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In this microreview, the application of [3+2] cycloaddition reactions for the selective

N@ NO, N/@ NO, HN/_ﬁ NO, preparation of nitroisoxazoles and their hydrogenated analogs was analyzed on the basis

K K K of recent publications. It was found that most discussed processes are realized at room
temperature with high or full selectivity.

Introduction

Isoxazoles and their hydrogenated analogs (dihydro-
isoxazoles and tetrahydroisoxazoles) play an important role
as key molecular fragments of many important compounds
characterized by high biological activity.'? The presence
of the nitro group at the heterocyclic ring additionally
stimulates bioactive functions® and, subsequently, creates a
wide range of potential possibilities of the further
functionalization.” The synthesis of these structures can be
realized by different pathways.’ '

The most general approach is however evidently the [3+2]
cycloaddition (32CA) reactions'' with the participation of
unsaturated nitro compounds (they can be easily prepared using
commercially available and cheap starting materials'?). It
should be emphasized, that the 32CA processes are realized
with the 100% atomic economy and under relatively mild
conditions as well as with good selectivity.”® In light of
aforementioned, the strategy for the preparation of the title
compounds is actually very interesting for scientists.

Synthesis of nitroisoxazoles and 4,5-dihydronitroisoxazoles

Direct synthesis of the parent nitroisoxazoles via 32CA
reactions is problematic because of unstable nature of
nitroacetylenes theoretically regarded as partners for
cycloaddition to the nitrile oxides."> The 32CA approach
can be however applied for the functionalization of
molecules including nitroisoxazole moiety. For example,

5-(2-arylethenyl)-3-methyl-4-nitroisoxazole reacts with
generated in situ diarylnitrile imines."*
Ar
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Dihydroisoxazoles functionalized by NO, group can be directly
prepared in reaction between nitrile N-oxides and nitro-
alkenes. For example, the 32CA reactions of benzonitrile
N-oxides and (£)-3,3,3-trichloro-1-nitroprop-1-ene are
realized with the full regioselectivity and lead to the
respective  3-aryl-4-nitro-5-trichloromethyl-4,5-dihydro-
isoxazoles.”” The regioselectivity observed can be easily
explained within Molecular Electron Density Theory.'®
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Synthesis of nitroisoxazoles and 4,5-dihydronitroisoxazoles (continued)

Opposite regioselectivity is observed within similar reac-  reaction conditions, the primary product is converted into
tion with the participation of allylic type nitroalkenes. For  3-nitro spirocyclic dihydroisoxazole molecular platform.'®
example, benzonitrile N-oxide reacts with the 3-nitroprop- OH
l-ene yielding 5-nitromethyl-3-phenyl-4,5-dihydroisoxazole."” HQ NO, NO2
| + _— —
NO; Ph N® DCE O-N_
I‘I 0"oo 55°C, 24 h @
N ! NO, CH»
EtQO 25°C,20 h N\O O,N
CH2 80% NaHCO; 7
. . . . . — N
Preparation of the 3-nitro-substituted 4,5-dihydroisoxazole PhH, H,0 o
molecular system is possible via 32CA of 3-nitro-4-hydroxy- 25°C, 30 min
isoxazoline N-oxide to methylidenecyclooctane. Under the 68%

Synthesis of 2,3,4,5-tetrahydronitroisoxazoles
Nitroethene reacts with diarylnitrones at room temperature. ~ Similar regioselectivity is also observed in the case of the
These reactions lead to equimolar mixtures of respective  synthesis of nitro-functionalized nicotinoids on the basis of
3 4-cis- and 3 4-trans-2,3-diaryl-4-nitrotetrahydroisoxazoles.**’ (Z)-N-aryl(pyridin-3-ylnitrones** and (Z)-N-methyl(pyridin-

3—yl)nitrones
—N
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For the comparison, similar reactions with the participation N N
of more electrophilic 1-chloro-1-nitroethene are realized z | NO, N\
with a preference for 4-nitro adducts with the 3,4-cis X + | — NO,
configuration.”’ l® XsC 25°C, 24 h
me” 00 X=H,Cl,Br Me N "CXs

A
. N02 "'CI + h In contrast, 32CA of (Z)-C,N-diarylnitrones to (E)-2-phenyl-
25, 241 A g -

Ar N \o@ CH, nitroethene yielded the mixture of respective 3,4-cis- and
1 2-1. 51 3,4-trans-2,3,5-triaryl-4-nitrotetrahydroisoxazoles with the
clear preference for the trans diasterecoisomeric form.
Next, in the case of 32CA between (Z)-N-methyl(3,4,5- This rezazction requires relatively high temperature of about
trimethoxyphenyl)nitrone and (E)-1-nitropent-1-ene, 3,4-cis- 110°C.
2,3-arylmethyl-4-nitro-5-propyltetrahydroisoxazole evidently NO,
dominates in the postreaction mixture. j
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l@ : ; n In the case of electrophilically activated nitroethenes,
O@ 25 C 24 h Me— '//pr Me— . . . . .
preparation of nitrotetrahydroisoxazoles is possible even
OMe 521 via 32CA reactions with the participation of sterically
crowded nitrones. For example, C,C,N-trisubstituted
Ar = OMe nitrones react at room temperature with the (E)-3,3,3-
trichloro-1-nitroprop-1-ene ~ with the formation of
OMe respective 4,5-trans-2,3,3-triaryl-4-nitro-5-trichloromethyl-
) ] ) ] tetrahydroisoxazoles.*”*
Full regio- and stereocontrol is possible in the case of
. . . Ar_ _Ar NO, Ar, NO2
analogous 32CAs between diarylnitrones and little known \ﬁ . | AR
(E)—3,3,3—tribromo-l—nitrop‘rop—l-ene. Within these reac- Ar/N% o  che PhMe, 25°C, 24 h p—N. Pucgy,
tions, 3,4-cis-2,3-diaryl-4-nitro-5-tribromomethyltetrahydro- : 92-98% 0
isoxazoles are formed as single cycloaddition products.23 O O
B
f@ + | ClsC PhMe
A-N00  Bre 25°C. 240 Ar- "ICBr, W \o@ 25°C. 241
0

731



Chemistry of Heterocyclic Compounds 2023, 59(11/12), 730-732

Synthesis of 2,3,4,5-tetrahydronitroisoxazoles (continued)

It is interesting that in any mentioned case of nitrone—
nitroalkene 32CA reactions, 5-nitro-substituted tetrahydro-
isoxazoles are not formed. This phenomenon can be easily
explained by the nature of the local nucleophile—
electrophile interactions.”” The unique example of the
synthesis of 5-nitro-2,3-diphenyl-4-R-tetrahydroisoxazoles
was described very recently regarding to the 32CA reactions
with the participation of nitroacrylic acid derivatives.*
Preparation of tetrahydroisoxazole skeleton functionalized
by NO, group at position 3 is possible via 32CA reactions
with the participation of the 3-nitroisoxazoline 2-oxide.”'

NO, R NO,
(\”/@ + —_ > (ﬁ‘
_N | - _
0""g0 CH, 25°C,7days O N\O R

Finally, it should be underlined that all the presented 32CA
processes are realized with the retention of the primary
configuration of the reagents. This is a consequence of one-
step mechanism, which in the light of the Domingo
terminology should be classified as polar, one-step/two-stage.*
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