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Synthesis of homopropargyl alcohols via sonochemical
Barbier-type reaction
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Abstract—A series of homopropargyl alcohols were synthesized from the reaction mixture of zinc powder, 1,2-diiodoethane,
3-bromo-1-propyne and aldehyde or ketone in anhydrous THF under ultrasound. The homopropargyl alcohols were obtained as
the only product in all cases when aldehydes were reacted with 3-bromo-1-propyne under this sonochemical Barbier-type reaction
condition. The homopropargyl alcohol was produced as the major product and the low contamination of allenyl alcohol was also
obtained when ketone was used as substrate under the reaction condition.
� 2003 Elsevier Ltd. All rights reserved.
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Homopropargyl alcohols have received much attention
as synthetic intermediates in organic synthesis and as the
structural moiety in a variety of biologically active
compounds.1–6 Homopropargyl alcohols have been
prepared by the reactions of propargyl or allenyl
organometallics of antimony,7 borane,8 cadium,9

cerium,10 chromium,11 galium,12 germanium,13 indium,14;15

lead,16 magnesium,1 manganese,17 silicon,18;19 tin,20;21

titanium22 and zinc23 with aldehydes or ketones. A
mixture of homopropargyl alcohol and allenyl alcohol
was generally produced by reactions involving propar-
gylic or allenic anion equivalents. Our previous studies
showed that homoallyl alcohols were generated by a
sonochemical Barbier-type reaction method.24;25 Thus,
we introduced and investigated the addition reaction of
propargyl organometallic with aldehyde or ketone under
this sonochemical Barbier-type reaction condition.
Herewith, we wish to report a regioselective alkylation
method for the synthesis of homopropargyl alcohol as
the only or major product (Scheme 1).

Based on our previous studies for the ultrasound-
induced reactions, firstly we investigated the reaction of
propargyl bromide with benzaldehyde under sono-
chemical Barbier-type reaction condition. A reaction
mixture of zinc, 1,2-diiodoethane, propargyl bromide
and benzaldehyde in THF was sonicated for 2.5 h and
the homopropargyl alcohol was produced with 56%
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yield and the formation of allenyl alcohol was not
detected from 1H NMR spectrum (Scheme 2). The yield
of homopropargyl alcohol was improved to 93% when
the Zn amount was increased to five equivalent to sub-
strate. It should be noted that an 88% yield of homo-
propargyl alcohol was also obtained as the major
product when the reaction mixture was proceeded under
refluxing reaction condition. A series of aldehydes was
investigated under the sonochemical Barbier-type reac-
tion condition and the results are shown in Table 1.

Homopropargyl alcohols were produced as the only
products and without the formation of allenyl alcohols
in all cases (Table 1). The starting material was
2 2
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Table 1. Synthesis of homopropargyl alcohols from aldehydes

Entry Substrate Product Yielda (%)

1 CHO OH
96

2 CHO
OH

96

3
CHO OH

93

4

H3C

CHO OH

H3C

90

5

MeO

CHO OH

MeO

88

6

F

CHO
OH

F

95

7
O

O

CHO
O

O

OH

88

8
O

CHO

OH

O

85

9
S

CHO
OH

S

78

10
N

CHO

Ac

OH

N
Ac

43+(18)b

a The yields were determined after chromatographic purification.
b The recovery yield of starting material.

Table 2. Synthesis of homopropargyl alcohols from ketones

Entry Substrate Products Yielda (%)

1 O

+

HO HO

89+6

2 CH3

O

+
Ph CH3

HO HO

Ph CH3

55+4+(31)b

3 CH3

O

H3C
p-Me-Ph CH3

HO
+

HO

p-Me-Ph CH3

32+3+(59)b

4 CH3

Cl
p-Cl-Ph CH3

HO
+

HO

p -Cl-Ph CH3

80+10+(7)b

5 CH3

O

MeO
p -MeO-Ph CH3

HO
+

HO

p -MeO-Ph CH3

70+5+(21)b

a The yields were determined after chromatographic purification.
b The recovery yield of ketone.
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recovered when the less reactive indole-3-carboxyalde-
hyde was introduced under the reaction condition
(Table 1, entry 10). Thus, we further investigated that
ketone as reacting substrate under this sonochemical
Barbier-type reaction. A series of ketones was investi-
gated under the reaction conditions and the results are
shown in Table 2. Allenyl alcohols were produced as the
minor products in all cases (Table 2). The starting
material was recovered when the less reactive ketone was
reacted under this sonochemical reaction condition.

In conclusion, this sonochemical Barbier-type reaction
condition provides a simple and facile method for the
synthesis of homopropargyl alcohol with the low con-
tamination of allenyl alcohol. This procedure features
in situ activation of metal to generate propargyl metal,
which reacted with aldehyde or ketone to form homo-
propargyl alcohol after acidic quenching. These results
lead us to apply and expand these homopropargyl alco-
hols to synthesize some biologically active compounds.

The typical procedure26 for synthesis of a homoprop-
argyl alcohol is as follows: A reaction mixture of zinc
powder (5.0mmol) and 1,2-diiodoethane27 (1.0mmol),
aldehyde (1.0mmol) and 3-bromo-1-propyne (1.5mmol)
in anhydrous THF (5.0mL) was sonicated in a com-
mercial ultrasonic cleaning bath28 (Elma-T490DH,
50 kHz) for 2.5 h. After the sonication, an aqueous
HCl (2M, 2mL/1.0mmol) was added and the filtrate
was extracted with ether (20mL · 3). The combined or-
ganic layer was washed with brine (20mL), dried with
MgSO4, filtered and then the organic solvent was re-
moved under reduced pressure. Further purification was
achieved on a flash chromatograph with silica gel and
ethyl acetate/hexane as eluant.
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