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Novel Photorearrangements of 2-Aza-1,4-dienes To Scheme 1
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Studies of 1,4-unsaturated systems comprise one of the most Ph_ Ph Ph_Ph
fruitful areas of organic photochemistry. Substances in this rNHZ . ph\,ﬁ\
family typically undergo unique and synthetically useful pho- Ph

toreactions. Examples of this are found insdmethane
rearrangements of 1,4-diene3pxa-dizt-methane photoreac- 4 (82%) 5 (11%)
tions of 3,y-unsaturated ketonk% and aldehyde,1,3-acyl

migration processes df,y-unsaturated ketonéd;¢ and aza- Scheme 2

di-7-methane rearrangements of 1-aza-1,4-dienes containing
imines, oximes, and oxime estérs. Surprisingly, the photo- hy Ph_ Ph
reactivity of closely related 2-aza-1,4-diene derivatives has yet i '{‘\\ — o (b) N(a) Ph
to be described. Mariano and co-workers have previously h Ph Ph  Sens. . ~
documented the interesting single-electron-transfer (SET) pro- 1 Ph
moted photocyclization reactions of iminium salts derived from

2-aza-1,4-dienes.Our earlier efforts exploring the excited state I
chemistry of 1-aza-1,4-dienkShave recently been extended (a) l l (b)
to studies of the potentially more interesting 2-aza-1,4-dienes.

This expectation is due to the fact that sdimethane type
rearrangements of 2-aza-1,4-dienes would lead to the production :i}

Ph_ Ph
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Ph'Ph

of vinylaziridines and/or cyclopropylimines, substances which x-Ph Ph\/_NvPh
have the capability of undergoing thermal transformation to five-
memberedN-heterocyclic product’. Our initial exploration of
2-aza-1,4-diene systems have demonstrated that these substances
participate in unprecedented photorearrangement reactions under

SET- and triplet-sensitized conditions to produce vinylaziridine n\,ﬁ\

and cyclopropylimine products. pH N

The reactivity profile was first revealed in our studies with ”\Ph
the pentaphenyl-2-aza-1,4-dierle a substance which was 2 3
synthesized from 1,1,3,3-tetraphenyl-2-propenlbglstandard
procedures. Acetophenone, triplet-sensitized irradiation of
azadienel in CH,Cl, afforded after column chromatography
on silica gel the propenylaming(82%) and two new products
that were identified as the cyclopropylamifg11%) and the
vinylaziridine 3 (3%) (Scheme 1). The former substance most
likely arises by hydrolysis of the cyclopropylimir# during
chromatography.

The identities of4 and 5 were established by use of
spectroscopy while unambiguous structure assignmedwafs
made by X-ray diffraction analysfs.The production o8 and
5 in this photoreaction is in accord with the operation of
mechanistic pathways involving the generation and competitive
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cleavage of aziridinyl dicarbinyl biradicél(Scheme 2). Thus,
the major photoprodua is formed by C-N bond cleavage in
6 (path a), and@ results from C-C bond fragmentation in this
intermediate (path b). As such, this represents the first example
of a 2-aza-dimr-methane rearrangement which occuiesa three-
membered ring heterocyclic biradical and brings about the
formation of a heterocyclic produét.

Direct irradiation ofl in CH,Cl;, by use of Pyrex-filtered light
(A > 290 nm) also afforded, after column chromatography on
silica gel, 4 (82%) and5 (4%). Qualitatively, the direct
irradiation reaction is less efficient than the triplet-sensitized
process. In addition, the direct irradiation photoreactiori of

T Author to whom inquires regarding the X-ray data should be addressed. is quenched by 1,3-cyclooctadiene, suggesting that it oedars
Current address: Universidad San Pablo-CEU, Facultad de Quimica, the triplet state.
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pathway in which an initially formed olefin-localized cation
radical intermediat& bridges by G-N bond formation to give
aziridinyl cation radicaB. Ring opening irB generate® that
by back electron transfer and biradical cyclization yie3d#\
competitive route involving phenyl migration ih generates
cation radicall0, the precursor of1. To our knowledge, these
reactions represent the first examples of SET-promoted rear-
rangements in 1,4-unsaturated systems that afford three-
membered ring products. Of equal interest is the fact that
vinylaziridine 3 is obtained in both the triplet- and SET-
sensitized photoreactions &f

Additional examples of these novel photorearrangement
reactions were uncovered in our investigations with the 2-aza-
dienesl3 and14. Upon DCA SET-sensitized irradiatiod3
reacts to afford the vinylaziriding5 (24%) and a new product
that was identified as the dihydroisoquinolih6 (16%). The
latter compound is formed by an alternative cyclization of the
radical cationl7 in a reaction similar to that reported by
Zimmermanet al. in the DCA-sensitized irradiation of aryl-
substituted 1,4-pentadients. DCA-sensitized irradiation of
azadienel4 gives the corresponding vinylaziridirks in low
yield (3%)11

The mmethoxyacetophenone triplet-sensitized reactions of
these substances have also been probed. Under these condition
azadienel3 afforded, after column chromatography on silica
gel, the amind 9 (66%), resulting from hydrolysis of the starting
imine, and a complex mixture of products in which the
corresponding vinylaziridine and cyclopropylamines were not
present, as shown b\H NMR. Irradiation of compound4
under these conditions brought abaig—trans isomerization
around the &C double bond, yielding, after column chroma-

(10) Zimmerman, H. E.; Hoffacker, K. J. Org. Chem1996 61, 6526~
6534.
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tography on silica gel, the amirgd (75%) as a 3:2 mixture of
Z/E isomers, respectively.

The results outlined above clearly demonstrate that 2-aza-
1,4-dienes undergo novel photochemical reactions to produce
small-ring carbo- andN-heterocyclic products. A highlight of
this effort is the observation of the first example of a 2-aza-
di-7z-methane rearrangement yielding a vinylaziridine photo-
product. Also significant is the demonstration that this rear-
rangement process can take place under both SET- and triplet-
sensitized irradiation conditions. Itis our belief that these results
have opened a new area of research in organic photochemistry.
Further studies are in progress to determine the scope and
synthetic applications of these reactions.
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(11) The yields of photoproducts have not been optimized. However, it
8, worth noting that although the isolated yields of products in some of
these reactions are low, the yields based on recovered starting material are
very high. Attempts made at this preliminary stage to increase the conversion
resulted in a decrease in the yield of recovered starting material without
increasing the yields of products. The possibility that the low yields of
products would be due to a photoequilibrium between the reactants and
the products was taken into account. To clarify this point, vinylaziridine
15was irradiated under DCA- anmd-methoxyacetophenone-sensitization.
Under these two conditions, aziridil® was reactive yielding a complex
mixture of products in which the corresponding 2-azadiE®er the amine
19 were not present. These results show that the low isolated yields of
photoproducts are not due to a photoequilibrium between the reactants and
the products.



