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Interaction between photoexcited
naphthalenenitriles and dienes: addition and
sensitization
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Abstract - Various adducts are formed when 1- or 2-naphthalenenitrile or
1,4-naphthalenedinitrile are 1irradiated in the presence of dienes
(1,3-cyclohexadiene, 2,3-dimethyl-1,3-butadiene, 2,5-dimethyl-2,4-hexadie-
ne). When electron transfer from the diene to the singlet excited
naphthalene derivative is largely endothermic, 4+4 addition predominates,
whereas when electron transfer becomes easier, 2+2 addition is the main
process, although with a lower quantum yield than in the previous case.
With the hexadiene addition onto the cyano group takes likewise place.
Besides the naphthalene-diene adducts, 2+2 and 4+2 diene dimers are
formed, and their distribution depends on the sensitizing nitrile and on
the solvent polarity.

The mechanistic implications of these reactions are discussed with
reference to the excited state energy and redox characteristics of these
compounds.

INTRODUCTION
The reaction between photoexcited aromatics and alkenes has been the subject of numerous
investigations (see, e.g., ref 1-12) and leads either to cycloaddition, probably via an
exciplex, or to electron transfer and following radical ion chemistry (Fig. 1).
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The feasibility of the charge transfer pathway can be determined on the basis of the Weller
equation (ref. 13). Furthermore, increasing the solvent polarity has often a dramatic
effect on product distribution, since the radical ions are stabilized by solvation.

With naphthalenes, as an example, 2+2 photoaddition in apolar solvents leads to
cyclobutanaphthalenes (ref. 14-29). 1n polar solvents radical ions are formed and react.
Typically, the radical cation of alkenes undergoes proton transfer from the allylic
position {(ref. 6), addition of nucleophiles (ref. 30) cycloaddition, (ref. 29, 31-2) (Fig.
2).

The photochemical reaction of naphthalene derivatives in the presence of dienes has been
less thoughroughly investigated, but both cycloaddition and ionic processes have been
documented in selected cases (ref. 33-5).

The present paper describes the photochemical reaction of 1- and 2-naphthalenecarbonitriles
(1-NN and 2-NN) as well as of 1,4-naphthalenedicarbonitrile (NDN) with representative
dienes both in apolar and in polar solvents.

The reaction leads both to naphthalene-diene adducts and to diene dimers.
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Fig. 3. Photochemical reaction of 1-naphthalene-
carbonitrile with dienes.

NAPHTHALENE-DIENE ADDUCTS

Adducts of different structure are obtained in the different cases.

Thus, the reaction of 1-NN with 2,3-dimethyl-1,3-butadiene (DMB) follows three main
pathways, viz. 2+2 addition onto the 1,2 naphthalene bond; 2+2 addition onto the 1,8a bond
(in this «case an electrocyclic rearrangement ensues and leads to the isolated
benzocyclooctatriene); 4+4 addition onto the unsubstituted naphthalene ring (Fig. 3).

With 1,3-cyclohexadiene (CH) 2+2 addition onto the 1,2 bond and 4+4 addition are observed.
With 2,5-dimethyl-2,4-hexadiene (DMH) 2+2 addition onto the naphthalene ring is accompanied
by addition onto the cyano group to yield a naphthylazetine. The latter product undergoes
hydrolysis during chromatographyic work up and a B-aminoketone is obtained (Fig. 3).

With 2-NN and DMB the only process is 4+4 addition, involving in this case both naphthalene
rings. CH yields both a 2+2 adduct on the substituted and a 4+4 adduct on the unsubstituted
ring, and DMH gives a 2+2 adduct and the adduct onto the cyano group (Fig. 4).

With NDN, DMB yields a 2+2 adduct onto position 1 and 8a (and again an electrocyclic
rearrangement leads to the isolated benzocyclooctatriene) and a 4+4 adduct. With the other
dienes, no adduct is formed (Fig. 5).
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Fig. 4. Photochemical reaction of 2-naphthalenecarbonitrile with dienes
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All of these reactions involve the singlet excited state of the nitriles. We have no
evidence suggesting other rearrangements of the adducts during irradiation or work up, and
the above mentioned reactions (2+2 addition onto the 1,2 or 1,8a position, 4+4 addition,
addition onto the cyano group) are taken as primary processes. The selectivity observed can
be rationalized with references to the charge transfer characteristics of the various
napththalene-diene pairs. In Fig. 3-5 the quantity A= E (ox) ~ E (red) - E (ex),
(respectively, oxidation potential of the diene, reduction potential of the naphthalene,
excitation energy of the naphthalene), is indicated for each reaction.

This quantity corresponds to the AG for electron transfer in the excited state, apart from
the ion separation term, which depends on solvent polarity and ion distance (ref. 13).

One can see that in the 2-NN - DMB case, with A= 9.5 kCal/M, only 4+4 cycloaddition takes
place, just as it happens with unsubstituted naphthalene and dienes, with an even lower
value (ref. 33). This mode of reaction is favoured by a good energy and sign matching
between naphthalene and dieme FMOs, and thus by a favourable LUMQ-LUMO and HOMO-HOMO
interaction (note a). Lowering the energy of naphthalene MOs with respect to the diene ones
disfavoures this interaction, and indeed as the electron transfer process becomes easier
the importance of 4+4 addition drops and 2+2 addition predominates. However, cycloaddition
through a charge transfer complex is less efficient, and limiting quantum vyield
is lower (€ 0.1) than in the previous case. For large negative A values no adducts are
formed any more (see Fig. 5).

On the other hand, steric factors have a role in these reactions, as shown by the regio-
and stereo selectivity in the formation of the ring adducts and by the formation of adducts
onto the cyano group only with DMH (a s-trans diene).

Several of these reaction (e.g. 1-NN or 2-NN + DMB) are not substantially influenced by
solvent polarity. In other cases the products mixture obtained in polar solvents is more
complicated. The results reported in Fig. 3-5 refers to apolar media (cyclohexane or
benzene).

DIENE DIMERS

Besides naphthalene-diene adducts, diene dimers are obtained in these experiments via
photosensitization by the aromatics. The product distribution depends on the nitrile used
and on the solvent polarity.
As an example, with CH four dimers are obtained, viz. 4+2 endo and exo as well as 2+2 endo
and exo derivatives (Fig. 6).
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Fig. 6 Photosensitized dimerization of cyclo-
hexadiene in the presence of naphthalene
nitriles.

4+2 Dimers are the almost exclusive products in polar solvents, such as acetonitrile. This
reaction involves the alkene radical cation (compare ref. 37) or the strongly polarized
naphthalene (N) - diene (D) exciplex (compared ref. 35). In apolar solvents the quantum
yield for dimerization is lower and 242 addition is much more important since the exciplex
or the radical ion pair (ref. 38) undergoes intersystem crossing to the low lying diene
triplet (compare ref. 39) (Fig. 7).

Note a. For a discussion of the correlation diagram of this and related photoaddition
reactions, compare ref. 36 and therein reported references.
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This triplet pathway is less important with NDN, since the radical ion pair has a lower
energy than with the mononitrile.
Solvent polarity and diene concentration have a different effect in the various cases.

The
and

CONCLUSION

degree of chargs transfer in the interaction between photoexcited naphthalenenitriles
dienes determines the course of the photochemical reaction.
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