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Abstract—Reactions of aryl aldehydes with styrenes in the presence of boron trichloride in CH2Cl2 at 0°C produce 1,3-dichloro-
1,3-diarylpropanes in excellent yields. Reactions carried out using boron tribromide generate the corresponding 1,3-dibromo-1,3-
diarylpropane in good yields. © 2001 Elsevier Science Ltd. All rights reserved.

The addition reaction of aldehydes with alkenes is a
very important method for the formation of new car-
bon�carbon bonds in synthetic organic chemistry.1 This
reaction has been widely used in natural product syn-
theses because the products have an array of functional
groups which can be subjected to further transforma-
tions.2,3 The reactions of carbonyl compounds with
alkenes are generally catalyzed by Lewis acids such as
BF3,3a,b,f,4 AlCl3,5 FeCl3,6 SnCl4,5b,7 TiCl4,8 BiCl3,9 and
alkylaluminum chlorides.3g,4c,10 Boron trihalides have
also been extensively used for C�O bond cleavage,11

halogenation of aldehydes,12,13 haloboration of
alkynes14 and enolization of carbonyl compounds.15

However, boron trichloride and triboromide promoted
addition reactions of aldehydes with alkenes have not
been explored. In fact, BCl3 has been reported to be an
ineffective promoter for ene reactions of aldehydes with
alkenes, low yields of the desired products (homoallylic
alcohols) are obtained.5b

In our continuing efforts to explore boron halide chem-
istry,13,16 we discovered that BCl3 and BBr3 are very
effective in promoting the addition of aryl aldehydes to
styrenes. The reactions produce diastereomeric mixtures
of 1,3-dihalo-1,3-diarylpropanes (Scheme 1). 1,3-
Dihalopropanes are important building blocks in
organic synthesis due to their bifunctionality.17 For
example, they have been used to prepare arylcyclo-
propanes,18 centrohexaindane,19 and pyrazolidine.20

They are usually prepared by halogenation of
cyclopropanes21 or 1,3-propanediols22 but the regio-
chemistry of these reactions can be difficult to control,
side reactions are abundant, and there is limited
availability of substrates. We wish to present a prelimi-
nary report on a new, convenient, and highly efficient
method for synthesizing of 1,3-dihalo-1,3-diaryl-
propanes via the reaction of aryl adehydes with styrenes
in the presence of boron trihalides.

Initially, we examined the reaction of benzaldehyde
with freshly distilled styrene. When a mixture of ben-
zaldehyde and styrene (1:1 ratio in CH2Cl2) was treated
with 1 equiv. of boron trichlorde at 0°C, only polymer-
ization was observed. We then utilized commercially
available styrene, which contained 4-tert-butycatechol
as a stabilizer. The reaction produced diastereomeric
mixtures of 1,3-dichloro-1,3-diphenylpropane in excel-
lent yields.23 When reactions were carried out at room
temperature, chlorination of benzaldehyde occurred as
noted in our earlier reports.13,16c

Since 1,3-dibromopropanes are synthetically more valu-
able than the corresponding chlorides, we examined the
reaction of aryl aldehydes with styrenes in the presence

Scheme 1.
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of boron tribromide. The bromination of aryl aldehydes
by boron tribromide is extremely fast,12 consequently we
carried out the reactions by slowly adding BBr3 to
mixtures of aryl aldehyde and styrene (1:1 ratio) at
−40°C. Diastereomeric mixtures of 1,3-dibromo-1,3-
diarylpropanes were formed rapidly and in excellent
yields. A series of aryl aldehydes was then subjected to
the new reaction. Essentially, all aldehydes generated
1,3-dichloro-1,3-diarylpropanes in excellent yields
(Table 1) and 1,3-dibromo-1,3-diarylpropanes in good
yields (Table 2). Aldehydes containing electron-with-
drawing substituents reacted at a slower rate. In addi-
tion, it was observed that the products with
electron-donating substituents tend to decompose dur-
ing chromatography on silica gel, resulting in relatively
low isolated yields. 1,3-Dibromo-1,3-diarylpropanes
were found to be especially susceptible to decomposi-
tion.

Although a detailed mechanistic study has not been
carried out, the reaction of aryl aldehydes with styrenes
presumably proceeds through coordination of the car-
bonyl group to the boron trihalide followed by addition
of the carbonyl carbon to the alkene to form a carboca-
tion which then adds halide to form 5. Loss of an
oxyboron moiety from 5 would then generate another
cation as a precursor to either 3 or 4. (Scheme 2). A
similar intermediate has been observed in the AlCl3-cat-
alyzed ene reactions of aldehydes with aliphatic alke-
nes.4c,5a NMR analyses of the reaction mixtures reveal a
nearly statistical distribution of the diastereoisomers.
The 1H NMR resonances of the methine protons in the
R,R and S,S-isomers appear at lower field than those in
the R,S and S,R-isomers. The R,R and S,S racemate of
1,3-dibromo-1,3-di(4-fluorophenyl)propane has been
isolated and characterized by NMR and X-ray cry-
stallography.

Table 1. Synthesis of 1,3-dichloro-diarylpropanes via reaction of aryl aldehydes with styrenes

aIsolated yields based on starting aldehyde.
bAll products characterized by elemental analyses and NMR spectroscopy.
cProduct partially decomposed during silica gel chromatography.



BX3

X

O

Ar

B X

X

Z

Z

Ar

O BX3H

X

Ar

Z

BX2

O BX3

Ar

Z

Ar

X X

1 + 2

+
+

3 (X = Cl)
4 (X = Br)

+ O

5

G. W. Kabalka et al. / Tetrahedron Letters 42 (2001) 5793–5796 5795

Table 2. Synthesis of 1,3-dibromo-diarylpropanes via reaction of aryl aldehydes with styrenes

aIsolated yields based on starting aldehyde.
bAll products characterized by elemental analyses and NMR spectroscopy.
cProduct partially decomposed during silica gel chromatography.

Scheme 2.

In an effort to verify the intermediacy of 5, we allowed
4-chlorobenzaldehyde to react with styrene in the pres-
ence of dicyclohexylboron chloride. Since only one
chloride is available for migration, we reasoned that
3-chloro-1-(4-chlorophenyl)-3-phenylpropan-1-ol would
be obtained after hydrolysis. However, only reduction
of the aldehyde was observed via �-hydride transfer.
Phenylboron dichloride was then used to promote the
reaction since it contains no enolizable �-hydrogens,
3-chloro-1-(4-chlorophenyl)-3-phenylpropan-1-ol was
isolated in 79% yield.

In conclusion, we report a new, highly efficient method
for preparing 1,3-dihalo-1,3-diarylpropanes via the

reaction of aryl aldehydes with styrenes promoted by
boron halides. We are planning to extend the reaction
to 1,2-disubstituted, trisubstituted and tetrasubstituted
styrenes as well as heterocyclic aromatic aldehydes uti-
lizing BCl3, BBr3 and BI3.
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