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A homologous series of oligo(1,4-naphthylene)s from the bi-
naphthyl 6 to the sexinaphthylene derivative 10 were synthe-
sized successively. The Pd(0)-catalyzed reaction between aryl
bromides and arylboronic acids was used as a coupling
method. By appropriate choice of the stoichiometry, the
method allowed isolation of the intermediates 20 and 21. Un-
der the influence of potassium in 1,2-dimethoxyethane the 1,4-
bridged naphthylenes 6 —10 were partially cyclized to pery-

lene and terrylene units. This anionic cyclization displayed a
high regioselectivity. Complete cyclization to the oligorylenes
3b, 4b and 5b was achieved under the influence of AlCl; and
CuCl; on the bichromophoric systems 24, 25 and 28. The syn-
thetic sequence allowed substitution by tert-butyl groups, so
that the oligorylenes 2b, 3b, 4b and 5b were amenable to
spectroscopic investigations. The trends in absorption maxima
and fluorescence are discussed.

Large polycyclic aromatic hydrocarbons are in general not easily
accessible and are often distinguished by a very poor solubility,
preventing complete characterization and investigations of their
physical properties. Their extremely high melting points and poor
solubilities do not allow purification by either zone melting or by
chromatography on a preparative scale. Numerous attempts to pre-
pare fully conjugated, organic n systems demonstrate the great de-
mand for these compounds. Until now, poly(peri-naphthylene)
(PPN, 1), a representative example of thesc = systems, has not becn
available. Previous efforts towards its preparation have included
cationic cyclization¥, pyrolytic treatment*® and plasma poly-
merization® of suitable precursors. However, such drastic condi-
tions led to partially graphitized, irregular structures. The number
of defects was consequently very large, and structurally well-defined
materials could not be obtained. On the other hand, for the polymer
1 a vanishing HOMO-LUMO band gap, indicating the likelihood
of intrinsic electrical conductivity, has been theoretically
predicted ® but could not be verified due to the synthetic problems
indicated above. The synthesis of soluble, structurally well-defined
oligomers could allow an examination of the physical properties of
this type of polycondensed aromatic hydrocarbon for the first time.
The variation of properties such as absorption and fluorescence
behavior, electrical conductivity, redox potential, charge density in
reduced or oxidized species, etc. in a homologous series enables the
extrapolation of these properties to the polymer. Thus, with the use
of structurally well-defined oligomers it is possible to determine the
effective degree of conjugation and, in addition, to detect structural
defects in previously synthesized polymers of the investigated =
system .

Whereas the physical properties, i.e. fluorescence!® and
scintillation properties'’, hole-burning spectroscopy'?, the
photoconductivity'® of perylene (2a) and the electrical
conductivity > of CT complexes of 2a as the first member
in the series of the oligomers of PPN (1) have been exten-
sively studied and are still the subject of various investiga-

tions, the higher homologues could not be explored. The rea-
sons for this shortcoming are the lack of selective syntheses
of these compounds as well as their inprocessibility caused
by their poor solubility and high melting points.
Di(peri-naphthylene)naphthalene (3a) is the second mem-
ber in the homologous series of the peri-condensed naph-
thalene compounds. This series is termed rylene according
to the nomenclature of Clar'®; the first well-known member
has been designated as perylene (2a), the second as terrylene
(3a) and the last known as quaterrylene (4a). The synthesis
of 3a or 4a carried out by Clar required the use of the drastic
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9:n=3;R=tBu
10:n=4; R =tBu
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Scholl reaction by “caking together” ternaphthylene deriv-
atives 7 or perylene 2a, respectively, in an aluminium chlo-
ride/sodium chloride melt"'®, The compounds formed, 3a
and 4a, have not been fully characterized and showed in-
sufficient solubility for spectroscopic investigations.

As in the previous synthesis of 2,5,8,11-tetra-tert-butyl-
perylene (2b) by Friedel-Crafts alkylation of perylene
(2a2)%2Y the required solubility should be attained by sub-
stitution of the title compounds in each case by four tert-
butyl groups in the terminal B positions. The novel synthesis
presented here is performed by cyclization of the corre-
sponding substituted oligo(1,4-naphthylene)s 6, 7, 8, 9 and
10. These compounds have not been prepared before. In the
series of the oligo(p-phenylenevinylene)s (11) it has previ-
ously been shown that a fourfold substitution by tert-butyl
groups in positions comparable to those in the homologues
6, 7, 8,9 and 10 leads to a sufficient solubility of all com-
pounds 11 containing up to six phenylene moieties (n =
42,

Results and Discussion
1. Synthesis of the Oligo(1,4-naphthylene)s 6 —10

The starting material for the synthesis is 2,7-di-tert-bu-
tylnaphthalene (13), which is formed directly by Friedel-
Crafts alkylation of napthalene with tert-butyl chloride and
a catalytic amount of aluminium chloride?. Under these
reaction conditions a 1:1 mixture of the 2,6 (12) and the 2,7
isomer (13) is obtained. After optimizing the procedure for
the separation of the two isomers via thiourea inclusion
complexes, the compounds are now available on a large
scale (100—150 g). It should be mentioned that the 2,6 iso-
mer 12 can be readily converted into 1,5-dibromo-3,7-di-
tert-butylnaphthalene (14), the substrate for the synthesis of
the soluble poly(3,7-di-tert-butyl-1,5-naphthylene) (15)%%. In
the case of the 2,7 isomer 13 only the monobromo com-
pound is formed by direct bromination. The yield of 1-
bromo-3,6-di-tert-butylnaphthalene (16) amounts to 86%
when using tetrachloromethane as solvent and a catalytic
amount of iron turnings. Our approach towards the syn-
thesis of the oligo(1,4-naphthylene)s 6 —10 was stimulated
by Suzuki’s work on the palladium-catalyzed coupling of
arylboronic acids with aryl halides?”. The efficiency of this
method has recently been demonstrated for the preparation
of soluble poly(1,4-phenylene)® and the above mentioned
poly(1,5-naphthylene) derivatives 15°%. For that purpose, it
1s first necessary to transform 16 by treatment with butyl-
lithium at —78°C and reaction with an excess of triisopro-
poxyborane into its monoboronic acid derivative 17 (76%).
The preparation of the tert-butylated binaphthyl 6 is
achieved by condensing the boronic acid 17 with an equi-
molar amount of the aryl bromide 16 in boiling toluene
under the influence of 3 mol-% of tetrakis(triphenyl-
phosphine)palladium(0) and aqueous potassium carbonate
solution (72%). In an analogous fashion, the palladium-cat-
alyzed coupling of 17 with 1,4-dibromonaphthalene (18) or
4,4’-dibromo-1,1"-binaphthyl (19) in a 2:1 molar ratio leads
to the formation of the higher homologues, the ternaphthy-
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lene derivative 7 (83%) and the quaternaphthylene 8 (74%),
respectively. The specific synthesis of the monocoupling
products — the aryl bromides 20 (61%) and 21 (58%) — is
successful by coupling equimolar amounts of 17 with 1,4-
dibromonaphthalene (18) or 4,4’-dibromo-1,1’-binaphthyl
(19). 20 and 21 are subsequently converted into the corre-
sponding boronic acids 22 and 23 by lithiation and subse-
quent reaction with triisopropoxyborane. For the prepara-
tion of the quinquenaphthylene 9 (60%), compounds 21 and
22 are employed in the boronic acid coupling reaction,
whereas for the production of the sexinaphthylene 20 (55%)
compounds 21 and 23 are used.

In the series of the prepared oligo(1,4-naphthylene)s 6— 10
hindered rotation around the connected naphthalene units
results in atropisomerism. The existence of the different dia-
stereomers can be detected in the 'H-NMR spectra, where
the signals of the tert-butyl groups are split into two dou-
blets (see Experimental).

o na

20:n
21:n
22:n
23:n

2. Anionic Cyclizations

The key step in the preparation of the oligorylenes 2b—5b
themselves was inspired by the observation of Solodov-
nikov?” that 1,1’-binaphthyl cyclizes spontaneously to per-
ylene (2a) upon reduction with alkali metals. According to
the reduction conditions described for EPR spectroscopy,
the oligo(1,4-naphthylene)s 6 —9 are reduced by potassium
on a preparative scale in 1,2-dimethoxyethane (DME). The
solutions are degassed by repeated freeze-and-thaw cycles
under vacuum (103 Torr). In the case of the binaphthyl
derivative 6, a green color appears after several hours in-
dicating its conversion into the radical anion. The spin den-
sity in the radical anion is delocalized over the entire ©
system; detailed results of the EPR investigations of the rad-
ical anions of symmetrically substituted biaryles and of the
oligorylenes themselves will be published elsewhere®. After
further 24 hours, the formation of the dianion is complete
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indicated by a deep red color. In the course of the reaction,
the binaphthyl dianion 6*~ is converted by elimination of
hydrogen into the dianion of the perylene derivative 2b*~,
After approximately 7 days, the mixture shows a purple
color caused by the perylene dianion 2b*~ (see Figure 1;
'H-NMR spectra of 2b*~/2 K *). The mixture is then oxi-
dized with freshly sublimed cadmium chloride. Chromato-
graphic purification results in a 40% yield of 2,5,8,11-tetra-
tert-butylperylene (2b). To prevent the formation of by-
products very smooth reaction conditions for the reductive
cyclization are chosen. For that reason, a relatively large
amount of uncyclized starting compound 6 is recovered.

The cyclization of tetra-tert-butylternaphthylene 7 leads
to the formation of two products, namely the substituted 3-
(U’-naphthyl)perylene 24 (42%) in addition to the fully an-
nelated terrylene derivative 3b (24%) (see Figure 1; 'H-NMR
spectra of 3b>~/2 K ™). It is remarkable that the potassium-
induced cyclization shows a very high regioselectivity; the
C—C bond formation occurs only in the peri positions of
the napthalene units leading to an annelation in positions
1, 8, 1" and 8". Condensations at different positions could
not be detected. The previously prepared supposed 3-(1’-
naphthyl)perylene, which was obtained by the Scholl
reaction'”, shows a completely different UV/Vis absorption
spectrum. A comparison of the spectra of 24 (A,, = 444 nm)
with the published data (M., = 500, 406 and 329 nm) points
towards a structure different from 3-(1’-naphthyl)perylene.
Thus, the drastic Scholl reactions possess only a low regio-
selectivity. Consequently, irregular polycyclic hydrocarbons
will be formed, which cannot be separated easily.

Reduction and subsequent oxidation of the quaterna-
phthylene derivative 8 also result in the formation of pery-
lene and terrylene chromophores. The course of the cycli-
zation evidently depends upon the extent of the redox ac-
tivity of the m system, since reaction of the substituted
quaternaphthylene 8 leads to the 3,3’-biperylenyl 25 rather
than to the desired quaterrylene 4b. The main product of
the reaction is the symmetrically substituted 3,3’-biperylenyl
derivative 25 (48% yield). Other byproducts are the non-
separable binaphthylperylenes (10%) as well as the 3-(1'-
naphthyl)terrylene 26 (5%) which could be isolated.

As in the case of 8, after cyclization of the quinquena-
phthylene compound 9, only perylene and terrylene chro-
mophores are formed by reductive treatment with potas-
sium. After oxidation with anhydrous cadmium chloride and
purification on aluminium oxide, the substituted 10-(1”-na-
phthyl)-3,3"-biperylenyl 27 (52%) as well as the 3-(3'-pery-
lenyljterrylene 28 (29%) could be isolated. Cyclization to
neither quaterrylene nor pentarylene chromophores was ob-
served. With the use of the potassium-induced cyclization
method substituted perylene derivatives, which are not eas-
ily accessible by other routes, are now available. For ex-
ample, to our knowledge, all bichromophoric systems men-
tioned above have previously been unknown. The synthetic
route by anionic cyclization of substituted precursors in a
highly regioselective process is certainly superior to the clas-
sical Scholl reaction. Furthermore, the cleavage of alkyl
groups is prevented when employing the reductive method
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instead of the drastic conditions of an aluminium chloride
melt.

24:n=0;m= 1
25:n=1;m=1
26:n=0;m=2
28:n=1;m=2 z7
([dg]-THF
I
362 j 2K+ U
267 j2K+
8.0 70 6.0 S.0 40 3.0 20 10 ppm

Figure 1. '"H-NMR spectra (LDS]-THF, 200 MHz, —20°C) of the
dianion salts 2b° /2 K* and 3b*~/2 K+

3. Cationic Cyclizations

To obtain the fully annelated ladder-type structures 3b,
4b and 5b it is necessary to apply more drastic methods of
cyclization. The Scholl reactions should not be used, since
in addition to their poor regioselectivity, a partial cleavage
of the tert-butyl groups is expected. Jones® made an attempt
to synthesize perylene (2a) by oxidative treatment of unsub-
stituted 1,1’-binaphthyl with a mixture of aluminium chlo-
ride and copper(Il) chloride. The experiments revealed that
no perylene (2a) is formed; instead, an isomerization to 1,2'-
and 2,2’-binaphthyl takes place under these conditions. By
employing aromatic © systems in which radical cations are
more stabilized than in the case of the oligo(naphthylene)s,
i.e. the synthesized perylene derivatives 24 —28, this side-
reaction should be suppressed.

To obtain larger amounts of 2,5,10,13-tetra-tert-butylter-
rylene (3b), the 3-(1’-naphthyl)perylene derivative 24 is al-
lowed to react with aluminium chloride and copper(I1) chlo-
ride under mild conditions. The reaction is performed in
carbon disulfide at room temperature and with exclusion of
oxygen. The reaction mixture showed a dark blue color
emerging from charge-transfer complexes. After hydrolysis,
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the formation of the terrylene derivative 3b (42%) could be
easily detected by its purple reddish color and the strong
red fluorescence. Whereas the spectroscopic properties of
unsubstituted terrylene (3a) could not be investigated, the
solubility of the substituted derivative 3b is sufficient to
measure, for example, its NMR spectrum (Table 1). As with
perylene 2b, the peri protons (3-H) of 3b show a signal at
8 = 7.64. The signal is split into a doublet (J = 1.5 Hz)
caused by a long-range coupling between 3-H and 1-H. The
protons centered in the bay region of 2b (1-H) and 3b (1-H
and 7-H) are shifted to 8 = 8.26 —8.28. This is due to an
enhanced ring current effect in the pair of napthalene units.

In order to prepare the next higher homologues in the series
of the oligorylenes, the 3,3’-biperylenyl derivative 25 is sub-
jected to oxidative coupling. Chromatographic purification
of the crude product (aluminium oxide, cyclohexane) results
in elution of the byproducts (perylene chromophores) only.
The title compound 4b was recovered from the column
packing by repeated extraction with boiling chloroform in
a yield of 48%. The solubility of the substituted quaterrylene
derivative 4b is sufficient to measure its 'H-NMR spectrum
and therefore allows an unambiguous structure determina-
tion (Table 1). Similar to 2b and 3b, the aromatic resonance
signals for 4b could be divided into a high-field and a low-
field region. The proton signal of 3-H appears at 6 = 7.62,
whereas the bay protons (1-H, 7-H, 8-H) give rise to a broad
peak with a center of gravity at § = 8.22.

In solution compound 4b shows a deep blue color; fluo-
rescence is not noticeable. In the solid state the compound
possesses a deep black color, and a reddish lustre becomes
apparent.

The 3-(3'-perylenyl)terrylene derivative 28 is the precursor
of the as yet unknown pentarylene 5b. In fact, its prepara-
tion by oxidative treatment of 28 was successful. The com-
pound 28 was allowed to react with aluminium chioride and
copper(ll) chloride in 1,2,4-trichlorobenzene at room tem-
perature. The purification of 5§b is performed in a similar
fashion as described for the quaterrylene derivative 4b by
adsorption on aluminium oxide. Elution of the byproducts
and repeated extractions with boiling chlorobenzene yield
60% of purified pentarylene 5b. The solubility of the sub-
stituted pentarylene 5b is strongly decreased. The measure-
ment of a 'H-NMR spectrum is prevented by its low solu-
bility.

4. UV/Vis Absorption and Fluorescence Spectra

As a result of the substitution with the tert-butyl groups
all rylene derivatives 2b—5b prepared are now sufficiently

Table 1. 'TH-NMR data (8 values)? of the oligorylenes 2b, 3b

and 4b
Compd. 1-H 3-H 7-H 8-H C(CH;),
2b 8.279 7.659 - — 1.48
3b 8.26% 7.64% 8.28 — 1.50
4b 8229 7.62 8.22¢9 8.229 1.50

% 200 MHz, CDCl;. — Y Doublet, J;; = 1.5 Hz. — 9 Center of
gravity.
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soluble for an investigation of their photophysical proper-
ties. The UV/Vis absorption spectra (see Figure 2 and Table
2) demonstrate a strong bathochromic shift of the 'L, band
lying in the longest wavelength region with increasing degree
of annelation. In all cases the absorption band exhibits a
similar vibrational structure. The experimentally determined
peak positions are in good agreement with the calculated
values (PPP-SCF-CI®). Remarkable is the small Stoke’s
shift between the absorption and emission bands in the case
of all investigated homologues. As with perylene (2a), the
fluorescence spectra of the homologues show mirror image
symmetry between the longest wavelength absorption band
and the corresponding emission band (see Figure 2); thus,
in all homologues the geometries of the S, and S, states are
quite similar. Whereas perylene (2a), the tetra-tert-butyl-
perylene derivative 2b and also the new terrylene derivative
3b demonstrate a very intensive fluorescence, the fluores-
cence intensity of the quaterrylene derivative 4b is surpris-

200 300 400 500 600 700 800 900
2b —  absorption
/\ “~  ---- emission
3b
5b
200 300 400 500 edo 700 sdo  so0
[am]

Figure 2. Absorption and fluorescence spectra of the oligorylenes
2b, 3b, 4b, 5b in 1,4-dioxane
2b: A = 360 nm. — 3b: A. = 516 nm. — 4b: X, = 604 nm.

Table 2. Selected spectroscopic data for compounds 2b, 3b, 4b and
5b

Compd. Absorption [nm] Fluﬁfﬁﬁ Snce

7"max € D/mol ) Cm] » XPPP mb) xmax ¢F 9

2b 439 (28000) 452 (0.91) 446 094

3b 560 (65000) 555 (1.54) 573 0.70

4b 660  (138000) 636 (2.19) 678 005
5b 748 (—=)? 703 (2.71) - -

% Absorption spectra at room temperature in 1,4-dioxane. —
® Calculated absorptions 2, £ oscillator strength. — ¢ Fluorescence
spectra in degassed 1,4-dioxane at room temperature. — ¥ Refer-
ence materials for fluorescence measurements: 2b: perylene (2a); 3b:
rhodamine 101; 4b: 3-diethylamino-7-diethyliminophenoxazonium
perchlorate (oxazine 1). — @ Certain determination prevented by
low solubility.

Chem. Ber. 124 (1991) 2091 —2100



Polyarylenes and Poly(arylenevinylene)s, V

ingly weak. The fluorescence quantum yields, ®r, amount
to 0.94°%0.942Y 0.70%) and 0.05%" for the compounds 2a,
2b, 3b and 4b. It is presently not clear, which mechanism
(e.g. an internal-conversion or an intersystem-crossing pro-
cess) is responsible for quenching of the fluorescence in 4b.

5. Determination of the Energy Gap AE

Sublimation of the 3,3’-biperylenyl 25 as well as the ho-
mologous terrylene 3b, quaterrylene 4b and pentarylene Sh
onto glass plates in high vacuum leads to thin coatings,
which are amorphous and transparent. The thickness of the
films is in the range of 100 — 300 nm. In the case of the tetra-
tert-butylperylene 2b only microcrystallites are formed. Fig-
ure 3 shows the UV/Vis absorption spectra of the homo-
logues after film formation. The peak positions of the longest
wavelength bands undergo no drastic changes compared to
those in solution (see Figures 2 and 3).

400 500 600 700 800 [nm]

30000 25000 20000 15000 fem]
Figure 3. Absorption spectra of 25 and the oligorylenes 3b, 4b, 5b

evaporated onto glass plates

Table 3. HOMO-LUMO energy differences AE [eV]® of 2b, 3b,

4b and 5b
Compd. Color Solution ® Film?
2b yellow 2.67 —
3b red 2.14 2.02
4b blue 1.80 1.58
5b blue-green 1.56 132
19 - 0.98 0.92

* Based on the energy of the longest wavelength optical transition,
determined at 1/10 of the maximum absorption, — ® Absorption
spectra at room temperature in 1,4-dioxane. — @ Absorption spec-
tra of the compounds evaporated onto glass 3plates. — 9 Vvalue
extrapolated by using the Padé approximation®?.

The energy gap AE of the oligorylenes, ie. the energy
difference between the HOMO and the LUMO, are deter-
mined from the UV/Vis/NIR spectra. The successive values
in the series of the oligorylenes 2b—5b allow an extrapo-
lation to the value of the structurally related polymer PPN
(1). The energy differences AE are determined at 1/10 of the
maximum absorption of the longest wavelength optical
transition**) (see Table 3). By using the Padé approxima-
tion* an odd quantity of no less than 3 AE values of suc-
cessive oligomers (3b, 4b and 5b) allows the extrapolation
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to the energy difference AE,, of the corresponding polymer
1. Thus, the extrapolated values for AE,, amount to 0.98 eV
in solution and 0.92 eV in the solid, noncrystalline state.

Conclusion

The new synthetic approach described in this paper allows
the synthesis of soluble oligorylenes. The accessible homol-
ogous series ranges from the perylene derivative 2b to the
pentarylene Sh. In addition, the intramolecular cyclization
of the oligo(1,4-naphthylene)s yields perylene and terrylene
chromophors. For instance, the previously unknown 3,3’-
biperylenyl derivative 25 is now easily available. Symmet-
rically substituted biaryls such as 25 are interesting in view
of their fluorescence behavior®; the 3,3’-biperylenyl is the-
oretically predicted as a potential “twisted intramolecular
charge transfer” (TICT) chromophor®. The fluorescence
study of 25 will be published separately>”.

The substitution of the oligomers with tert-butyl groups
is a prerequisite for a series of other spectroscopic investi-
gations. In contrast to unsubstituted quaterrylene (4a) pre-
pared by Clar, the UV/Vis absorption spectra of all substi-
tuted oligorylenes 2b—5b can be measured in common or-
ganic solvents at room temperature. The solubility is also
sufficient for the EPR- and ENDOR-spectroscopic studies
of the reduced paramagnetic species in the homologous se-
ries ranging from the perylene 2b~/M™ to the pentarylene
radical anion 5b~/M* 2,

Quite remarkable is the fact that films of the thermostable
aromatic compounds can be easily prepared by evaporation.
These films allow the characterization of the nonlinear op-
tical properties of the title compounds*®.

Beyond the first member 2a of the series of homologues
of PPN (1), no studies of the physical properties have so far
been available. Extrapolation of the properties determined
for the compounds synthesized here can lead to estimates
for PPN (1).

We thank Mr. Michael Schrohe for skillful experimental assist-
ance. Financial support by the Bundesministerium fir Forschung
und Technologie is gratefully acknowledged.

Experimental

Thin layer chromatography (TLC): Ready-to-use silica gel 60 Fysy
plates (Merck). — Column chromatography: Silica gel or alumin-
ium oxide with the eluents indicated. — Melting points (uncorrec-
ted): Reichert Thermovar polarization microscope. — IR: Nicolet
320 FT-IR. — UV/Vis: Perkin-Elmer Lambda 9. — Fluorescence
spectra: Perkin-Elmer MPF 44A. — 'H NMR: Bruker AM 300,
300 MHz. — '*C NMR: Bruker AM 300. — MS: Varian MAT
CH 7A.

14-Dibromonaphthalene (18) was commercially available, and
4,4’-dibromo-1,1"-binaphthyl (19} was prepared according to the
procedure reported®.

2,7-Di-tert-butylnaphthalene (13): To a mixture of naphtalene
(200 g, 1.56 mol) and tert-butyl chloride (480 g, 5.19 mol} a small
amount of aluminium chloride (300 mg) was added. A violent re-
action with evolution of gaseous hydrogen chloride occurred. After
ca. 30 min, the reaction mixture solidified. To complete the reaction,
the mixture was heated on a water bath for further 3 h. After cool-
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ing, the mixture was kept at room temperature for 8 h. The solid
mixture was dissolved in boiling ethanol (3.3 1), and thiourea (210 g,
2.76 mol) was added. After cooling, the precipitate was filtered and
collected. After this separation, the filtrate contained the required
2,7 isomer 13, whereas the 2,6 isomer 12 was included in the thio-
urea crystals. The filtrate was treated again, first with 210 g (2.76
mol) and then with 80 g (1.05 mol) of thiourea as described above.
After removal of the solvent, the residue was digested with H,O
(300 ml) and extracted three times with CHCI; (in portions of
300 ml). The combined organic layers were dried with MgSO, and
filtered. Evaporation of the solvent gave 133 g (36% based on na-
phthalene) of 13; m.p. 103°C (ref.?» 103—104°C). — IR (KBr): ¥ =
3064 cm !, 2990— 2840, 1632, 1512, 1472, 1368, 1280, 1210, 904,
840, 632, 480. — 'H NMR (CDCL):. § = 7.75 (br,, 2H; 1-, 8-H),
7.73(d, J = 8 Hz, 2H, 4-, 5-H), 7.52 (dd, / = 8 Hz, 2 Hz, 2H; 3-,
6-H), 1.41 [s, 18H; C(CHs);]. — "“*C NMR (CDCL): 8§ = 146.00,
130.92, 12746, 124.56, 121.62, 12049, 32.34 [C(CH),], 28.85
[C(CH3)). — MS (70 eV): m/z (%) = 240 (43) [M '], 225 (100) [M*
— CH,], 57 (42) [C(CH3)'].
1-Bromo-3,6-di-tert-butylnaphthalene (16): Compound 13 (33.2 g,
0.14 mol) was dissolved in CCl, (400 ml), and a catalytic amount
of iron filings (300 mg) was added. A solution of bromine (224 g,
0.14 mol) in CCl, (100 ml) was added at room temperature to the
stirred solution by means of a dropping funnel during 1 h. During
the reaction light was excluded. After stirring for 8 h, the reaction
mixture was hydrolyzed with 300 ml of 0.5 M sodium hydroxide
solution. The mixture was stirred for 1 h. Subsequently, the organic
layer was separated, dried with MgSO, and filtered. Evaporation
of the solvent and crystallization of the residue from methanol
(200 ml) yielded 28.9 g (86%) of 16; m.p. 58 —60°C. — IR (KBr):
¥ = 2990--2855 cm~!, 1634, 1600, 1464, 1360, 1272, 1213, 973, 909,
880, 845, 816, 712, 624. — 'H NMR (CDCL): 8 = 8.13 (d, J =
8 Hz, 1H; 8-H), 7.84 (d, J = 2 Hz, 1H; 5-H), 7.77 (br., 2H; 2-, 4-
H), 7.65 (dd, J = 8 Hz, 2 Hz, 1 H; 7-H), 1.43 [s, 9H; C(CH3),], 1.41
[s, 9H; C(CH.);]. — *C NMR (CDCl,;): 5 = 149.53, 149.39, 134.60,
128.18, 126.52, 125.56, 123.41, 123.20, 3491 [C(CH);], 34.82
[C(CH);], 31.27 [C(CH,)], 31.24 [C(CH3)]. — MS (70 eV): m/z
(%) = 320 (20), 318 (20) [M *1], 305 (40), 303 (39) [M* — CHs],
57 (100) [C(CH3) ]
CisHy:Br (319.3)  Caled. C 6771 H 7.26 Br 25.03
Found C 67.63 H 7.25 Br 24.70

Preparation of the Boronic Acids. — General Procedure 1: The
aryl bromides were dissolved in 250 ml of dry diethyl ether and
cooled to —78°C under nitrogen. Through a syringe, the specified
amount of nBuLi solution (in hexane) was injected, the mixture was
stirred for 1 h, and subsequently the cooling bath was removed. In
a second reaction vessel a 2.8 fold molar amount (based on the aryl
bromide) of triisopropoxyborane in 250 ml of dry diethyl ether was
cooled to —78°C under nitrogen. While stirring vigorously the
previously prepared lithium organyl was added slowly (1 h) to the
mixture by using a metal cannula. After complete addition, the
mixture was stirred at low temperature for 1 h and further at room
temperature for 8 h. The mixture was subsequently hydrolyzed with
300 ml of 2 M aqueous HCI solution for 30 min. After separation
of the layers, the organic layer was dried with MgSO,, filtered and
the solvent cvaporated. The residue was dissolved in 100 ml of low-
boiling petroleum ether, 10 ml of H,O was added, and the heter-
ogeneous mixture was stirred at room temperature. After ca. 12 h,
the product precipitated as fine colorless crystals. The product was
filtered with suction, washed with a small amount of petroleum
ether and dried in a vacuum desiccator (60°C, 20 Torr).

3,6-Di-tert-butyl-1-(dihydroxyboryl )naphthalene (17): According
to the general procedure 1, compound 16 (25 g, 78.3 mmol), 38 ml
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of butyllithium in hexane (2.5 M) and triisopropoxyborane (44.2 g,
235 mmol} afforded 16.9 g (59.5 mmol) of the colorless monobo-
ronic acid 17 (76%);, m.p. 270°C. — IR (KBr: V=
3630—3140 cm~! (br.), 2986—2832, 1496, 1424—1312 (br.), 1277,
1184, 1104, 1056, 912, 848, 664. — 'H NMR ([Dg]acetone): § =
849 (d, J = 8 Hz, 1H; 7-H), 798 (d, J = 2 Hz, 1H), 7.85(d, J =
2 Hz, 1H), 7.79 (d, J = 2 Hz, 1H), 7.56 (dd, J = 8 Hz, 2 Hz, 1 H;
6-H), 1.50 [s, 18H; C(CH;);]. — 'C NMR ([Ds]Jacetone): & =
205.97, 149.25, 149.11, 136.65, 133.22, 130.55, 128.97, 124.98, 123.89,
123.42, 3548 [C(CH):], 35.44 [C(CH),], 31.39 [C(CH3)]. — Fle-
mental analysis was performed on the cyclic condensation product
with ethylene glycol.

CxH»BO, (4152) Caled. C 77.41 H 8.78

Found C 77.68 H 9.03

Palladium-Catalyzed Boronic Acid Coupling Reaction. — General
Procedure 2: All boronic acid coupling reactions were carried out
under nitrogen and with the exclusion of light. The reaction mix-
ture, consisting of the specified amount of the corresponding bo-
ronic acid, 3 mol-% of tetrakis(triphenylphosphine)palladium(0)
and the aryl bromide, was suspended in the specified volume of
toluene, then aqueous potassium carbonate solution was added.
The heterogeneous mixture was refluxed with vigorous stirring for
3 d. After cooling and separation of the layers, the aqueous layer
was extracted repeatedly with small portions of CHCl,. The com-
bined organic layers were dried with MgSO, and filtered, and the
solvent was removed. The purification of the crude products is
described in detail in the appropriate sections.

3,3 .6,6'-Tetra-tert-butyl-1,1"-binaphthyl (6): According to the gen-
eral procedure 2, 17 (3.0 g, 10.6 mmol), 16 (3.7 g, 11.7 mmol),
tetrakis(triphenylphosphine)palladium(0) (340 mg, 0.3 mmol), tol-
uene (20 ml) and 2 M aqueous K,COj solution (10 ml) afforded the
crude product 6. Pure colorless 6 (3.6 g, 72%) was obtained after
chromatography on silica gel (petroleum ether); m.p. 236 —238°C.
— IR (KBr): ¥ = 3056 cm~!, 2990 — 2855, 1640, 1614, 1464, 1368,
1272, 1208, 896, 835, 640. — UV (cyclohexane): Ay, (Ig€) = 293 nm
(4.04). — '"H NMR (CDCly): 8 = 7.90 (br,, 4H; 2-, 2’-, 4-, 4-H),
758 (d, J = 2 Hz, 2H; 5-, 5'-H), 742 (d, 7 = 8 Hz, 2H; 8-, 8’-H),
7.36 (dd, J = 8 Hz, 2 Hz, 2H; 7-, 7"-H), 1.50 [s, 18 H; C(CHj);],
146 (s, 18H; tert-butyl-H). — *C NMR (CDCly): & = 148.36,
147.95, 138.16, 133.61, 129.48, 126.36, 125.96, 124.13, 123.21, 122.76,
34,92 [C(CH);], 34.76 [C(CH)5], 31.38 [C(CH;)], 31.32 [C(CH,)].
— MS (70 eV): m/z (%) = 478 (72) [M *], 57 (100) [C(CH,){ 1.

CyHy (478.8) Caled. C 90.32 H 9.68
Found C 90.09 H 8.98

3,37,6,6"-Tetra-tert-butyl-1,1' : 4',1"-ternaphthylene (7). According
to the general procedure 2, 17 (3.0 g, 10.6 mmol), 18 (1.37 g,
4.8 mmol), tetrakis(triphenylphosphine)palladium(0) (340 mg, 0.3
mmol), toluene (20 ml) and,2 M aqueous K,CO; solution (10 ml)
afforded the crude product 7. Pure 7 was obtained by precipitation:
The residue was dissolved in CHCl;, and 7 (2.67 g, 83%) was pre-
cipitated by adding ethanol to the solution. The purity of 7 could
be monitored by TLC (petroleum ether). In solution 7 showed as
strong blue fluorescence after irradation with UV light; m.p.
275—276°C. — IR (KBr): v = 3056 cm !, 29902855, 1629, 1603,
1472, 1368, 1272, 1216, 960, 893, 829, 768, 648. — UV (cyclohexane):
Amax (Ig€) = 300 nm (4.20). — 'H NMR (CDCL): 8§ = 7.92—7.28
(m, 16 H, arom. H}, 1.50 [s, 9H; C(CH,);], 1.49 [s, 9H; C(CH,);],
1.42 [s, 9H, C(CHs)], 1.41 [s, 9H; C(CH;);]. — *C NMR (CDCl;):
& = 148.63, 148.59, 148.19, 138.90, 138.86, 138.00, 137.96, 133.76,
133.23, 129.69, 127.50, 127.46, 127.07, 126.53, 126.17, 126.10, 125.83,
125.75, 124.44, 12434, 12337, 123.12, 3506 [C(CH);], 34.88
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[C(CH);], 31.51 [C(CH3)], 31.41 [C(CH3)]. — MS (70 eV): m/z
(%) = 604 (100) [M*], 589 (16) [M* — CHj], 57 (79) [C(CH,) {].

CyHs, (604.4) Caled. C 91.34 H 8.66
Found C 9144 H 8.68

4-Bromo-3',6’-di-tert-butyl-1,1"-binaphthyl (20): According to the
general procedure 2, 17 (6.0 g, 21.1 mmol), 18 (9.1 g, 31.7 mmol),
tetrakis(triphenylphosphine)palladium(0) (480 mg, 0.4 mmol), tol-
uene (80 ml) and 2 M aqueous K,COj solution (50 ml) afforded the
crude product 20. Pure 20 (5.7 g, 61%) was obtained after column
chromatography on silica gel (petroleum ether) and subsequent re-
crystallization (ethanol). The purity of 20 could be monitored by
TLC (petroleum ether), m.p. 168—171°C. — IR (KBr): V =
3072 cm™!, 3008 —1248, 1632, 1608, 1512, 1472, 1376, 1256, 1208,
1128, 1032, 968, 944, 912, 888, 832, 768, 672, 640, 496. — 'H NMR
(CDCl,): 6 = 8.40(d, J = 8 Hz, 1H, arom. H), 7.89—7.99 (m, 3H,
arom. H), 7.21 —7.67 (m, 7H, arom. H), 1.49 [s, 9H; C(CH,),], 1.41
[s, 9H; C(CH;);]. — *C NMR (CDCLy): § = 148.05, 139.29, 136.74,
134.28, 133.56, 132.03, 129.46, 129.20, 128.17, 127.33, 127.17, 126.66,
126.26, 125.61, 124.40, 123.28, 12240, 34.89 [C(CH);], 34.76
[C(CH)], 31.32 [C(CH3)], 31.25 [C(CH3)]. — MS (70 eV). m/z (%)
= 448 (23), 446 (23) [M*], 433 (6), 431 (6) [M* — CH,], 57 (100)
[C(CHy)i ].

Cy;sHxoBr (4454) Caled. C 7550 H 6.56 Br 17.94

Found C 7546 H 6.61 Br 18.14

3',6'-Di-tert-butyl-4-(dihydroxyboryl)-1,1'-binaphthyl (22). Ac-
cording to the general procedure 1, 20 (5.0 g, 11.2 mmol), 2 M bu-
tyllithium in hexane (6.2 ml) and triisopropoxyborane (5.8 g, 30.9
mmol) afforded 2.4 g (51%) of the colorless monoboronic acid 22.
In the rare cascs, where the product did not precipitate, a column
chromatography was necessary. For this purpose the nonpolar by-
products were first eluted from silica gel by using petroleum ether
as eluent. The product 22 was isolated by choosing a mixture of
petroleum ether/acetic ester (1:1, v/v); m.p. 211—-213°C. — IR
(KBp): ¥ = 3660—3140 cm ™" (br.), 3064, 2992 — 2860, 1632, 1592,
1520, 1472, 1440 — 1305 (br.), 1267, 1216, 896, 840, 768. — 'H NMR
([Dg]acetone). 6 = 8.75(d, J = 7 Hz, 1H, arom. H), 8.03(d, J =
7 Hz, 1H, arom. H), 7.95 (br. 1H, arom. H), 7.63 [s, 2H; B(OH),],
7.15—7.55 (m, 7H, arom. H), 1.44 s, 9H; C(CH;);], 1.39 [s, 9H;
C(CH,)].

3.3",6,6"-Tetra-tert-butyl-1,1': 4',1": 4", 1" -quaternaphthylene (8):
According to the general procedure 2, 17 (3.0 g, 10.6 mmol), 19
(198 g, 4.8 mmol), tetrakis(triphenylphosphine)palladium(0)
(340 mg, 0.3 mmol), toluene (20 ml) and 2 M aqueous K,CO; so-
lution (10 mi) afforded the crude product 8. The residue was chro-
matographed on silica gel by starting with cyclohexane as eluent
to which CHCl; was gradually added [cyclohexane/CHCI; (5:1,
v/v)]. The purity of 8 could be monitored by TLC (petroleum ether).
After evaporation of the solvent, compound 8 (2.9 g, 74%) was
obtained; m.p. 236 —238°C. — IR (KBr): ¥ = 3056 cm™", 2990 to
2855, 1629, 1603, 1472, 1368, 1272, 1216, 960, 893, 829, 768, 648. —
UV (cyclohexane): Ay (Igg) = 302 nm (4.46). — 'H NMR (CDCL):

= 7.30—8.00 (m, 22 H; arom. H), 1.56 [s, 9H; C(CH,);], 1.54 [s,
9H; C(CH,);], 1.48 [s, 9H; C(CH;)s], 1.47 [s, 9H; C(CH;3);]. — *C
NMR (CDCL,): 6 = 148.62, 148.22, 148.20, 139.13, 138.46, 138.40,
13791, 133.75, 133.25, 129.66, 127.56, 127.12, 126.53, 126.11, 125.93,
124.50,124.40,123.37, 123.17, 35.08 [C(CH)s], 34.88 [C(CH);], 31.52
[C(CH:)], 31.41 [C(CHy)]. — MS (70 eV): m/z (%) = 730 (75)
[M*], 715 (9) [M* — CH,], 350 (29) [M** — 2 CH,], 57 (100)

C(CH)?T.
[CCHKT W, 731.1) Caled. € 9200 H 8.00

Found C 92.04 H 792
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4-Bromo-3",6"-di-tert-butyl-1,1": 4',1"-ternaphthylene (21): Ac-
cording to the general procedure 2, 17 (3.0 g, 10.6 mmol), 19 (6.5 g,

~ 15.8 mmol), tetrakis(triphenylphosphine)palladium(0) (340 mg, 0.3

mmol), toluene (40 ml) and 2 M aqueous K,CO; solution (30 ml)
afforded the crude product 21. The residue was chromatographed
on silica gel by using petroleum ether/CHCI; (5:1, v/v) as eluent.
After evaporation of the solvent and subsequent recrystallization
of the residue from ethanol, compound 21 (3.5 g, 58%) was ob-
tained; m.p. 176 —178°C. — IR (KBr): ¥ = 3072 cm~!, 3000 — 2840,
1624, 1512, 1464, 1368, 1256, 1200, 960, 944, 928, 888, 824, 752, 640.
— 'H NMR (CDCL): 8§ = 840 (d, J = 8 Hz, 2H, arom, H),
7.96—8.02 (m, 6H, arom. H), 7.24—7.69 (m, 26H, arom. H), 1.50
[s, 9H; C(CHs);], 1.49 [s, 9H; C(CH,);], 1.43 [s, 9H; C(CHs);], 1.42
s, 9H; C(CH;);]. — MS (70 eV): m/z (%) = 572 (27), 570 (25)
[M™], 557 (6), 555 (6) [M* — CH,], 365 (9) [M* — C,,H¢Br], 57
(100) [C(CHa) .
Cy3HjsBr (571.6) Caled. C 79.85 H 6.17 Br 13.98
Found C 80.40 H 6.55 Br 12.02

3”,6"-Di-tert-butyl-4-(dihydroxyboryl)-1,1': 4’ ,1"-ternaphthylene
(23): In contrast to the usual preparation of the boronic acids (see
general procedure 1), THF was used as solvent, and tert-butylli-
thium was employed instead of n-butyllithium. According to the
general procedure 1, 21 (3.0 g, 5.2 mmol) in THF (100 ml), 1.6 m
tert-butyllithium in hexane (12 ml) and triisopropoxyborane (4.8 g,
25.6 mmol) in THF (100 ml) afforded 1.8 g (65%) of the colorless
monoboronic acid 23; m.p. 239—245°C. — IR (KBr): ¥ =
3660—3140 cm ! (br.), 3064, 2992 2860, 1632, 1512, 1464 — 1280
(br.), 1256, 1216, 1136 —936 (br.), 760. — 'H NMR (CDClL): § =
8.12—-7.38 [m, 38H; arom. H and B(OH),], 1.50 {'s, 9H; C(CH3);],
1.49 [s, 9H; C(CH;);], 1.42 [s, 9H; C(CH;):], 1.41 [s, 9H; C(CHs3)4].

3,377,6,6""-Tetra-tert-butyl-1,1":4',1": 4”1 : 4" ,1""-quinquena-
phthylene (9): According to the general procedure 2, 22 (1.21 g, 2.95
mmol), 21 (1.60 g, 2.8 mmol), tetrakis(triphcnylphosphine)-
palladium(0) (70 mg, 0.06 mmol), toluene (50 ml) and 2 M aqueous
K,CO; solution (20 ml) afforded the crude product 9. The residue
was chromatographed on silica gel by starting with cyclohexane as
eluent to which CHCI; was gradually added [cyclohexane/CHCl;
(5:1, v/v)]. The purity of 9 could be monitored by TLC (petroleum
ether). After evaporation of the solvent, compound 9 (2.1 g, 60%)
was obtained; m.p. 246—248°C. — IR (KBr): ¥ = 3056 cm ™|,
2990 — 2855, 1629, 1603, 1472, 1368, 1272, 1216, 960, 893, 829, 768,
648. — UV (cyclohexane): Ay, (Ig€) = 305 nm (4.46). — 'H NMR
(CDCly): 8 = 7.93—7.28 (m, 28 H, arom. H), 1.50 [s, 9H; C(CH;);],
1.48 [s, 9H; C(CHa);], 1.43 [s, 9H; C(CH;)s], 1.42 [s, 9H; C(CH3);].
— 13C NMR (CDClLy): 5 = 148.59, 148.19, 139.07, 138.60, 138.30,
138.24,137.77, 133.58, 133.12, 129.52, 127.60, 127.11, 126.54, 126.01,
124.51,124.42,123.29, 123.10, 35.05 [C(CH),], 34.86 [C(CH);], 31.45
[C(CH3)], 31.35 [C(CH3)]. — MS (70 eV): m/z (%) = 856.5 (100)
[M*], 428 (10) [M?*], 57 (100) [C(CH,)5" 1.

CesHes (857.2) Caled. C 9247 H 7.53
Found C 9224 H 7.62

3,3"",6,6""-Tetra-tert-butyl-1,1": 4’1" : 4", 1" : 4" 1" : 4" {"""-sexi-
naphthylene (10): According to the general procedure 2, 23 (1.58 g,
2,95 mmol), 21 (1.60 g, 2.80 mmol) tetrakis(triphenylphosphine)-
palladium(0) (70 mg, 0.06 mmol), toluene (50 ml) 2 M aqueous
K,CO; solution (20 ml) afforded the crude product 10. The residue
was chromatographed on silica gel by starting with cyclohexane as
eluent to which CHCI; was gradually added [cyclohexane/CHCl,
(5:1, v/v)]. The purity of 10 could be monitored by TLC (petroleum
ether). After evaporation of the solvent, the colorless compound 10
(1.51 g, 55%) was obtained; m.p. 267—271°C. — IR (KBr) v =
3056 em ™!, 2990—2855, 1629, 1603, 1472, 1368, 1272, 1216, 960,
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893, 829, 768, 648. — UV (cyclohexane): Ayay (1g €) = 306 nm (4.69).
— 'H NMR (CDCly): 8 = 7.93—7.28 (m, 34H, arom. H), 1.50 [s,
9H; C(CH,):1, 1.48 [s, 9H; C(CH,);], 1.43 [s, 9H; C(CH;);], 1.42
[s, 9H; C(CHs);]. — MS (70 eV): m/z (%) = 982.6 (41) [M*], 745
(100) [M* — CysHys], 57 (35) [C(CH3) .
CyHy (983.4) Caled. C92.83 H 7.17
Found C 92.86 H 6.99

Anionic Cyclizations. — General Procedure 3: All preparations
were carried out under purified argon and with rigorous exclusion
of moisture. The oligo(1,4-naphthylene)s were dissolved in dry 1,2-
dimethoxyethane in each case. The use of a Schlenk reaction flask
allowed us to work under a stream of argon. The potassium, which
was separated from its oxide layer and shredded into small pieces,
was added. The solutions were degassed by repeated freeze-and-
thaw cycles under vacuum (10~* Torr). The flask was sealed off so
that the reaction could occur under vacuum. The mixture was
stirred at room temperature for 7 d. The degree of reduction could
be monitored by the color of the mixture. At the beginning, a green
color appeared after several hours (formation of radical monoan-
ions). After some hours, a change to a red color indicated the for-
mation of dianions. At the end of the reaction, the mixture showed
a purple or a blue color caused by perylene or terrylene dianion
units, respectively. The remaining potassium, which conglomerated
to one piece, was removed under argon, and freshly sublimed cad-
mium chioride was added. Subsequently, the mixture was stirred
for 1 d. After filtration, the solid was washed with CHCl;. The
collected organic solutions were concentrated, and the residue was
chromatographed on aluminium oxide.

2,58,11-Tetra-tert-butylperylene (2b). According to the general
procedure 3, 6 (2.0 g, 4.18 mmol), potassium (1.8 g, 46 mmol), DME
(150 ml) and CdCl, (2.5 g) afforded the crude product 2b. Pure 2b
(1.1 g, 55%) was obtained after column chromatography (petroleum
ether) m.p. 336—338°C (ref.? 340°C). — IR (KBr: V =
3064 cm ', 3000 — 2832, 1616, 1600, 1491, 1469, 1408, 1368, 1264,
1208, 976, 912, 896, 880, 816, 784, 640. — UV (cyclohexane): Ama
(Ige) = 436 nm (4.42), 411 (4.36), 258 (4.70), 234 (4.44), 215 (4.77).
— 'HNMR (CDCly): 8 = 8.27(d, J = 2 Hz, 4H; 1-, 6-, 7-, 12-H),
7.65(d, J = 2 Hz, 4H; 3-, 4+, 9-, 10-H), 1.48 [s, 36 H; C(CH,),]. —
B3C NMR (CDCly): & = 148.7, 134.8, 130.7, 125.8 (C-1, -6, -7, -12),
123.2, 117.6 (C-2, -5, -8, -11), 349 [C(CH),], 31.3 [C(CHy)]. — MS
(70 eV): m/z (%) = 476 (82) [M*], 153 (100).

2,3',5,6'-Tetra-tert-butyl-9-( 1’-naphthyl ) perylene (24): According
to the general procedure 3,7 (2.3 g, 3.8 mmol), potassium (1.8 g, 46
mmol), DME (150 ml) and CdCl, (2.5 g) afforded the crude product
24 besides the reddish terrylene derivative 3b. Pure 24 (960 mg,
42%) was obtained after column chromatography (petroleum eth-
er). — IR (KBr): v = 3064 cm~!, 3000—2832, 1624, 1600, 1480,
1376, 1264, 880, 840, 768. — UV (cyclohexane): An,, (Igg) = 444 nm
(4.54), 418 (4.46), 397 (4.15), 352 (3.30), 326 (3.38), 258 (4.62), 229
(5.05), 205 (5.03). — 'H NMR (CDCL): 8 = 8.35—8.20 (m, 4H;
1-, 6-, 7-, 12-H), 7.85 (br., 2H; 2'-, 4’-H), 7.66 (s, 2H; 3-, 4-H), 7.56
(d,J =2 Hz 1H; 5-H), 7.50(d, J = 7 Hz, 1H; 8-H), 740 (d, J =
8 Hz, 1H; 8'-H), 7.34 (dd, J = 8 Hz, 2 Hz, 1H; 7-H), 7.32—7.28
(m, 2H; 10-, 11-H), 1.51 [s, 9H; C(CH;),], 1.50 [s, 9H; C(CH3);],
1.47 [s, 9H; C(CH,;)], 1.40 [s, 9H; C(CH3);]. — MS (70 eV): m/z
(%) = 602 (100) [M *], 57 (61) [C(CH,){ ].
CaHso (602.9) Caled. C 91.64 H 8.36
Found C 91.45 H 8.18

Gradual addition of CHCI; to the eluent resulting in a mixture
petroleum ether/CHCl; (5: 1, v/v) yielded 550 mg (24%) of 2,5,10,13-
tetra-tert-butylterrylene (3b). In solution 3b shows a remarkably
strong reddish fluorescence.

K.-H. Koch, K. Millen

8,8',11,11'-Tetra-tert-butyl-3,3'-biperylenyl (25): According to the
general procedure 3, 8 (2.3 g, 3.1 mmol), potassium (1.8 g, 46 mmol),
DME (150 ml) and CdCl, (2.5 g) afforded the crude product 25.
Upon chromatography [cyclohexane/CHCI; (1:0 to 5:1, v/v)] the
following fractions were obtained: the nonseparable binaphthyl-
perylenes (290 mg), pure 25 (1.1 g, 48%) and the naphthylterrylene
derivative 26. — 25: M.p. 252--255°C (dec). — IR (KBr): v =
3064 cm ™', 3000—2832, 1632, 1600, 1488, 1472, 1376, 1256, 872,
837, 768. — UV (cyclohexanc): Ay (ig €) = 451 nm (4.90), 425
(4.66), 332 (3.40), 317 (3.31), 315 (3.32), 258 (4.83), 208 (5.21). — 'H
NMR (CDCL). & = 8.40—8.20 (m, 8H; 1-, 1'-, 6-, 6"-, 7-, 7'-, 12-,
12’-H), 7.67 (br., 4H; 3-, 3'-, 4-,4’-H), 7.55 (d, J = 7 Hz, 2H; 8-, 8-
H), 7.34 (m, 4H; 10-, 10'-, 11-, 11"-H), 1.51 [s, 18 H; C(CH,);}, 1.49
[s, 18 H; C(CH3);]. — '*C NMR (CDCly): & = 149.18,138.13, 134.84,
134.31, 131.86, 131.51, 130.63, 130.49, 129.37, 128.46, 126.49, 126.39,
125.39, 123.55, 120.01, 119.60, 118.51, 118.32, 34.98 [C(CH),], 31.36
[C(CH3)]. — MS (70 eV): m/z (%) = 726 (100) [M*], 57 (12)

C(CH,)7 1.
[C(CH)] CssHse (727.0) Caled. C 92.51 H 7.49
Found C 92.04 H 7.92

2,3',5,6'-Tetra-tert-butyl-11-( 1"-naphthyl ) terrylene (26): The red-
dish byproduct 26, which showed the typical terrylene fluorescence
in solution, was additionally recrystallized from ethanol. This pro-
cedure afforded 26 (114 mg, 5%); m.p. 250—252°C. — UV (cyclo-
hexane): Ay (1g€) = 564 nm (4.72), 523 (4.48), 277 (4.48), 268 (4.47),
204 (4.96). — 'H-NMR (CDCl;): & = 8.35—8.18 (m, 8H; 1-, 6-,
7-, 8-, 9-, 14-, 15-, 16-H), 7.85 (br., 2H; 2'-, 4-H), 7.68 (s, 2H; 3-, 4-
H), 7.56 (d, J = 2 Hz, 1H, 5-H), 7.52 d, J = 7 Hz, 1H; 10-H),
742 (d,J = 8 Hz, 1H; 8-H), 7.36 (dd, J = 8 Hz, 2 Hz, 1H; 7'-H),
7.34—7.30 (m, 2H; 12-, 13-H), 1.50 [s, 18 H; C(CH3);], 1.47 [s, 9H;
C(CHa,);], 1.40 [s, 9H; C(CH3)5]. — MS (70 eV): m/z (%) = 726
(14) [M 1], 121 (100), 57 (68) [C(CHa); ].

CsHsy (727.0) Caled. C 9251 H 749
Found C 91.24 H 7.63

376”.8,11-Tetra-tert-butyl-10"-( 1"-naphthyl )-3,3’-biperylenyl (27):
According to the general procedure 3, 9 (1.8 g, 2.1 mmol), potassium
(20 g, 51 mmol), DME (150 ml) and CdCl, (2.5 g) afforded the
crude product 27. Upon chromatography [cyclohexane/CHCI; (1:0
to 5:1, v/v)] the following fractions were obtained: yellow, nonse-
parable ternaphthylperylenes, the 10’-(1”-naphthyl)-3,3"-biperylenyl
derivative 27 and the tetra-tert-butyl-11-(9’-perylenyl)terrylene de-
rivative 28. The main products 27 and 28 were separated by re-
peated column chromatography [cyclohexane/CHCl; (5:1, v/v)].
This procedure afforded pure 27 (0.9 g, 52%); m.p. 312—316°C. —
IR (KBr): ¥ = 3064 cm ™', 3000—2832, 1624, 1600, 1488, 1464,
1376, 1256, 1200, 896, 880, 840, 816, 768. — UV (cyclohexane): Apg,
(Ig &) = 456 nm (4.93), 430 (4.68), 336 (3.37), 330 (3.37), 258 (4.81),
229 (5.09), 221 (5.13), 208 (5.18). — 'H NMR (CDCl): & = 842 to
8.18 (m, 8H; 1-, 1", 6-, 6'-, 7-, 7'-, 12-, 12-H), 7.87 (br., 2H; 2"-,
4”-H), 7.68 (br., 2H, 3-, 4-H), 7.62—-7.52 (m, 4H; 2'-, 5"-, 11-, 11’-
H), 7.47—17.27 (m, 8H; 4'-, 5-, 7", 8-, 8-, 8"-, 9~, 9"-H), 1.52 [s, 9H;
C(CHa);], 1.50 [s, 9H; C(CH,);], 1.48 [s, 9H; C(CH;);], 1.43 und
1.40 [s, 9H; C(CH3);]. — MS (70 eV): m/z (%) = 852.5(17) [MT],
121 (100), 57 (76) [C(CH3);" 1.

CeHgo (853.2) Caled. C 9291 H 7.09
Found C 9294 H 717

2,2°5,5"-Tetra-tert-butyl-11-(9"-perylenyl )terrylene (28): The sep-
aration described above und subsequent recrystallization from eth-
anol afforded the perylenylterrylene derivative 28 (0.5 g, 29%)
showing a red fluorescence in solution; m.p. >300°C (dec.). — IR
(KBr): v = 3064 cm ™!, 30002832, 1632, 1600, 1472, 1376, 1256,
896, 880, 840, 808, 768. — UV (cyclohexane): A, (Ig8) = 566 nm
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(4.83), 524 (4.63), 488 (4.27), 447 (4.39), 419 (4.29), 342 (3.71), 276
(4.56), 257 (4.73), 228 (5.10). — 'H NMR (CDClLy): § = 8.39—8.15
(m, 12H; 1-, 1'-, 6-, 6/~, 7-, T'-, 8-, 9-, 12'-, 14-, 15-, 16-H), 7.67 (br.,
4H; 3-, 3-, 4-, 4-H), 7.58—7.51 (m, 2H; 8'-, 10-H), 7.41 —7.28 (m,
4H; 10-, 11”-, 12-, 13-H), 1.52 [s, 27H; C(CHa)], 149 [s, 9H;
C(CH:):]. — MS (70 eV): m/z (%) = 850.5 (14) [M*], 57 (100)
[C(CH3)5" ]
CeHss (851.2)  Caled. C 93.13 H 6.87
Found C 92.45 H 7.18

2,5,10,13-Tetra-tert-butylterrylene (3b): 24 (600 mg, 1.0 mmol),
anhydrous AlICl; (600 mg) and anhydrous CuCl, (600 mg) in CS,
(70 ml) were stirred under nitrogen at room temperature for 8 h.
At the end of the reaction a dark black-green insoluble precipitate
was formed. After decanting the solvent, the solid was hydrolyzed
with ice and dilute aqueous ammonia solution. The suspension was
extracted repeatedly with small portions of CHCI, (30 ml) until the
organic layer no longer showed a red color caused by the product
3b. After drying with MgSO,, the combined organic layers were
filtered, and the solvent was evaporated.

The residue was dissolved in CHCl; (20 ml), and aluminium oxide
(5 g) was added. Evaporation of the solvent provided aluminium
oxide coated with product, which was subjected to column chro-
matography on aluminium oxide (cyclohexane). By using cyclohex-
ane as cluent only the byproducts (perylene chromophores) were
eluted. The terrylene 3b was recovered from the column packing
(dried under nitrogen) by multiple extraction with refluxing CHCl,.
After evaporation of the solvent, the residue was recrystallized from
ethanol to afford pure 3b (250 mg, 42%); m.p. 369—-370°C. — IR
(KBr): ¥ = 3064 cm™', 3000 —2832, 1624, 1600, 1488, 1472, 1376,
1264, 928, 872, 832, 712. — UV (cyclohexane): Ay (Ig€) = 557 nm
(4.83), 517 (4.61), 482 (4.19), 448 (3.87), 277 (4.64), 226 (5.07), 203
(4.95). — 'H NMR (CDCly): 8 = 8.28 (s, 4H; 7-, 8-, 15-, 16-H), 8.26
(d, J = 2 Hz, 4H; 1-, 6-, 9-, 14-H), 7.64 (d, J = 2 Hz, 4H; 3-, 4-,
11-, 12-H), 1.50 [s, 36 H; C(CH;)]. — C NMR (CDCly): § =
149.22, 134.83, 130.81, 130.59, 125.07, 123.37, 120.83, 118.10, 34.96
[C(CH);], 31.35 [C(CH3)]. — MS (70 eV). m/z (%) = 600 (18)
[M 1], 208 (84), 127 (100), 57 (10) [C(CH3)5"].

CyHys (600.9) Caled. C 91.95 H 8.05
Found C 91.63 H 7.35

2,5,12,15-Tetra-tert-butylquaterrylene (4b). 25 (500 mg, 0.69
mmol), anhydrous AICl; (500 mg) and anhydrous CuCl, (500 mg)
in CS, (80 ml) were stirred under nitrogen at room temperature for
8 h. At the cnd of the reaction a dark black-green insoluble pre-
cipitate was formed. After decanting the solvent from the precipi-
tate, the residue was hydrolyzed with ice and diluted aqueous am-
monia solution, The suspension was extracted repeatedly with small
portions of chlorobenzcne (30 ml) until the organic layer failed to
show a blue color caused by the product 4b. After drying with
MgSO,, the combined organic phases were filtered, and the solvent
was evaporated. The residue was suspended in 60 ml of CHCI;, and
aluminium oxide (5 g) was added. Evaporation of the solvent pro-
vided aluminium oxide coated with product, which was subjected
to column chromatography on aluminium oxide [cyclohexane/
CHCI, (5:1, v/v)]. By using this mixture as eluent only the by-
products (perylene chromophores) were eluted. The quaterrylene
4b was recovered from the column packing (dried under nitrogen)
by multiple extraction with refluxing CHCl;. After reducing the
solvent volume, the formed precipitate was filtered off to afford 4b
(240 mg, 48%). The dark blue solid shows a reddish shiny luster.
In solution no fluorescence of 4b was noticeable; m.p. 520—530°C.
— IR (KBr): ¥ = 3064 cm™~!, 3000—2832, 1624, 1600, 1592, 1475,
1432, 1368, 1259, 1208, 1000, 960, 893, 872, 832, 800, 672. — UV
(dioxane): Ay, (Ig €) = 660 nm (5.14), 604 (4.81), 558 (4.32), 334
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(3.98), 322 (3.95), 235 (4.97). — 'H NMR (CDCL): § = 8.22 (br,,
12H; arom. H), 7.62 (d, J/ = 2 Hz; 4H; 3-, 4-, 13-, 14-H), 1.50 [s,
36 H; C(CH;);]. — MS (70 eV): m/z (%) = 724 (14) [M ], 390 (18),
376 (100), 57 (9) [C(CH,);' .

CssHs, (725.03) Caled. C92.77 H7.23

Found C 92.18 H 8.23

2,5,14,17-Tetra-tert-butylpentarylene (5b): 28 (400 mg, 0.47 mmol),
anhydrous AICl; (400 mg) and anhydrous CuCl, (400 mg) in 1,2,4-
trichlorobenzene (50 ml) were stirred under nitrogen at room tem-
perature for 8 h. At the end of the reaction, a dark black-green
insoluble precipitate was formed. After reducing the solvent volume
under vacuum, the remaining liquor was diluted with ether and the
precipitate filtered off. The solid was subsequently hydrolyzed with
ice and dilute aqueous ammonia solution. The residue was sus-
pended in CHCl; (100 ml), and aluminium oxide (5 g) was added.
Evaporation of the solvent provided aluminium oxide coated with
product, which was subjected to column chromatography on alu-
minium oxide [cyclohexane/CHCI; (1:1, v/v)] under nitrogen and
with the exclusion of light. By using this mixture as eluent only the
byproducts (perylene and terrylene chromophores) were eluted. The
green-blue pentarylene 5b was recovered from the column packing
(dried under nitrogen) by multiple extraction with refluxing chlo-
robenzene. After reducing the solvent volume, the formed precipi-
tate was filtered off to afford 5b (240 mg, 60%). The dark green
solid showed a reddish shiny luster. In solution no fluorescence of
5b was noticeable; m.p. >540°C. — IR (KBr): v = 3064 cm™},
3000—2832, 1624, 1600, 1480, 1376, 1256, 1112, 888, 835, 806, 656.
— UV (CHCL): Ayax (Ig£) = 748 nm (5.0), 676 (4.7), 618 (4.3), 377
(3.7), 359 (3.6), 268 (4.8), 258 (4.9), 234 (5.0). — MS (70 eV} m/z (%)
= 848.5 (2.5) [M*], 57 (7) [C(CH,); 1.

CAS Registry Numbers

2b: 80663-92-9 / 2b?~ - 2 K*: 126847-80-1 / 3b: 126822-83-1 /
3b%~ - 2 K*+:126847-82-3 / 4b: 126822-84-2 / 5b: 133816-33-8 / 6:
126822-81-9 / 7: 126822-82-0 / 8: 126847-92-5 / 9: 133832-35-6 /
10: 133816-34-9 / 12: 3905-64-4 / 13: 10275-58-8 / 16: 10239-76-6 /
17: 126822-80-8 / 18: 83-53-4 / 19: 49610-35-7 / 20: 133816-35-0 /
21: 133816-36-1 / 22: 133832-36-7 / 23: 133816-37-2 / 24: 126822-
85-3 / 25: 126822-86-4 / 26: 126822-87-5 / 27: 133816-38-3 / 28:
133816-39-4 / naphthalene: 91-20-3 / tert-butyl chloride: 507-20-0 /
triisopropoxyborane: 5419-55-6 / tetrakis(triphenylphosphine)pal-
ladium(0): 14221-01-3

! Part IV: H.-P. Weitzel, K. Miillen, Makromol. Chem. 191 (1990)
2837.

? Dedicated to Professor Siegfried Hiinig on the occasion of his
70th birthday.

3 J. H. Banning, M. B. Jones, Polym. Prepr. ( Am. Chem. Soc., Div.
Polym. Chem.) 28 (1987) 223.

4 M. Murakami, S. Yoshimura, Mol. Cryst. Liq. Cryst. 118 (1985)

95.

% Z. Igbal, D. M. Tvory, J. Marti, J. L. Bredas, R. H. Baughman,
Mol. Cryst. Lig. Cryst. 118 (1985) 103.

9 M. Murashima, K. Tanaka, T. Yamabe, Synth. Met. 33 (1989)
373.

], L. Bredas, R. H. Baughman, J. Chem. Phys. 83 (1985) 1316.

% A. K. Bakshi, J. Ladik, Synth. Mer. 30 (1989) 115.

? P. N. Prasad in Organic Materials for Non-linear Optics (R. A.
Hann, D. Bloor, Eds.), p. 264, The Royal Society of Chemistry,
London, 1989.

9°1.. B. Johansson, J. G. Molotkovsky, L. D. Bergelson, J. Am.
Chem. Soc. 109 (1987) 7374.

1 D. A. Cusano, R, K. Swank, P. J. White, US Pat 4,316,817 (Feb-
ruary 23, 1982) [Chem. Abstr. 96 P172240b].

2 U. Bogner, P. Schaetz, R. Seel, M. Maier, Chem. Phys. Lett. 102
(1983) 267,

) N. Karl in Crystal, Growth, Properties and Applications (H. C.
Freyhardt, Ed.), vol. 4, Springer Verlag, Berlin, 1980.



2100

) H. Akamatu, H. Inokuchi, Y. Matsunaga, Nature (London) 173
(1954) 168.

5 H. J. Keller, D. Néthe, H. Pritzkow, D. Wehe, M. Werner, P.
Koch, D. Schweitzer, Mol. Cryst. Lig. Cryst. 62 (1980) 181.

19 E. Clar, Chem. Ber. 81 (1948) 52.

D B, Clar, W. Kelly, R. M. Laird, Monatsh. Chem. 87 (1956) 391.

!9 E. Buchta, H. Vates, H. Knopp, Chem. Ber. 91 (1958) 228,

9 L. B. Johansson, J. G. Molotkovsky, L. D. Bergelson, J. Am.
Chem. Soc. 109 (1987) 7374.

2 A. Minsky, A. Y. Meyer, M. Rabinovitz, J. Am. Chem. Soc. 104
(1982) 2475.

2 M, Strauch, PhD Thesis, University of Gottingen, 1990,

2 J. Heinze, J. Mortensen, K. Miillen, R. Schenk, J. Chem. Soc.,
Chem. Commun. 1987, 701.

) H. van Bekkum, T. J. Niewstad, J. van Barneveld, P. Klapwijk,
B. M. Wepster, Recl. Trav. Chim. Pays-Bas 88 (1969) 1028.

2 U. Fahnenstich, K.-H. Koch, K. Miillen, Makromol. Chem.
Rapid Commun. 10 (1989) 563.

)Y, Hoshino, N. Miyaura, A. Suzuki, Bull. Chem. Soc. Jpn. 61
(1988) 3008.

% M. Rehahn, A. D. Schliiter, G. Wegner, W. I. Feast, Polymer 30
(1989) 1060,

S, P. Solodovnikov, S. T. Ioffe, Yu. B. Zaks, M. I. Kabachnik,
Bull. Acad. Sci. USSR, Div. Chem. Sci. (Engl. Transl.) 1968, 442,

K.-H. Koch, K. Miillen

2 M. Baumgarten, K.-H. Koch, K. Miillen, results to be published.

¥ PPP-SCF-CI calculations taking account a maximum of 100
simple excited configurations and a maximum of 50 SCF itera-
tions.

30 1, B. Berlman, Handbook of Fluorescence Spectra of Aromatic
Molecules, Academic Press, New York 1971.

3 A. Bohnen, K.-H. Koch, W. Liittke, K. Miillen, Angew. Chem.
102 (1990) 548; Angew. Chem. Int. Ed. Engl. 29 (1990) 525.

32 H. H. Hérhold, M. Helbig, Makromol. Chem. Macromol. Symp.
12 (1987) 229.

3% K.-H. Koch, U. Fahnenstich, M. Baumgarten, K. Miillen, Synth.
Met., in press.

3 R, C. Jonson in Pade Approximation and their Application (P. R,
Graves-Morris, Ed.), p. 53, Academic Press, London 1973.

3) W. Rettig, Angew. Chem. 98 (1986) 969; Angew. Chem. Int. Ed.
Engl. 35 (1986) 971.

36 M. Zander, W. Rettig, Chem. Phys. Lett. 110 (1984) 602.

I W. Rettig et al, results to be published.

3 8, Schrader, K.-H. Koch, A. Mathy, C. Bubeck, K. Miillen, G.
Wegner, Synth. Met., in press.

¥ A, McKillop, A. G. Turell, J. Org. Chem. 42 (1977) 764.

[91/91]

Chem. Ber. 124 (1991) 2091 —2100



