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Orthogonal Connection of Acenes via Two-Fold Diels-Alder Reactions
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Max-Planck-Institut filr Polymerforschung, Ackermannweg 10, 55021 Mainz, Germany

Abstract: Novel bis-acenes are described whose acene subunits arc held in an almost orthogonal geometry by
silicon-spiro centers. The synthesis involves Diels-Alder active bis-dienes with orthogonal five-
membered rings.

Intramolecular energy and electron transfer mechanisms depend sensitively on the geometry of the unsaturated
subunits.] An electronic "decoupling” of the electroactive centers can be achieved when they are placed in an
orthogonal arrangement. This situation prevails in bi- and polyaryls2 with strong steric inhibition of resonance,
which may even exhibit high-spin character in the case of the charged derivatives, or in compounds such as
spiroionenes 13 containing rigid connection of the subunits by spirocenters.
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The concept proposed herein achieves an almost orthogonal arrangement of acenes such as naphthalene and
anthracene via two-fold Diels-Alder reaction. The two novel tetracnes 2 and 3 serve as bis-diene functions for the
cycloaddition, and the geometry is controlled by the silicon-spiro center common to the two five-membered rings. In
order to achieve information on the electronic interaction of the 7-units4, the resulting bis-acenes 4, 5 and 6 were
submitted to chemical and electrochemical reduction under cyclovoltammetric and EPR-spectroscopic control.

The tetraalkyne 7 is known to form the bis-zirconium complex 93 (Scheme 1). Using 9 as starting material, the new
tetracne 3 can be obtained by acid hydrolysis with 3N-HCI. Furthermore, the TMS groups of 7 can be cleaved with
AgNO3 and KCN producing the new tetraalkyne 8 in 45% yield, without affecting the silicon-spiro center. The
cyclization step, which proves successful in the synthesis of 3, has so far failed with unsubstituted tetraalkynes such
as 85 (Table 2). Surprisingly enough, however, 8 reacts with zirconocene dichloride and n-butyllithium in THF at -
78 °C to afford tetraene 2 (10%). Compounds 2 and 3 can then be used in a series of Diels-Alder cycloadditions with
arynes (Scheme 1). They appear as appropiate dienophiles not only due to their high reactivity, but also due to the
facile one-step aromatization under formation of 4, § and 6 (Table 2).
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Scheme 2;
The Diels-Alder reaction of tetraene 3 with two equivalents of benzyne, generated from 1,2-dibromobenzene and n-
butyllithium, provides compound 9 in 45% yield. 9 can, in turn, be aromatized with chloranil in refluxing benzene to
produce the bis-naphthalene species 4 (92%) (Scheme 2). The spiro-bridged bis-anthracene § is obtained in a similar
fashion. The dienophile, in this case liberated from 2,3—dibromonaphthalenc,6 is treated with 3 to form 10 (38%),
which is dehydrogenated to § in 50% yield (Scheme 2). On exposure to light and air , the TMS substituted bis-



anthracene 5 in solution is transforrned within seconds into the corresponding 9,10-bis-endoperoxide. Therefore, in
order to stabilize the molecule, we thought to introduce two n-hexyl side-chains in the 9,10-positions of the
anthracene units. For this purpose 2,3-dibromo-1,4-di-n-hexylnaphthalene (11) was symhesized7 and reacted with
the unsubstituted tetraene 2 affording 12 in a 40% yield. The following aromatization of 12 results in the formation
of bis-anthracene 6 in 91% yield, owing its enhanced stability (as compared to 5) to the hexyl substituents at the
anthracene system. The stability of 6 allows easy handling and spectroscopic examination. Upon crystallization from
ethanol, single crystals of 4 can be obtained. The crystal structure of 4 is shown in figure 1.8 The two planes formed
by the silicon-spiro center and the methylene groups are almost orthogonal to each other at an angle of 98°. On the
other hand, the crystal of 4 exhibits an envelope conformation of the sila-cyclopentene units, which results in a
deviation from orthogonality of the two naphthalenes of 46°. In solution, however, the methylene protons are
isochronic so that, within the time-scale of the nmr experiment, orthogonality of the naphthalene units can be
assumed.

Figure 1 : Compound 4.

Cyclovoltammetric investigations of 6 reveal that both anthracene units are electronically independent. This is
concluded from the following potentials for reduction and oxidation steps: El1/2=-230V, E21/2 =241 V and
EL21/2 = 0.82 V9, since these potentials are in good agreement with the values determined for a single anthracene
electrophor.m

The radical anions of 4, 5 and 6, generated in THF solution with potassium at 104 mbar, can be characterized by
means of EPR and ENDOR spectroscopy (Table 1). The proton hyperfine couplings determined from the ENDOR
spectrum of 4 ~/ K* are significantly diminished as compared to those of a single naphthalene unit. Indeed, in order
to obtain a satisfactory simulation of the EPR spectrum of 4 = it is necessary to consider the protons of both
naphthalene units. We conclude from this that, within the time-scale of the experiment, the spin density is delocalized
over the whole molecule. Further reduction of 4 leads to a dianion for which ESR measurements exclude a high-spin
state.

Table 1: Coupling constants agj in mT and number of protons 7 in the radical anions of 4 and 6 (ENDOR- and EPR-
measurements at 220 K, solvent: THF)

4:
H-position 23 5.8 6.7 TMS
agy [mT) 0.143 0.273 0.117 0.0116
n 8 4 4 36
6:
H-position 1.4 5.8 6.7and 2.3 n-hexyl
ay [mT] 0.309 0.239 0.143 0.219/0.024
n 2 2 6 8
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A completely different result is obtained for the monoradical anions of 5 and 6 (Table 1). The spin density is
localized on one single anthracene unit, and an electron-hopping process is not detectable within the EPR time-scale.
In contrast to 5, compound 6 forms a dianion with a high-spin state. From the zero-field splitting (D = 3.0 mT) we
estimate the average distance between the unpaired electrons as 9.5 A, which corresponds nicely to the distance
between the central rings of the two anthracene units.

A synthesis involving the tetracnes 2 and 3 as bifunctional monomers (AA-type) together with bis-dienophiles (BB-
type) should lead to polymers in which #%-systems are connected orthogonally as well as being equidistandy
separated. Repetitive Diels-Alder reactions with arynes such derived from 13 and bis-epoxyanthracenes such as 14
have already been carried out by us.11 Polymerization reactions involving 2 and 3 will be published elsewhere,

Br Br

Table 2:

Analytical data for 2, 3,4, 5,6 und 8 fnmr spectra recorded in CDCI3 at 200 MHz (1H), 50 MHz (13C) and 30°C):

2: MS (EI 70eV): m/z 188.1 (M +) ; [H-NMR : d = 5.25, (s, 4 H); 4.80, (s, 4 H); 1.82, (s, 8 H); 13C-NMR : C-quart.: 149.8,
C-sec.: 109.1, 21.0.

3: MS (EI 70eV): m/z 476.6 (M +) ; LH-NMR : d = 0.15 (s, 36 H); 1.82, (s, 8 H); 5.95, (s, 4 H); 13C-NMR : C-quart.: 160.0;
C-tert.: 123.0; C-sec.: 20.0; C-prim.: 0.1.

4: MS (El 70eV): m/z 624.1 (M +) ; |H-NMR : d = 8.4 und 8.2, (AA' BB', 8 H); 2.55, (s, 8 H); 0.58, (s, 36 H); I3C-NMR :
C-quart.: 147.3, 138.1, 137.0; C-tert.;: 129.2, 124.1; C-sec.: 22.2; C-prim.: 4.2.

5: MS (EI 70eV): m/z 7244 M *) ; IH-NMR : d = 8.7, (s, 4 H); 7.95 und 7.4, (AA' BB, 8 H); 2.55, (s, 8 H); 0.6, (s, 36 H);
13C.NMR : C-quart.: 147.8, 137.5, 135.6, 130.5; C-tert.: 128.4, 127.2, 125.5; C-sec.: 22.2; C-prim.: 4.1.

6 : MS (EI 70eV): m/z 772.3 M *) ; IH-NMR : d = 8.3 und 7.45, (AA' BB', 4 H); 8.2, (s, 4 H); 3.6, (¢, 8 H); 2.65, (s, 8 H);
0.95, (t, 12 H); 13C-NMR : C-quart.: 140.0, 133.2, 129.5, 129.4; C-tert.: 125.6, 124.8, 124.2; C-sec.: 32.3, 31.9, 30.6, 28.7,
23.2, 19.9; C-prim.: 14.6.

8 : MS (El 70eV): m/z 1829 M +) ; IH-NMR : § = 1.97, (s, 12 H); (both protons are isochronic); 13C-NMR : C-quart.:
80.0; C-tert.: 69.0; C-sec.: 0.15.
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