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Deprotonation of 9,10-dihydroanthracene (2) affords the mono-
anion 6 which is subjected to alkylation reactions with mono and
bifunctional electrophiles. Crucial intermediates in syntheses us-
ing 6 are 9-3-bromopropyl}-9,10-dihydroanthracene (7) and 1,3-
bis(9,10-dihydro-9-anthryl)propane (9) since they provide access
to linear oligomers in which 9,10-dihydroanthracene units are
linked by trimethylene groups. The alkylation processes of these
species can be extended to the structurally related polymer 4. The
regio- and stereoselectivity of the alkylation reactions are inves-
tigated by ‘H- and *C-NMR spectroscopy.

1. Introduction

The reductive alkylation of anthracene (1) and the suc-
cessive - deprotonation and alkylation of 9,10-dihydroan-
thracene (2) to provide alkyl-substituted derivatives such as
3 have been the topic of numerous synthetic, mechanistic,
and spectroscopic studies! ~'¥, the results of which are sig-
nificant for the understanding of regio- and stereoselective
carbanion alkylations. A fascinating extension of this chem-
istry is the alkylation of 1 or 2 with bifunctional alkylating
agents such as 1,n-dihaloalkanes!®~?%. Under appropriate
experimental conditions the latter can react with two ionic
anthracene units and thus initiate the formation of oligo-
meric or polymeric chains'®~2, Indeed, this technique en-
abled us to create polymers with the novel structure of type
4 in which dihydroanthracene moieties are linked regiose-
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Oligomere Ketten mit 9,10-Dihydroanthracen-Einbeiten durch
Carbanionalkylierung

Die Deprotonierung des 9,10-Dihydroanthracens (2) liefert das
Monoanion 6, welches der Alkylierung mit mono- und bifunktio-
nellen Elektrophilen unterworfen wird. Zentrale Zwischenpro-
dukte der von 6 ausgehenden Synthesen sind das 1,3-Di(9-an-
thryl)propan 9 und 9-(3-Brompropy!}-9, 10~d1hydroanthracen .
Sie eroffnen den Zugang zu linearen Oligomeren, in denen 9,10-
Dihydroanthracen-Einheiten durch Trimethylengruppen ver-
knipft sind. Die Alkylierungsreaktioneh dieser Verbindungen
konnen auf das strukturverwandte Polymer 4 iibertragen werden.
Regio- und Stereoselektivitét der Alkylierungsreaktionen werden
'H- und ®*C-NMR-spektroskopisch untersucht.

lectively by flexible spacer groups of various length!¢2021),
Compounds 4 can be dehydrogenated to the corresponding
polyanthrylene species § in which the © system may undergo
successive electron-transfer processes. Indeed, 5 proves to be
an efficient electron-storage system upon electrochemical or
chemical redox reactions?2?,

The method of choice to synthesize 4 is the reductive
alkylation of anthracene (1) with lithium and 1,n-dihaloal-
kanes in liquid ammonia?. The molecular weight of the
resulting polymer depends on the experimental conditions
such as the concentration and the ion pair situation of the
intermediate carbanions'®?"). The control of the properties
of the polymer thus requires insight into the formation and
subsequent alkylation of the relevant carbanionic interme-
diates. Our preliminary studies of the polymer forming re-
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ductive alkylation reveal that anthracene (1), after having
been transformed into'its dianion, is rapidly protonated by
the solvent to yield the monoanion 6 and the amide anion?”.
Alkylation of 6 with 1,3-dibromopropane then affords the
dihydroanthracene compound 7. The latter is still an elec-
trophile and is susceptible to undergo an Sy-type alkylation
with the monoanion 6 which, under the prevailing reaction
conditions, is present as the major component. The resulting
1,3-di(%-anthryl)propane 9 should therefore constitute the
key intermediate of the polymeriZation reaction since its
deprotonation and subsequent alkylation at C-10 are ex-
pected to allow chain propagation. ‘

This mechanistic view, although straightforward and in
accordance with various pieces of experimental evidence,
still raises a number of questions. Instead of reacting as an
electrophilic bromoalkane, the primary product 7 may be
deprotonated by the base present in the solution to yield 8
which is both a nucleophile and an electrophile. The intra-
molecular alkylation of 8 would afford the trimethylene-
bridged dihydroanthracene 11%%%; on the other hand, in-
termolecular alkylation could occur between 8 and 1,3-di-
bromopropane or between two equivalents of 8, thus initi-
ating, again, the formation of an oligo(dihydroanthrylene-
trimethylene) chain.

Another complication within this mechanistic scheme
arises from the fact that deprotonation of 7 or 9 might, in
principle, not only occur at the bisbenzylic methylene, but
also at the methine positions (C-9) of the dihydroanthracene
units'?. In the case of 4, deprotonation at inner benzyl po-
sitions of the dihydroanthracene moieties and subsequent
alkylation with 1,n-dihaloalkanes could initiate cross linking
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of the polymer chains and could thus severely influence their
chemical and physical behavior. In this context the depro-
tonation and alkylation of 9-alkyl-9,10-dihydroanthracenes
12 and of tetrahydrodianthrylalkanes such as 9 can serve as
model reactions.

The present paper describes the synthesis of novel mono-
meric and oligomeric hydrocarbons containing 9,10-dihy-
droanthracene moieties by carbanion alkylation. The struc-
tures of products such as 3,7, 9, 13, and 1417, are eluci-
dated by 'H- and *C-NMR spectroscopy. Special emphasis
is paid to the existence of regio- and stereoisomerism. The
alkylation of 9,10-dihydroanthracene (2) and of its mono-
and disubstituted derivatives provides products constituting
potential intermediates in the reductive polymerization of
anthracene to yield 4. Therefore, our approach provides in-
sight into the mechanism of the polymer forming reductive
alkylation and into the structure of the polymer.

A major advantage of the reductive alkylation with bi-
functional electrophiles to yield polymers of the general
structure 4 lies in the fact that the reaction can easily be
modified to incorporate linkages other than polymethylene.

Particularly interesting is the introduction of unsaturated
moieties such as the xylylidene group?”. This should not
only affect the conformation of the resulting polymer chains
20 and 21, respectively, but also the electronic interaction
between the anthracene units of 21%2¥. In this context, we
have prepared the dianthryl compounds 24 and 25 by re-
placement of 1,n-dihaloalkanes with bifunctional electro-
philes such as 22 and 23. The latter serve as suitable models
for the related polymer 20.
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2. Results

9,10-Dihydro-cis-9,10-di-n-propylanthracene (3) was pre-
pared by reductive alkylation of anthracene with 1-bromo-
propane in liquid ammonia and characterized by 'H- and
BC-NMR spectroscopy (see Section 3)*.

Treatment of 9,10-dihydroanthracene (2) with n-butyllith-
ium in tetrahydrofuran (THF) gave rise to the monoanion
6% which could be subjected to alkylation reactions®'".
Thus, 3 was also prepared by successive alkylation of 9,10-
dihydroanthracene (2) with 1-bromopropane. Deprotona-
tion of 9,10-dihydroanthracene (2) with 1.2 equivalents of n-
butyllithium in THF and alkylation with 1.2 equivalents of
1-bromopropane gave, after five repetitions of the reaction
sequence, a crude product (94%) which contained a mono-
propyl (8%) and two different dipropyl (79%, 13%) deriv-
atives. The major (minor) dipropyl adduct could be identi-
fied as possessing a cis (trans) configuration of the substi-
tuents at C-9 and C-10. Particularly significant is the
resonance of 9-H (triplet) at & 3.89 and & 4.05 which is due
to the cis-3 and trans isomer, respectively. When we treated
3 (cis configuration) with an excess of n-butyllithium (THF)
at —78°C, the '"H-NMR spectra failed to indicate any de-
protonation. Ion formation was only observed upon warm-
ing the sample to 0°C (1 h).

If 1,3-dibromopropane in THF was added to a solution
of 6 in THF, 9 was obtained in 80% yield. The synthesis of
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Figure 1. '"H-NMR spectra ([Dg] THF, 200 MHz) of 9
Top: normal spectrum without decoupling; middle and bottom:
difference NOE experiments with irradiation at § 7.12 and § 7.23,
respectively
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9 was analogous to a procedure given in the literature'”. In
the "TH-NMR spectrum of 9 the signals of the methylene
protons at C-10 (AB systems] appear at 6 4.04 (H,) and
8§ 3.81 (H.) with 2J = 18.3 Hz (see Figure 1). The assignment
of the axial and equatorial protons follows the arguments
proposed by Rabideau for alkyl-substituted 9,10-dihydro-
anthracenes™. The methine proton at C-9 gives rise to the
triplet signal (due to the vicinal coupling [*J = 7.3 Hz] with
the methylene protons of the bridging group) at & 3.83.

When 6 was quenched in reversed order'®, i.e. if the carb-
anion solution was added dropwise to the 1,3-dibromopro-
pane solution, we obtained 7 in 60% yield. The *C-NMR
signals of 7 were assigned by using 2, 3, 9, and 1-bromo-
propane as reference compounds.

Compound 7 appeared to be a useful starting material for
further synthesis. We first considered the intramolecular cy-
clization reaction of 7. Toward that end, a 10~ -molar so-
lution of 7 in THF was slowly added to a suspension of an
excess of lithium amide in NH3/THF (2:1) at —33°C. The
yield of the cyclization product 11 was 62%. In addition,
the polymer 4 was produced in 10% yield (see below).

In order to test the regioselectivity of the deprotonation
of 9 it was treated with n-butyllithium in THF at —78°C
which yielded a deep red solution. Performing the experi-
ment in [Dg]THF allowed us to record the 'H-NMR spec-
trum of the resulting carbanion. It is clear from the spectrum
(aromatic signals at 6 6.4 [d, t], 6.09 {d], 5.82 [t], singlet
signal of 10-H at & 4.09)'? that the dianion 10 has been
formed by deprotonation at both dihydroanthracene units.
Deprotonation of 9 on a preparative scale and quenching
with 1-bromopropane at —78°C gave a crude product
which contained about 85% of 13. Just as in the analogous
dihydroanthracene derivative 3, we found that the 'H-NMR
spectrum points toward (at least) two stereoisomeric dipro-
pyl derivatives. It shows two methine proton resonances
(9,9’-H, 10,10’-H) at & 4.03 and & 3.91. Chromatographic
separation (HPLC) (with a loss of material) from the mono-
propyl derivative and the stereoisomeric dipropyl product
gave pure 13 in 44% yield. The assignment of the *C-NMR
signals of 13 follows from a comparison with model com-
pounds such as 3 and 9. It will appear from Section 3 that
the isolated (major) product is all-cis-13.

The initial step in the synthesis of higher homologues of
9 was the deprotonation of 9 to produce the dianion 10 (see
above) which could then be subjected to a twofold alkylation
with 7. It could be deduced from *C-NMR and FD mass
spectrometry that an isomeric mixture of tetraanthrylene
species (15) was formed. Analysis of the crude reaction mix-
ture by TLC indicated at least 4 products. Repeated chro-
matography provided one isomer of the “tetramer” 15 in
pure form. While the 'H-NMR spectra of the latter and of
the mixture are virtually identical, the corresponding *C-
NMR spectra exhibit significant differences. The assign-
ments of the >C-NMR signals of the pure compound 15
could be achieved by comparison with the model systems
3,9, and 13. The 'H-NMR spectrum of 15 (see Figure 2)
shows broad lines due to the existence of many overlapping
resonances. However, the resonance of the terminal axial
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methylene proton (10-H) is clearly separated from those of
all other benzylic protons with the correct intensity ratio of
1:4.
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Figure 2. "H-NMR spectra (CDCl,, 400 MHz) of (from top to
bottom) 9, 15, 17, and 4 (M, = 3500)

For the synthesis of the homologous “hexamer” 17, we
started from the isomeric mixture of the “tetramer”, which
was subjected to deprotonation at the terminal methylene
positions and to subsequent alkylation with 7. After aqueous
workup and repeated column chromatography we isolated
a fraction for which the relative intensity of the two benzylic
"H-NMR signals was 1:6 (see Figure 2). The FD mass spec-
trum indicated that the hexamer 17 contained some pen-
tamer 16 as minor component. Their complete chromato-
graphic separation was not possible.

The synthesis and structural characterization of the pol-
ymer 4 have been described by us elsewhere?. In order to
test its alkylation reaction we chose a sample which, ac-
cording to vapor-pressure osmometry, had a mean molec-
ular weight of M, = 1800 g/mol and thus a mean poly-
merization grade of P, = 8. Compound 4 (1 eq.) was dis-
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solved in THF and treated with n-butyllithium (18 eq.) at
—78°C. This roughly corresponds to 1 eq. of base per ben-
zylic carbon. Upon contact with the base the solution of 4
instantaneously turned deep red. After 2 h the reaction mix-
ture was quenched with 1-bromopropane (18 eq.) in THF.
The 'H-NMR spectrum of the product 18 indicated that the
signal of the terminal bisbenzylic protons had disappeared.
The high-field triplet signal (3 0.85) of the methyl protons
of a propyl group had a relative intensity which indicated
that any macromolecule carries two propyl groups (see Fig-
ure 3). ’

Su

Figure 3. '"H-NMR spectroscopic monitoring of the alkylation of
polymer 4

The above results raise the question if dihydroanthracene
compounds such as 9 and 13 can be subjected to peralky-
lation reactions. When 3 was treated with n-butyllithium/
tetramethylethylenediamine in THF followed by alkylation
with 1-bromopropane the “peralkylated” 9,9,10,10-tetrapro-
pyl derivative 19 was obtained in 40% yield. In the 7-line
3C-NMR spectrum of 19 the signals of the quarternary al-
iphatic carbons (C-9, C-10) appear at 6 45.1. Particularly
characteristic is the resonance line of the a-methylene car-
bon which in 19 is shifted downfield with respect to 3 by
5.4 ppm. '

In an attempted peralkylation of 9 the compound was
dissolved in NH;/THF (—33°C, 2:1) and treated with a
large excess of lithium amide (6 eq. per benzylic proton) for
1 h. Under the prevailing conditions the carbanions can be
alkylated in situ in the presence of further base which is not
possible with the use of n-butyllithium®®. In the *C-NMR

Chem. Ber. 121, 11771186 (1988)



Oligomeric Chains with 9,10-Dihydroanthracene Units

spectra of the crude product one observes, in addition to
the signals of 13, resonance signals at 6 50.4, 50.3, and 49.2.
Column chromatographic separation provided two frac-
tions in a 4:1 ratio. The first one was pure 13. As could be
inferred from *C-NMR and FD mass spectrometry the sec-
ond fraction contained small amounts of 13 and isomers of
tri- and tetrapropyl adducts.

The tetrahydro-o,o’-dianthryl-p-xylene 24 was prepared
in a fashion similar to the tetrahydrodianthrylalkanes. Thus,
9,10-dihydroanthracene (2) was transformed into the mono-
anion 6 by deprotonation with n-butyllithium in THF and
quenched with an excess of the dichloride 22. Aqueous
workup and column chromatography provided 24 in 33%
yield. When, on the other hand, the solution of 6 was added
to an excess of the alkylating agent 22, the dialkylation
product 24 was obtained in 49% yield. The reason for this
improved yield will become clear from a discussion of the
potential side reactions in Section 3. The dehydrogenation
of 24 with 2,3-dichloro-5,6-dicyano-p-benzoquinone in xy-
lene at 130°C gave a,a’-dianthryl-p-xylene (26) in 60% yield.
Better yields (80%) were achieved upon treatment of 24 with
n-butyllithium/TMEDA and cadmium chloride®".

To further test the alkylation reaction of the carbanion 6,

the quenching agent 22 was replaced by the tetramethyl
analogue 23. Guided by experience from the above alkyla-
tion, the quenching of 6 with 23 was first performed under
reverse addition conditions. The products obtained were an-
thracene (1), 9,10-dihydroanthracene (2), tetrahydro-9,9’-
bianthryl (27), and compound 28. More appropriate for a
formation of 25 is the alkylation of 6 with the bifunctional
electrophile 23 in a normal mode (addition of 23 to the
carbanion). Thereby, the oxidation product 27 could not be
detected and 28 was formed only as a minor product. The
major product was 25 which after chromatography and
crystallization was isolated in 30% yield.

3. Discussion

There are two reasons why the monomeric and oligomeric
9,10-dihydroanthracene species are important for an under-
standing of the polymer 4: (i) their NMR spectra provide
information for the structural elucidation of the higher ho-
mologues, and (ii) the method of their synthesis sheds light
on the formation of the polymer chain. A basic question,
therefore, is the regioselectivity of deprotonation/alkylation
sequences (see below).

Thereby, the synthesis of 9, 13, and 15 sheds light on the
mechanism of the polymer forming reaction. The oligomers
are built up by an Sy reaction between the electrophiles 1,3-
dibromopropane or 9-(3-bromopropyl)-9,10-dihydroanthra-
cene (7), and the nuleophiles, the mono- or dianions 6 or 10
(derived by deprotonation of the dihydroanthracene systems
2 or 9). As expected, the reaction between 6 and 1,3-di-
bromopropane to yield either 7 or 9 can be controlled by
the stoichiometry and the mode (normal/reverse) of the
quenching reaction. It is of great value for the synthesis of
the oligomers that the intermediate 7 can be obtained in
good yield and in high purity.

Chem. Ber. 121, 1177—1186 (1988)
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A crucial question for the preparation of extended linear
chain structures with more than two dihydroanthracene
units is whether 9 can be selectively deprotonated and al-
kylated at the terminal methylene groups (C-10). It should
be recalled in this context that 9-alkyl-9,10-dihydroanthra-
cenes upon deprotonation and subsequent methylation
produce the 9-alkyl-10-methyl derivatives™'" exclusively.

When the tetrahydrodianthrylpropane 9 is converted into
a dianion and subjected to alkylation no attack occurs at
the inner benzylic carbons'?. In the *C-NMR spectrum of
13 there is no signal of a terminal methylene unit. The for-
mation of 13 indicates the site of deprotonation, i.e. the
formation of the dianion 10, and also excludes equilibration
by proton transfer. This synthetic outcome is in accord with
the 'H-NMR spectrum of the intermediate dianion 10 which
nicely reflects the shielding of the benzene protons due to
the charge effect. Particularly significant is the singlet signal
of C-10 at & 4.09.

In view of the polymer forming reaction it is important
that the alkylation of 9 does not provide tri- or tetraalkyl
products. In order to test an eventual removal of methine
protons we have treated cis-9,10-di-n-propyl-9,10-dihy-
droanthracene (3) with an excess of n-butyllithium in
[Ds]THF at —78°C and monitored the reaction by 'H-
NMR spectroscopy. Under the reaction conditions there is
no deprotonation; however, warming the reaction mixture
to 0°C for 1 h gives rise to the spectrum of a monoanion.
These findings must be contrasted with related results given
in the literature®?.

Experience accumulated in the synthesis of 7, 9, and 13
allowed us to design a synthesis of the higher oligomers 15
and 17. In the synthesis of the “tetramer” 15 from 9 and 7
one must work with precisely two equivalents of the base.
Excess base may deprotonate the product 15 at the meth-
ylene positions resulting in further alkylation. An insufficient
amount of base will afford the structurally related trianthryl
species 14.

The concept leading to the synthesis of 15 can be extended
to the synthesis of the related “hexamer” 17. It comprises
the selective deprotonation at the terminal methylene
groups of 15 and the subsequent alkylation with 7. The
structural identity of the product 17 follows from the relative
intensity (1:6) of the two benzylic signals (see Figure 2).

In view of the selective alkylation at the terminal benzylic
positions of 9 and 15 it is important to test the same reaction
for the structurally related poly(dihydroanthrylene) com-
pound in which alkylation at the inner benzylic positions
(C-9, C-10") should be statistically favoured. Here again, we
have first monitored the deprotonation (n-butyllithium,
[Dg]THF, —78°C) by ‘H-NMR spectroscopy. It appears
that the reaction at —78°C only gives rise to deprotonation
at the terminal methylene groups. Treatment of the resulting
metallation product with an excess of 1-bromopropane af-
fords a product which according to the relative 'H-NMR
signal intensities of the n-propyl group, contains only two
substituents (see Figure 3). A comparison of the *C-NMR
spectra of the “alkylated” polymer 18 and the structurally
related dipropyl-dianthryl compound 13 indicates the ter-
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minal position of the propyl groups in the former. An even-
tual alkylation at inner benzylic positions of 4 would pro-
duce quaternary aliphatic centers.

In order to detect an eventual alkylation “inside” the pol-
ymer chain, we can refer to suitable model compounds. In
particular, the “peralkylated” dihydroanthracene 19 could
provide characteristic resonances of quaternary aliphatic
carbons C-9. It appears during the synthesis of 19 that de-
protonation of 3 is only possible if bases stronger than n-
butyllithium are applied. On deprotonation with n-butyl-
lithium/tetramethylethylenediamine and subsequent alkyl-
ation with 1-bromopropane we, indeed, succeeded in pre-
paring the 9,9,10,10-tetra-n-propyl-9,10-dihydroanthracene
(19). As mentioned in Section 2, both the resonance lines of
C-9 (8 45.1) and C—CHy(o) (3 50.2) in 19 are significantly
different from those in the precursor 3. The alkyl substitu-
tion in the polymer 18 causes the signals of terminal dihy-
droanthracene units at § 136.0, 47.2, 37.2, and 26.1 to dis-
appear while new signals can be detected e. g. at 5 45.1, 28.1,
and 14.3. The failure to record resonances at about & 50
shows that no quaternary carbons have been formed by
alkylation at inner benzylic carbon centers.

An attempt has been made to subject 9 to peralkylation.
Toward that end, 9 was treated with a large excess of lithium
amide in NH;/THF. Thus, deprotonation could be per-
formed in the presence of 1-bromopropane which was not
possible for a deprotonation/alkylation sequence initiated
by n-butyllithium. The ®C-NMR spectrum of the crude
product provides evidence for quatenary aliphatic centers.
In particular, the resonances at 6 50.4, 50.3, and 49.2 can be
nicely correlated with the absorption of C—CHy(a) in 19.
Chromatographic purification of the crude product gave a
mixture of tri- and tetrapropy! adducts.

Having established the regioselective formation of oligo-
meric chains we have now to consider the stereochemical
aspects of the dihydroanthracene chemistry. The 9,10-di-n-
propyl-9,10-dihydroanthracene which we isolate upon re-
ductive alkylation of anthracene possesses a cis configura-
tion of the substituents®. Particularly characteristic in the
BC-NMR spectrum of 3 are the resonances of C-1 and C-2
at 8 128.7 and & 125.8, respectively; the data closely corre-
spond to those of the 9,10-diethyl analogue (5 128.6, § 125.7)
whose cis configuration has been convincingly established
by Rabideau'?. For the latter case a trans substitution is
known to cause a significant high-field shift of the signal of
C-1. When 9,10-dihydroanthracene is subjected to depro-
tonation/alkylation processes with n-butyllithium and 1-
bromopropane at —78°C (see Section 2) we obtain a reac-
tion mixture which according to its NMR spectra contains
neither tri- nor tetrapropyl derivatives, but is composed of
two stereoisomeric 9,10-dialkyl derivatives which differ in
the configuration of the propyl groups. The cis isomer, which
may be identified by comparison with an authentic sample
of 3, is the major component (6:1). In addition to the above
BC-NMR spectra one can make use of the fact that the
methine proton 9-H of the cis isomer resonates upfield
(Adx = 0.16) with respect to that of the trans analogue®,

D. Bender, H. Herbst, P. Schade, K. Miillen

The alkyl substituent at C-9 of the tetrahydrodianthryl-
propane 9 can be positioned either axial or equatorial with
respect to the boat-shaped six-membered 1,4-cyclohexadiene
rings of the two dihydroanthracene moieties. The prefer-
ential conformation, i. e. the actual position of the alkyl sub-
stituent at C-9, could be determined by NOE-difference
measurements ™. As is obvious from Figure 1, saturation of
the aromatic protons resonating at § 7.23 causes a signifi-
cant increase of the signal intensity of H, (3 3.81) and only’
a slight increase of that of H,. Saturation at § 7.12 strongly
increases the intensity of H,, at & 3.83. It follows that H,
and H,, are positioned within the plane of the benzenoid =
systems. Correspondingly, a NOESY experiment®? (puls se-
quence 90—1—90—1—90) provides cross-peaks between
the methine proton H,, (triplet at & 3.83) and the aryl pro-
tons (multiplet at § 7.12) and also between methylene proton
H, (doublet at & 3.81) and the aryl protons (multiplet at
8 7.23). This is only possible when the alkyl substituent is
in an axial position.

When proceeding from 9 to its dipropyl derivative 13 one
is again faced with a problem of configurational isomerism.
Similar to the situation in 3 and its trans isomer, the alkyl
substituents at C-9 and C-10 can be either cis or trans so
that, in principle, 13 could exist in three different forms. In
the "H-NMR spectrum of the isolated compound 13 the
methine protons at C-9 and C-10 give rise to two overlap-
ping triplet signals at § 3.91. This should be contrasted to
the fact that in the related compound 9 proton H, resonates
downfield from H, by A8,. = 0.23. The failure to detect the
(downfield) resonance of an axial methine proton in the spec-
trum of 13 points toward a cis-diaxial arrangement of the
substituents at C-9 and C-10 in both dihydroanthracene
subunits. This is supported by NOE-difference measure-
ments. If one irradiates with the frequency of the aromatic
multiplet at 8 7.24, the two overlapping triplets of the meth-
ine protons appear in a quite similar fashion as without
irradiation. One concludes, that the methine protons are
hence positioned close to the aromatic protons and adopt
an equatorial position.

The crude reaction product obtained upon alkylation of
9 gives rise to a '"H-NMR spectrum whose methine signals
(see Section 2) indicate the existence of (at least) two stereo-
isomeric dipropyl derivatives. While the major component
is the cis,cis isomer, the downfield resonance of the methine
protons in the minor component points toward an isomer
with a trans configuration of the substituents in one (or two)
of the dihydroanthracenes.

In view of these results it comes as no surprise heat the
formation of the “tetramer” 15 by twofold deprotonation of
9 and subsequent alkylation with 7 produces a mixture of
configurational isomers. The C-NMR spectrum of the
crude reaction product shows many more signals than ex-
pected for a single stereoisomer. In principle, 15 can exist in
3 isomeric forms depending on whether the configuration of
the alkyl substituents at the two inner dihydroanthracene
moieties is cis or trans. The observation of configurational
isomerism for 15 does not come unexpectedly since in his
studies directed toward the alkylation of 9-alkyl-9,10-dihy-
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droanthracenes, Rabideau found a close relationship be-
tween the size of the alkyl group introduced and the con-
figuration of the resulting 9,10-dialkyl product™?. By col-
umn chromatography of the crude “tetramer” mixture we
succeeded in isolating a pure isomer the C-NMR reso-
nances of which could be compared with those of the model
compound 13 in order to ascertain stereochemical infor-
mation.

In the pure isomer 15 the resonance of C-1” within the
two inner dihydroanthracene units appears at & 128.8 and
closely corresponds to that of the model system 3 with a cis
configuration of the alkyl groups. Another significant find-
ing is that the chemical shifts of C-11 (C-11’) and C-12 (C-
12) in the “tetramer” 15 and its model compound 13 are
identical. We tentatively conclude that the pure stereoisomer
of 15 possesses an all-cis configuration of the substituents.

It has been pointed out above that in the reductive po-
lymerization to yield 4 and (after dehydrogenation) § the
nature of the bridging group can be modified. Varying the
chain lengths of the polymethylene linkage or introducing
polyoxaethylene units can, indeed, influence the electronic
interaction between the anthracene moieties?**, On our
way to polymer chains with unsaturated bridging groups —
compounds 20 and 21 are typical examples — we considered
the synthesis of 24 in analogy to that one of 9. However,
application of the electrophile 22 instead of 1,n-dihaloal-
kanes creates new problems. 22 is known to undergo base-
induced deprotonation at the benzylic position; the resulting
anion can then serve as a nucleophile and attack a second
molecule of 22 and, thus, initiate a polymerization, 22 is
also prone to reductive 1,6-dehalogenation followed by
polymerization*>%. Both polymerization reactions may, in
principle, be initiated by the anion 6 which may function
either as base or as reducing agent. Not surprisingly, there-
fore, formation of 24 proceeds in much better yield, when
the quenching of 6 with 22 is performed in the reverse man-
ner, i.e. when 6 is added to an excess of the electrophile.
Thus, by keeping 6 at low concentration, the above side
reactions can be more efficiently suppressed. Still another
situation is encountered in the synthesis of the tetramethyl
analogue 25 since introduction of the tertiary halide 23 is
expected to slow down the Sy process with 6. Quenching in
a reverse mode affords a mixture of 1, 2, 27, and 28. Clearly,
1 and 27 originate from a redox reaction between 6 and 23,
and 28 is produced by an Sy reaction and by subsequent
dehydrobromination. The reaction between 6 and 23 is dom-
inated by an electron transfer. Thereby, the low concentra-
tion of 6 (reverse quenching) is further reduced so that a
twofold Sy process can no more be achieved. Quenching in
a normal mode seems to be more appropriate since com-
pound 27, the product of an oxidative coupling of 6, is not
formed under the conditions, and the desired product 25
can be isolated in 30% yield.

4. Conclusion

Deprotonation/alkylation reactions of 9,10-dihydroan-
thracene (2) afford a series of oligomeric (di-, tetra-, and
hexanthryl) compounds which serve as model system for the
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structurally related polymer 4. The successful prolongation
of the linear structures is based on the fact that the “dimer”
9 and “tetramer” 15 can be regioselectively alkylated at the
terminal methylene groups. While the novel mono- and oli-
gomeric dihydroanthracenes serve as important models for
understanding the structure and reactivity of the polymer 4,
an important difference in the methods of their formation
should be noted. The oligomers are built up in a stepwise
fashion by separate deprotonation and alkylation reactions.
During the formation of the polymer 4 by reductive alky-
lation of 1 with 1,3-dibromopropane, both the carbanions
and electrophiles are present simultaneously. As a conse-
quence, the chain propagation can occur by different mech-
anisms and the chain structures can, in principle, be termi-
nated by different groups.

This work was supported by the Stiftung Volkswagenwerk and
the Fonds der Chemischen Industrie.

Experimental

Alkylation of Poly(9,10-dihydro-9,10-anthrylenetrimethylene) (4).
1.1 g of 4 with average molecular weight (M,) of 1800 was dissolved
in 50 ml THF. The solution was cooled to —78°C and treated with
11 mmol of n-butyllithium (as a solution in 10 ml THF). The color
of the polymer solution immediately changed to red. After stirring
at —78°C for 2 h, 11 mmol of 1-bromopropane was added drop-
wise over a period of 5 min. The mixture was allowed to stir for
5 min and quenched with water (2 ml). The solvent was evaporated
under reduced pressure and the residue dissolved in CHCl; (50 ml)
and water. The organic layer was washed several times with water
and concentrated to 10 ml. The polymer was precipitated by the
addition of methanol (200 mi). The white polymer powder was dried
for 8 h under vacuum (1-10~2 mbar).

9,10-Dihydro-cis-9,10-di-n-propylanthracene (3): a) To a stirred
solution of 0.18 g (26 mmol) of lithium and 250 ml of dry ammonia
were added under argon atmosphere 1.7 g (10 mmol) of anthracene
and 90 m] of THF. The resulting red-brown mixture was kept at
—33°Cfor 1 h. A solution of 2.5 g (20.3 mmol) of 1-bromopropane
in 50 ml of THF was added dropwise over a period of 15 min.
Upon the addition of the electrophile the color of the carbanion
solution changed from red-brown to orange-yellow and finally
faded. The reaction mixture was allowed to stir at —33°C for 1 h
and the ammonia was evaporated. THF was removed under re-
duced pressure and the residue dissolved in toluene/water. The or-
ganic layer was washed with water and dried over magnesium sul-
fate. The solvent was evaporated and the residue chromatographed
over silica gel (L = 50 cm, & = 3.5 cm, hexane). Recrystallisation
of the eluted product from methanol yielded 1.80 g (68%) of white
needles. — 3: (68%), m.p. 66°C. — 'H NMR (400 MHz, CDCl,):
8 = 7.26 and 7.20 (AA’BB’, 8H, 1,8-H), 3.89 (t, 2H, 9,10-H), 1.76
(m, 4H), 1.55 (m, 4H), 0.96 (t, 6H, CH,). — °C NMR (100 MHz,
CDCly): & = 140.1 (C-4a,8a,9a,10a), 128.7 (C-1,4,5,8), 125.8 (C-
2,3,6,7),46.5 (C-9, 10), 44.8 (CH,R), 21.7, 14.1 (CH,). — MS (70 eV}:
mjz (%) = 264 (11, M ™), 221 (100), 178 (96).

CypoHy (2644) Caled. C 90.85 H 9.15
Found C 90.78 H 9.20

- b) 3.6 g (20 mmol) of 2 in 250 ml of THF was treated with
12 mmol (8.6 ml) of n-butyllithium in hexane at —78°C (under
argon). The resultant red solution which was stirred for 1 h. 1.46 g
(12 mmol) of n-propyl bromide in 10 ml of THF was added drop-
wise over a period of 10 min. After 5 min, the reaction sequence
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was repeated another four times. The reaction mixture was
quenched with water, and THF was removed under reduced pres-
sure. The residue was dissolved in CHCl;/H,0, and the organic
layer was washed with water, dried (Na,SO,), and evaporated to
give 4.99 g (94%) of an amorphous solid, m.p. 63°C (spectroscopic
characterization see above). ‘

9-(3-Bromopropyl)-9,10-dihydroanthracene (7): A solution of
3.6 g (20 mmol) of 9,10-dihydroanthracene (2) in 250 ml of THF
was mixed at —78°C under argon with 22.5 mmol (15 ml) of a
solution of n-butyllithium in hexane. The formation of the mono-
anion could be detected by the deep red color. In order to complete
the metallation reaction the mixture was kept at —78°C for 2 h.
The solution of 6 was added dropwise over a period of 2 h to a
vigorously stirred solution of 20.2 g (100 mmol) of 1,3-dibromo-
propane in 20 ml of THF at —20°C. After the addition was com-
plete the THF and the excess of 1,3-dibromopropane were removed
under reduced pressure. Water and chloroform were added to the
residue. The organic layer was washed several times with water
under an argon atmosphere and dried over magnesium sulfate. The
solvent was removed under reduced pressure and the residue chro-
matographed over silica gel under an argon atmosphere (L =
50 cm, @ = 4.5 cm, light petroleum/CHCI,, gradient 100—85%).
The resulting colorless oil, 3.6 g (60%), crystallised on cooling. —
7: (60%); m.p. 47°C. — 'H NMR (400 MHz, CDCL;): 8 = 7.35 to
7.20 (m, 8H, 1,8-H), 4.15 (d, 1H, 10-H), 3.94 (t, 1H, 9-H), 3.88 (d,
1H, 10-H), 3.32 (t, 2H, CH,Br), 1.84 (m, 2H), 1.77 (m, 2H). — BC
NMR (100 MHz, CDCls): 3 = 140.0 (C-8a,9a), 136.1 (C-4a,10a),
127.9 (C-1,4,5,8), 126.2 (C-2,3,7), 46.6 (C-9), 36.2, 35.2 (C-10), 334
(CH,Br), 30.7. — MS (70 eV): m/z (%) = 301 (8.6), 300 (5.7), 299
(8.7), 180 (19), 179 (100), 178 (54).

CyHyyBr (301.2) Caled. C 67.78 H 5.68 Br 26.53
Found C 67.96 H 570 Br 26.35

1,3-Bis(9,10-dihydro-9-anthryl) propane (9): To a solution of 3.6 g
(20 mmol) of 2 in 250 ml of THF at —78°C was added 22.5 mmol
(15 ml) of n-butyllithium in hexane within 1 min. The reaction mix-
ture was allowed to stir at —78°C for 2 h, and a 0.5 M solution
of 1,3-dibromopropane (4.5 g, 22 mmol) in THF was added drop-
wise over a period of 2 h. The solution was allowed to stir at —78°C
for 30 min, then water was added (5 ml). The solution was concen-
trated under reduced pressure, and chloroform and water were
added to the oily residue. The organic layer was washed with water
and dried over magnesium sulfate. The solvent was removed under
reduced pressure and the residue chromatographed over silica gel
(L = 40 cm, ¢J = 4.5 cm, light petroleum/CHCI;, 5:1). Recrystal-
lisation of the eluted product from CHCl;/methanol provided 3.2 g
(80%) of 9 as white needles. — 9: (80%); m.p. 138°C. — 'H NMR
(400 MHz, [Dg]THF): 3 = 7.23 (m, 4H), 7.12 (m, 12H), 4.04 (d,
2H, 10-H), 3.83 (t, 2H, 9-H), 3.81 (d, 2H, 10.H), 1.57 (m, 4H), 1.32
(m, 2H). — *C NMR (100 MHz, CDCl;): § = 140.6 (C-8a9a),
136.1 (C-4a,10a), 127.9 and 127.8 (C-1,4,5,8), 126.1 and 126.0 (C-
2,3,6,7), 47.1 (C-9), 37.0 (C-11), 35.2 (C-10), 25.2 (C-12).

1,3-Bis(9,10-dihydro-10-n-propyl-9-anthryl)propane  (13): 5.5
mmol (4 ml) of n-butyllithium in hexane was added to a solution
of 0.5 g (1.25 mmol) of 9 in 30 ml of THF at —78°C under argon.
After stirring at —78°C for 2 h, 5 mmol of 1-bromopropane (0.25 M
in THF) was added dropwise over a period of 2 h. The mixture
was allowed to stir for 0.5 h and quenched with methanol. The
solvent was removed under reduced pressure and the remaining oil
chromatographed over silica gel (L = 60 cm, & = 3 cm, light pe-

troleum). A colorless oil was obtained which was subjected to a

second purification by HPLC over silica gel. 266 mg (44%) of
cis,cis-13 and 47 mg (8%) of a 10-n-propyl derivative was thus ob-
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tained. — 13: (44%); colorless oil. — 'H NMR (400 MHz, CDCl;):
§ = 7.30—7.20 (m, 16H, 1,8-H), 3.91 (m, 4H, 9,10-H), 1.78 (m, 8 H),
1.55 (m, 6H), 098 (t, 6H, CH,). — *C ‘NMR (100 MHz, CDCl,).

= 140.3 and 140.0 (C-4a,8a,9a,10a), 128.8 (C-1,4,5,8), 125.9 (C-
2,3,6,7), 46,5 and 46.4 (C-9,10), 44.9 (CH,R), 42.3 (C-11), 27.2 (C-
12),21.7, 14.1 (CH;s). — FDMS: m/z (%) = 484 (100, M *), 456 (30),

441 (25).
@5 CyHyo (484.7) Caled. C91.68 H 8.32
Found C 9141 H 8.37

“Tetramer” 15: A solution of 1.1 g (2.75 mmol) of 9 in-100 ml of
THF was treated under argon at —78°C with 5.5 mmol (5 ml) of
n-butyllithium/hexane, The deep red reaction mixture was kept at
~78°C for 3 h and then added dropwise to a solution of 1.66 g
(5.5 mmol) of 7 in 30 ml of THF over a period of 45 min. After
stirring at —78°C for 4 h, 1 ml of water was added and the solvent
evaporated. Water and chloroform were added to the residue, and
the organic layer was washed with water. The solvent was evapo-
rated and the residue chromatographed over silica gel (L = 70 cm,
& = 3.5 cm, CHCly/hexane, 1:4, argon) to give 1.8 g (79%) of a
colorless solid. Analysis by TLC indicates the presence of four com-
pounds with very similar R;values. The crude reaction mixture (1 g)
was subjected to a second column chromatography (L = 80 cm,
& = 3 cm, silica gel, CHCly/hexane, gradient 1:5—1:4) to give
100 mg of a pure configuration isomer of 15. — 15: Crude mixture:
'H NMR (400 MHz, CDCl,). § = 7.30—7.05 (m, 32H, 1—-8-H,
1'—8’-H), 413 (d, 2H, 10-H), 3.95—3.70 (m, 8H, 9,10-H, 9',10"-H),
2.10—1.20 (m, 18 H). — *C NMR (100 MHz, CDCly): § = 140.60,
140.51, 139.87, 139.80, 139.64, 135.98, 135.94, 128.68, 128.62, 127.90,
127.86, 127.73, 127.69, 126.59,-126.08, 126.01, 125.96, 125.86, 47.13,
46.16, 46.04, 43.30, 43.19, 42.78, 42.18, 42.09, 37.65, 37.18, 35.25,
32.85, 32.75, 27.05, 26.08, 24.88, 24.82, 23.91.

Isolated isomer: 'H NMR (400 MHz, CDCL): § = 7.30—7.10
(m, 32H, 1—8-H, 1'—8'-H), 4.15 (d, 2H, 10-H), 400~ 3.75 (m, 8H,
9,10-H, 9,10-H), 2.20—1.20 (m, 18H). — C NMR (100 MHz,
CDCly): 8 = 140.67 (C-8a,9a), 139.94 and 139.91 (C-4’a,8'2,9'a,10"a),
136.13 (C-4a,10a), 128.80(C-1',4",5,8"), 128.03 and 127.84 (C-1,4,5.8),
126.20 and 126.08 (C-2,3,6,7), 125.98 (C-2,3',6',7"), 47.26 (C-9), 46.29
and 46.16 (C-9,10"), 42.26 and 42.17 (C-11",13"), 37.22 (C-11), 35.36
(C-10), 27.20 (C-12"), 26.22 (C-12"). — FDMS: m/z (%) = 840 (100),

660 (19).
19 CesHeo (841.2) Caled. C 9281 H 7.19

Found C92.74 H 7.39

“Hexamer” 17. A solution of 800 mg (0.95 mmol) of 15 (mixture
of configurational isomers) in 100 ml of THF was subjected to
twofold deprotonation with n-butyllithium and subsequent alky-
lation with 7 (THF) according to the procedure described for the
formation of 15. Aqueous workup and chromatography of the crude
reaction mixture under argon (L = 80 cm, J = 3.5 cm, silica gel,
CHCly/hexane, gradient 1:5—1:4 afforded a fraction whose R
value was sligthly smaller than that of 15. Upon subsequent chro-
matography of the resulting material (300 mg) three fractions were
eluted. From the second fraction a compound was obtained the ‘H-
NMR spectrum of which is in accord with the structure of a “hex-
amer” 17. The signals of the axial benzylic protons of the terminal
methylene groups and of the other bisbenzylic protons exhibit the
expected intensity ratio of 1:6. — 'H NMR (400 MHz, CDCl,):
8 = 745—70 (m, 48H, 1—8-H, 1'—8-H), 415 (d, 2H, 10-H),
4.0-3.50 (m, 12H, 9,10-H, 9°,10"-H), 2.15—1.20 (m, 30H). —
FDMS:.m/z (%) = 1281 (25), 1061 (45), 841 (24), 840 (28), 620 (18),
400 (20), 180 (100).

9,10-Dihydro-9,9,10,10-tetra-n-propylanthracene (19). A mixture
of 170 mg (0.65 mmol) of 3, 3 mmol of n-butyllithium (2 ml of a
1.5 N solution in hexane), 3 ml of cyclohexane, and 3 ml of tetra-
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methylethylenediamine was heated under reflux for 1 h. The solu-
tion was allowed to cool for 5 min, and 1.5 ml of a 2 M solution of
1-bromopropane and cyclohexane was added dropwise. The solvent
was removed under vacuum, and water and chloroform were added.
The organic layer was washed with 1 N hydrochloric acid and
water. Evaporation of the solvent and chromatography of the oily
residue over silica gel (L = 40 cm, & = 2 cm, hexane) gave 59 mg
of 19 as a colorless oil which was crystallized from chloroform/
methanol to yield 90 mg (40%) of white crystals. — 19: (40%); m.p.
176°C. — 'H NMR (400 MHz, CDCl,): 8 = 7.41 and 7.21 (AA'BB’,
8H, 1—8-H), 1.98 (t, 8H, CH,R), 0.66 (m, 20H). — '"C NMR
(100 MHz, CDCl,): & = 140.7 (C-4a,8a,9a,10a), 125.9 and 125.8 (C-
1,8), 50.2 (CH,R), 451 (C-9,10), 18.5, 14.6. — MS (70 eV): m/z
(%) = 348 (4.6), 347 (13.7), 305 (100), 262 (28), 233 (26).
CyH3s (348.6) Caled. C 89.59 H 1041
Found C 8947 H 10.58

oo’ -Bis(9,10-dihydro-9-anthryl )-p-xylene (24): From a solution of
3 g (17 mmol) of 2 in 200 ml of THF at —78°C under argon, the
anion 6 was produced by the addition of 20 mmol (16.7 ml) of n-
butyllithium in hexane. The solution was kept at —78°C for 3 h
and added dropwise to a solution of 1.6 g (9 mmol) of a,a’-dichloro-
p-xylene (22) in 50 ml of THF at —78°C over a period of 1.5 h.
The reaction mixture was stirred for 1 h and quenched with water.
The organic layer was washed with water and evaporated. Chro-
matography of the residue over silica gel (light petroleum/chloro-
form, 0—20%) gave 1.9 g (49%) of 24. — 24: Yield 49%, amor-
phous white crystals; m.p. 231°C. — '"H NMR (400 MHz, C,D,Cly):
& = 722 (d, 4H), 7.15 (q, 8H), 7.00 (d, 4H), 6.50 (s, 4H), 4.08 (t,
2H), 3.77 (AB, 4H), 2.81 (d, 4H). — '*C NMR (100 MHz, C,D,Cl,):
& = 139.60 (C-8a,9a), 137.09 (C-14a), 136.62 (C-4a,10a), 129.50
(C-11,14), 128.52 (C-4,5), 12797 (C-1,8), 126.44 (C-3,6), 126.32
(C-2,7), 49.74 (C-9), 44.37 (C-10), 35.39 (CH,).
CyeHy (462.6) Caled. C 9346 H 6.54
Found C 93.33 H 6.60

o0’ -Di(9-anthryl))-p-xylene (26). To a solution of 900 mg (1.9
mmol) of 24 in 25 ml of cyclohexane and 16 ml of tetramethyl-
ethylenediamine, 16 mmol (12.3 ml) of n-butyllithium in hexane was
added. Heating to 90°C for 2 h gave rise to a deep violet suspension
which was subjected to oxidation with 2.9 g (16 mmol) of cadmium
chloride. Black cadmium was precipitated. The oxidation was com-
plete when the violet color of the solution disappeared. Then the
cadmium was dissolved by addition of 100 ml of 2 N hydrochloric
acid. The organic layer was washed with hydrochloric acid and
water. Evaporation of the solvent gave an amorphous light yellow
solid residue which was recrystallized from toluene. — 26: (80%);
m.p. 266°C. — 'H NMR (400 MHz, C,D,Cl,): 8 = 8.33 (s, 2H),
8.12 (m, 4H), 7.95 (m, 4H), 7.38 (m, 8 H), 6.91 (s, 4H), 4.82 (s, 4H). —
3C NMR (100 MHz, C,D,Cl): & = 138.69 (C-14a), 13243 (C-9),
131.85 (C-8a,9a), 130.63 (C-4a,10a), 129.39 (C-11—14), 128.54 (C-
4,5), 126.80 (C-10), 126.21 (C-1,8), 125.25 (C-3,6), 125.10 (C-2,8),
3333 (CH)).

CisHye (458.6) Caled. C 9429 H 5.71
Found C 94.29 H 5.85

1,4-Bis[ 1-(9-anthryl)-1-methylethyl Jbenzene (25). a) Reverse
quenching: A solution of 6 in 250 ml of THF was prepared from
3 g (17 mmol) of 2 as described above and added dropwise to a
solution of 3.9 g (12 mmol) of 23 in 50 ml of THF at —20°C over
a period of 1.5 h. The organic layer was washed with water and
evaporated. Chromatography of the remaining solid residue over
silica gel (light petroleum/chloroform, 0—30%) led to the isolation
of anthracene (1), dihydroanthracene (2), 9.9°.10,10 -tetrahydro-9,9'-
bianthryl (27). and 9./0-dihydro-9-< 1-methyl-1-{4-( 1-methylethenyl )-
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phenyl Jethylyanthracene (28). Analysis of the crude product by 'H-
NMR spectroscopy showed that the products 1, 2, 27, and 28 were
formed in a 2.3:4.1:2.5:1 ratio.

b) Normal quenching: 3.5 g (19 mmol) of 2 in 500 ml of THF
were transformed into the anion 6 by deprotonation with n-butyl-
lithium as described above. The solution of 6 was stirred at —78°C
for 3 h. A solution of 3.8 g (12 mmol) of the dibromide 23 in 100 ml
of THF was added dropwise over a period of 2 h. The organic layer
was washed with water and evaporated. Chromatography of the
residue over silica gel (light petroleum/chloroform, 0—30%) gave
1.5 g (30%) of 25 as white amorphous crystals. — 25: (30%); m.p.
196°C. — 'H NMR (400 MHz, CDCl;): § = 7.18 (m, 8 H), 7.08 (m,
4H), 6.99 (m, 4H), 6.82 (s, 4H), 4.10 (s, 2H), 3.58 (s, 4H), 1.26 (s,
12H). — ®C NMR (100 MHz, CDCl;): § = 14491 (C-14a), 138.03
(C-8a,9a), 137.26 (C-4a,10a), 130.57 (C-11—14), 127.53 (C-4,5),
126.36 (C-1,8), 12598 (C-3,6), 124.78 (C-2,7), 58.16 [C(CH,),], 45.29
(C-9), 36.58 (C-10), 27.01 (CH,).

CyHig (518.7) Caled. € 92,62 H 7.38
Found C 9250 H 7.44

CAS Registry Numbers

1: 120-12-7 / 2: 613-31-0 / 3: 101905-40-2 / 4: 113475-26-6 / 7:
63820-36-0 / 9: 63934-08-7 / 9 (10-n-propyl): 113475-17-5 / 13:
113475-18-6/ 15: 113475-19-7 / 17: 113475-20-0 / 19: 113475-21-1 /
22: 623-25-6 / 23: 35086-20-5 / 24: 113475-22-2 / 25: 113475-23-3 /
26: 113475-24-4 / 27: 10349-31-2 / 28: 113475-25-5 / Br(CH,),CH;:
106-94-5 / Br(CH,);Br: 109-64-8

D R. G. Harvey, L. Arzadon, J. Grant, K. Urberg, J. Am. Chem.
Soc. 91 (1969) 4535. :

3 R. G. Harvey, L. Arzadon, Tetrahedron 25 (1969) 4887.

3 P. W, Rabideau, E. G. Burkholder, J. Org. Chem. 43 (1978) 4283.

Y9 D. F. Lindow, C. N. Cortez, R. G. Harvey, J. Am. Chem. Soc.
94 (1972) 5406.

1'S. Bank, J. Bank, M. Daney, B. Labrande, H. Bouas-Laurent, J.
Org. Chem. 42 (1977) 4058.

9 R. G. Harvey, C. C. Davis, J. Org. Chem. 34 (1969) 3607.

7 P. P. Fu, R. G. Harvey, J. W. Paschal, P. W. Rabideau, J. Am.
Chem. Soc. 97 (1975) 1145.

® A. W. Brinkmann, M. Gordon, R. G. Harvey, P. W. Rabideau,
J. B. Stothers, A. L. Ternay, Jr., J. Am. Chem. Soc. 92 (1970)
5912,

9 P. W. Rabideau, A. J. Maxwell, A. J. Sygula, J. Org. Chem. 51
(1986) 3181.

19 P. W. Rabideau, J. L. Mooney, K. B. Lipkowitz, J. Am. Chem.
Soc. 108 (1986) 8130.

1) J L. Mooney, Z. Marcinow, P. W. Rabideau, J. Org. Chem. 51
(1986) 527.

2 M. Daney, H. Bouas-Laurent, B. Calas, L. Giral, N. Platzer, J.
Organometal. Chem. 188 (1980) 277.

% M. Daney, R. Lapouyade, H. Bouas-Laurent, J. Org. Chem. 48
(1983) 5055.

) F. J. Burgess, A. V. Cunliffe, D. H. Richards, Europ. Polym. J.
10 (1974) 645.

'F. J. Burgess, A. V. Cunliffe, D. H. Richards, Europ. Polym. J.
10 (1974) 657.

'9 D. Bender, H. Unterberg, K. Miillen, Angew. Chem. 98 (1986)
446; Angew. Chem. Int. Ed. Engl. 25 (1986) 444.

7 M. Daney, R. Lapouyade, H. Bouas-Laurent, Fr. Pat.-Anm. 1977,
2314165.

8 F. J. Burgess, A. V. Cunliffe, D. H. Richards, P. Shadbolt, Europ.
Polym. J. 10 (1974) 193, .

' F. ]. Burgess, A. V. Cunliffe, D. H. Richards, Europ. Polym. J.
10 (1974) 665.

2 K. Miillen, Angew. Chem. 99 (1987) 192; Angew. Chem. Int. Ed.
Engl. 26 (1987) 204.

2 D "Bender, K. Miillen, paper to be published.

) J. Fiedler, W. Huber, K. Miillen, Angew. Chem. 98 (1986) 444;
Angew. Chem. Int. Ed. Engl. 25 (1986) 443.



1186

2 W. Huber, H. Unterberg, K. Miillen, Angew. Chem. 95 (1983)
239; Angew. Chem. Int. Ed. Engl. 22 (1983) 242; Angew. Chem.
Suppl. 1983, 288.

2 K. Miillen, W. Huber, G. Neumann, C. Schnieders, H. Unter-
berg, J. Am. Chem. Soc. 107 (1985) 801.

2% E. Hobolth, H. Lund, Acta Chem. Scand., Ser. B, 31 (1977) 395.

2 D, Lipkin, G. J. Divis, R. W. Gordan, Am. Chem. Soc. Div. Pet.
Chem. Prepr. 13 1968, D 60.

) G. Montaudo, P. Finocchiaro, S. Caccamese, J. Polymer Sci.,
Part A-1,9 (1971) 3627.

2 A. Naseer-ud-din, C. Cloke, I. K. Hatton, N. J. Lewis, J.
MacMillan, J. Chem. Soc., Perkin Trans 1, 1985, 1849.

) p. W. Rabideau, D. M. Wetzel, C. A. Husted, J. R. Lawrence,
Tetrahedron Lett. 25 (1984) 31.

D. Bender, H. Herbst, P. Schade, K. Miillen

3% U. Schollkopf: Lithium-organische Verbindungen (Houben-Weyl),
Bd. VIIl/4, p. 209, Thieme, Stuttgart 1970. .

39 R. G. Harvey, L. Nazaveno, H. Cho, J. Am. Chem. Soc. 95 (1973)
2376.

3 E. J. Panek, J. Am. Chem. Soc. 96 (1974) 7959.

3 R, Benn, H. Giinther, Angew. Chem. 95 (1983) 381; Angew. Chem.
Int. Ed. Engl. 22 (1984) 350.

¥ H. G. Gilch, W. L. Wheelwright, J. Polymer Sci., Part A-1, 4
(1966) 1337.

3 H. G. Gilch, J. Polymer Sci., Part A-1, 4 (1966) 1351.

3 F. H. Coritz, J. Am. Chem. Soc. 89 (1967) 5403.

[357/87]

Chem. Ber. 121, 11771186 (1988)





