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Abstract: Various aryl bromides underwent a palladium-catalyzed cross-coupling 
reaction with ally1 acetate in the presence of hexa-n-butylditin to give the 
allylated products in very high yields. 

The palladium-catalyzed cross-coupling reaction of an organotin reagent 

with an organic halide or its equivalent has been extensively studied 1,2' in 

recent years. Although it takes place under mild condition and tolerates a 

wide variety of functional groups, there are some limitations for synthesizing 

various organic frameworks, since the organometallic partner cannot conve- 

niently be synthesized in some cases. On the other hand, there are only a few 

methods3) for the direct cross-coupling reaction which does not involve an 

organometallic reagent as a coupling partner. 

Previously we reported 
41 

the regioselective vinylation at the C3-position 

of indole nucleus using palladium. In this communication, we describe that 

ethyl N-tosyl-3-bromoindole-2-carboxylate (la) was directly coupled with ally1 - 

acetate (2) in the presence of hexa-n-butylditin (3) and palladium catalyst to - 

give C3-allylated product _ (4a) in high yield (Scheme l), and this one-step- 

allylation was applicable to various aryl bromides. 
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The typical experimental procedure is as follows. A mixture of bromide 

(la, 1 mmol), ally1 acetate (2, 1.5 mmol), ditin (2, 1.5 mmol), and palladium 

catalyst (2, 0.1 mmol) in DMF (1 ml) was heated at 120°C for 1.0 hr. The 

resulting black solution was worked up and purified by column chromatography on 

alumina to give the product (4a) in 88% yield as a colorless solid. The - 
results are summarized in Table I. The use of palladium catalysts coordinated 

by bidentate ligands such as 2, 

yields (runs 1, 2, and 3),5) 

10, and 11 gave the product (4a) in very high - - 
but the use of monodentate phosphine palladium 

(12) was less effective (run 4). - The N-unprotected indole (lb) and 5-bromo- - 

Bu3SnSnBu3 (2) 

Ar-Br + W 
OAc 

Palladium Catalyst 
> Ar- 

5 2 - - DMF, 120°c 6 - 

Table I 

Run Ar-Br Palladium a) 
Reaction Product(6Jd) 

Catalyst Time (hr) Yield(%) mp(OC) 
- 

1 la 9 1.0 88 - 

2 la 10 

68.5-71.5 

1.5 84 - 

3 1, 11 1.0 81 - 

4 1, 12 2.0 47 

5 G --G 0.5b' 49 85-87 

6 ?- 9 ;:$ 59 oil 

7 8a 9 86 137-139 

8 sb 9 0.5c) 86 oil 

9 s, 9 0.5 69 89-92 - 

a) Ar-Br : Ally1 acetate : Bu3SnSnBu3 : Catalyst = 1 : 1.5 : 1.5 : 0.1 b) 

Ar-Br : Ally1 acatate : Bu3SnSnBu3 : Catalyst = 1 : 2 : 3 : 0.1 c) Toluene 

was used as a solvent at reflux temperature. d) All new compounds were 

satisfactorily identified by spectral data and elemental analyses. 
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indole derivative (7) also gave the allylated products (a) in moderate yields - 

(runs 5 and 6). Furthermore this reaction could be applied to the bromoben- 

gene derivatives (8a-cl with electron-withdrawing or electron-donating groups 

(runs 7, 8, and 9). 

Two possible pathways for this reaction are considered as shown in Scheme 

2. The aryl-n-ally1 palladium complex cc), which would give the allylated 

products (6) by the reductive elimination, may be produced by two routes; i.e. 

i) transmetallation of aryl-palladium complex (13) with allyltin (16) which - - 
would be produced from r-allyl-palladium acetate (15) and ditin (2) (Path A), - 
and ii) transmetallation of 15 with aryltin (14) which would be produced from - - 
u-complex (13) and ditin (3) (path B). Both reaction pathways seem to be - - 

equally possible, because C3-stannylated indole derivative (18) and allyltin 

(E), both of which would be considered as possible intermediates in the ally- 

lation of the 3-bromoindole (&I, could be obtained by the reactions of ally1 

acetate (2) and 3-bromoindole (la) with ditin (31, respectively (Scheme 3). - 
However, it is interesting that the total yields of these two-step-synthesis 

(Scheme 3) were much lower than those of the one-step-synthesis (Table I, run 

1). 

Scheme 2 _-__ 

Transmetallation 
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Pd(O) < 

Ar- 6 _ 



6460 

la 3, Pd(I1) 2, Pd(IIl 
- 

DMF, 120°C DMF, 12ooc, 

44% 
Ts Total Yield 24% 

18 - 

2, Pd(II) Ts 

2 _ 
DMF, 120°C 

g wSnBu3 
la, Pd(I1) 

4a - 
DMF, 

16 
120°c, 85% 

44% Total Yield 38% Scheme 3 

Although palladium-catalyzed allylation using allyltin (16) 2al 

@2d' 
- or aryltin 

has been already reported, there is no literature concerning the direct 

allylation like our present work. Consequently we believe that this reaction 

could be classified as a new type of cross-coupling reaction and provide a new 

methodology for carbon-carbon bond formation. Further investigation for the 

mechanistic detail and application of this direct cross-coupling are now in 

progress. 
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