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ABSTRACT

Halogenation of achiral trans -2-pyridone photodimers results in 1,3-migration of an amide nitrogen and formation of a chiral structure with six
stereogenic centers and well-differentiated functionality. The reactivity of this product toward nucleophiles, including the allylic halide, is
dominated by participation by the amide nitrogen.

Photodimerization of 2-pyridones is an efficient and regio-
selective higher order cycloaddition that transforms two
achiral aromatics into a cyclooctadiene with four stereogenic
centers and functionality at every carbon.1 This dimerization
has been known for four decades but, despite the terpenoid
carbon skeleton of the products (2and 3, Scheme 1), has
seen few applications.2 This is due in part to the symmetry
of the photoproducts and the recognition that most synthetic
targets are not symmetric, requiring some method for selec-
tively manipulating identical substituents of the photodimer.3

One solution to the symmetry issue is to react two different
pyridones, either intramolecularly4 or using a method for

achieving intermolecular selectivity between two different
pyridones.5 Both solutions add a level of complexity. We
describe here that halogenation of the dimer is a simple
method that leads to a functionally differentiated product.

As part of our study of 2-pyridone photodimer chemistry
directed at accessing polyquinane structures, we described
the chlorination ofcis photodimer2 (Scheme 1). Only one
face of each alkene is accessible to electrophiles and opening
of a chloronium ion leads to trapping by the nearby alkene,
creating a diquinane carbon skeleton. The resulting carbo-
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cation is then intercepted by the adjacent amide nitrogen,
forming aziridinium intermediate5. Opening of the aziri-
dinium with chloride then yields the observed product4.6

The trans isomer3, more readily prepared and isolated
than2, also has alkenes with a single accessible face but the
two alkenes cannot interact, so reactions with electrophiles
must take a different path.

Addition of chlorine to a solution of the knowntransdimer
37 leads to a single new product incorporating 1 equiv of
chlorine and retaining one alkene, isolated in>90% yield.
The structure of this product was confirmed as7 by X-ray
crystallography. In this molecule, the eight-membered carbon
ring remains intact, while one of the amide nitrogens has
undergone a 1,3-migration. The original point of attachment
for the amide nitrogen has a chlorine substituent with
stereochemistry indicating that the nitrogen was displaced
via an SN2 process, suggestive of a von Braun reaction,
although we are unaware of any example of a von Braun
reaction initiated by addition of halogen to an unsaturated
amide.8 Most intriguingly, this high-yielding transformation
of 3 into 7 yields a product with well-differentiated func-
tionality. Substitution of bromine for chlorine yields an
analogous dibromide, but iodine does not react with3.

Migration of the amide nitrogen during this reaction is
similar to the participation of the amide nitrogen in the
conversion of2 to 4, Scheme 1. In the mechanism proposed
for the formation of 4, a three-membered aziridinium

intermediate5 was cleaved by chloride, whereas the mech-
anism leading to7 likely involves a four-membered azeti-
dinium ion 6.

Two additional examples illustrate the generality of the
chlorination chemistry for the [4+ 4] pyridone photoadducts,
Scheme 2. Head-to-tail dimer9 is derived from 1,4-dimethyl-

2-pyridone8. Addition of chlorine to9 yields 10 in which
the nitrogen has migrated to atert-alkyl position. Head-to-
head [4+ 4] adduct11 rearranges to the corresponding
allylic chloride 12. The rearrangements in both examples
proceed with good-to-excellent isolated yields, and the
product structures10and12have been determined by X-ray
crystallography.

During chlorination of 3, interception of the initially
formed chloronium ion13 by the proximal amide nitrogen
leads to6, Scheme 3. The chloride nucleophile has three
possible carbon-nitrogen bonds in6 that could react.
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Scheme 1. Amide Nitrogen Migration Occurs in Both Trans and Cis Isomers during Chlorination of the Photoproducts

Scheme 2. Additonal Examples of 2-Pyridone Chlorination
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Cleavage of the R group by path b, especially for the
N-methyl substrates9 and 11, would have the least steric
hindrance but would yield a highly strained amide product.
Path a would yield acischlorination product and would seem
most likely based on amide orbital overlap considerations,
but this product is not observed. The allylic nature of the
bond that is broken to give7, path c, apparently contributes
to the observed reactivity by stabilizing the incipient SN2
transition state.

The dominance of the amide nitrogen in the reactivity of
this system can be seen in the treatment of7 with nucleo-
philes. The allylic chloride in7 is notable for the orthogonal-
ity of the carbon-chlorine bond to theπ-bond of the alkene
(see crystal structure, Scheme 1). Without conformational
change, SN2′ reactivity would therefore be unexpected, and
7 is a fairly inflexible structure. Moreover, direct SN2 reaction
with an external nucleophile would be parried by the amide
that lies in the SN2 pathway. Warming7 with sodium
ethoxide leads to clean and high yield displacement of one
of the chlorides, to give14with retention of stereochemistry.
Apparently, the most accessible reaction pathway is the
reversion of dichloride7 to the azetidinium ion, followed
by nucleophilic attack by the ethoxide, leading to the double
inversion and the observed stereochemistry. The stereochem-
istry of 14 was initially identified by NMR and then
confirmed through a crystal structure.

To probe carbon-carbon bond formation,7 was treated
with both sodium malononitrile and allyl magnesium chlo-
ride, revealing an additional reaction pathway, Scheme 4.
The soft malononitrile anion participates in the double-
inversion pathway, introducing the carbon at the allylic
position, structure15. In contrast, the harder Grignard reagent
adds to the azetidinium carbonyl group, consuming two
equivalents of reagent and forming a tertiary alcohol16. The
alcohol of 16 is intramolecularly hydrogen bonded to the
azetidine, which can be clearly seen in the proton NMR

spectrum. A crystal structure of16 as the hydrochloride salt
found the acid protonating the intramolecularly hydrogen
bonded alcohol, Scheme 4.

Isolation of azetidine16 is consistent with the proposed
mechanism, Scheme 3, in which the nitrogen mediates the
reactions of7 with nucleophiles. The rather unique arrange-
ment of functional groups in the 2-pyridone [4+ 4]
photoadducts endows them with unusual reactivity.

Using two very simple steps, photodimerization and
addition of halogen, one can convert achiral aromatic
2-pyridones into complex and highly functionalized poly-
cyclic molecules. Enantioselective addition of an electrophile
to the prochiral alkenes of the photodimers3 or 9 would
lead to optically active products.9 We are continuing to study
the reactivity and applications of these readily available
structures.

Acknowledgment is made to the National Institutes of
Health for support of this work.

Supporting Information Available: Experimental pro-
cedures and characterization data of all new compounds. This
material is available free of charge via the Internet at
http://pubs.acs.org.

OL052071E

(9) Oestreich, M.Angew. Chem., Int. Ed.2005,44, 2324-2327.

Scheme 4. Reactivity of7 with Carbon NucleophilesScheme 3. Potential Pathways for Halogenation and
Reactivity of the Product with Sodium Ethoxide
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