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Synthesis of frame pyrazolines
based on azabicyclo[2.2.1]heptenes and nitrilimines
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The stereo- and regiochemical features of the reaction of
nitrilimines (generated in situ from N-hydrazonoyl chlorides)
with derivatives of 2-aza-, 2-oxa-3-azanorbornenes, 7-aza-
benzonorbornadiene and 7-azanorbornadiene have been
explored. The cycloaddition products contain pyrazoline
moiety fused to bicyclic skeleton; in some cases the products
undergo further retro-Diels—Alder fragmentation to form
pyrazole derivatives.
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Recently, interest in pyrazoline derivatives has sharply increased
since they exhibit a wide range of biological activities.!~” One of
the convenient methods for their synthesis is the 1,3-dipolar
cycloaddition of nitrilimines (usually generated in situ by
dehydrohalogenation of N-hydrazonoyl chlorides) to alkenes.3~!2
The reactions of norbornene and norbornadiene derivatives with
hydrazonoyl chlorides in the presence of bases make it possible
to obtain pyrazolines fused with a bicyclic skeleton.!320 In cases
of norbornene, products with an exo-arrangement of a
heterocyclic ring are formed. In the case of norbornadiene, the
exo-isomer is also the main one; however, when electron-
withdrawing substituents are introduced into both nitrilimine!”
and norbornadiene,? the yield of the endo-isomer increases. It
was found that the reactions of some 7-azabenzonorbornadiene
derivatives with nitrilimines are accompanied by the retro-
Diels—Alder reaction.?!

In order to obtain new pyrazolines fused with azabicyclic
skeleton and to continue our work on the behavior of aza-
bicycloalkenes in 1,3-dipolar cycloaddition reactions,??> we
studied herein the regio- and stereochemical features of the
reaction of nitrilimines (generated in situ from the corresponding
hydrazonoyl chlorides) with derivatives of 2-aza-, 2-oxa-3-aza-
and 7-azabicyclo[2.2.1]heptenes. We found that 2-azabi-
cyclo[2.2.1]heptenes 1a,b and 2-oxa-3-azabicyclo[2.2.1]heptene
1c on treatment with hydrazonoyl chlorides 2a—d in the presence
of triethylamine were transformed into mixtures of regioisomers
3a-1 and 4a-1 (Scheme 1). Apparently, the reaction proceeds
through the formation of species A formed upon the action of the
base on reactants 2a—c. The total yields of products 3+4 relate to
those purified by column chromatography while their ratios were
determined by 'H NMR in the crude materials.

7-Azabenzonorbornadiene 5 with Boc protection reacts with
nitrilimines (generated from 2a—d) to form single isomers 6a—d
with an exo-arrangement of the pyrazoline ring (Scheme 2). It
should be noted that pyrazolines 6a—d readily undergo the retro-
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Diels—Alder reaction: signals of pyrazoles 7a-d (~10%) are
present in the "H NMR spectra of the reaction mixtures, and their
yield would increase with the reaction prolongation (the second
possible product, isoindole 8, was not detected). Also, the
formation of noticeable amounts of pyrazoles 7a—d is observed
in samples of individual pyrazolines 6a—d (isolated by
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3e, 4¢ R!=Ts,R?=Ph, X =CH, 68 (56:44)
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3i, 4i R'=Boc, R?=Ph,X=0 78 (50:50)
3j, 4j R!=Boc, R?=2-furyl, X=0 54 (50:50)
3k, 4k R!' =Boc, R?=Me, X =0 74 (50:50)
31, 41 R'=Boc, R?=c¢-C3Hs, X =0 50 (50:50)

Scheme 1 Reagents and conditions: i, Et;N, CH,Cl,, room temperature,
~18 h.
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Scheme 2 Reagents and conditions: i, EtzN, CH,Cl,, room temperature,
~18 h; ii, room temperature, storage.

chromatography) when they were kept for a week while after
two months the pyrazolines completely dissociate.

The same phenomenon is better expressed in the case of
products of 1,3-dipolar addition of nitrilimines to 7-aza-
norbornadienes 9a,b: primary adducts 10a—d and 11a—d cannot
be isolated (Scheme 3). The main products are pyrazoles 12 and
pyrroles 13 whereas the signals for compounds 7 and 14 were
recorded in the 'H NMR spectra of reaction mixtures in minor
amounts. The composition and ratio of the products suggest that
the 1,3-cycloaddition of nitrilimines to 7-azanorbornadienes 9
occurs mainly at the C=C bond containing electron acceptor
substituents (see Scheme 3, path ). This reaction direction is in
argeement with the data on the cycloaddition of diphenyl
nitrilimine 2a to 7-carbo- and 7-oxa-analogs of compounds
9a,b.23

The exo-location of the pyrazoline cycle in compounds 3, 4
and 6 was established based on NMR spectroscopy data: the
spin—spin interaction constant of protons in the positions 2 and 6
is ca. 8 Hz, which is typical for the cis-endo-positioned protons
in the norbornane skeleton.?* The structure of the 3¢ isomer was
established using the NOESY experiment: the observed
correlation of the singlet with a chemical shift of 3.41 ppm with
the signals of protons of the CH, benzyl group allows us to
attribute this signal to the HC’ proton, and, in turn, the correlation
of the HC” proton signal with the signal of protons of the CHj
group (0 1.96 ppm) confirms the structure of the 3¢ isomer.
There is also a correlation between the signal of ortho-protons
for the phenyl group at the pyrazoline ring (6 7.01 ppm) and the
signals of protons HC' (6 2.81 ppm) and HC? (6 4.04 ppm) that

are spatially close to it. Consequently, the signal for proton HC?
of isomer 3c is shifted upfield compared to the similar signal of
isomer 4¢, and the HCS proton signal of the 3¢ isomer is shifted
downfield compared to the analogous signal of the 4c¢ isomer.
Based on these data, the structures of the 3a—h and 4a—h isomers
were determined. The structure of the 3i-1 and 4i-1 isomers has
not been unambiguously determined by NMR spectroscopy.

To summarize, the addition of nitrilimines to 2-aza-, 2-oxa-
3-azabicyclo[2.2.1]heptenes and  7-azabenzonorbornadiene
proceeds stereospecifically from the exo side. Two regioisomers
are formed in the case of 2-azanorbornenes and 2-oxa-3-aza-
norbornene. The [3+2] cycloaddition to 2,3,7-tris(alkoxy-
carbonyl)-7-azabicyclo[2.2.1]hept-2,5-dienes is accompanied
by the retro-Diels—Alder reaction, which leads to the formation
of monocyclic pyrazoles and pyrroles.
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