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Sch
A straightforward route to functionalized pentaarylbenzene derivatives is described, involving the effec-
tive lithiation method of 1-iodo-2,3,4,5,6-pentaarylbenzene. The activated pentaarylbenzene is a poten-
tial synton for producing organic materials.
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Polyarylbenzene derivatives reported by Müllen and co-wokers
have drawn significant attention because of their potential applica-
tion in organic materials science,1 for example, electroluminescent
materials,2 optical devices,3 supramolecular electronics,4 and cata-
lysts.5 The essential core structure among the polyarylbenzene
derivatives is based on a pentaarylbenzene moiety. Thus, the
installation of functional groups into the core structure would
amplify the potentiality. Hence, the fine tuning of chemical modi-
fication on the skeletal moiety is well worth developing.

Two procedures for permitting the chemical modification were
mainly known: one is cobalt-catalyzed trimerization,6,7 and the
other is Diels–Alder cyclization.8 Both install the functional groups
along with construction of the core skeleton. The former allows
symmetrically introducing the functionality, while it is laborious
to obtain desymmetrically functionalized molecules.9 The latter
system, the reaction of tetraarylcyclopentadienone with terminal
ll rights reserved.

x: +81 88 655 7025 (T.I.).
jp (T. Iwasawa), kawamura@chem.

eme 1. Functionalizing a pentaary
or internal ethynylarene, enables to desymmetrically functionalize,
as well as to monofunctionalize.1,2,5 The Diels–Alder reaction, for
the present, is suitable for installation of diverse functionality into
the core structure. However, the severe heat is required to limit the
range of available functionalities.4g,10,11

Herein, we report a straightforward procedure for giving the
fine tuning of chemical modification on the pentaarylbenzene core,
which is outlined in Scheme 1. First, the Diels–Alder adduct 1 was
synthesized to overcome the limited solubility of 4 in organic sol-
vents. Then, the clean lithiation of sterically demanding 1 at �20 �C
in toluene was found to quickly occur just in 5 min, thus providing
a convenient access to functionalized pentaarylbenzene molecules.

At the outset of our study, the lithiation conditions of the novel
iodide 112 were surveyed through the reactions with dimethyl
disulfide, which afforded the methyl sulfide adduct 2 (E = SMe).
The results were summarized in Table 1. The iodide 1 was prepared
tokushima-u.ac.jp (Y. Kawamura).
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Table 1
A survey on the lithiation conditions conducted via Scheme 1

Entry 1 or 4 n-BuLi (equiv) T (�C) Time (min) 2 or 5a (%) 3 or 6a (%)

1b,c 4 2.0 �20 30 32 54
2 1 2.0 �20 30 89 2
3 1 2.0 �45 30 83 1
4 1 2.0 �78 30 19 <2
5 1 2.0 �20 5 92 <1
6d 1 2.0 �78 5 62 27
7 1 1.5 �20 5 91 <1
8 1 1.2 �20 5 91 4

a Isolated yields with silica gel column chromatography.
b The reaction mixture was terribly suspended.
c Unreacted 4 was recovered in 9%.
d THF was used as a solvent.

Table 2
Evaluation of the reactivity of the lithiated 1 with electrophilesa

Entry Electrophiles Productsb Yieldc (%) Time (h)

1 1,2-Dibromobenzene 7 91 2
2 Benzaldehyde 8 90 1
3 Pivalaldehyde 9 91 2
4 4-Methoxybenzoyl chloride 10 78 2
5 3,4,5-Trimethoxybenzoyl chloride 11 71 8
6d Acetic anhydride 12 51 4
7 N,N-Dimethylformamide 13 82 5
8e Carbon dioxide 14 72 2
9 Tributyltin chloride 15 88 2

10 Trimethylborate 16 26 2
11f 2,3-Dichloropyrazine 17 14 2

a All reactions were performed in accordance with the representative procedure
in Ref. 20, unless otherwise stated.

b Elemental analysis data of all products showed good match.
c Isolated yields with silica gel column chromatography.
d Side-product 3 was yielded in 40%.
e The gaseous CO2 was bubbled for 1 h.
f The solution of 2,3-dichloropyrazine in 0.5 mL THF was added.
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to compensate for poor solubility of 4 in organic solvents.13 Actu-
ally, the necessary amount of toluene to dissolve 1 g of iodides 1
and 4 was 15 mL and 138 mL, respectively. The iodide 1 bearing
tetramethyl groups was dissolved in toluene ca. nine times higher
as compared with 4. The difference in the solubility affected the
lithiation of 1 and 4 by n-BuLi, and the resultant yields of 2 and
5, which were observed at entries 1 and 2. The lithiation of 4 in tol-
uene with muddy state gave the desired 5 in only 32% yield (entry
1). Additionally, tremendous amounts of side-product 6 were
found in 54% yield, along with 9% of the starting material 4. On
the other hand, the lithiation of 1 in a clear toluene solution
yielded the desired 2 in 89% with suppressing the side-product 3
in only 2% yield, and the remaining 1 was not observed in TLC
monitoring (entry 2). Thus, 1 endowed with four methyl groups
was at a distinct advantage over 4, and the efficient conditions
for lithiation of 1 were further evaluated (entries 3–8). Low tem-
perature conditions at �45 �C and �78 �C afforded 2 in 83% and
19% yields, respectively (entries 3 and 4). They did not exceed
89% yield given at �20 �C in entry 2. At the adequate temperature
�20 �C, the aging time for the lithiation was shortened in from
30 min to 5 min (entry 5). Surprisingly, the starting material 1
was completely disappeared in TLC monitoring, providing 2 in
92% yield. The solvent of THF was also found to quickly lithiate
Figure 1. A series of 1-substituted-2,3,4,5-tetr
all starting 1 just in 5 min; however, unfortunately a large number
of side-product 3 were observed (entry 6).14,15 Then, 2.0 equiv of n-
BuLi in toluene was reduced to 1.5 equiv and 1.2 equiv (entries 7
and 8). Both reactions efficiently furnished methyl sulfide 2 in
91% yields, and any unreacted 1 was not observed in TLC. Thus,
the clean lithiation of 1 in toluene solution was proved to quickly
proceed at �20 �C in 5 min, in spite of the sterically demanding
carbanion.16,17

After determining the condition for lithiation of 1 (at �20 �C for
5 min in toluene), we examined the scope of the reactivity, by pre-
paring a series of 1-substituted-2,3,4,5-tetrakis(p-methylphenyl)-
6-phenylbenzenes 7–17 (Fig. 1). The electrophile MeSSMe listed
in Table 1 completed the reaction at �20 �C for 1 h; however, at
�20 �C, other electrophiles were not so easy to react with the carb-
anion. Actually, none of the reaction reached completion even in
overnight stirring. The electronic and steric discord between reac-
tion partners would cause the addition step sluggish. Thus, the
reaction temperature at the addition step raised to ambient tem-
perature, and the results are summarized in Table 2.20

At entry 1, the hexaarylbenzene derivative 7 was obtained in
91% yield through the reaction with 1,2-dibromobenzene at ambi-
ent temperature for 2 h, although the reaction at �20 �C was slug-
akis(p-methylphenyl)-6-phenylbenzenes.
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gish. With respect to the aldehyde, both aryl and alkyl aldehydes
efficiently reacted with lithiated 1 to provide the corresponding
alcohols 8 and 9 in excellent yields (entries 2 and 3). At entries 4
and 5, acid chlorides also gave target ketones 10 and 11 in good
yields, while a longer reaction time was required for consuming
3,4,5-trimethoxybenzoyl chloride. This lithiation system worked
in the reaction with acetic anhydride (entry 6), but the tremendous
amount of 3 was produced in 40% yield.

The derivatives allowing for further functionalizations were
obtained through the reactions with N,N-dimethylformamide and
carbon dioxide (entries 7 and 8). Each electrophile furnished alde-
hyde 13 and carboxylic acid 14 in 82% and 72% yields, respectively.
Then, the nucleophilic attack to a heteroatom, tributyltin chloride,
afforded the desired tin molecule 15 in 88% yield (entry 9). On the
other hand, the laborious bond-forming reactions were observed
with trimethylborate, and 2,3-dichloropyrazine (entries 10 and
11).

In summary, we have developed a new procedure for leading
functionalized pentaarylbenzene derivatives. The synthetic
approach, which employs simple reagents 1 in toluene and n-BuLi,
accomplished to quickly react with several electrophiles in good
yields, providing novel functionalized molecules. Because of the
necessity of a functionalized pentaarylbenzene moiety, we antici-
pate that this approach is likely to find widespread use in the field
of organic materials science.
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