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The allylation of aromatic amines with alkynes proceeded smoothly in the presence of catalytic
amounts of Pd(PPh3)4 and benzoic acid. The allylation products were obtained in high yields in a
regio- and stereoselective manner. The effect of various groups on the nitrogen atom of anilines
was studied. Regardless of the substituent (electron withdrawing or electron donating) on the
aromatic ring, the reaction proceeded well. Various functionalities, including -CH3, -OMe, -Cl,
-CN, -COOMe, -NO2 and -COCH3 were tolerated under the reaction conditions. Similarly, the
allylation of R-aryl aldehydes proceeded well with the same level of regio- and stereoselectivity as
the allylation of aromatic amines. This reaction provides the second example of the transition metal
catalyzed direct R-allylation of aldehydes.

Introduction

Allylamines are an important class of compounds due
to their utility as intermediates in organic synthesis,1
biological properties,2 and presence in several natural
products.3 In particular, considerable effort has been
directed toward the development of new and efficient
synthetic methodologies for the allylation of anilines. One
of the reliable approaches for the synthesis of this class
of compounds is the treatment of allyl alcohol derivatives,
such as acetates, carbonates, halides, ..., etc., with amines
in the presence of Pd(0) (eq 1, path A).4,5 Recent progress

shows that allyllic alcohols themselves can also be used
as an allylating agent in the presence of activators which
can coordinate with the hydroxyl group, thereby increas-
ing the leaving group ability of the hydroxyl group (eq 1,

path B).6 Although a few reliable approaches are known
in the literature for the allylation of anilines, the former
procedure (path A) produces a stoichiometric amount of
waste elements because the leaving group is liberated
and the latter procedure (path B) needs a stoichiometric
amount of activators to activate the hydroxyl group.
Moreover, path B produces stoichiometric amount of
M-OH.

The generation of quaternary carbon center through
catalytic alkylation of ketone enolates has been the
subject of investigation in recent years.7 The palladium-
catalyzed allylic alkylation of prochiral nucleophiles (the
Tsuji-Trost reaction) represents one such strategy for
the creation of quaternary chiral centers.8 However, the
generation of quaternary carbon center by R-allylic
alkylation of nonstabilized ketones and aldehydes has not
been thoroughly investigated.9 The conventional method
for C-allylation of these substrates involves the preacti-
vation of the carbonyl compounds as their metal eno-
lates,10 silyl enol ethers,11 enolstannanes,12 or enamines.13

However, in the case of aldehydes, the stoichiometric
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alkylation via their metal enolates has serious draw-
backs, because of their tendency to undergo aldol, Can-
nizaro, and/or Tishchenko reactions.14 To the best of our
knowledge, there is only one report of the palladium-
catalyzed direct R-allylation of aldehydes with allyl
alcohols with stoichiometric amounts of Et3B, Et3N, and
LiCl.15

Recently we reported an altogether new approach for
the allylation of some pronucleophiles with alkynes in
the presence of Pd(0)/carboxylic acid combined catalyst
(eq 2).16 Since the allylation products are obtained via
formal addition of nucleophiles to alkynes,17 no waste
elements are produced in the process. In the course of
our further investigation, we now report the Pd(0)/benzoic
acid-catalyzed allylation of anilines18 and R-aryl alde-
hydes19 with alkynes (eq 3 and 4), thereby strengthening
our previously reported methodology.

Results and Discussion

Allylation of Aromatic Amines. An equimolar mix-
ture of N-methylaniline (1a) and 1-phenyl-1-propyne (2a)
in the presence of Pd(PPh3)4 (5 mol %)/PhCOOH (10 mol
%) was heated in 1,4-dioxane at 100 °C for 4 h. The

starting materials completely disappeared giving the
allylation product 3a in 93% isolated yield as a single
stereoisomer (Table 1, entry 1). In the absence of benzoic
acid no reaction took place even after heating at 100 °C
for 24 h as anticipated. Next, the allylation of anilines,
bearing various groups on the nitrogen, with 1-phenyl-
1-propyne (2a) was examined. The results are sum-
marized in Table 1.

N-Benzylaniline (1b) afforded 3b in an excellent yield
in 4 h under the established procedure (entry 2). The
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TABLE 1. Allylation of Aromatic Amines 1a-i with
1-Phenyl-1-propyne (2a)a

entry R time product yield (%)b

1 1a, R ) Me 4h 3a 93
2 1b, R ) Bn 4h 3b 94
3 1c, R ) H 6h 3c 89c

4 1d, R ) Ts 6h 3d 98
5 1e, R ) Ms 6h 3e 91d

6 1f, R ) Boc 24h 3f tracee

7 1g, R ) acetyl 24h 3g 0e

8 1h, R ) Ph 8h 3h 81
9 1i, R ) â-Np 24h 3i 52f

a 1-Phenyl-1-propyne (2a) (0.859 mmol) was added to a solution
of anilines 1 (0.859 mmol) and Pd(PPh3)4 (0.043 mmol), PhCOOH
(0.086 mmol) in 1,4-dioxane (2 mL) and the mixture was heated
at 100 °C for the time specified in the table. b Isolated yields after
column chromatography. c Combined yield of the monoallylated
product3candcorrespondingdiallylatedproduct4,(PhCHdCH)2NPh.
Ratio of 3c:4 was determined by comparing N-CH2 protons in the
1H NMR spectra of a crude mixture and found to be 83.17. d Yield
after recrystallization. e The starting material was recovered in a
quantitative yield. f The starting material 1i was recovered in 30%
yield.

Patil et al.

8746 J. Org. Chem., Vol. 69, No. 25, 2004



reaction proceeded well in the case of aniline 1c; however,
the product obtained was a mixture of the monoallylated
3c and diallylated product 4 in the ratio of 83:17 (entry
3). The sulfonyl protecting groups, such as -Ts and -Ms,
were also found to be good substrates for this allylation
reaction, giving 3d and 3e in 98% and 91% yields,
respectively (entries 4 and 5). In the case of protecting
groups such as -Boc and -Ac, however, the reaction did
not proceed at all and the starting materials were
recovered in a quantitative yield (entries 6 and 7). The
allylation of less basic and nonnucleophilic anilines, such
as diphenylaniline (1h) and naphthylphenylamine (1i),
also proceeded smoothly to give the products 3h and 3i
in 81% and 52% yield, respectively.

The scope of the allylation was explored by using a
variety of anilines, containing either electron donating
or electron withdrawing groups in the aromatic nucleus.
The results are summarized in Table 2. Treatment of 2,4-
dimethoxyaniline (5a) with 1-phenyl-1-propyne (2a) un-
der the standard conditions gave the corresponding
monoallylation product 6a in 92% yield (entry 1). No
formation of the diallylation product was observed in the
1H NMR spectrum of the crude reaction mixture. Simi-
larly, the reaction of alkynes 2b and 2c with 5a also
proceeded smoothly to afford the products 6b and 6c in
88% and 92% yields, respectively (entries 2 and 3). Unlike
the hydrocarbonation reaction,16e,f the reaction of alkyne
2d did not proceed and the starting materials were
recovered (entry 4). Next, with use of 1-phenyl-1-propyne
(2a) as a standard alkyne, several anilines were tested
for this allylation reaction. In all cases, the corresponding
allylation products were obtained in high yields (entries
5-10). The most striking observation was made when
4-nitroaniline (5h) was employed; a mixture of the
monoallylation product 6k and diallylation product 6k′
was obtained in the ratio of 80:20 (entry 11). At this stage
it was not clear whether the diallylation product was
obtained due to the presence of a strong electron with-
drawing group or due to the absence of an ortho sub-
stituent, which minimizes the steric hindrance resulting
in the formation of the diallylated product. To clarify this
point, we next chose 4-methoxyaniline (5i) and 2-nitroa-
niline (5j) as substrates and the results of their allyla-
tions are shown in entries 12 and 13. These results
indicate that the substituent at the ortho position created
steric hindrance for the diallylation and therefore the
reaction stopped at the monoallylation stage only. As
expected, 3-acetylaniline (5k) also gave a mixture of 6n
and 6n′ as the ortho position was vacant (entry 14).
However, in the case of 2,6-dimethylaniline, a mixture
of the monoallylation product 6o and diallylation product
6o′ was produced in a ratio of 45:55 (entry 15). This result
unequivocally shows that the monoallylation product 6o
is more reactive and more nucleophilic than 5l. The
stronger nucleophilicity of 6o, as compared to 5l, can be
explained as shown in Scheme 1. In the structure 5l, due
to the electron donating resonance effect, the lone pair
of -NH2 is in conjugation with π-electrons of the aromatic
ring, whereas in structure 6o, due to the severe steric
hindrance of methyl groups, the C-N bond goes out of
plane therefore the lone pair becomes perpendicular to
the plane of the ring, which would cease an electron
donating resonance effect. In short, in structure 5l, the
lone pair on nitrogen is involved in conjugation while in

structure 6o, the lone pair is not involved in conjugation
hence 6o is more nucleophilic than 5l.20 In the case of
4-phenylaniline (5m), the monoallylation product 6p was
obtained in 91% yield (entry 16). R-Naphthylamine (5n)
was found to be a good substrate for this allylation
reaction giving 6q in 88% yield (entry 17). Next, we
studied the allylation of 2-aminopyridine, 2-aminothia-
zole, indole, and oxindole. However, the reaction was
found to be sluggish and only trace amounts of products
were detected by 1H NMR spectra of the crude reaction
mixture.

Recently, we reported the reaction of the internal
alkyne 2a with o-aminophenol (7) to afford a mixture of
the regioisomeric ketones 9a and 9b (Scheme 2) under

Pd(NO3)2 catalysis.21 The reaction proceeds via the
intermolecular hydroamination process between 2a and
7, which gives the intermediates 8a and 8b. The products
9a and 9b are obtained after tautomerization followed
by hydrolysis. However, under the present reaction
conditions, no formation of either 9a or 9b was detected;
the corresponding allylated product 10 was obtained in
83% yield (Scheme 3). Thus, just by switching the

palladium catalysts we are now in a position to synthe-
size N-allylanilines instead of the corresponding hy-
droamination products. Regardless of the substituent’s
nature and position, the reaction proceeded well in the
case of all anilines. This observation is in contrast to the
previously reported cases6b,c wherein the transition metal-
catalyzed allylation of anilines with allyl alcohols pro-
ceeded well with anilines containing electron-donating

(20) In the literature it is well-known that 2,6-dialkylaniline is less
nucleophilic than its N-monoalkylated derivatives.

(21) Shimada, T.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124,
12670-12671.

SCHEME 1. Plausible Explanation for the Higher
Nucleophilicity of 6o as Compared to 5l

SCHEME 2

SCHEME 3

Allylation of Aromatic Amines and R-Aryl Aldehydes
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TABLE 2. Allylation of Substituded Anilines with Alkynesa

a All reactions were carried out as per the general procedure described in the Experimental Section. b Isolated yields. c The starting
materials were recovered in a quantative yield. d The ratio was determined by comparing N-CH2 protons in the 1H NMR spectra of a
crude mixture. e Combined yield of the mono- and diallylated products based on alkyne.
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groups; on the other hand, anilines having electron-
withdrawing groups gave the allylation products in lower
yields. Substrates bearing -Br and -I substituents were
not tolerated under the present reaction conditions
presumably due to the oxidative insertion of Pd(0) to the
aryl-bromide/iodide bond.

Allylation of r-Aryl Aldehydes. The treatment of the
aldehyde 11a with 1 equiv of 1-phenyl-1-propyne (2a) in
the presence of 5 mol % of Pd(PPh3)4 and 10 mol % of
benzoic acid in 1,4-dioxane at 100 °C gave the R-allylated
aldehyde 12a as the sole product in 96% yield (Table 3,
entry 1). We then investigated the scope and limitations
of the reaction using a variety of aldehydes and alkynes.
The reaction of the aldehyde 11a with the alkynes 2b
and 2c afforded the desired allylation products 12b and
12c, respectively, in excellent yields and with perfect
regiocontrol on the allylic unit (entries 2 and 3). When
the alkyne 2d was employed, however, a mixture of the
regioisomer 12d and 12d′ was formed in the ratio of 5:1
as shown by the 1H NMR spectrum of the crude reaction
mixture (entry 4). When the alkyne 2e was used, the
corresponsing allylated product 12e was obtained in 99%
yield (entry 5). Substituents such as -CH3, -OCH3, and
-Cl in the aromatic aldehydes at the para position do

not affect the efficiency of the reaction. Thus, when 11b,
11c, and 11d were treated with 1-phenyl-1-propyne (2a),
the corresponding allylation products 12f, 12g, and 12h
were obtained in 86%, 90%, and 95% yield, respectively
(entries 6-8). In the case of the sterically bulky aldehyde
11e, the reaction also proceeded with the alkyne 2a
cleanly giving rise the product 12i in 93% yield (entry
9). When the aldehyde 11e was treated with alkyne 2b,
the corresponding allylated product 12j was obtained in
excellent yield (entry 10). Aliphatic aldehydes were found
to be poor substrates for this reaction. As shown in entry
11, 2-methylpropionaldehyde (11f) when treated with 2a
gave the product 12k in only 26% yield even after heating
for 48 h. It should be noted that in the present catalytic
system there is no need for preactivation of the substrates
and there is no need for use of any additives. In the
absence of any additives, the reaction proceeded smoothly
giving the corresponding R-allylated aldehydes in high
yields. It is noteworthy that under the reaction conditions
the R-hydrogen of aldehydes is easily substituted by
allylic groups, without damaging labile aldehyde func-
tionality. The reaction can also be carried out under neat
conditions (without solvent). For instance, the treatment
of the aldehyde 11a with 1 equiv of 1-phenyl-1-propyne
(2a) in the presence of 5 mol % of Pd(PPh3)4 and 10 mol
% of benzoic acid under neat conditions at 100 °C gave
the product 12a in 88% yield within 4 h. The alkynes
such as 3-hexyne and 1-phenyl-1-butyne did not react
with any of the nucleophiles (aromatic amines and R-aryl
aldehydes) mentioned above under these reaction condi-
tions.

The mechanism of this reaction is shown in Figure 1.
The initial step is the hydropalladation of alkynes 2 with
the hydridopalladium species 13 generated from Pd(0)
and benzoic acid22 (catalytic cycle I).23 The resulting vinyl
palladium species 14 would produce phenyl allene 15 and
the active catalyst 13 via â-elimination.24 Hydropallada-

(22) Acetic acid can also be used as a cocatalyst; however, we
preferred benzoic acid because of the simplicity for weighing.

(23) Trost, B. M.; Rise, F. J. Am. Chem. Soc. 1987, 109, 3161-3163.
(24) Palladium-catalyzed isomerization of alkynes to allenes, see:

(a) Sheng, H.; Lin, S.; Huang, Y. Tetrahedron Lett. 1986, 27, 4893-
4894. (b) Trost, B. M.; Schmidt, T. J. Am. Chem. Soc. 1988, 110, 2301-
2303. (c) Lu, X.; Ji, J.; Ma, D.; Shen, W. J. Org. Chem. 1991, 56, 5774-
5778.

TABLE 3. Pd(0)/PhCOOH Catalyzed Direct Allylation of
Aldehydes with Alkynesa

a All reactions were carried out with 5 mol % of Pd(PPh3)4 and
10 mol % of benzoic acid in 1,4-dioxane at 100 °C for 15 h.
b Isolated yield. c The yield corresponds to the combined yield of
regioisomers 12d and 12d′. d Reaction mixture was heated at 100
°C for 48 h.

FIGURE 1. A mechanism for the allylation of anilines and
R-aryl aldehydes with alkynes.

Allylation of Aromatic Amines and R-Aryl Aldehydes
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tion of 15 with 13 presumably gives the π-allylpalladium
species 16, which reacts with anilines and R-aryl alde-
hydes to give the allylation products along with the
hydridopalladium species 13 (cycle II).

In conclusion, the palladium-catalyzed allylation of
aromatic amines and R-aryl aldehydes with alkynes
provides a new efficient route to N-allylanilines and
R-allylated aldehydes, respectively. The cleanliness of the
process, high atom economy,25 and minimization of the
waste elements greatly enhance the usefulness of the
present reaction. The R-allylated aldehydes are important
substances for various transformations in synthetic
organic chemistry. The present study has provided a
useful method for the synthesis of R-allylated aldehydes
having a quaternary carbon center. The methodology
reported herein complements the known method for the
transition metal catalyzed allylation of some pronucleo-
philes. Moreover, to the best of our knowledge, the
present reaction represents the first example for the
coupling of aldehydes with internal alkynes to form
R-allylated aldehydes.26 Unfortunately, at this stage, the
allylation of R-alkyl-alkyl substituted aldehydes (instead
of R-aryl-alkyl or aryl-aryl substituded aldehydes) is
inefficient. Further investigation on the allylation of
R-alkyl-alkyl substituded aldehydes employing a different
catalyst system is now in progress in our laboratory.

Applications of this strategy for the synthesis of natural
products are currently underway in our laboratories.

Experimental Section

General Procedure for the Allylation of r-Aryl Alde-
hydes. The reaction of N-methylaniline (1a) with 1-phenyl-
1-propyne (2a) is representative. To a mixture of N-methyla-
niline (1a) (0.092 g, 0.859 mmol), 1-phenyl-1-propyne (2a)
(0.100 g, 0.859 mmol), and tetrakis(triphenylphosphine)-
palladium (0.050 g, 0.043 mmol) in dry 1,4-dioxane (2 mL) was
added benzoic acid (0.010 g, 0.086 mmol), and the mixture was
stirred at 100 °C for 8 h. The reaction mixture was then filtered
through a short silica gel column, using ether as an eluent,
and the filtrate was concentrated. The residue was purified
by a silica gel column chromatography (hexane/AcOEt, 9:1) to
give the allylated product 3a (0.194 g, 93%) as an oil.

General Procedure for the Allylation of r-Aryl Alde-
hydes. The reaction of the aldehyde 11a with 1-phenyl-1-
propyne (2a) is representative. To a mixture of 11a (0.100 g,
0.745 mmol), 1-phenyl-1-propyne (2a) (0.087 g, 0.745 mmol),
and Pd(PPh3)4 (0.043 g, 0.037 mmol) in dry 1,4-dioxane (2 mL)
was added benzoic acid (0.009 g, 0.075 mmol), and the mixture
was stirred at 100 °C for 15 h. The reaction mixture was
filtered through a short silica gel column with ether as an
eluent, and the filtrate was concentrated. The residue was
purified by silica gel column chromatography (hexane/AcOEt,
9:1) to give 12a (0.179 g, 96%).
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