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Multifold and sequential palladium-catalyzed cross-cou-
pling reactions can be performed between triorganoindium
compounds and oligohaloarenes using only a small excess of
the organometallic reagent, low catalyst charge loading and
short reaction times.

The chemistry of compounds containing highly unsaturated,
conjugated st-systems has received a great deal of attention in
recent years due the potential uses of these compounds in
materials science.l2 Among the wide variety of conjugated
architectures, polyphenylene and polyphenylacetylene struc-
tures, as well as derivatives bearing a heterocyclic unit in their
structure, are of particular interest. Their utility as liquid
crystals,3 core structures for dendrimers,4 building blocks for
two-dimensional carbon networks,> electronic and optoelec-
tronic devices® and molecular wires2 has been studied
extensively.

Although severa synthetic approaches to these highly
unsaturated and conjugated w-systems have been developed,
palladium-catalyzed cross-coupling reactions remain the most
useful and straightforward strategies.l” Usualy, the cross-
coupling reactions are performed between oligohal carenes and
the appropriate acetylenic or organometallic partners to afford
the desired multifold cross-coupling products in one step.
Unfortunately, the reactions usually require alarge excess of the
organometallic reagent, harsh reaction conditions (high tem-
peratures and pressure, long reaction times) and the yields
obtained are sometimes low.8

We recently developed an atom-efficient palladium-cate-
lyzed cross-coupling reaction between triorganoindium com-
pounds (Rzln) and electrophiles, where the indium organome-
tallics transfer all three organic groups to the electrophile (egn.
(2)).° The high efficiency of this procedure, which is carried out
with only a small excess of organometallic reagent and a low
catalyst loading, has stimulated our interest in its application to
multifold cross-coupling reactions. The first successful exam-
ples of the use of triorganoindium compounds in multiple and
sequential palladium-catalyzed cross-coupling reactions are
described herein.

Pd or Ni catalyst

Rdn + 3 R—X 3 R—R (1)

THF

As the starting oligohal oarenes we chose a benzene deriva-
tive, 1,3,5-tribromobenzene (1), an electron-deficient hetero-
aromatic compound, 2,6-dibromopyridine (2), and an electron-
rich heteroaromatic compound, 2,5-dibromothiophene (3). As
Rslnwewere mainly interested in the introduction of acetylenic
and aromatic units.F In our first attempt the cross-coupling of
1,3,5-tribromobenzene (1) and PhgIn (130 mol%) in the
presence of Pd(dppf)Cl, (4 mol%) afforded, after 6 h under
reflux in THF, 1,3,5-triphenylbenzene (4a) in 97% yield, a
result that demonstrates the efficient transfer of all three organic
groups attached to the indium(in). Following the same experi-
mental procedure, the reaction of 1 with tri(phenylethynyl)-
indium afforded the threefold cross-coupling product 4b in

T Electronic supplementary information (ES!) available: 1H and 13C NMR
data for compounds. See http://www.rsc.org/suppdata/cc/b2/b206346h/
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quantitative yield. 1,3,5-Triphenylbenzene (4a) and its acet-
ylenic derivative4b (Fig. 1) haveinteresting physical properties
as liquid crystalst© or non-linear optical materials.lt Other
triphenyl- and triethynylbenzene derivatives can be prepared
using the same experimental procedure (Table 1, entries 3 and
4). Remarkable features in this process are the small excess of
Rsln used, the short reaction times and the high yields
obtained.

Encouraged by these results, we explored the reactivity of
other types of aromatic ring. Aryl-substituted pyridines have
received significant attention as fluorescent chemosensors!2
and as chelating agents in coordination chemistry,13 but the
preparation of these compounds by cross-coupling reactions
have involved certain synthetic difficulties*4 The reaction of
2,6-dibromopyridine (2) with triphenylindium (80 mol%) or
tri(phenylethynyl)indium (100 mol%) in the presence of a
catalytic amount of Pd(dppf)Cl. (4 mol%) afforded the twofold
cross-coupling products 5a and 5b, respectively, in excellent
yields (Table 1, entries 5 and 6). Other organic residues such as
the vinyl group or acetylenic derivatives could aso be
efficiently coupled, athough in these cases larger amounts of

R
=
2. 0. .0
R R R N R R S R
4a, R =Ph 5a, R = Ph 6a, R = Ph
4b, R = PhC=C 5b, R = PhC=C 6b, R = PhC=C
4c, R = Me;SiC=C 5¢, R = Me,SiC=C 6c, R = Me;SiC=C
4d, R = m-MeOCgH, 5e, R = CH,=CH

Fig. 1 Multifold cross-coupling products.

Table 1 Results of the multifold cross-coupling reaction of triorganoindium
compounds (Rsln) with oligohal oarenes (1-3)

Pd(ll) catalyst

Ar—X, + Rsln Ar—R,
THF
1-3 4-6
Raln

Entry Ar-X,22 R (mol%)c  Product  Yield (%)

1 1 Ph 130 4a 97

2 PhC=C 130 4b 99

3 MesSiC=C 150 4c 80

4 mMeOCgH4 130 4d 70

5 2 Ph 80 5a 91

6 PhC=C 100 5b 99

7 MesSiC=C 200 5c 88

8 CH=CH 150 5e 70

9 3 Ph 200 6a 84
10 PhC=C 150 6b 91
11 Me;SiC=C 150 6c 77

a1: 1,3,5-Tribromobenzene; 2: 2,6-dibromopyridine; 3: 2,5-dibromothio-
phene. © |solated yield. ¢ Reactions were carried out in THF at reflux in 1-7
h using 4 mol% of Pd(dppf)Cl, as catalyst.

| This journal is © The Royal Society of Chemistry 2002



indium organometallic reagent were necessary (Table 1, entries
7 and 8).

The multiple cross-coupling with an electron-rich aromatic
ring, i.e. thiophene 3, was also tested. The phenyl or ethynyl
groups were efficiently incorporated, although up to 200 mol%
of the indium organometallic was necessary to optimize the
yield (Table 1, entries 9-11). The twofold cross-coupling
products obtained (6a—c, Fig. 1) have been proposed as
molecular wires.2

At this stage we envisioned the use of Rslnin the synthesis of
dendritic-type molecules by successive multifold cross-cou-
pling reactions.*> The reaction of 1,3,5-tribromobenzene (1)
with  tris(p-methoxyphenyl)indium, in the presence of
Pd(dppf)Cl, as catalyst, afforded the threefold coupling product
7 in 90% yield (Scheme 1). In order to obtain the next
generation dendrimer, trimethoxyphenylene 7 was converted
into the tristriflate 8 by treatment with BBr3; and subsequent
reaction with triflic anhydride (78% vyield, two steps). The
cross-coupling reaction of 8 with Phgln afforded the poly-
phenylene dendritic-type compound 9 in 75% vyield. The
synthesis of 9 demonstrates the scope of indium organome-
talics in multifold cross-coupling reactions towards poly-
phenylene dendrimers.

OR

Br O

(p-MeOCgH4)3In

Pd(d Cl
Br Br (dppfCl,

90%
RO OR
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7,R=Me
2ﬂgqaw[:
R=Tf
78% 8,

Phsln
Pd(dppf)Cl,
75%

Scheme 1 Synthesis of polyphenylene 9.

Additionally, we also explored the use of indium organome-
talics in sequential one-pot metal-catalyzed cross-coupling
reactions. The successive addition of different indium organo-
metallics to an oligohaoarene such 1-bromo-4-iodobenzene
(20) could provide information about the chemoselectivity of
these reagents. On the other hand, the construction of a variety
of different carbon—carbon bonds in a one-pot reaction is a
relevant methodology from an economic and environmental
point of view. With these aims in mind, a refluxing solution of
10 and Pd(PPh3),4 (2 mol%) was treated successively with two
different organoindium compounds (40 mol% each), affording
the corresponding twice-cross-coupled products (11 and 12) in
good yields (81 and 82% respectively, Scheme 2). Theseresults
illustrate the chemosel ectivity of the reaction and the utility of
indium organometallics in the one-pot preparation of un-
symmetrically substituted aromatic compounds.

1) R';In, Pd(PPhy),

Br R?

10 11, R' = Me;SiC=C, R? = n-Bu, 82%
12, R' = PhC=C, R?=Ph, 81%

2) R%In

Scheme 2 Sequential cross-coupling reactions with triorganoindium
compounds (Rsln).

In conclusion, we have demonstrated that indium organome-
tallics can be efficiently employed in multifold palladium-
catalyzed cross-coupling reactions using polyhal ogenated aro-
matic compounds. Comparing with other organometallics, the
reactions are performed under relatively milder conditions and
short reaction times. In addition, a novel sequential cross-
coupling reaction using indium organometallicsisreported. The
study of further applications of this methodology is now
underway.
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further experimental details, see ref. 9.

1 J M. Tour, Chem. Rev., 1996, 96, 537-553.

2 J. M. Tour, in Simulating Concepts in Chemistry, ed. F. Végtle, J. F.
Stoddart and M. Shibasaki, Wiley-VCH, Weinheim, 2000, pp.
237-253.

3 M. Ebert, D. A. Jungbauer, R. Kleppinger, J. H. Wendorff, B. Kohne
and K. Praefcke, Lig. Cryst., 1989, 4, 53-67; S. Kumar and S. K.
Varshney, Angew. Chem,, Int. Ed., 2000, 39, 3140-3142.

4 G. R. Newkome, C. N. Moorefield and F. Végtle, Dendrimers and
Dendrons, Wiley-VCH, Weinheim, 2001.

5 A. J. Berresheim, M. Mdller and K. Mdllen, Chem. Rev., 1999, 99,
1747-1785; U. H. F. Bunz, Y. Rubin and Y. Tobe, Chem. Soc. Rev.,
1999, 28, 107-119.

6 J. Roncdli, Chem. Rev., 1992, 92, 711-738; N. J. Long in Optoel ectronic
Properties of Inorganic Compounds, ed. D. M. Roundhill and J. P.
Fackler, Jr., Plenum Publishing, New York, 1999, pp. 107-167.

7 A. de Meijere and S. Brase, in Transition Metal Catalysed Reactions,
ed. S. Muharashi and S. G. Davies, Blackwell Science, Oxford, UK,
1999, Chapter 5, pp. 99-130.

8 T.M. Miller, T. X. Neenan, R. Zayasand H. E. Bair, J. Am. Chem. Soc.,
1992, 114, 1018-1025; M. Sonoda, A. Inaba, K. Itahashi and Y. Tobe,
Org. Lett., 2001, 3, 2419-2421.

9 |. Pérez, J. Pérez Sestelo and L. A. Sarandeses, Org. Lett., 1999, 1,
1267-1269; |. Pérez, J. Pérez Sestelo and L. A. Sarandeses, J. Am.
Chem. Soc., 2001, 123, 4155-4160.

10 F. Ponzini, R. Zagha, K. Hardcastleand J. S. Siegel, Angew. Chem., Int.
Ed., 2000, 39, 2323-2325; B. G. Kim, S. Kim and S. Y. Pak,
Tetrahedron Lett., 2001, 42, 2697—2699.

11 K. Kondo, S. Yasuda, T. Sakaguchi and M. Miya, J. Chem. Soc., Chem.
Commun., 1995, 55-56.

12 J. V. Méllo and N. S. Finney, Angew. Chem., Int. Ed., 2001, 40,
1536-1538; J. V. Médlo and N. S. Finney, Org. Lett., 2001, 3,
4263-4265.

13 K. T. Potts, C. P. Horwitz, A. Fessak, M. Keshavarz-K, K. E. Nash and
P. J. Toscano, J. Am. Chem. Soc., 1993, 115, 10444-10445; W. Lu, M.
C. W. Chan, K.-K. Cheung and C.-M. Che, Organometallics, 2001, 20,
2477-2486.

14 U. S. Schubert and C. Eschbaumer, Org. Lett., 1999, 1, 1027-1029.

15 For arepresentative example of the utility of cross-coupling reactionsin
the synthesis of dendrimers, see: Z. Xu, M. Kahr, K. L. Walker, C. L.
Wilkins and J. S. Moore, J. Am. Chem. Soc., 1994, 116, 4537-4550.

CHEM. COMMUN., 2002, 2246-2247

2247




