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Abstract: The photochemical cycloaddition of 9-cyanoanthracene with s-cisoid 1,3-dienes (2-4)
gave predominantly [4+4]cycloadducts (5,6a and 9a). The conformational study of the adducts by
the spectral and X-ray analysis confirmed that 4- or 5-membered ring condensed derivatives (5
and 6a) have symmetric C v type structure and those with 6-membered ring (9a and 10a) are
rapidly equilibrating be%ween two equivalent folded structures.

Although photochemical cycloaddition of anthracenes with various kinds of 1,3-dienes were
extensively studied,1) little is known about the reactivity with s-cisoid 1,3-dienes without
alky] substituents at diene termini. We now report the first photochemical [4+4]cycloaddition
of 9-cyanoanthracene (1) with such dienes (2—4)2) and the conformation of their [4+4]cyclo-
adducts (5,6,9 and 10).
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Irradiation of a benzene solution of 1 and equimolar amount of the dienes (2 and 3) for
40-50 minutes gave the [4+4]adducts (5 and 6a)3) in 44 and 517 yields, respectively, along
with the small amount of [4+2]adducts, 7 (9%) and 8 (10%).3) Although [4+2]cycloadduct could
not be obtained in the photochemical reaction of 1 and 1,2-dimethylenecyclohex-4-ene (4) the
yield of [4+4]cycloaddition product (9a) was almost the same (537%) to the above mentioned
cases. Judging from the yields of these photochemical [4+4]adducts, the reactivity of these
dienes are nearly equal to that of cyclic cisoid dienes.4)

In the 'H NMR spectra of these photoadducts (5, 6a and 9a) and the tribenzo derivative
(10a) prepared by DDQ oxidation of 9a, the signal due to methylene protons vicinal to the

cyano group appears as a sharp singlet, suggesting that their structures are either rapidly
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equilibrating between two equivalent folded
structures) (A2B) or a single symmetric Gy,
type structure.G) in which the buteno bridge
is almost perpendicular to 9,10-dihydro-
anthracene skeleton (C). Since it was diffi-
cult to distinguish the two possibilities only
by the TH NMR spectrum.7) the X-ray analysis
was then performed for 6a and 9a.

X-ray analysis The crystallographic data are
given in Table 1 and the molecular geometries

are presented in Fig. 1.8)

Table 1. Crystallographic data of 6a and 9a.
6a 9a
Crystal system Monoclinic Monoclinic
M. F. CooHqgN CoqHqgN
M. W, 259}9 2%0&9
Space group /n 2:/a o
a 18.676(5)A 18.}53(3)A
b 16.037(4) 13.389(2)
e 11.237(2) 14.516(2)
] 101.61(2)° 111.62(1)°
z 8 8
Reflections 4097 4373
R 0.053 0.076

Fig. 1
As is clearly shown in the figure the cyclo-
pentene condensed derivative (6a) has perpen-
dicular structure and has remarkably wide sp
[137.3° (€2-C3=C7) and 135.9° (C3=C7-C8)] and
sp3 angles [122.1° (C1-C2-C3) and 120.5° (C7-
C8—C9)].6) On the other hand, the cyclohexa-
diene condensed derivative (9a) has the folded
structure in which the cyclohexadiene ring is
almost planar and tilts at an angle of 57°
from the €1-C2-C9-C10 plane. Bond angles of
this molecule are rather normal even around
the C=C double bond of the buteno bridge.
UV spectra To examine the conformation of
these adducts in solution, the UV spectra
were measured and given in Fig. 2 together
with those of some reference compounds. The
spectra of 5 and 6a are very similar to each
other, suggesting that they have the same
conformation in solution. The lack of the
transannular interaction between the p-orbit-
als of the buteno bridge and benzene rings in
5 and 6a was confirmed by the fact that these
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ORTEP drawing of 6a and 9a.

Fig. 2 UV spectra

of the adducts in EtOH.
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spectra are very similar to that of the butano bridged compounds (11), in which there is no
double bond to interact with benzene rings. From this result, we can conclude that both 5 and
6a have perpendicular conformation in so]ution.g)

A11 the compounds which have six-membered carbocycles condensed onto the buteno bridge
(10a, 9a, and its dihydro derivative 12), however, showed the small bathochromic shift (3-4
nm) of these bands. These spectral changes together with the disappearance of the valley
around 240 nm observed in 5, 6a, and 11, apparently suggested the presence of the sizable
transannular interaction between the buteno bridge and the 9,10-dihydroanthracene, and hence
the folded structure in every cases as in the crystals. These results were further confirmed
by NMR spectra.

NMR spectra The 13¢ NMR spectra of the decyano derivatives1o) (6b, 9b, and 10b) are very
informative. The quaternary carbon of the benzene ring in the rigid folded compound (13)4a)
appeared at a low field (144.9 ppm) owing to the p-orbital compression effect11) by the double
bonds of the buteno bridge, while that of 6b having the perpendicular structure appeared at a
normal position of 9,10-dihydroanthracene (140.7 ppm).

S
@ o) O 7o Q10

144.9 ppm 142.2 142.8 140.7
(13) (9b) (10b) (6b)

, In comparison with these values, the corresponding signals of 9b and 10b appeared around
the midpoint (142.2 and 142.8 ppm, respectively). Since these compounds have folded structure
even in solution, the quaternary benzene carbons should have an intermediate chemical shift
between the normal and the sterically compressed values (V141 ppm and “145 ppm, respectively),
if the flipping of the buteno bridge occurs rapidly (A =B, vide supra). From the above
mentioned chemical shift, the flipping of the
buteno bridge is proven to be operative both in
9b and 10b at room temperature.

Variable temperature TH NMR spectra of 10a
were then examined in order to find the activa-
tion energy of this dynamic process, paying the
attention to the two sharp signals due to

methylene hydrogens of the buteno bridge. By

lowering the temperature the signals gradually

H2
became broad and at -126°C they reached to a H9

so—called coalescence state (Fig. 3). From

these spectral changes, the activation energy

H10
of this conformational equilibrium was esti- _ M J 20°cC

mated to be 6.7£0.3 kca]/mo].]z)
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Fig.3 VT-NMR of 10a.
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