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Abstract—An efficient and a new procedure for the conversion of various carboxylic acid derivatives into the corresponding gem-
diallylated compound under mild reaction condition has been developed. The triallylaluminum mediated Grignard-type addition of
carboxylic acid derivative was utilized as a key operation to affect the transformation. The procedure is operationally simple, giving
good to excellent product yields for a broad range of substrates. The chemoselectivity and regioselectivity of triallylaluminum were
also demonstrated.
� 2007 Elsevier Ltd. All rights reserved.
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The allylation of carbonyl derivative is of great interest
in carbon–carbon bond formation, due to the versatil-
ity of homoallylic alcohol as synthetic intermediate.1

Monoallylation and gem-diallylation typically give
homoallylic alcohol and diallyl alkyl carbinol, which
have potential for the use in the synthesis of variety of
compounds, including hydroxyl lactone and spirolac-
tone.2 Different types of metal including In, Sm, Mg,
Zn, and Si have been used for this purpose.3 Reports
of the gem-diallylation of the derivative of carboxylic
acid using organoaluminum reagent are relatively rare.
It has been reported that aldehyde, ketone, and imine
can be efficiently allylated in the presence of catalytic
amount of a metal salt, such as PbBr2 and TiCl4, where-
in aluminum acts as an electron pool and the metal salt
functions as an electron transfer catalyst.4 However,
gem-diallylation reaction of the derivative of carboxylic
acid, especially acyl azide, has not been investigated in
great detail.5 It is noteworthy that, in a study of the
reaction of organometallic compound with iminoether,
organoaluminum compound was reported to react, but
only a few organoaluminum compound was examined
and only the ester derivative were tested as a reactant.6

As a result, based on the available data it is difficult to
evaluate the utility of the reaction with respect to reac-
tion of other carboxylic acid derivatives. Thus, it would
be desirable to develop an efficient method for the gem-
diallylation of a wide variety of substrates with allyl-
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aluminum compound in a Grignard-type addition, since
aluminum is an inexpensive and convenient alternative
to conventionally used metal, such as samarium and sil-
icon. In this Letter, we wish to report on a convenient
and an efficient procedure for the gem-diallylation of
acid chloride, acid anhydride, acid azide, and ester using
triallylaluminum 1 in excellent to good yields.

Allylaluminum reagents are typically prepared by cou-
pling a commercially available organoaluminum chlo-
ride such as Me2AlCl with an appropriate Grignard or
lithium regent.7 However, we used a different method
for the preparation of triallylaluminum 1, following a
procedure reported in the literature.8,9 Triallylaluminum
was prepared by reacting allyl bromide and pure elemen-
tal Al in refluxing ether, followed by the concentration
of the reaction mixture (Scheme 1). We previously
reported that triallylaluminum reacts with aldehydes,
ketones, aldimines and ketimines in excellent yields.10

Herein, we report on the efficient gem-diallylation of a
variety of carboxylic acid derivatives with triallylalumi-
num 1 in ether solution, to yield various 4-hydroxy-
penta-1,6-dienes 3 (Scheme 2).

In a preliminary experiment, benzoyl chloride was
reacted with triallylaluminum (0.9 mmol) in anhydrous
2 2 33 CH2=CHCH2Br
reflux
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Scheme 1.
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Table 2. Reaction of derivates of carboxylic acids with triallylalumi-
num 1 to generate gem-bisallylated alcohols 3a

(CH2=CHCH2)3Al +  ether

21
R1 X

O

 20 oC, 30 min

OH
R1

3

Entry 2 R1 X 3 Yieldsb (%)

1 2a Ph Cl 3a 97
2 2b 4-ClC6H4 Cl 3b 98
3 2c 2-ClC6H4 Cl 3c 97
4 2d Benzyl Cl 3d 98
5 2e Et Cl 3e 98
6 2f 1-Adamantyl Cl 3f 94
7 2g 2-Thienyl Cl 3g 92

8 2h
S CH2COCl

3h 98

9 2i Ph OCH3 3a 98
10 2j 4-MeC6H4 OCH3 3i 98
11 2k 2-MeC6H4 OCH3 3j 96
12 2l 4-ClC6H4 OCH3 3b 98
13 2m 2-ClC6H4 OCH3 3c 97
14 2n Benzyl OCH3 3d 98
15 2o 2-Thienyl OCH3 3g 98
16 2p Pr OCH3 3k 91
17 2q CH3 OCH3 3l 98
18 2r t-Bu OCH3 3m 96
19 2s Ph OC6H5 3a 98
20 2t CH3 OCOCH3 3l 98
21 2u Ph OCOPh 3a 98
22 2v Pr OCOPr 3k 98
23 2w i-Pr OCOPri 3n 81
24 2x Ph N3 3a 88
25 2y 4-ClC6H4 N3 3b 98
26 2z Benzyl N3 3d 88
27 2aa 1-Adamantyl N3 3f 92

28 2ab
S CH2CON3

3h 84

a All reactions were carried out with substrate (1.0 mmol) and tri-
allylaluminum (1.2 mmol) in ether (3 mL) at 20 �C under nitrogen for
30 min.

b Isolated yields for pure products.
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ether at 20 �C, to give the corresponding gem-diallyl-
ation product in 60% yield after 30 min. In order to
increase the product yield, we gradually increased the
amount of triallylaluminum and the results are shown
in Table 1. From Table 1, it is evident that 1.2 mmol
of triallylaluminum is essential for obtaining a maxi-
mum yield.

With this encouraging result in hand, we then investi-
gated other derivatives of carboxylic acids including acid
chlorides, carboxylic esters, acid anhydrides, and acyl
azides under the optimized conditions and the results
are summarized in Table 2. The corresponding gem-di-
allylated products are produced in good to excellent
yields, starting from a relatively wide variety of deriva-
tives. Both aromatic and aliphatic substrates are con-
verted smoothly to the corresponding gem-diallylated
products in good to excellent yields.

Both aromatic and aliphatic substrates were converted
to the corresponding diallyl alkyl carbinols in excellent
yields. The results clearly show that a substituent on
the phenyl ring, whether electron-donating or electron-
withdrawing, had almost no influence on the reactions.
Further, the position of the substituent on the phenyl
ring does not affect the product yields. For example, 4-
methylbenzoylate 2j (entry 10) and 4-chlorobenzoylate
2l (entry 12) afforded allylated products in excellent
yields. Similarly, the use of the corresponding 2-substi-
tuted benzoyl chloride 2c (entry 3) and 2-substituted
benzoylate 2k and 2m (entries 11 and 13) also resulted
in excellent yields. Sterically hindered acid anhydrides
such as methyl pivalate 2r (entry 18) and isobutyric
anhydride 2w (entry 23) also afforded good yields of
products.

It is noteworthy that this is the first example of the gem-
diallylation of 1-adamantanecarbonyl chloride and
azide with an organometallic reagent. The higher yield
Table 1. Effect of the loading of triallylaluminum in a reaction with
benzoyl chloridea

(CH2=CHCH2)3Al +
 ether

    20 oC, 30 minPh Cl

O

Ph

OH

2a 3a1

Entry 1 3ab (%)

1 0.9 60
2 1.0 72
3 1.2 97

a All reactions were carried out with benzoyl chloride (1.0 mmol), ether
(3 mL) and triallylaluminum at 20 �C under nitrogen for 30 min.

b Isolated yield for pure products.
obtained with 1-adamantanecarbonyl chloride 2f (entry
6) and 1-adamantanecarbonyl azide 2aa (entry 27) dem-
onstrates the versatile nature of triallylaluminum as an
efficient gem-allylating agent for a wide range of sub-
strates and these types of sterically rigid structures are
helpful in studying face selectivity.12

As above, triallylaluminum has been employed with car-
boxylic esters to give the corresponding gem-diallyl alkyl
carbinols. Moreover, this reagent would react with lac-
tones such as c-butylactone 4 and d-valerlactone 5 to
give the corresponding gem-diallyl alkyl carbinols 6
and 7 in 81% and 84% yields, respectively (Table 3,
entries 1 and 2). Furthermore, this reagent would react
with cyclic anhydrides such as succinic anhydride 8
and glutaric anhydrides 9 to generate the corresponding
gem-diallylated esters in good yields, and the product
yields are 94% and 71%, respectively (Table 3, entries
3 and 4).

The regioselectivity of triallylaluminum was confirmed
by extending the scope of this reagent to cinnamoyl



Table 3. Reaction of derivates of carboxylic acids with triallylaluminum 1 to generate gem-diallyl alkyl carbinols

Entrya Substrate Product Yieldsb (%)

1

O O

n 4 n = 0 HO
HO

n

6 81
2 5 n = 1 7 84

3

O O

n

O

8 n = 0

OO

n 10 94
4 9 n = 1 11 71

5

R X

O
12 R = Ph, X = Cl

R

HO
16 98

6 13 R = Ph, X = N3 16 96
7 14 R = Ph, X = OCH3 16 92
8 15 R = CH3, X = OCH3 17 81

a All reactions were carried out with substrate (1.0 mmol) and triallylaluminum (1.2 mmol) in THF (3 mL) at 20 �C under nitrogen for 30 min.
b Isolated yields for pure products.
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derivatives such as cinnamoyl chloride 12, cinnamoyl
azide 13, and methyl cinnamate 14 to generate the cor-
responding gem-diallyl alkyl carbinols in excellent yields
(98%, 96% and 92%). The triallylaluminum reagent is
also shown chemoselective when methyl crotonate 15
was used as a substrate, only the 1,2-addition product
was obtained selectively, and no 1,4-addition product
was detected (Table 3, entries 8).

Compared to other organometallic allylation reagents,
the preparation of triallylaluminum is relatively easy
and the operation procedures are quite simple and con-
venient. For example, the preparation of allylsamarium
reagents from samarium metal and allyl bromide is more
expensive and reactions of allylsamarium are limited to
acid azides, acid chlorides do not react with allylsamar-
ium, 3f and allyltrimethylsilane requires a longer time
(16 h) and lower temperature (�60 �C).12b Similarly,
the preparation of allylzinc is also troublesome, requir-
ing a longer reaction time and the use of allyltin reagents
is environmentally harmful due to its toxic nature.
Spirolactones are important structural units, and
spirobicyclic cores display an important role in the
development of new bioactive substances.2 5,5-Diallyl-
dihydro-furan-2-one 10 and 6,6-diallyl-tetrahydro-pyr-
an-2-one 11 can be easily converted into spirolactones,
which have been reported.11 The preparation of spiro-
lactones uses a sequence involving allylation of cyclic
anhydrides followed by ring closing metathesis (RCM)
(Scheme 3).

In conclusion, we report on the development of a simple
and general procedure for the gem-diallylation of deriv-
atives of carboxylic acids using triallylaluminum.13 The
advantages of the reaction are as follows: (1) the reac-
tion is applicable to a wide variety of carboxyl deriva-
tives, (2) the preparation of triallylaluminum is
relatively straightforward, (3) the reaction time is short,
(4) the reaction proceeds at room temperature, (5) the
product yields are high and (6) the reaction proceeds,
even when sterically hindered starting products are em-
8 10

11

O O

(CH2=CHCH2)3Al
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n

9 n = 1

O OO

n

OO

n

spirolactones
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Scheme 3.
ployed. To the best of our knowledge, this is the first re-
port of the use of triallylaluminum as a reagent for the
gem-diallylation of acid chlorides, acid anhydrides,
and acyl azides. Because of the advantages listed above,
the preparation of gem-diallylated alcohols using tri-
allylaluminum makes this method an attractive alterna-
tive to existing processes.
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