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Abstract: In the presence of metallic zinc, 2,3-dichioropropene has been found to react smoothly with a varieiy of
carbonyl compounds in an aqueous solvent system to give the corresponding 3-chlorohomoallyl alcohols in excellent
yields.

3-Halohomoallyl alcohols, which are useful synthetic intermediates for a-methylene-y-lactones! and
homopropargyi aicohols,? have been prepared by various methods3-5 such as ring opening reaction of epoxides
with [1-(trimethylsilyl)vinylJmagnesium bromide and Lewis acid catalyzed addition of 2-bromo-3-
(trimethylsilyl)propene to carbonyl groups. Among those, 2-haloallylation of carbonyl compounds with 2,3-
dihalopropene provides a straightforward entry to the alcohols. However, this method so far reported has been

achieved only by uging 2 3-dibromonropene with metallic tin ac a promoter.5 From an industrial viewnoint the

d only ,3-dibromopronene retallic tin as a promoter.” From an industriel viewpoint, the
use of 2,3-dxchloropmpene is more desirable than that of the bromide because of the low cost as well as its easy
availability.5 With metallic tin, however, no effective 2-chloroallylation of carbonyl groups by the chloride takes
place. We now wish to report the first example of zinc-promoted 2-chloroallylation of aldehydes and ketones
with 2,3-dichloropropene in a two-phase system of water and toluene containing a small amount of acetic acid
(eq 1).7 This process, which is operationally simple and gives excellent yields of 3-chlorohomoallyl alcohols, is
readily applicable to an industrial scale synthesis.
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Table 1. Synthesis of 3-Chlorohomoallyl Alcohols®
entry substrate product yield®, %
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“All reactions were carricd out according to the standard procedure (substrate : 2,3-dichloropropene : zinc =
l:2:2)deluibedinﬂlewa°Isohwdyieldbmdonthesmﬁngsubmw. 3 Equiv. of 2,3-dichloropropene
wa'eusedwimulesameunomofzinc."ﬂiquiv. of 2,3-dichloropropene were used with the same amount
of zinc.




A typical experimental procedure is illustrated by the synthesis of 3-chloro-1-phenyl-3-buten-1-ol (1): To a
mixture of benzaldehyde (31.8 g, 0.300 mol) and zinc powder8 (39.2 g, 0.600 mol) in water (124 mL), toluene
(110 mL), and acetic acid (6 mL) was added dropwise 2,3-dichloropropene (66.6 g, 0.600 mol) with vigorous
stirring at 45 °C over a period of 1 h. After stirring for furher 2 h, the suspension was filtered through Celite,
and the precipitate was washed with toluene. The combined filtrates were washed with 7% aqueous NaxCOs3
solution, dried over Na;SO,, filtered, and evaporated. Distillation (bp 103-104 °C / 2.5 mmHg) gave 19 (52.2
g, 0.286 mmol, 95.3%) as a colorless oil.

The reaction proceeds well without using acetic acid as an additive, but it takes a longer reaction time
(18 h). In order to promote the reaction efficiently an aqueous solvent system is essential. Without using water
no reaction occurs. 10 Metallic zinc has proved to be the most effective promoter. Other promoters in an aqueous
solvent system such as Sn-Al,11 SnCl,-Al,12 and BiCls-Al13 which have been utilized in other allylations of
carbonyl compounds are ineffective. For zinc-promoted allylations of carbonyl compounds so far reported,
activation of zinc!4 by ammonium chloride or ultrasound has been applied. Compared to this, it is notable that
the present reaction proceeds with metallic zinc alone. Under the reaction conditions, 2,3-dichloropropene
undergoes competitive dechlorination leading to allene.15 This requires to use excess amounts of the chloride.
Nevertheless, the desired products are cleanly isolated by simple distillation.

The zinc-promoted 2-chloroallylation can be successfully applied to a wide variety of carbonyl compounds
as shown in Table 1. Aldehydes can be readily converted into the corresponding 3-chlorohomoallyl alcohols in
excellent yields (entries 1-6), whereas ketones except cyclohexanone (entry 7) are less reactive. For instance,
when a 1 : 1 mixture of benzaldehyde and acetophenone was subjected to 2-chloroallylation under the standard
conditions, no addition product from acetophenone was formed (eq 2). This result reflects that the 2-
chloroallylation is highly chemoselective. The efficient preparation of 3-chlorohomoallyl alcohols from ketones
is attained simply by increasing the amounts of 2,3-dichloropropene and zinc (3-6 equiv. each) (entries 8-10).16
o,B-Unsaturated carbonyl compounds (entrics 6 and 10) produce the 1,2-addition products exclusively.

C|/\f / Zn
@\;Ho*' O\g/ Hz0 —tokiene O\f\r"' % @
H CI H Cl
90.1% 0.0%

The process developed here is now designed to make an industrial application, and further work is in
progress to provide mechanistic information and to apply the present method to other systems.
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