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ABSTRACT

Treatment of o-propargylaryl nitrones with base provided 1,2-dihydro[c]benzazepin-3-ones in good yields. The straightforward transformation
is explained on the basis of a multistep rearrangement involving conjugated allene−nitrones as precursors of a 1,7-dipolar electrocyclization
process that is followed by further bond reorganizations.

The participation of an allene unit in pericyclic processes is
amply documented in many [2+ 2] cycloadditions,1 Diels-
Alder reactions,2 and the corresponding 1,3-dipolar meth-
odology.3 Much less common are examples involving
electrocyclic ring closures of allene systems.4 We have been
engaged for some years in studies directed toward the
application of 1,7-dipolar cyclization reactions5 in order to
develop new methods in heterocyclic synthesis. After the
extensive use of dipoles bearing butadienyl and butenynyl
groups as 4π-moieties, leading to a variety of new five-, six-,
and seven-membered heterocycles,6 we now report on results
with nitrones derivatives of typeA (Scheme 1).7

It was the intention of this work to generate the allene
unit of A by base-catalyzed tautomerization of the corre-
sponding propargyl derivativeB. The experiments were
performed with the benzannulated nitrone system6, which
is available by the route sketched in Scheme 2.

Starting with the bromo aldehydes1, carbonyl protection
and subsequent Grignard reaction gave compounds2, which
after liberation of the aldehyde function, afforded the nitrones
6d,e,n by treatment of the aldehydes5 with methyl and
phenyl hydroxylamine, respectively. The nitrones6f-k,o
were made available from2 by sequential hydrodesilylation
(f 3), introduction of a terminal substituent (f4) by the
Sonogashira method8 or n-butyllithium/methyl iodide treat-
ment, deprotection (f 5), and nitrone formation. For the
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synthesis of6a-c,l,m direct deprotection of3 (f 5) was
followed by reaction with the corresponding hydroxylamines
(see Scheme 2).

In some cases the1H NMR spectra of the crude products
containing the nitrones6 as major component showed
additional signals of a product that turned out to belong to
the epimino indenes7. The formation of7 is explained by
a known pathway involving a 1,3-dipolar cycloaddition
reaction affording the isoxazolines8, which are subsequently
transformed into the aziridines7 (Scheme 3).9,10 It must be

due to the particular annulation of the isoxazolines that no
direct evidence for8 was obtained. However, control
experiments with6a,d,e,i revealed that on standing or on
heating in boiling benzene the nitrones are indeed trans-
formed into the bicyclic systems7.

The cyclization experiments were typically carried out at
room temperature by stirring solutions of the nitrones6 in

methanol in the presence of 0.5-1 equiv of sodium methylate
or potassium hydroxide. In the case of theN-methyl
derivative 6a total conversion was reached after 0.5 h,
resulting in a reaction mixture which, after aqueous workup
and flash chromatographic purification, gave a single mon-
omeric product in 84% yield. The structural identification
of the compound as the dihydrobenzazepin-3-one10a
(Scheme 4) is based on the elemental analysis and the MS

and other spectroscopic data. In the IR spectrum there is a
strong band at 1650 cm-1 indicating a carbonyl group; the1H
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NMR spectrum shows, besides signals in the aromatic region
and the singlet for theN-methyl group, a singlet for the
methylene protons at C-1 and an AB pattern ascribed to the
olefinic protons H-4 and H-5 (see Table 1). The final proof
of structure6a came from the results of an X-ray analysis.11

The conversion of type6 f 10 turned out to be quite
general and was successfully accomplished for many dif-
ferent derivatives. Thus, under analogous conditions the
nitrones6b-o afforded the corresponding benzazepinones
10b-o with yields up to 93%. As a result of partial
hydrodesilylation during the reaction of6d,e,n the additional
amount of10a, 10band10l, respectively, has to be added
to the yields given in the table.

With regard to the conformational mobility of the annu-
lated azepinone system, only theN-tert-butyl 4-phenyl
compound10j has some rigidity under ambient conditions.
According to the1H NMR spectra the methylene protons at
C-1 are not equivalent and therefore give rise to a pair of
doublets (J) 15.3 Hz).

From the inspection of the structural differences of the
starting and final products,6 and10, it becomes clear that
there is no simple connection between the nitrone and
azepinone compounds. The most striking feature concerns
the interchange of the terminal and central positions of the
allene unit of9, i.e., the carbon atom connected to R1 ends
up at C-4 of10, which is now flanked by both former allene
carbons. A possible but still tentative mechanism for the
observed transformation includes the sequence outlined in
Scheme 5: (i) propargyl-allene tautomerization (6 f 9),12

(ii) 8π-cyclization 9 f 11,5,6 (iii) N-O cleavage (11f
12),6d,e,13 (iv) diradical recombination (12f 13), (v) one-
or two-step cyclization of the azadienyl cyclopropanone13
to 14, and finally, (vi) 1,5-H shift14 f 10. There is
precedent at least for the first three steps of this pathway
(see references).

The transformation6 f 10 is not restricted to benzannu-
lated derivatives. Preliminary work has shown that the same
reaction takes place with alkenoannulated compounds and
also with simple linear derivatives. For instance, treatment
of the diphenyl nitrone15with NaOMe/MeOH produces the
corresponding azepinone16 in 94% yield; in this case there
is no final H-migration (Scheme 6).

Despite the structural simplicity of 1,2-dihydro[c]benza-
zepin-3-ones10, there are only a few synthetic methods
available, mostly used for the synthesis of further annulated
compounds,14 which frequently possess biological activity.15

The parent compound of6 (6a, NH instead of NMe) has
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Table 1. Yields and Selected1H NMR Data for Azepinones
10a

1H NMR data

yield (%) δ1-H δ4-H δ5-H J4,5 (Hz)

a 84b 4.24 6.41 7.08 12.2
b 84c 4.66 6.55 7.20 12.2
c 85c 4.27 6.36 6.98 12.1
d 24b,d 4.12 7.20
e 68c,e 4.55 ∼7.2f

f 86b,g 4.10 6.89
g 46b,g 4.57 7.06
h 75b 4.50 ∼7.4f

i 40b 4.72 ∼7.4f

j 77b 4.24/4.53h 7.20
k 64c 4.28 7.28
l 77b 4.18 6.33 6.99 12.2
m 93c 4.58 6.44 7.09 12.2
n 25c,i 4.08 7.13
o 76c 4.22 7.21

a Reaction conditions: 0.2 molar in MeOH, 0.5-1 equiv of base, 0.5-5
h (f, 24 h; g, 20 h), rt.b Base: NaOMe.c Base: KOH.d +29% a. e

+26% b. f Partially covered by signals of Ar-H.g Solvent: CH2Cl2. h

J1a,1b) 15.3 Hz. i +43% l.
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been synthesized in modest yield by irradiation ofâ-azi-
donaphthalene in methanol and subsequent hydrolysis of the
iminoether.16 The novel access to10 described in this paper
is a useful and widely applicable method for simple and more
complex derivatives of this heterocyclic system.17
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