
RF could not be evidenced.

Finally, we investigated the feasibility of azomethine ylides as
dipoles. N-Benzyl azomethine ylide 13, generated from N-(1-ben-
zyl)-N-(methoxymethyl)-N-(trimethylsilylmethyl)-amine (Scheme
3),12 afforded in good to excellent yields the corresponding 3,4-
trans-N-benzyl-pyrrolidines 14a–d.13
The stereochemistries of cycloadducts 7a (Fig. 1), 7b, 8a, 10a,
10b (Fig. 2), and 12a (Fig. 3), were determined by X-ray diffraction.



Figure 2. ORTEP view of 10b.14

Figure 3. ORTEP view of 12a.14
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The stereochemistry of isoxazolidines 3, 4 was assigned by NMR.
For example, 3a showed J(3–4) = 8.1 Hz and H4{H3} steady state
NOE = 12%, indicating that H3 eclipsed with H4 within 3,4-cis isox-
azolidine, while the corresponding parameters for the same pro-
tons in diastereomeric 3b resulted in 6.4 Hz and 1.9%,
respectively, consistent with 3,4-trans isoxazolidine showing H3-
C3–C4-H4 torsion angle around 120�. The stereochemistry of the
other cycloadducts portrayed in Schemes 1 and 2 were assigned
on the basis of spectroscopic analogies with the compounds listed
above.
Among the tested dipoles, only phenyl nitriloxide failed to react
with nitroalkenes 1, probably owing to its electrophilic nature.

In conclusion we have demonstrated the feasibility of 1,3-dipo-
lar cycloadditions with highly reactive c-fluoro-a-nitroalkenes 1
for preparing chiral, densely functionalized heterocycles featuring
a wide degree of fluorination. The use of the present methodology
to access target bioactive compounds is currently under
investigation.
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