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Abstract: The allylation of aldehydes with allylic bromides proceeded smoothly in a Mg / BiC13
bimetalsystemeven in THF-H~Oto affordthe correspondinghomoaliylicalcoholsin goodyields.
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The addition of allylic organometallics to crcrbonylcompounds is an important synthetic reaction for
the preparation of homoallylic alcohols. Numerous methods utilizing allylic organometallics derived from a
number of metallic elements have been developed in anhydrous solvents.2 In general, organometallic
compounds usually have to be prepared and treated in anhydrous solvents, owing to rapid protonolysis. In
the last decade there has been increasing recognition that organic reactions carried out in aqueous media or
protic solvents may offer advantages over those occurring in organic solvents.3 For example, protection and

deprotection processes in organic synthesis can sometimes be simplified. It is therefore important to
investigate the reaction of organometallic reagents with substrates which possess unprotected hydroxy groups
and carboxyl groups. For this purpose it is desirable to develop a new reagent which is stable in aqueous
media or protic solvents and to devise an efficient method using those solvents. Among the many
organometallic reagents that have been successfully employed, allylzinc, allyltin, and allylindium reagents
comprise a unique group which undergo reactions with aldehydes in aqueous media.4

The Grignard ( or Barbier ) reaction using metallic magnesium ( Mg ) and an allylic halide in
anhydrous solvents is one of the most useful and convenient methods for performing allylation reactions.
However, needless to say, there is no report of the Grignard ( or Barbier ) allylation in aqueous media, and, to
our knowledge, a bimetal system containing metallic Mg mediated allylation of aldehydes is hitherto
unknown.5 Herewith, we wish to report a novel aqueous Barbier-Grignard-type allylation of aldehydes with
allylic bromides in a Mg / BiC13bimetal system.

First, the allylation of 3-phenylpropanal with allyl bromide was examined under various reaction
conditions and the results are shown in Table 1. When the Barbier reaction was carried out in the presence of
Mg alone ( 1.5 equimolar amounts ) in anhydrous THF, the corresponding homoallylic alcohol was obtained
in only 65Y0yield. The yield decreased to 49% when 2.0 equimolar amounts of Mg were used ( Entries 1 and
2 ). When the reactions were carried out in the presence of Mg-BiC13 in anhydrous THF, the yields of
corresponding homoallylic alcohols increased to 7870and 64% respectively ( Entries 3 and 4 ). To our great
surprise, however, when the reaction was tried in THF-H20 ( 4 : 1 ) in the presence of Mg-BiC13( 1.5 : 1 ),
the desired homoallylic alcohol was obtained in 90% yield. The yield decreased to 7870when 2.0 equimolar
amounts of Mg were used ( Entries 5 and 6 ). It is only natural that no homoallylic alcohol was obtained in
THF-H20 by using Mg alone ( Entry 7 ) and the reaction didn’t take place at all without Mg ( Entry 8 ).

Thus, the use of BiC13and the addition of water are essential for the present Barbier-Grignard-type
allylation of aldehydes in aqueous media, and the suitable molar ratio, Mg / BiC13,is 1.5, viz., the yield of
homoallylic alcohol decreased by the use of an excess amount of Mg metal. Although the reaction
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Table L Allylation of 3-pheny1propana1with allyl bromide under various reaction conditions’

Entrv BiClzb Mzb Solvent Yield 17.=

1

2

3

4

5

6

7

8

—
—

1

1

1

1
—

1

1.5

2.0

1.5

2.0

1.5

2.0

2.0
—

THF

THF

THF

THF

THF - H20

THF - H20

THF - H20

THF - H,O

65

49

78

64

90

78

0

0
a. The molar ratio of ally] bromide to 3-phenylpropanal was 1.5.
b. Molar equivalent to allyl bromide.
c. Isolated yield.

mechanism of the present reaction is not yet clear at tbe present time, we assumed that the allylating agent
prepared in situ was stable in aqueous media. Therefore, we next investigated the stability of the allylating
agent prepared in situ in aqueous environment. After leaving the reaction of allyl bromide with Mg-BiC13in
THF-H20 ( 4 : 1 ) for a number of hours, 3-phenylpropanal was added to the reaction mixture ( the molar
ratio of allyl bromide : Mg : BiC13 : 3-phenylpropanal = 1.5 : 2.25 : 1.5 : 1.0 ). As shown in Table 2,
noteworthy is the fact that the reactivity of the allylating agent prepared in si~uto 3-phenylpropanal did not
disappear for several bours in aqueous media.

CHOp~-
4+B’—~

THF - H20, r.t. ,h&
Severalhours

Table 2. Investigation of the stability of the allylating agent in aqueous environment

Entry Delay Period I h Yield I $70a

1 1 84

2 3 79

3 5 63

a. Isolated yield.
Next, the scope and versatility of the present reaction were investigated by using various aldehydes. As

shown in Table 3, not only aromatic and aliphatic aldehydes but also cinnamic aldehyde reacted smoothly to
afford the corresponding homoallylic alcohols in good yields. Also, nearly equimolar amounts of allyl
bromide reacted smoothly with carbonyl compounds containing a carboxyl group such as pyruvic acid, 2-
oxobutyric acid, and phthalaldehydic acid, which are usually unusable substrates owing to rapid protonolysis
of an allylating agent. Thus, the present reaction takes place smoothly without the protection of the carboxyl
group.

Furthermore, we examined the reaction using commercially available aqueous aldehydes. Aqueous CS-
chloroacetaldehyde reacted with nearly equimolar amounts of (E)-1-bromo-2-hexene to afford the
corresponding homoallylic alcohol in 759’oyield ( Eq. 1 ). The allylation of aqueous formaldehyde
( formalin ) with (E)-1-bromo-2-hexene also proceeded smoothly to give the adduct in 89% yield ( Eq. 2 ). In
a similar fashion, succinaldehydic acid ( 15~osolution in water ) also reacted with allyl bromide without the
protection of the carboxyl group to obtain the corresponding luctone in 65% yield ( Eq. 3 ).
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RCHO+ ~Br ~R~\THF- H20, r.t.
Table 3. Allylation of various aldehydes with allyl bromide’

Entry Aldehyde Yield I %b Entry Aldehyde Yield / %b

1 PhCH2CH2CH0 90 0
2 PhCH2CH0 90
3 CH3(CH2)7CH0 81 9 # OH 8($

4
0c-Hexyl-CHO 64 0

5 cH~=cH(cH*)13cHo 84

6 Ph+cHO 83’ 10 + OH 76d

7 PhCHO 73
u

CHO

u
CH30 O CHO 83 11

~
o OH 85d

8

0

a. AII the products gave satisfactory IR and ‘H NMR spectra, and some products were also identified by
elemental analyses or by comparison with authentic samples.

b. Isolated yield.
c. 1,2-Addition product was obtained.
d. In Entries 9, 10,and 11, the products were as follows:

OH
Entry 9; ~oH Entry 10;

*
OH

o 0
d

‘ntv 1l; o 0

0

Although we have already reported the allylation of aldehydes by using Bi, BiC13-Zn,BiC13-Fe, or
BiC13-Al,6the Mg / BiC13system should be of particularly high scientific and commercial interest because
Barbier and Grignard reactions’ are widely used not only in tbe academic world but also in the industrial field.
Therefore, further investigations are needed for the elucidation of the precise mechanism of the present
reaction and are now in progress.

OH

Mg- BiC13
~Br ~

cl
aq. CICH2CH0+

?

(1)
THF - H20, r.t.

75 Y. yield

The diastereomericratiowas notdetermined.

Mg - BiC13
~Br ~

HO
aq. HCHO +

THF - H20, r.t.

T
89 Y. yield

=J’nfOH+-Br -=%= -0
0 65 Y. yield

(2)

(3)
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Finally, it was found that the Barbier-Grignard-type allylation of an aldehyde with an allylic bromide
proceeded in aqueous media in a Mg / BiC13bimetal system to afford the corresponding homoallylic alcohol
in good yield. It is noteworthy that the use of BiC13and the addition of water are essential in the present
reaction, viz., needless to say, no desired product was obtained when Mg alone was used in THF-H20, which
signify that some water-tolerant allylating agent prepared in situ is stable in aqueous media. Further
investigations of the reaction mechanism and an application of the present reaction are now in progress and
will be published elsewhere.

A typical procedure for the synthesis of l-phenyl-5-hexen-3-ol is described asfollows: Under an argon
atmosphere, allyl bromide ( 174mg, 1.44 mmol ) was added to a suspension of bismuth trichloride ( 467 mg,
1.48 mmol ) and metallic magnesium ( 54 mg, 2.20 mmol ) in THF ( 8 ml ) and water ( 2 ml ) at room
temperature. After stirring for 20 rein, 3-phenylpropanaJ ( 125 mg, 0.932 mmol ) was added to the reaction
mixture at room temperature. The resulting reaction mixture was stirred for 18 h at that temperature and
quenched with aqueous 1 M hydrochloric acid ( 10 ml, M = mol din-s ). The organic materials were
extracted with diethyl ether ( 30 ml X 3 ), and the combined organic layer was washed successively with
water and brine, and dried over Na2S04. After evaporation of the solvents, the residue was purified by thin
layer chromatography on silica gel ( hexane : diethyl ether = 4 : 1 ) to give the corresponding homoallylic
alcohol, l-phenyl-5-hexen-3 -ol ( 148mg, 90% yield).

Referencesand Notes
1. Part of this work has been presented at the 7th Asian Chemical Congress ( 7ACC’97 ) in Hiroshima on

May 1997.
2. (a) Hoffman, R. W. Angew. Chem., Int. Ed. Engl. 1982, 21, 555. (b) Yamamoto, Y.; Mamyama, K.

Heterocycles. 1982, 18, 357. (c) Yamamoto, Y. Ace. Chem. Res. 1987, 20, 243. (d) Yamamoto, Y.;
Asao, N. Chem.Rev. 1993,93, 2207, and references cited therein.

3. Reviews on organic reactions in aqueous media: (a) Pardo, R.; Santelli, M. Bull. Chem. ,SOC.Fr. 1985,99.
(b) Einhorn, C.; Einhom, J.; Luche, J.-L. Synthesis. 1989, 787. (c) Ressig, H.-U. In Organic Syn~hesis
Highlights; VCH: Weinheim, 1991; p71. (d) Li, C.-J. Chem.Rev. 1993,93,2023. (e) Lubineau, A.; Auge,
J.; Queneau, Y. Synthesis. 1994,741. (f) Li, C.-J. Tetrahedron. 1996,52,5643.

4. (a) Petrier, C.; Luche, J.-L. J. Org. Chem. 1985, 50, 910. (b) Petrier, C.; Luche, J.-L.; Einhom, J.; Luche,
J. Tetrahedron Lett. 1985, 26, 1449. (c) Einhorn, J.; Luche, J.-L. J. Organomet. Chem. 1987, 322, 177.
(d) Mattes, H.; Benezra, C. Tetrahedron Lett. 1985, 26, 5697. (e) Wilson, S. R.; Guazzaroni, M. E. J.
Org. Chem. 1989,54,3087. (f) Nokami, J.; Otera, J.; Sudo, T,; Okawara, R. Organometallics. 1983, 2,
191. (g) Uneyama, K.; Kamaki, N.; Moriya, A.; Torii, S. J. Org. Chem. 1985, 50, 5396. (h) Uneyama,
K.; Nambu, H.; Torii, S. Tetrahedron Left. 1986, 27, 2395. (i) Wu, S.; Huang, B.; Gao, X. Synth.
Commun.1990, 20, 1279. (j) Schmid, W.; Whitesides, G. M. J. Am. Chem. Soc. 1991, 113,6674. (k)
Gao, J.; Harter, R.; Gordon, D. M.; Whitesides, G. M. .f. Org. Chem. 1994, 59, 3714. (1) Kim, E.;
Gordon, D. M.; Schmid, W.; Whitesides, G. M. J. Org. Chem. 1993,58,5500. (m) Li, C.-J.; Chan, T.-H.
TetrahedronLett. 1991,32,7017. (n) Oda, Y.; Matsuo, S.; Saito, K. TetrahedronLeft. 1992,33,97. (o)
Chan, T.-H.; Li, C.-J. J. Chem. Soc., Chem. Commun.1992, 747. (p) Li, C.-J.; Lu, Y.-Q. Tetrahedron
L@. 1995,36,2721. (q) Isaac, M. B.; Chan, T.-H. TetrahedronLett. 1995,36,8957.

5. A bimetal system mediated allylation of carbonyl compounds in aqueous media has been reported: (a)
using Sri-Al, see Ref. 4(o. (b) using SnC12-Al,see Ref. 4(g) and 4(h). (c) using Sn-InC13,l-i, X.-R.; J--oh,
T.-P. Tetrahedron:Asymmerty. 1996, 7, 1535. (d) using SbC13-Alor SbC13-Zn,Wang, W.-B.; Shi, L.-
L.; Huang, Y.-Z. Tetrahedron.1990,46,3315.

6. (a) Wada, M.; Akiba, K. Tetrahedron Letr. 1985, 26, 4211. (b) Wada, M.; Ohki, H.; Akiba, K.
Tetrahedron Let?. 1986, 27, 4771. (c) Wada, M; Ohki, H.; Akiba, K. J. Chem. Soc., Chem. Commun.
1987, 708. (d) Wada, M.; Ohki, H.; Akiba, K. Bull. Chem. Soc. Jpn. 1990, 63, 1738. (e) Wada, M.;
Henna, M.; Kuramoto, Y.; Miyoshi, N. Bull. Chem.Soc. Jpn. 1997, in press.

7. Wakefield, B. J. OrganomagnesiumMethods in Organic Synthesis; Academic Press, 1995.

(Received in Japan 6 August 1997;revised 8 September 1997;accepted 12 September 1997)


