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Palladium-catalyzed Stille coupling between allylic chlor-
ides 1 and allyltributyltin proceeds through bis(h3-allyl)palla-
dium intermediates 2 to give the allylic ± allylic 1,5-hexadiene
coupling products 3 and 3' in moderate to high yields
(Scheme 1).[1] Recently, we found that 2 (R�H), generated

Scheme 1. Different reaction pathways of bis(h3-allyl)palladium inter-
mediates 2.

from allyl chloride and allyltributyltin in the presence of a
palladium catalyst, reacts with aldehydes 4 and imines 5 to
produce the corresponding homoallyl alcohols 6 and amines 7,
respectively, in high yields.[2, 3] Also, we found that unsym-
metrical bis(h3-allyl)palladium complexes 2 can selectively
transfer the unsubstituted allyl group to aldehydes and
imines.[4] Important questions are what factors control the
reaction pathways of bis(h3-allyl)palladium intermediates 2,
and why does the Stille coupling of 2 cease in the presence of
aldehydes 4 or imines 5?

We now report that phosphine ligands play a key role in this
process; the Stille coupling reaction takes place in the
presence of triphenylphosphine,[5] even if aldehydes 4 and
imines 5 are present, whereas the allylation of aldehydes and
imines occurs in the absence of the phosphine, even in the
presence of allylic chlorides 1 (Scheme 2).

The palladium-catalyzed reactions of various aldehydes 4
and imines 5 with allylic chlorides were investigated in the
presence or absence of PPh3 (Table 1). In the absence of a
phosphine ligand, the reaction of 1 a and allyltributyltin with
benzaldehyde (4 a) gave the homoallyl alcohol 6 a in 94 %
yield, and cinnamyl chloride 1 a was recovered in essentially

It is now clear that the chemoselectivities in the Lewis acid
promoted reactions of certain aldehydes and ketones are
opposite to those in the reactions in the absence of Lewis acid.
By proper choice of the reaction conditions, either by carrying
out the reaction in the presence or in the absence of Lewis
acids, secondary and primary alcohols, homoallylic alcohols,
and Diels ± Alder adducts can be synthesized chemoselective-
ly. A further extension of the above concept is being
investigated in our laboratories.
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Scheme 2. The chemoselectivities of bis(h3-allyl)palladium complexes in
the presence of aldehydes (or imines) and allylic chlorides. 4 a ± 4e and 5a ±
5d were used for the reactions shown in Table 1.

quantitative yield (entry 1), whereas in the presence of
one equivalent of PPh3 (relative to Pd), the reaction
gave a 2/1 mixture of 6 a and 3 a� 3 a'. When two
equivalents of PPh3 were used, the ratio of 6 a to 3 a�
3 a' became 1/1. With 3 ± 5 equiv of PPh3, only the Stille
coupling reaction took place; using four equivalents of
PPh3 gave the best result: a 92/8 mixture of 3 a and 3 a'
in 90 % yield, and benzaldehyde was recovered
quantitatively (entry 1).[6] Similar observations were
made in the reactions of 1 b, 1 c, and 1 a (entries 2 ± 4).
b-Elimination took place with the aliphatic substrate
1 d in the presence of PPh3 to give 1,3-tetradecadiene
(entry 5).[7] A key role of PPh3 in controlling the
chemoselectivity was also observed in the reactions of
the imines. In the absence of the phosphine ligand, the
reaction of 1 a, allyltributyltin, and 5 a gave the
allylation product 7 a in 82 % yield, and 1 a was
recovered, whereas in the presence of 4 equiv of
PPh3, a 92/8 mixture of 3 a and 3 a' was obtained in
91 % yield, and the imine 5 a remained unchanged
(entry 6). Similar results were obtained in the other
cases (entries 7 ± 9). Thus, highly chemoselective reac-
tions can be accomplished by means of the presence or
absence of PPh3.

We investigated the chemoselectivity on substrates
8 a and 8 b, which contain an allyl chloride unit and an
aldehyde group in the same molecule (Scheme 3). In

the absence of the phosphine ligand, the ortho isomer 8 a
reacted with allyltributyltin to give the allylation product 9 a
in 88 % yield, and the allyl chloride unit remained unchanged.

Table 1. Palladium-catalyzed reaction of allylic chlorides 1 and allyltribu-
tyltin with aldehydes 4 or imines 5 in the presence or absence of PPh3.[a]

Entry 1, R 4 or 5 Ligand/
time [h]

Yield [%]
of 6 or 7[b]

Yield [%]
of 3� 3' (3/3')[b,c]

1 1 a, Ph 4 a none/11 94 ±
PPh3/19 ± 90 (92/8)

2 1 b, p-MeC6H4 4 b none/37 83 ±
PPh3/13 ± 78 (100/0)

3 1 c, p-BrC6H4 4 c none/22 98 ±
PPh3/22 ± 80 (83/17)

4 1 a, Ph 4 d none/26 93 ±
PPh3/22 ± 88 (92/8)

5 1 d, CH3(CH2)10 4 e none/29 71 ±
PPh3/17 ± ±[c]

6 1 a, Ph 5 a none/2 82 ±
PPh3/4 ± 91 (92/8)

7 1 a, Ph 5 b none/64 78 ±
PPh3/4 ± 82 (91/9)

8 1 a, Ph 5 c none/132 92 ±
PPh3/5 ± 79 (91/9)

9 1 a, Ph 5 d none/132 73 ±
PPh3/21 ± 80 (91/9)

[a] All reactions were carried out in the presence of 5 mol % of
[Pd2(dba)3] ´ CHCl3 in THF at room temperature (dba� dibenzylidene-
acetonate). In the Stille coupling, 40 mol % of PPh3 was added. The
aldehydes 4 and imines 5 are shown in Scheme 2. [b] Yields of isolated
products based on 1, 4, or 5. [c] b-Elimination took place to give the diene
product CH3(CH2)9CH�CHCH�CH2 (89 %, cis/trans� 1/1).
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Scheme 3. Investigation of chemoselectivity on substrates 8a and 8 b, which contain
an allyl chloride unit and an aldehyde group in the same molecule.
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However, in the presence of 4 equiv of PPh3, only the Stille
coupling reaction took place to give a 96/4 mixture of 10 a and
10 a' in 73 % yield, and the aldehyde group remained
unchanged. Similarly, the para isomer 8 b gave 9 b in 83 %
yield, whereas in the presence of PPh3 a 90/10 mixture of 10 b
and 10 b' was produced in 74 % yield.

A plausible mechanism is shown in Scheme 4. Oxidative
addition of 1 a to palladium(0) gives the h3-allyl(chloro)pal-
ladium complex 11, and transmetalation of 11 with allyltribu-
tyltin produces the bis(h3-allyl)palladium complex 12. In the

absence of PPh3, benzaldehyde (4 a) coordinates to palladi-
um(ii) to produce the homoallyloxypalladium complex 14 via
13. The transmetalation of 14 with allyltributyltin produces
the corresponding homoallyloxytin compound 15 and regen-
erates the bis(h3-allyl)palladium intermediate 12. In the
allylation reaction, the unsubstituted h3-allyl group of 12
undergoes nucleophilic addition to benzaldehyde, while the
phenyl-substituted allyl group acts as a nontransferable h3-
allyl ligand.[4b] Therefore, only catalytic amounts of cinnamyl
chloride 1 a react initially with allyltributyltin to afford the
bis(h3-allyl)palladium intermediate 12, and large amounts of
1 a remain in the reaction medium. However, in the presence
of PPh3, the phosphine ligand coordinates to 12 to give 16 and/
or 17.[8] Reductive elimination from 16 and/or 17 gives the
Stille coupling product 3 a and regenerates the palladium(0)
catalyst. Indeed, the Stille coupling reaction of allyltributyltin
with the dimer of complex 11, which was synthesized
according to a literature procedure,[9] proceeded in the

presence of PPh3 (1 equiv) to give 3 a, whereas only a trace
of 3 a was obtained in the absence of PPh3. Therefore, the
coordination of PPh3 to the complex 12 in the reaction is
essential for the Stille coupling process.

In conclusion, the fate of bis(h3-allyl)palladium complexes
in the presence of aldehydes (or imines) and allylic chlorides
has been clarified for the first time. The PPh3 ligand plays a
key role in controlling the chemoselectivity. Now, we can
perform chemoselective allylation of allylic halides and
aldehydes (imines).

Received: March 20, 2001
Revised: June 8, 2001 [Z 16809]

[1] a) J. K. Stille, Angew. Chem. 1986, 98, 504 ± 520;
Angew. Chem. Int. Ed. Engl. 1986, 25, 508 ± 524;
b) T. N. Mitchell, Synthesis 1992, 803 ± 815; c) V.
Farina, G. P. Roth, Adv. Met. Org. Chem. 1996, 5,
1 ± 53; d) V. Farina, V. Krishnamurthy, W. J. Scott,
Org. React. 1997, 50, 1 ± 652.

[2] a) H. Nakamura, K. Aoyagi, J.-G. Shim, Y.
Yamamoto, J. Am. Chem. Soc. 2001, 123, 372 ±
377; b) H. Nakamura, H. Iwama, Y. Yamamoto,
Chem. Commun. 1996, 1459 ± 1460.

[3] Recently, a theoretical study on the reactivity of
bis(h3-allyl)palladium complexes was reported:
K. J. Szabo, Chem. Eur. J. 2000, 6, 4413 ± 4421.

[4] a) H. Nakamura, H. Iwama, Y. Yamamoto, J. Am.
Chem. Soc. 1996, 118, 6641 ± 6647; b) H. Naka-
mura, K. Nakamura, Y. Yamamoto, J. Am. Chem.
Soc. 1998, 120, 4242 ± 4243.

[5] In general, the Stille coupling reaction of allylic
halides with allyltin compounds requires ligands
such as triphenylphosphine and maleic anhydride
to induce reductive elimination in the catalytic
cycle: a) J. Godschalx, J. K. Stille, Tetrahedron
Lett. 1980, 21, 2599 ± 2602; b) J. M. Cuerva, E.
GoÂ mez-Bengoa, M. MeÂndes, A. M. Echavarren, J.
Org. Chem. 1997, 62, 7540 ± 7541; c) A. Golias-
zewski, J. Schwartz, Organometallics 1985, 4,
417 ± 419.

[6] Representative procedures for the palladium-
catalyzed allylation with allyltributyltin in the
presence of allylic chlorides and aldehydes
(or imines) are given in the Supporting Informa-
tion.

[7] In the absence of allyltributyltin, under otherwise similar reaction
conditions, b-hydrogen elimination did not occur, and the starting
materials 1d and 4 e were recovered. It is known that the presence of
allyltributyltin facilitates b-hydrogen elimination: E. Keinan, S. Kumar,
V. Dangur, J. Vaya, J. Am. Chem. Soc. 1994, 116, 11151 ± 11152.

[8] O. Kuhn, H. Mayr, Angew. Chem. 1999, 111, 356 ± 358; Angew. Chem.
Int. Ed. 1999, 38, 343 ± 346.

[9] P. R. Auburn, P. B. Mackenzie, B. Bosnich, J. Am. Chem. Soc. 1985, 107,
2033 ± 2046.

Scheme 4. Proposed mechanism for the chemoselective allylation in the presence of cinnamyl
chloride 1 a and benzaldehyde 4a.


