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In situ generated allylindium reagents from the reaction of 1 equiv of indium with 1.5 equiv of allyl halides could be effective cross-coupling
partners in palladium-catalyzed cross-coupling reactions to aryl halides. The best results were obtained with 2% Pd,dbazCHCl; and 16% PhsP

in the presence of 3 equiv of LiCl in DMF at 100 °C.

The metal-catalyzed cross-coupling reaction of aryl and vinyl

as coupling partners has attracted much attention as a result

halides (or pseudohalides) with organometallics is one of of their availability and air- and moisture-stability, as well

the most straightforward methods for-C bond formatiort.
The Stille reactior?,in which a tin reagent is employed as a
coupling partner, belongs to a larger family of palladium-

as compatibility with a variety of functional groups. How-
ever, the difficulties associated with preparation of regio-
chemically defined allylstannanes, their tendency to undergo

and nickel-catalyzed reactions. These coupling reactionsallylic isomerization, tin removal from the product, and tin
alternatively make use of a variety of transmetalating agentstoxicity represent major limitations associated with the use

(B, Zn, Mg, Li, Cu, Al, Zr, Si)3 The use of organostannanes
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of allylstannanes as the nucleophilic coupling partners.
Although allylstannanes are generally accessible, such
procedures are sometimes inadequate and the requisite
allylmetals are difficult to obtain. Ideally, allylmetals must
be prepared in situ from the reaction of metals with allyl
halides. The major advantage of organomagnesium and
organolithium compounds as coupling partners is their
availability 2 However, these reagents show low functional
group tolerance. Therefore, the development of new allyl-
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metals as coupling partners was explored to overcome thes

difficulties. Our interest, both in overcoming the limitations
of the Stille reaction and applying indium metal to modern
organic synthesithas led us to investigate the participation
of indium organometallics in metal-catalyzed reactidifrs.

this letter, we report the palladium-catalyzed cross-coupling

reaction of in situ generated allylindium reagents with aryl
halides (Scheme 1).
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First, the catalytic activity of several palladium complexes ihe reaction of

Table 1 Catalyst Optimization

| AN
[Pd] catalyst In/ A~ OO
isolated
entry catalyst ligand time (h) yield (%)2

1 4% PdCl, PhsP 1 86

2 4% Pd(OAC), PhsP 1 86

3 4% Pd(CH3CN).Cl, PhsP 3 70

4 4% Pd(PhCN):Cl; PhsP 1 87

5 4% Pd(PPhs), 18 580

6 4% Pd(PPh3), 1 91

7 2% PddbasCHCI;  [2,6-(MeO),PhlsP 21 10

8 2% PddbasCHCI;  (o-Tolyl)sP 21 11

9 2% Pd,dbazCHCIl3; PhzAs 20 11
10 2% Pd,dbasCHCl;  (2-furyl)sP 3 75
11 2% Pd,dbazCHCIl; PhgP 1 Q¢
12 2% Pd,dbazCHCIl; PhsP 16 464
13 2% Pd,dbazCHCIl3; PhsP 16 508
14 2% szdbachC|3 Pth 1 93

a Reaction performed in the presence of 16% ligand and 3 equiv of LiCl
in DMF at 100°C unless otherwise noted. Allylindium was obtained from
1 equiv of indium with 1.5 equiv of allyl iodide unless

was examined in the reaction of 1-iodonaphthalene with otherwise noted® THF was used as solverftLiCl was not used? In:allyl

allylindium.® which was in situ generated from the reaction
of allyl iodide and indiunt. The results are summarized in
Table 1. Among the catalysts examined, 4% PdgpRind
2% PddbaCHCI; showed high catalytic activity (entries 6
and 14). Other palladium complexes, such as Rded-
(OAC),, PA(CHCN).Cl,, and Pd(PhCNXI,, produced 1-al-
lylnaphthalene in good yields (entries-4). Among the

iodide = 0.66:1.¢ In:allyl iodide = 1:1.

equiv of LiCl in DMF at 100°C under a nitrogen atmosphere
(entry 14). Also, allylindium reagent which was in situ
generated from the reaction of 1 equiv of indium with 1.5
equiv of allyl iodide gave the best result as a coupling partner.
The use of indium in less than 1 equiv and allyl iodide in

ligands examined, triphenylphosphine gave the best resultsless than 1.5 equiv resulted in a sluggish reaction and gave

(entry 14). The use of lithium chloride is also critically
important for a successful reaction (entry 21pf the

lower yields as well as longer reaction times (entries 12 and
13).

catalytic systems examined, the best results were obtained To demonstrate the efficiency and scope of the present

with 2% PddbaCHCI; and 16% PP in the presence of 3
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method, we applied this catalytic system to a variety of allyl
halides and aryl halides. For the allyl halides as coupling
partners, the presence of various alkyl substituents at.the
andy positions did not exhibit a significant effect on either
the reaction rates or product yields. The results are sum-
marized in Table 2. Under the optimized conditiodsyas
treated with allyl bromide and indium to produt&in 87%
yield (entry 3). The reaction of with crotyl bromide (cis:
trans= 1:5) in the presence of indium yielded a 1:3.2 mixture
of a (cis:trans= 1.5:1,17) and y products 18), but the
product resulting fromy attack predominates (entry 4).
Treatment of7 with prenylindium gave the desired product
19 in 88% vyield (entry 5). The reaction af with in situ
generated geranylindium from indium and geranyl bromide
gave cross-coupling produ20 (cis:trans= 1:2) in 71% yield
(entry 6). In the case of 3-bromocyclohexene, the desired
products were obtained in good to excellent yields (entries
7,10, and 17). For a vast number of aryl iodides, the presence
of various substituents, e.gbutyl (entry 7), acetyl (entries

8 and 9), ketal (entry 10), ethoxycarbonyl (entries-1B),

and nitro (entries 1418), on the aromatic ring did not show

a significant effect on efficiency of the reactions. It should
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Table 2. Results of Cross-Coupling Reactions

entry aryl halide allyl halide product time(h) isolated yield(%)
1 y Y= A ~ 1 93
1
: o D = : 8"
3 7 A 16 1 87
2 \
4 7 N
3 7 OO OO 18 24 86(1:3.2)°
S
Br
=
5
7 \r\“/ QO 19 25 88
X X
6 7 /I\/\/K/\Br 20 24 71(1:2)°
5
Br
7 n-Bu—@—l 9 O/ 6 n-Bu 21 3 70
o} 0 —
8 >_©_| 10 1 >_©_/_ 22 1 88
o) —
9 10 4 23 8 72
(\O (\O
' =
1 ©i 12 1 25 1 9%
CO,E COE
E10,G EtO,C,
13 EtOZCO—I 14 1 EtOZCO_/: ”7 , o
O.N O:N
14 @, 15 1 @f 28 3 94
O.N O:N
15 15 3 @_/:/ @_(‘: 9 89(1:1.2)"
29° 30
O.N
16 15 4 ©__/:< 31 9 88
O.N
17 15 6 » o o
M
18 15 5 Q/\ 33 9 88(1:2)°

a Diastereomeric ratio df7: cis:trans= 1.5:1. 17(a):18(y) ratio. ¢ cis:trans ratiod Ethyl benzoate® Diastereomeric ratio d9: cis:trans= 1.5:1.f 29(q):

30(y) ratio.

be mentioned that 4-iodoacetophenone, having a labile ketozoate, both the yield and the selectivity are almost indepen-
group toward allylindium, provided the desired products in dent of the electronic and steric effect (entries-1B). The
good yields (entries 8 and 9). In the case of ethyl iodoben- yields of the cross-coupling products were increased for aryl
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iodides possessing an electron-withdrawing substituent.the existing synthetic methods due to some advantageous
These results may be understood on the basis of the factproperties of allylindium reagents over allylstannanes such
that an electron-withdrawing group on aryl halides generally as availability, ease of preparation and handling, high
enhances the rate of oxidative addition of this substrate to reactivity and selectivity, operational simplicity, and low
the palladium cente¥. The reaction of 4-iodoanisole pos-  toxicity.
sessing an electron-donating substituent with allylindium did
not produce the desired product. Aryl iodide was more  Acknowledgment. This work was supported by the Korea
reactive than aryl bromide, giving a higher yield of cross- gcjence and Engineering Foundation (KOSEF-2000-1-123-
coupling product (entries 1 and 2). _ __ 002-5). We thank Prof. Sunggak Kim of KAIST for helpful
Although the mechanism of the reaction of in situ giscyssion and Minkyoung Cho for the preliminary experi-
generated allylindiums with aryl halides is not clear at the ,ants. The gas chromatograms were provided by the GC

moment, we assume that allylindium plays a similar role to facility, supported by the Research Center for Advanced
that of Li or Mg reagents. The elucidation of the detailed Mineral Aggregate Composite Products

reaction mechanism must wait further study.

In conclusion, we have demonstrated for the first time in
this letter that in situ generated allylindium reagents from
the reaction of indium with allyl halides could be effective
cross-coupling partners in palladium-catalyzed cross-coupling
reactions of aryl halides. The present method complementsOL016532H

Supporting Information Available: Experimental pro-
cedure and spectral data. This material is available free of
charge via the Internet at http://pubs.acs.org.
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