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BARBIER-TYPE REACTION WITH TRIALKYLSTIBINE 1
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Summary. In the presence of trialkylstibine, various aldehydes react
readily with allyl halides to form homoallylic alcohols in
excellent yield.

Allylation of carbonyl compounds to homoallylic alcohols is an important
synthetic operation. Many metals have been used to promote this Barbier-type
reaction with allyl halides.2’3 However, no report appeared in the lite-
rature by using organometallics. In continuation of our studies on organo-

antimony compounds in synthetic application,4

we would like to report here the
first example of the Barbier-type reaction by means of organometallics.

On heating equivalent amounts of aldehyde, allyl bromide and trialkyl-
stibine at about 80°C, homoallylic alcohol was obtained after hydrolysis,

5

along with bis-(bromo-trialkyl—-antimony)-oxide> as shown in Scheme 1.

Scheme 1

RCH=O + CH,=CHCH,X + RjSb

1, VvV gu
—— = RCHCH,CH=CH, + 1/2(R}SbX),0
2,EtOH-H,0

Triethylstibine6 and tri—n-butylstibine7

have similar property to promote
the reaction. The reactivity of allyl iodide is almost the same as the bromide
while that of allyl chloride is somewhat lower. A variety of aldehydes undergo
the reaction readily; the following table shows the reaction conditions and
results. Ketones such as cyclohexanone and acetophenone did not work at all
under the similar conditions. Thus, this reaction is chemoselective.

The reaction could be performed without solvent, or in solvent such as

tetrahydrofuran under refluxing.

Typical procedure: Aldehyde (2.0 mmoles), allyl halide (2.5 mmoles) and
trialkylstibine (2.2 mmoles) were stirred and heated under nitrogen. After
the aldehyde disappeared, the reaction mixture was treated with ethanol (2 ml)
for 0.5 hour. The homoallylic alcohol was separated by column chromatography
(1:1 alumina-silica gel), eluted with ethyl acetate/petroleum ether (15:85).
All products were identified by comparison with authetic sample or by MS, IR,
ly NMR and microanalysis.
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Table. Allylation of Aldehydes with Allyl Halides
Promoted by Trialkylstibine

Reaction Conditions *
Entry X R R' Temp(°C) Time(hr) Yield (%)
1 Br n—C8H17- C2H5— 90 19 87
2 Br n-C,H,; T CoHg— 85 6 91
3 Br CeHe ™S> C, H- 80 16 95
4 Br 2-furfuryl- C2H5— 80 16 92
5 Br p-C1CH,~ CoHg- 80 7.5 96
6 Br p-C1C6H4— n—C4H9— 100 5.5 95**
7 Br p-BrC6H4— n—C4H9- 85 6 95
8 Br C6H5— n—C4H9- 80 16 93
9 I CeHg- n-C,Hgy- 80 8 95™*
10 cl C6H5— n—C4H9— 100 5 60**

* Isolated yield by column chromatography unless double starred;
** Estimated by g MR analysis.

Crotyl chloride reacted with p-bromobenzaldehyde mediated by tri-n-butyl-
stibine,® but catalytic amount of iodine was needed to promote the reaction.
The result is depicted in Scheme 2.

Scheme 2

n-Bu3Sb, Iy(cat.)

Br-@-cn=o + C1 V" cn, -
100°C, 4.5hr, 83%

OH H
= + N
Br B3 Br H3
75 : 25

5-(4-Bromophenyl)-2-penten—~5-o0l, the isomer resulted from the addition of

terminal carbon in crotyl to carbonyl compound,was not found.

Detailed studies showed that allyl bromide reacted with triethylstibine
at room temperature, forming pentavalent organoantimony salt,9 allyl-triethyl-
stibonium bromide.l0 This salt reacts with benzaldehyde at 80°C, forming a
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moisture sensitive oil, bromo-alkoxy-triethylstiborane according to 1 wMRr.

So the reaction mechanism is postulated as Scheme 3.

Scheme 3
+
R;Sb:"' X/\AR- — Risb<x\¢\Ru R:;SbM\R'
X
l RCH=0
1
OH H,0 -SbR} X=Cl, Br, I
R)\l& + (R3}SbX),0 =—— R N
R" R" *=H or CHj

We proposed trialkylstibine attacked the halogen atom of allyl halide at
first,11 the allyl anion that formed combined with halostibonium to give penta-
valent organoantimony compound, which reacted with aldehyde. The allyl anion
might undergo nucleophilic attack on carbonyl directly in the presence of
substrate, forming halogeno-alkoxy-trialkylstiborane. The homoallylic alcohol
was obtained after hydrolysis.

It is interesting to note that the organometallics instead of metals could
be served as mediator in Barbier-type reaction.
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