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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 theare attractive because it would be possible to change the
hexaethynylbenzene derivatives because of their potential asabove properties by modifying the substitution pattern of the

liguid crystalst nonlinear optical materiafsgore structures
for dendriti¢ as well as light-harvesting materidisand

terminal groups. In this connection, we and Rubin reported
independently approaches to the differentially substituted

building blocks for two-dimensional carbon networks (e.g., hexaethynylbenzenes G5, symmetry based on the Diets
graphyne}. Differentially substituted hexaethynylbenzenes, Alder reaction of tetraethynylcyclopentadienohé@smethod
in which the ethynyl ends possess different functional groups, for the synthesis of hexaethynylbenzeneDegf symmetry
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was also developed by RubirRecently, Anthony reported
the synthesis of ®,, symmetric hexaethynylbenzene from
tetrabromobenzoquinorfe.

As a part of our research program on the construction of
extendedr-electronic systems, we planned to develop an
efficient method for the synthesis of hexaethynylbenzene
derivatives from polyhalogenated benzenes using the Negishi

(6) (a) Tobe, Y.; Kubota, K.; Naemura, K. Org. Chem1997, 62, 3430.
(b) Tovar, J. D.; Jux, N.; Jarrosson, T.; Khan, S. |.; Rubin)YOrg. Chem.
1997 62, 3432.

(7) Anthony, J. E.; Khan, S. I.; Rubin, Yletrahedron Lett1997 38,
3499.

(8) Bowls, D. M.; Palmer, G. J.; Landis, C. A.; Scott, J. L.; Anthony, J.
E. Tetrahedron2001, 57, 3753.



coupling reactiohas a pivotal step. In this context, we report catalyst, proceeded smoothly at room temperature to give
herein the efficient synthesis of polyethynyl-substituted triethynyltriazine9 in 80% vyield (Scheme 2).

aromatic compounds, hexakis[(trimethylsilyl)ethynyllbenzene

(1) and 2,4,6-tris[(trimethylsilyl)ethynyl]-1,3,5-triazin®)(
using the Negishi protocol and its application to a new route

- . . Scheme 2
to the differentially substituted hexaethynylbenzenes from SiM
chloroiodobenzenes by ingenious combination with the Mes
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With these results in hand, we applied the Negishi coupling
reaction to the synthesis of differentially substituted hexa-

To test the efficiency of the Negishi reaction in the ethynylbenzenes from chloroiodobenzenes. Our plan is based
multiple substitution on the aromatic core, we chose hexa- on the combination of two coupling methods, the Sonogash-
ethynylbenzenel!! and triethynyltriazine9'? as the first ira and Negishi cross-coupling reactions, taking advantage
targets, because (i) these compounds have not been prepareaf the difference between the reactivity of the halogen atoms
efficiently by the Sonogashira methiddnd (ii) removal of of aryl halides. Namely, the first Sonogashira reaction of
the trimethylsilyl group of these compounds and subseguentchloroiodobenzenes would take place selectively at iodine,
coupling with appropriate aromatic halides would lead to a and subsequent coupling at chlorine would be achieved by

variety of extendecr systems.

When a mixture of hexabromobenzer® &nd 10 equiv
of [(trimethylsilyl)ethynyl]zinc chloride §), prepared by
treatment of (trimethylsilyl)acetylene with butyllithium fol-
lowed by zinc chloridé? in the presence of Pd(PRh (20
mol %) was heated in THE at 80 °C for 3 days,
hexaethynylbenzeng was obtained in 64% isolated yield
(Scheme 1}° The vyield of 1 is much better than those
reported previously:

Scheme 1
n-BulLi
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THF, -78 °C
ZnCl2
Br
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Br Br THF, toluene
B 80°C,3d
r 64%
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pentaethynylbenzene (7), 10% yield

Similarly, the reaction of 2,4,6-trichloro-1,3,5-triazirt (
with ethynylzinc chlorides, in the presence of the palladium
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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-
tors617 However, we expected that the weakly electron-
withdrawing ethynyl groups introduced by the Sonogashira
coupling would activate the remaining=Cl bonds toward
oxidative addition of Pd(0}

We reported that the reaction of 1,3,5-trichloro-2,4,6-
triiodobenzeneX1), derived from 1,3,5-trichlorobenzent0j
by iodination with periodic acid? with (trimethylsilyl)-
acetylene under the Sonogashira coupling conditions gave
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1,3,5-trichloro-2,4,6-tris[(trimethylsilyl)ethynyl]benzenk2)

in 62% isolated yield® As we expected, the reaction b2 Scheme 5
with 20 equiv of (phenylethynyl)zinc chloriddl8) and 26 o
mol % of Pd(PP§, in THF at the reflux temperature Ph—=
proceeded to give 1,3,5-tris[(trimethylsilyl)ethynyl]-2,4,6- Pd(PPhs), l 6
tris(phenylethynyl)benzen&)( with Dz, symmetry in 69% » Cul, (i-Pr),NH Clu Gl Pd(PPhg), R
- - —_———————— —_—
isolated yield (Scheme 3). THF, reflux, 2 d | THF, reflux, 3 d
33% Z S 62%
Ph | | Ph
Scheme 3 Ph
. MesSi——= 15
Pd(PPhg)
c Cl Ho, C© Cl Cul, (-PraNH o _
_— _— - periodination. Compound? reacted with phenylacetylene
H563°94 I 1 THF, rg;';"' 30h under Sonogashira coupling conditions to afford tetrakis-
cl cl (phenylethynyl)benzenE8in 44% isolated yield. Subsequent
10 " reaction of18 with ethynylzinc chloride6 under Negishi
SiMes _coupling _conditions afforded of Dy, symmetry in 70%
|| Ph—=——2nCl isolated yield (Scheme 6).
13
al cl Pd(PPhg),
_—
THF, reflux, 4 d Scheme 6
e X 69% Ph——
Megsi Cl SiMe3 cl Cl Pd(PPhg),
12 HslOg I L cul, (FPr),NH
H.S0, 1 [ THF, reflux, 24 h
76% al 44%
The synthesis 02 was also achieved by altering the order 16 17
of the use of the acetylenes. Namely, the reactiohlofith
4 equiv of phenylacetylene by the Sonogashira coupling gave Ph § cl P Ph 6
(2 mol % of Pd(PP%),) 1,3,5-trichloro-2,4,6-tris(phenyl- Pd(PPhg), 4
ethynyl)benzeneld) in 47% yield. The reaction df4 with P S THF, reflux, 7 d
the ethynylzinc chloridé gave?2 in 81% yield (Scheme 4). A ph 70%
18
Scheme 4 - .
- In summary, we demonstrated the utility of ethynylzinc
Ph—= reagents for polyethynylation of aromatic compounds, in
Pd(PPhs), I 6 particular, differentially substituted hexaethynylbenzenes.
Cul, (~Pr);NH cl cl Pd(PPhg)y With this polyethynylation method, the synthesis of many
" THF refox 24 T ek 2d polyethynyl-substituted aromatic compounds with specific
47% & N 81% substitution patterns would become possible.
Ph Cl Ph
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Interestingly, in the reaction df1 with phenylacetylene,
the use of an excess amount (5.2 equiv) of phenylacetylenengte added in proof: After submission of this Letter, the
and a relatively large amount (10 mol %) of Pd(B®h  authors became aware of the recent paper by Haley et al.,
resulted in tetraethynylation to givi5 in 33% yield as @ whijch reported an improvement of the Sonogashira reaction
principal product (Scheme 5). Ethynylation of the remaining i, the perbutadiynylation of hexaiodobenzene by the use of
chloro substituents df5 affordedC,, symmetric hexaethyn- PA[PO-Tol)s]; Wan, W. B.; Haley, M. M.J. Org. Chem.

ylbenzene 3J). 2001, 66, 3893.
In the same manner, we also preparebD,a symmetric

hexaethynylbenzene from 1,4-dichloro-2,3,5,6-tetraiodoben-  Supporting Information Available: Experimental pro-
zene (7), prepared from 1,4-dichlorobenzend6) by cedures and spectral data. This material is available free of
charge via the Internet at http://pubs.acs.org.
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