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ABSTRACT

In situ-generated tetraorganoindate complexes from the reaction of 1 equiv of indium trichloride with 4 equiv of appropriate organometallics
are efficient nucleophiles in Pd-catalyzed cross-coupling reactions. In this novel reaction tetraorganoindates containing methyl, 1°- and 2°-
alkyl, vinyl, alkynyl, and aryl groups transfer the four organic groups to a variety of electrophiles with high atom efficiency.

Synthetic applications of metallic indium have attracted much
attention during the past decade due to this metal’s chemical
properties in terms of reactivity, selectivity, and low toxicity.1

Among many indium-mediated reactions, the Barbier-type
allylation reaction using allylic indium sesquihalides is most
widely applied in organic synthesis.2 Recently, we reported
Pd-catalyzed cross-coupling reactions of in situ-generated
allylindium3 or allenylindium4 reagents and carbonylative
cross-coupling reactions of in situ-generated triorganoindium5

with a variety of electrophiles. Also, it was found that a var-

iety of organoindium reagents could be used in Pd-catalyzed
cross-coupling reactions as nucleophilic coupling partners.6

During the course of this study,7 we considered the possibility
of extending the metal-catalyzed crosscoupling reaction by
using indate complexes. While tetramethylindate was pre-

(1) (a) Li, C.-J.Chem. ReV.1993,93, 2023. (b) Cintas, P.Synlett1995,
1087. (c) Li, C.-J.Tetrahedron1996,52, 5643. (d) Li, C.-J.; Chan, T.-H.
Organic Reactions in Aqueous Media; Wiley: New York, 1997. (e) Li,
C.-J.; Chan, T.-H.Tetrahedron1999,55, 11149. (f) Babu, G.; Perumal, P.
T. Aldrichimica Acta2000, 33, 16. (g) Chauhan, K. K.; Frost, C. G.J.
Chem. Soc., Perkin Trans. 12000, 3015. (h) Pae, A. N.; Cho, Y. S.Curr.
Org. Chem.2002,6, 715. (i) Podlech, J.; Maier, T. C.Synthesis2003, 633.

(2) (a) Araki, S.; Ito, H.; Butsugan, Y.J. Org. Chem.1988,53, 1831.
(b) Li, C.-J.; Chan, T. H.Tetrahedron Lett.1991,32, 7017. (c) Lee, P. H.;
Seomoon, D.; Lee, K.Bull. Korean Chem.Soc.2001,22, 1380. (d) Bang,
K.; Lee, K.; Park, Y. K.; Lee, P. H.Bull. Korean Chem.Soc.2002,23,
1272.

(3) (a) Lee, P. H.; Sung, S.-Y.; Lee, K.Org. Lett. 2001,3, 3201. (b)
Lee, K.; Lee, J.; Lee, P. H.J. Org. Chem.2002,67, 8265.

(4) Lee, K.; Seomoon, D.; Lee, P. H.Angew. Chem., Int. Ed.2002,41,
3901.

(5) (a) Lee, P. H.; Lee, S. W.; Lee, K.Org. Lett. 2003, 5, 1103. (b)
Pena, M. A.; Sestelo, J. P.; Sarandeses, L. A.Synthesis2003, 780.

(6) (a) Nomura, R.; Miyazaki, S.-I.; Matsuda, H.J. Am.Chem. Soc. 1992,
114, 2738. (b) Perez, I.; Sestelo, J. P.; Sarandeses, L. A.Org. Lett. 1999,
1, 1267. (c) Gelman, D.; Schumann, H.; Blum, J.Tetrahedron Lett.2000,
41, 7555. (d) Perez, I.; Sestelo, J. P.; Sarandeses, L. A.J. Am.Chem.Soc.
2001,123, 4155. (e) Hirashita, T.; Yamamura, H.; Kawai, M.; Araki, S.
Chem.Commun.2001, 387. (f) Takami, K.; Yorimitsu, H.; Shnokubo, H.;
Matsubara, S.; Oshima, K.Org. Lett. 2001, 3, 1997. (g) Pena, M. A.; Perez,
I.; Sestelo, J. P.; Sarandeses, L. A.Chem.Commun.2002, 2246.

(7) (a) Lee, P. H.; Bang, K.; Lee, K.; Lee, C.-H.; Chang, S.Tetrahedron
Lett. 2000,41, 7521. (b) Lee, P. H.; Lee, K.; Sung, S.-Y.; Chang, S.J.
Org. Chem.2001, 66, 8646. (c) Lee, P. H.; Lee, K.; Kim, S.Org. Lett.
2001, 3, 3205. (d) Lee, P. H.; Ahn, H.; Lee, K.; Sung, S.-Y.; Kim, S.
Tetrahedron Lett. 2001, 42, 37. (e) Lee, P. H.; Sung, S.-Y.; Lee, K.; Chang,
S. Synlett2002, 146. (f) Iwasawa, N.; Miura, T.; Kiyota, K.; Kusami, H.;
Lee, K.; Lee, P. H.Org. Lett. 2002,4, 4463. (g) Miura, T.; Kiyota, K.;
Kusama, H.; Lee, K.; Kim, H.; Kim, S.; Lee, P. H.; Iwasawa, N.Org. Lett.
2003, 5, 1725. (h) Lee, P. H.; Seomoon, D.; Lee, K.; Heo, Y.J. Org. Chem.
2003,68, 2510. (i) Lee, K.; Kim, H.; Miura, T.; Kiyota, K.; Kusama, H.;
Kim, S.; Iwasawa, N.; Lee, P. H.J. Am. Chem. Soc.2003,125, 9682. (j)
Lee, P. H.; Seomoon, D.; Kim, S. D.; Nagaiah, K.; Damle, S. V.; Lee, K.
Synthesis2003, 2189.

ORGANIC
LETTERS

2003
Vol. 5, No. 26
4963-4966

10.1021/ol035883o CCC: $25.00 © 2003 American Chemical Society
Published on Web 11/27/2003



pared and structurally elucidated as the first indate complex,8

its application to organic synthesis was not reported except
for selective conjugate addition toR,â-enones and substitu-
tion with allylic halides.9 In addition, trivalent organoindiums
are among the indium reagents that were most generally
investigated in many organic reactions.1 Although metal ate
complexes have attracted a great deal of interest in organic
reactions, as far as we are aware,no successful report has
appeared for applications of indate to cross-coupling reac-
tions by transition-metal catalysis.10 The absence of system-
atic investigations of cross-coupling reactions using these
metal ate complexes as nucleophilic coupling partners
prompted a detailed study of the cross-coupling reactions of
organic compounds with in situ-generated indate com-
plexes.11 In continuation with our studies directed toward
the development of efficient metal-catalyzed reactions, we
describe herein a realization of this goal with an indate
complex (Scheme 1).

We first studied the stoichiometry of indate complexes
and the catalytic activity of several palladium catalysts in
the reaction of 1-iodotoluene with a tetravinylindate, which
was generated in situ from the reaction of 1 equiv of indium
trichloride with 4 equiv of vinylmagnesium bromide. The
results are summarized in Table 1. Of the conditions
screened, the best results were obtained with0.28 equiVof
tetraVinylindate and 4 mol % Pd(PPh3)4 in THF at 60°C,
which led to the formation of 4-methylstyrene (1) in
quantitative yield (entry 4). Also, the desired product was
obtained in 29, 54, and 78% yields by using 0.07, 0.14, and
0.21 equiv of tetravinylindate, respectively (entries 1-3).
This result means that all of theVinyl groups attached to
the indium were inVolVed in product formation.The fact that
there is no cross-coupling product formed without Pd(0) cata-
lyst suggests that the desired product is produced via a cross-
coupling reaction (entry 6). Evidence for the synthesis of an
indate complex was provided by the Michael addition reac-
tion9 of a tetraorganoindate to anR,â-enone. In contrast, the
corresponding triorganoindium was found not to react with

R,â-enone.12 4-Chlorotoluene did not react with tetravinylin-
date despite the presence of Pd(0) catalyst (entry 5).

Using the conditions stated above, Pd-catalyzed cross-
coupling reactions of various indates with 4-iodotoluene were
studied to determine the reactivity and efficiency of a variety
of indate complexes as nucleophilic coupling partners (Table
2). In the case of tetra-n-butylindate, the desired compound
was obtained in 91% yield (entry 1). Although tetra-tert-
butylindate did not produce the cross-coupling product due
to steric considerations and its basicity (entry 4), tetraisobu-
tylindate and tetra-sec-butylindate participated as nucleo-
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Scheme 1 Table 1. Stoichiometry Optimization of Pd-Catalyzed
Cross-Coupling Reactions of Tetravinylindate with
4-Iodotoluenea

GC ratiob

entry n theoretical yield product starting material

1 0.07 28 29 71
2 0.14 56 54 46
3 0.21 83 78 22
4 0.28 100 100 0
5c 0.28 100 0 100
6d 0.28 100 0 100

a Reaction performed in the presence of 4 mol % Pd(PPh3)4 andn equiv
of R4InMgBr in THF at 60°C. b Ratios were determined by GC integration
of the crude reaction mixture before column chomatography.c 4-Chloro-
toluene was used.d Reaction performed without Pd(0) catalyst.

Table 2. Pd-Catalyzed Cross-Coupling Reactions of Various
Indate with 4-Iodotoluenea

a Reaction performed in the presence of 4 mol % Pd(PPh3)4 and 0.28
equiv of R4InMet in THF at 60°C. b 4,4′-Dimethylbiphenyl.c Biphenyl.
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philes in Pd-catalyzed cross-coupling reactions (entries 2 and
3). Reaction of tetraphenylindate with 4-iodotoluene gave
4-methyl-biphenyl (5) in 79% yield (entry 5). Subjecting
tetraphenylethynylindate to 4-iodotoluene resulted in all of
the phenylethynyl groups attached to indium being converted
into product6 (entry 6).

To demonstrate the efficiency and scope of the present
method, we applied this catalytic system to a variety of
organic electrophiles and indates (Table 3). For a large
number of aryl iodides, the presence of various substituents
on the aromatic ring showed little effect on the efficiency
of the reactions. It should be mentioned that 4-iodoacetophe-

none, having a reactive keto group toward the indate, pro-
vided the desired products in good yields (entry 4). Notably,
4-iodoanisole, possessing a methoxy group as a strong
electron-donating group, underwent cross-coupling reactions
to produce 4-n-butyl anisole in 81% yield (entry 6). The
reaction of 4-iodophenol with 0.28 equiv of tetraisobutyl-
indate produced the desired product13 in 63% yield (entry
7). This result means that tetraisobutylindate acts as a
nucleophilic coupling partner before playing a role as a base.
4-Chloroiodobenzene was subjected to the coupling reaction
to produce selectively 4-n-butylchlorobenzene (14) in 77%
yield (entry 8). Heteroatoms (nitrogen and sulfur) turned out

Table 3. Pd-Catalyzed Cross-Coupling Reactions of Indate with Organic Electrophilesa

a Reaction performed in the presence of 4 mol % Pd(PPh3)4 and 0.28 equiv of R4InLi or R4InMgBr in THF at 60°C. b Performed with 0.55 equiv of
indate.c Performed with 0.32 equiv of indate.d Diphenylbutadiyne was obtained in 6% yield.e Performed with 0.83 equiv of indate.f Reaction was carried
out at 25°C for 1 h.
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to be compatible with the employed reaction conditions
(entries 9 and 10). The reaction of 2,6-dibromopyridine with
tetravinylindate afforded the 2-fold cross-coupling product
16 in 87% yield. Treatment ofR-bromostyrene with 0.28
equiv of tetravinylindate affordedR-vinylstyrene (17) in 80%
yield (entry 11). To enlarge the scope of indate complexes
in Pd-catalyzed cross-coupling reactions, we studied the
reactivity toward other electrophiles such as aryl triflates,
vinyl triflates, acid chlorides, and benzyl bromide. Aryl
triflates and vinyl triflates exhibit a similar reactivity to aryl
iodides. Reaction of vinyl triflates with tetravinylindate,
catalyzed by 4 mol % Pd(PPh3)4, produced the corresponding
product19 in 90% yield (entry 13). The low nucleophilicity
of indate compounds led us to investigate their reactivity
with benzoyl chloride under catalysis. Pd-catalyzed cross-
coupling of benzoyl chloride with tetravinylindate or tet-
raphenylethynylindate worked equally well at room temper-
ature (entries 14 and 15). The cross-coupling reactions of
organometallics with benzyl bromide usually take place with-
out catalysis due to the high reactivity of the halides. Never-
theless, poorly nucleophilic indates require a Pd catalyst.
Accordingly, the reaction of 0.28 equiv of tetravinylindate
with benzyl bromide in the presence of Pd-(0) led to the
formation of allyl benzene (22) in 82% yield (entry 16).

Encouraged by this result, we applied the present method
to dihalogenated aromatic compounds to obtain disubstituted
benzenes to provide products that can be used effectively in
materials and dendrimer sciences. Reaction of 1,4-diiodoben-
zene with 0.83 equiv of tetravinylindate and tetraphenyl-
ethynylindate produced 1,4-divinylbenzene (23) and 1,4-
diphenylethynylbenzene (26) in 82 and 90% yields, respec-
tively. We were pleased to observe that treatment of 1,4-
diiodobenzene with tetraphenyindate gave the desired 1,4-
diphenylbenzene (25) in 93% yield (Scheme 2).

Reaction of 4-bromoiodobenzene with 0.28 equiv of
tetravinylindate followed by 0.55 equiv of tetraphenylindate
afforded 4-vinylbiphenyl (27) in 84% yield. The consecutive
2-fold Pd-catalyzed cross-coupling reaction by using struc-
turally different indate complexes occurred to produce
4-phenyl-1,2-diphenylacetylene (28) chemoselectively and
regioselectively in 71% yield (Scheme 3).

In conclusion, we have developed a new and atom-efficient
Pd-catalyzed cross-coupling reaction involving in situ-
generated tetraorganoindate complexes from the reaction of
1 equiv of indium trichloride with 4 equiv of organolithium
and Grignard reagents. In this reaction, tetraorganoindates
containing methyl, 1°- and 2°-alkyl, vinyl, alkynyl, and aryl
groups transferred the four organic groups to a variety of
electrophiles. Because indate complexes were not previously
applied to metal-catalyzed cross-coupling reactions, these
results should provide more opportunities for the discovery
of efficient and selective C-C bond-forming reactions.
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Scheme 2a

a Reaction conditions: 4 mol % Pd(PPh3)4/0.83 equiv of indate/
THF/60 °C. bIsolated yield of mono-cross-coupling product.

Scheme 3a

a Reaction conditions: THF/60°C. bIsolated yield of 4-bro-
mostyrene.cIsolated yield of diphenylbutadiyne.dIsolated yield of
1,4-diphenylbenzene.
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