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Abstract: A new method for the synthesis of propargylic ethers by
FeCl3-catalyzed alcoholysis of propargylic acetates was developed.
The reaction was carried out at room temperature in acetonitrile
without exclusion of moisture or air. High product yields were ob-
tained with excellent reaction regioselectivity.
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The acetylenic carbon–carbon triple bond plays a pivotal
role in a variety of functional group transformations,1

which has resulted in the steady growth in the synthesis of
propargylic derivatives. The Nicholas reaction has been
widely accepted as a powerful tool for propargylic substi-
tution reactions2 but has some drawbacks, for example, a
stoichiometric amount of [Co2(CO)8] is required and sev-
eral steps are necessary to obtain the required propargylic
substances from propargylic alcohols via cationic propar-
gylic complexes [Co2(CO)6(propargyl)]+.2,3 Recently,
several transition-metal-catalyzed propargylic substitu-
tion reactions have been reported. Among them, a ruthe-
nium-catalyzed process is a direct and versatile method.4

Nevertheless, with this method, the substrate is limited to
propargylic alcohols bearing terminal alkyne groups.5 Re-
cently, Toste6 and Campagne7 described efficient rhenium
[(dppm)ReOCl3] and gold [NaAuCl4·2H2O]-catalyzed
nucleophilic substitution of propargylic alcohols, respec-
tively, but the high cost of such catalysts is a barrier to
their large-scale use. Remarkably, Mahrwald et al. found
that propargylic etherification was an attractive method
for the preparation of propargylic ethers in the presence of
TiCl4

8 or Ti(i-PrO)4.
9 However, the catalyst loading was

relatively high (10 mol%) and the reaction scope was
somewhat narrow. Furthermore, the catalysts were mois-
ture sensitive, less environmentally friendly, and difficult
to handle. Therefore, the development of a general, effi-
cient, inexpensive, and commercially available catalyst
for propargylic substitution reactions is highly desirable.10

Herein, we described an efficient FeCl3-catalyzed nucleo-
philic substitution reaction of propargylic acetates with al-
cohols, giving an sp3 C–O bond after etherification. The
reaction was carried out at room temperature in the pres-
ence of a catalytic amount of FeCl3 in acetonitrile. High
yields were obtained with excellent regioselectivity and

the reaction proceeded smoothly without exclusion of
moisture or air (Scheme 1).11 

In order to determine the scope and limitation of this reac-
tion, various propargylic acetates and various alcohols
were investigated (Table 1).12 We found that during ether-
ification propargylic acetates bearing an internal alkyne
group proceeded rapidly at room temperature to give the
corresponding ethers in excellent yields (Table 1, entries
1–11). Variations in the alkyne substituent from alkyl to
aryl or to trimethylsilyl (1a–c) were well tolerated, with-
out noticeable differences observed in the reaction tem-
perature, time, or yields. In the case of 1-phenylhept-2-
ynyl acetate (1b) with ethanol and isopropanol as the nu-
cleophile, the corresponding ethers were obtained in 89%
and 91% yields, respectively (Table 1, entries 5 and 6). In
the TiCl4-catalyzed reaction, only 68% and 42% of the de-
sired products were obtained.8 Therefore, our procedure
was more efficient for the propargylic substitution. Grati-
fyingly, non-benzylic propargylic acetate 1d also partici-
pated in the substitution reaction, and the etherification
proceeded rapidly as well to give the corresponding prod-
ucts in high yields (Table 1, entries 10 and 11). In con-
trast, reactions of propargylic acetate bearing a terminal
alkyne group 1e were sluggish under identical conditions;
a prolonged reaction time and higher temperature (60 °C)
were required to produce the corresponding ether in good
yield (Table 1, entry 12).

Different alcohols were also tested and the corresponding
propargylic ethers were obtained in good yields with com-
plete regioselectivity. Not only primary alkyl alcohols re-
acted with propargylic esters rapidly, secondary alkyl
alcohols also underwent propargylic etherification to af-
ford the propargyl adducts in excellent yields (Table 1,
entries 2 and 6). Primary as well as secondary alcohols
participated in the reaction without noticeable differences.
Alcohols with other functional groups such as alkenyl,
phenyl, and chloro substituents were also readily reacted
(Table 1, entries 3, 4, 7–9, and 11), allowing the subse-
quent elaboration of the products after propargylic etheri-
fication.
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Similarly, reactions of propargylic esters with phenols
were also investigated.12 Surprisingly, contrary to previ-
ous reports, the corresponding ethers were not detected.13

Instead the Friedel–Crafts C-arylated products 2m and 2n
were obtained in excellent yields with excellent regiose-
lectivity (Scheme 2). b-Naphthol also reacted smoothly
with 1,3-diphenylprop-2-ynyl acetate 1a to afford the
corresponding C–C coupling product 2o in good yield.
Other electron-rich aromatics such as methoxybenzene

and b-methoxynaphthalene were also investigated, and
the corresponding propargyl adducts 2p and 2q were ob-
tained in good yields. In all cases, propargylation occurred
selectively at the most electron rich position of the aro-
matic compounds. The results indicated that the reaction
proceeded via an electrophilic aromatic substitution
mechanism.

In conclusion, we have developed a general and efficient
FeCl3-catalyzed substitution reaction of propargylic esters

Table 1 FeCl3-Catalyzed Coupling of Propargylic Acetates with Alcoholsa

Entry Acetate R1 R2 R3 R4OH Time (h) Product Yields of 2 (%)c

1 1a Ph H Ph n-BuOH 2.5 2a 92

2 1a Ph H Ph 1.0 2b6b 93

3 1a Ph H Ph 0.5 2c8a 92

4 1a Ph H Ph 1.5 2d6b 95

5 1b Ph H n-Bu EtOH 1.0 2e8a 89

6 1b Ph H n-Bu 1.0 2f8a 91

7 1b Ph H n-Bu 0.5 2g6b 90

8 1c Ph H TMS 0.5 2h6b 95

9 1c Ph H TMS 1.5 2i2b 90

10 1d Me Me Ph EtOH 1.0 2j14 94

11 1d Me Me Ph 0.5 2k6b 90

12 1e Ph H H EtOH 5.0 2l4a 80b

a The reactions of 1 (1 mmol) with R4OH (3 mmol) were carried out in the presence of FeCl3 (0.05 mmol) in MeCN (2 mL) at r.t.
b The reaction was carried out at 60 °C.
c Isolated yields.
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with alcohols, leading to the construction of C–O bonds.
However, phenolic compounds such as phenol, b-naph-
thol, methoxybenzene, and b-methoxynaphthalene react-
ed with propargylic esters to form C–C bonds under
similar reaction conditions. In comparison to cobalt, rhe-
nium, ruthenium, titanium, and gold complexes, our re-
ported catalyst FeCl3 offers several advantages such as
cheaper cost, commercial availability, and milder reaction
conditions. Further investigations on the elucidation of the
detailed reaction mechanism and broadening the scope of
this methodology are currently ongoing in our laboratory.
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