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BECKMANN FRAGMENTATION VERSUS BECKMANN REARRANGEMENT IN
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Summary: Attempted Beckmann rearrangement of dehydronorcamphor oxime resulted
in Beckmann fragmentation and dimerization of the intermediate cyano-
methylcyclopenta-1,3-diene isomers. The dienes can be trapped by N-phenylmaleimide
to yield two isomeric crystalline adducts. When the olefin in dehydronorcamphor oxime is
effectively blocked, Beckmann rearrangement takes place to provide stereochemically
pure bicyclic lactam.

The Beckmann rearrangement of ketoximes has been used extensively in organic
synthesis due to the simplicity at which the reaction affects nitrogen insertion into a
carbon framework and the fact that the rearrangement is usually stereospecific!.
However, in [2.2.1]bicyclo-2-heptanone systems2 the rearrangement is not
straightforward and in many cases the fragmentation reaction is the major pathway
observed. Various reports on the rearrangement of norcamphor oxime offer both
conflicting accounts of fragmentation versus rearrangement and uncertainty as to the
actual structures of the isomeric lactams produced3. We have been studying the
possible Beckmann rearrangement of dehydronorcamphor oxime for the purpose of
preparing 2-azabicyclo[3.2.1]oct-6-en-3-one and report here an interesting
fragmentation reaction which produced an unstable cyclopentadiene derivative4.

Dehydronorcamphor 210 was readily converted to the (syn, anti) mixture of
corresponding oximes 3 using standard oximation procedures, (see figure). Attempted
Beckmann rearrangement using boron trifluoride in sym-tetrachloroethane® at 90°C
produced a black reaction mixture from which was found the interesting dimer 5 as the
only isolable material, (13% yield as a complex mixture of isomerss). The dimers must
arise through a Beckmann fragmentation reaction followed by dimerization of the
intermediate 1-cyanomethylcyclopenta-1,3-diene 4. The Beckmann fragmentation is
known to take place when a relatively stable carbocation can result or if the oxime is
derived from an aldehyde’. In our example there is considerable driving force for
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Scheme 1. Reagents; a). KOH, H,0, DMSO , 85°C. b). H,NOH-HCI, NaOH,
H,O, EtOH, R.T. ¢). BF4-Et,0, tetrachioroethane, 110°C.  d). BF,;-Et,0,
tetrachloroethane, N-phenylmaleimide, 90°C.  &). KMnO,, H,0, EtOH,
MgSO,, -50°C. f). acetone, p-TsOH, reflux.
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fragmentation since an allylic cation is formed which can lose a proton to generate the
cyclopentadiene. In order to substantiate the existence of this intermediate diene, N-
phenyimaleimide was added to the reaction mixture (BFg, tetrachloroethane, 90°C ) and
consequently, the two crystalline Diels-Alder gndo- adducts § and Z were isolated, (each
in 14 % vyield after chromatographys). The 1-cyanomethylcyclopenta-1,3-diene is
apparently in equilibrium with the isomeric 5-cyanomethyl compound9 in these reaction
conditions and both give rise to the two observed Diels-Alder adducts.

In order to successfully achieve Beckmann rearrangement and produce the desired 2-
azabicyclo[3.2.1]octan-3-one system yet maintain functionalization in the 6,7-positions,
the olefin of dehydronorcamphor must be effectively masked. We chose to block the
alkene as the acetonide protected cis -exo diol. Consequently, the known cyanochloride
110 was first converted to the protected diol 8 (KMnO4 then acetone, p-TsOH, reflux)
then hydrolyzed to the ketone 9, (KOH, DMSO, H20, 85°C). Oximation with
hydroxylamine produced the (syn, anti) mixture of oximes 10. We were encouraged to
discover that the boron trifluoride triggered Beckmann rearrangement at 110°C
furnished the 2-aza bicyclic lactam 11 as the only product (61% yield after
chromatography). The structure of the lactam was conclusively established as being the
2-aza isomer through TH-NMR spectroscopic analysis!1. One can conclude that the
Beckmann rearrangement of oximes 10 is possible only because the olefin is effectively
blocked as the diol derivative.

Particularly intriguing is the possibility of intramolecular trapping of cyclopentadiene
derivatives generated by such a fragmentation process, however, preparative uses will
depend upon significant yield improvements. Work toward this goal is currently in
progress along with conversions of the 2-aza bicyclic lactam 11 into useful alkaloids.
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