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ABSTRACT

Synthesis of polyethynyl-substituted aromatic compounds was achieved efficiently by the use of the Negishi cross-coupling reaction, and this
method, coupled with the Sonogashira reaction, was applied to the synthesis of differentially substituted hexaethynylbenzenes from
chloroiodobenzenes.

Much attention has been focused in recent years on the
hexaethynylbenzene derivatives because of their potential as
liquid crystals,1 nonlinear optical materials,2 core structures
for dendritic3 as well as light-harvesting materials,4 and
building blocks for two-dimensional carbon networks (e.g.,
graphyne).5 Differentially substituted hexaethynylbenzenes,
in which the ethynyl ends possess different functional groups,

are attractive because it would be possible to change the
above properties by modifying the substitution pattern of the
terminal groups. In this connection, we and Rubin reported
independently approaches to the differentially substituted
hexaethynylbenzenes ofC2V symmetry based on the Diels-
Alder reaction of tetraethynylcyclopentadienones.6 A method
for the synthesis of hexaethynylbenzenes ofD3h symmetry
was also developed by Rubin.7 Recently, Anthony reported
the synthesis of aD2h symmetric hexaethynylbenzene from
tetrabromobenzoquinone.8

As a part of our research program on the construction of
extendedπ-electronic systems, we planned to develop an
efficient method for the synthesis of hexaethynylbenzene
derivatives from polyhalogenated benzenes using the Negishi
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coupling reaction9 as a pivotal step. In this context, we report
herein the efficient synthesis of polyethynyl-substituted
aromatic compounds, hexakis[(trimethylsilyl)ethynyl]benzene
(1) and 2,4,6-tris[(trimethylsilyl)ethynyl]-1,3,5-triazine (9),
using the Negishi protocol and its application to a new route
to the differentially substituted hexaethynylbenzenes from
chloroiodobenzenes by ingenious combination with the
Sonogashira reaction.10

To test the efficiency of the Negishi reaction in the
multiple substitution on the aromatic core, we chose hexa-
ethynylbenzene111 and triethynyltriazine912 as the first
targets, because (i) these compounds have not been prepared
efficiently by the Sonogashira method13 and (ii) removal of
the trimethylsilyl group of these compounds and subseguent
coupling with appropriate aromatic halides would lead to a
variety of extendedπ systems.

When a mixture of hexabromobenzene (5) and 10 equiv
of [(trimethylsilyl)ethynyl]zinc chloride (6), prepared by
treatment of (trimethylsilyl)acetylene with butyllithium fol-
lowed by zinc chloride,9a in the presence of Pd(PPh3)4 (20
mol %) was heated in THF14 at 80 °C for 3 days,
hexaethynylbenzene1 was obtained in 64% isolated yield
(Scheme 1).15 The yield of 1 is much better than those
reported previously.11

Similarly, the reaction of 2,4,6-trichloro-1,3,5-triazine (8)
with ethynylzinc chloride6, in the presence of the palladium

catalyst, proceeded smoothly at room temperature to give
triethynyltriazine9 in 80% yield (Scheme 2).

With these results in hand, we applied the Negishi coupling
reaction to the synthesis of differentially substituted hexa-
ethynylbenzenes from chloroiodobenzenes. Our plan is based
on the combination of two coupling methods, the Sonogash-
ira and Negishi cross-coupling reactions, taking advantage
of the difference between the reactivity of the halogen atoms
of aryl halides. Namely, the first Sonogashira reaction of
chloroiodobenzenes would take place selectively at iodine,
and subsequent coupling at chlorine would be achieved by
the use of the Negishi method. In general, chloroarenes are
known to exhibit significant low reactivities to palladium-
catalyzed cross-coupling in the absence of activating fac-
tors.16,17 However, we expected that the weakly electron-
withdrawing ethynyl groups introduced by the Sonogashira
coupling would activate the remaining C-Cl bonds toward
oxidative addition of Pd(0).18

We reported that the reaction of 1,3,5-trichloro-2,4,6-
triiodobenzene (11), derived from 1,3,5-trichlorobenzene (10)
by iodination with periodic acid,19 with (trimethylsilyl)-
acetylene under the Sonogashira coupling conditions gave
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1,3,5-trichloro-2,4,6-tris[(trimethylsilyl)ethynyl]benzene (12)
in 62% isolated yield.20 As we expected, the reaction of12
with 20 equiv of (phenylethynyl)zinc chloride (13) and 26
mol % of Pd(PPh3)4 in THF at the reflux temperature
proceeded to give 1,3,5-tris[(trimethylsilyl)ethynyl]-2,4,6-
tris(phenylethynyl)benzene (2)7 with D3h symmetry in 69%
isolated yield (Scheme 3).

The synthesis of2 was also achieved by altering the order
of the use of the acetylenes. Namely, the reaction of11with
4 equiv of phenylacetylene by the Sonogashira coupling gave
(1 mol % of Pd(PPh3)4) 1,3,5-trichloro-2,4,6-tris(phenyl-
ethynyl)benzene (14) in 47% yield. The reaction of14 with
the ethynylzinc chloride6 gave2 in 81% yield (Scheme 4).

Interestingly, in the reaction of11 with phenylacetylene,
the use of an excess amount (5.2 equiv) of phenylacetylene
and a relatively large amount (10 mol %) of Pd(PPh3)4

resulted in tetraethynylation to give15 in 33% yield as a
principal product (Scheme 5). Ethynylation of the remaining
chloro substituents of15affordedC2V symmetric hexaethyn-
ylbenzene (3).

In the same manner, we also prepared aD2h symmetric
hexaethynylbenzene from 1,4-dichloro-2,3,5,6-tetraiodoben-
zene (17), prepared from 1,4-dichlorobenzene (16) by

periodination. Compound17 reacted with phenylacetylene
under Sonogashira coupling conditions to afford tetrakis-
(phenylethynyl)benzene18 in 44% isolated yield. Subsequent
reaction of18 with ethynylzinc chloride6 under Negishi
coupling conditions afforded4 of D2h symmetry in 70%
isolated yield (Scheme 6).

In summary, we demonstrated the utility of ethynylzinc
reagents for polyethynylation of aromatic compounds, in
particular, differentially substituted hexaethynylbenzenes.
With this polyethynylation method, the synthesis of many
polyethynyl-substituted aromatic compounds with specific
substitution patterns would become possible.
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