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The reaction of 2-azanorbornene derivatives with nitrile
oxides (generated in situ by dehydrohalogenation of
N-hydroxyimoyl halides) affords two regioisomers with the
exo-arrangement of the isoxazoline ring.
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2-Azabicyclo[2.2.1]heptanes are analogues of piperidine,
pyrrolidine and cyclopentylamine with a rigidly fixed
conformation. Therefore, the study of these compounds is carried
out in two directions: the synthesis of new biologically active
compounds containing a 2-azanorbornane fragment, and the use
of the azabicyclic fragment in the synthesis of monocyclic
compounds with a specific configuration of substituents.!
A promising way to modify azabicyclo[2.2.1]heptenes is their
use as dipolarophiles in reactions with nitrile oxides, as this
would create an isoxazoline ring that is a hidden equivalent of
some functional groups, which can be used at the corresponding
stage of the synthesis.?3

The unsubstituted carbocyclic analogue of 2-azabi-
cyclo[2.2.1]heptene, norbornene, has been widely used as a
model substrate in the study of 1,3-dipolar cycloaddition
reactions of nitrile oxides.*?> Regardless of the nature and
method of generating the dipole, the addition proceeds
exclusively from the exo side. For bicyclo[2.2.1]heptene
derivatives containing a 2-positioned substituent, the reaction is
regiospecific,?32* whereas for derivatives containing substituents
in the position 5, only a slight predominance of one of the
regioisomers is observed.?* Using the examples of the reaction
of 2-azabicyclo[2.2.1]hept-5-en-3-one with cyanogen bromide
oxide and alkanenitrile oxides®-2° as well as N-alkyl- and
N-benzylazanorbornenes with benzonitrile oxide,3%3! it was
shown that, as in the case of 5-substituted norbornenes, two
regioisomers are formed with the exo-arrangement of the
isoxazoline ring. Besides, the reactivity of azanorbornene with
phenylnitrile oxide was found to be lower than that of
norbornene. %0

The purpose of this work was to study the effect of the
protective group at the nitrogen atom in 2-azabicyclo[2.2.1]hept-
5-ene derivatives 1a—e on the regio- and stereochemical outcome
of the reaction (Scheme 1). We have found that the addition of
bromo- (2a), ethoxycarbonyl- (2b), and aryl-containing (2c—€)
nitrile oxides to N-substituted 2-azanorbornenes proceeds at
room temperature with the formation of two regioisomers with
the exo-position of the isoxazoline ring (Table1). The
predominance of one of the regioisomers is insignificant and
may vary slightly depending on the solvent used.®® Complete
conversion of the alkene was observed at a ratio of nitrile oxide/
alkene of 1:1 only for 4-methoxybenzonitrile oxide (generated
from 2d). As for all other nitrile oxides, the best results were
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achieved at a ratio of nitrile oxide/alkene of 3:2. The product
yields were 20-87% and depended on the structure of both
dipolarophile and 1,3-dipole. The low yields in some cases can
be explained by two reasons. First, furoxans could be formed as
the by-products.®2 Secondly, a significant decrease in yield
occurs during the chromatographic separation of a mixture of
isomers. For example, after chromatographic separation, the
total yield of isomers 3k and 4k (see Table 1, entry 11) or 3p and
4p (entry 16) did not exceed 25%, however, according to the
IH NMR of the reaction mixtures, the yields of the products in
both cases were quantitative.

It was not possible to separate regioisomers 3, 4 in some
cases, however the predominance of one of them in the fractions
obtained after chromatography allowed us to establish their
structure by NMR. The exo-arrangement of the isoxazoline ring
and, accordingly, the endo-arrangement of protons in the
positions 2 and 6 follows from the spin—spin coupling constant
value of 8 Hz, which is typical for the coupling constant of cis-
di-endo-located protons in the norbornane fragment.33

The structure of isomer 4s was established using the NOESY
experiment: a correlation was observed between the signal for
the HC” proton (6 4.39 ppm) and the signals of HC6C=N protons
spatially close to it (0 4.20 ppm) as well as the ortho-located
protons of 4-O,NCgH, (0 7.92 ppm) and tosyl (6 7.70 ppm)
groups, and the correlation of the signal for the HC20 proton
(6 5.01 ppm) with the signals of the protons from endo-HC®
(6 2.93 ppm), HC! (6 3.09 ppm) and HC® (6 4.18 ppm). The
HCC=N and HCO proton signals of isomer 3s have chemical
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Scheme 1 For designation of products 3a—t and 4a-t, see Table 1. Reagents
and conditions: i, NaHCO,, EtOAc, 5 °C, 1 h, then room temperature, 4 h
(for 3a—c+4a-c); ii, Et3N, Et,0 or CH,Cl,, room temperature, 0.5-5 h (for
3d-t+4d-t).
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Table 1 Yields of products of the reaction between nitrile oxides and
2-azanorbornenes.

Entry Alkene 2‘;}3;6 R! R2 Product (\%Ida 3/4 ratio®
1 la 2a Bn Br 3a+d4a 20 53:47
2 1b 2a CO,Me Br 3b+4b 20 53:47
3 1c 2a Boc Br 3c+4c 29 50:50
4 la 2b Bn CO,Et 3d+4d 66 55:45
5 U 2b Ts CO,Et 3e+tde 74 49:51
6 1la 2c Bn Ph 3f+4f 63 41:59
7 1b 2c CO,Me Ph 3g+4g 41 49:51
8 1lc 2c Boc Ph 3h+4h 87 52:48
9 U 2c Ts Ph 3i+4i 71 48:52

10 1le 2c Bz Ph 3j+4j 45 40:60

11  1a 2d Bn 4-MeOC¢H, 3k+4k 24 45:55

12 1b 2d CO,Me 4-MeOCg¢H, 3I+4l 54 49:51

13 1c 2d Boc 4-MeOC¢H, 3m+4m 57 35:65

14 1d 2d Ts 4-MeOC¢H, 3n+4n 55 45:55

15 1le 2d Bz 4-MeOCgH, 3o+40 37 42:58

16 1la 2e Bn 4-O,NCgH, 3p+4p 24 56:44

17 1b 2e CO,Me 4-O,NC¢H, 3g+4q 29 49:51

18 1c 2e Boc 4-O,NCgH, 3r+4r 33 33:67

19 1d 2e Ts 4-O,NCgH, 3s+4s 46 46:54

20 1le 2e Bz 4-O,NCgH, 3t+4t 54 34:66

aYields after chromatographic separation. ®From *H NMR of the reaction
mixtures.

shifts of 3.79 and 5.07 ppm, respectively. Thus, the signal for the
HC20 proton of isomer 3s is shifted downfield compared to the
HC?2O proton of isomer 4s. On the contrary, the HC®C=N proton
signal of isomer 3s is shifted upfield compared to the HC8C=N
signal in isomer 4s. A similar pattern is observed for the pair of
isomers 3f and 4f.30 Based on these data, the structures of all
isomers containing tosyl and benzyl groups at the nitrogen atom
were thus deduced.

In the *H and 3C NMR spectra of compounds containing
CO,Me, Boc and Bz groups, there are two sets of signals, which
is the result of hindered rotation around the N-CO bond.3*
Considering this feature of amides and carbamates, we assumed
that the HC20 proton of isomer 3 will appear as two signals, and
the HCECAr proton as one; for isomer 4, the picture will be
reversed. Our assumption was confirmed by the example of
isomer 4r: its structure follows from the presence of cross peaks
between the signals of the HC” proton (6 4.36 and 4.47 ppm) and
the signals of HC6C=N protons spatially close to it (6 3.87 and
3.98 ppm) and ortho-located aromatic ring protons (6 7.95 and
7.99 ppm), as well as cross peaks between the HC20 proton
signals (two close doublets 6 4.96 and 4.97 ppm) and proton
signals from endo-HC? (6 2.93 ppm), HC (6 2.99 ppm) and HC?®
(0 3.87 and 3.98 ppm) in the NOESY experiment.

In conclusion, 1,3-dipolar cycloaddition of nitrile oxides
to 2-azabicyclo[2.2.1]heptenes with electron-withdrawing
substituents at the nitrogen atom has been examined. The
reaction proceeds non-regioselectively with the formation of two
products, both with the exo-arrangement of the isoxazoline ring,
regardless of the type of protecting group at the nitrogen atom.

Online Supplementary Materials
Supplementary data associated with this article can be found

in the online version at doi: 10.1016/j.mencom.2022.07.038.
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