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Abstract—A convenient one-pot procedure has been proposed for the preparation of 1-(1-alkoxyethoxy)allenes 
from alkoxyethenes and prop-2-yn-1-ol with the use of trifluoroacetic acid as highly efficient catalyst for the 
synthesis of 3-(1-alkoxyethoxy)prop-1-ynes and of the system t-BuOK–DMSO for the isomerization of the 
latter into allenes. 

SHORT  
COMMUNICATIONS 

3-(1-Alkoxyethoxy)prop-1-ynes 1 and their allene 
isomers, 1-(1-alkoxyethoxy)allenes 2, are promising 
starting compounds for cascade syntheses and func-
tionalization of most important nitrogen and sulfur 
heterocycles [1, 2] such as pyrroles [3–6], dihydro-
pyridines [7–10], pyridines [8–10], azepines, dihydro-
azepines [11], thiophenes [12–15], and dihydrothia-
zoles [16, 17]. The presence in these heterocycles of 
highly reactive and pharmacophoric substituents, in-
cluding acetal groups, not only extends their synthetic 
potential but also gives hopes to broaden the spectrum 
of their biological activity. Acetals are valuable syn-
thetic raw materials and technologically important 
products [18, 19] with wide and diverse scope of 
application; in particular, their high biological and 
physiological activity determines their use as repel-
lents, attractants, plant growth and fruiting regulators, 
herbicides, zoocides, fungicides, bactericides, insec-
ticides and their synergists, pharmacological agents 
(tranquilizers, anesthetics, analgesics, anticonvul-
sants, neuroleptics, spasmolytics), components of 
fragrance compositions (perfumes, lotions, detergents), 
intermediate compounds in the synthesis of important 
biologically active compounds of natural origin, etc. 

Four 3-(1-alkoxyethoxy)prop-1-ynes like 1 have 
been reported. They were synthesized by the addition 
of prop-2-yn-1-ol to the corresponding alkoxyethene in 
the presence of an acid catalyst such as p-toluene-
sulfonic acid [1, 3, 20, 21], its monohydrate [22] or 
pyridinium salt [23], trifluoromethanesulfonic acid 
[24], concentrated aqueous HCl [25–28], and CoCl2 
[29] (Scheme 1). The reactions were carried out under 
solvent-free conditions [1, 3, 21, 25] or in an anhy-
drous solvent (benzene, diethyl ether, acetonitrile, 
methylene chloride) on cooling (–20 to –15°C [1, 3], 
0°C [22, 23], 5–10°C [21]), at room temperature  
[20, 24, 26, 29], or on heating (85−90°C [28], 110–
130°C under pressure [25]); the reaction time ranged 
from 4 to 15 h (mostly 10–12 h). The reactions cata-
lyzed by trifluoromethanesulfonic acid were conducted 
in an inert atmosphere [24]. To avoid alcoholysis of the 
resulting mixed acetal 1, excess alkoxyethene (1.1 to 
2.0 equiv) was generally used. One of the reactants 
(prop-2-yn-1-ol or alkoxyethene) was added dropwise 
to a solution of the catalyst in the other reagent  
[1, 3, 21] or of the catalyst and the other reagent in  
an appropriate solvent. When the reaction was com-
plete, the reaction mixture was treated with sodium 

R = Me, Et, n-Bu, i-Bu; catalyst: 4-MeC6H4SO3H, 4-MeC6H4SO3H · H2O, 4-MeC6H4SO3H·pyridine, CF3SO3H, HCl, CoCl2. 
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Scheme 2. 
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methoxide [20], concentrated aqueous solution of 
sodium carbonate [22] or sodium hydrogen carbonate 
[23], or solid potassium carbonate [24, 28] to neu-
tralize the catalyst. The yields of 3-(1-alkoxyethoxy)-
prop-1-ynes 1 ranged from 49 to 92%.  

We previously showed that perfluorinated carbox-
ylic acids such as trifluoroacetic or perfluorobutyric 
are convenient and specific catalysts for electrophilic 
addition of hydroxy compounds to vinyl ethers  
[30, 31]. In this work, using trifluoroacetic acid as 
catalyst, from commercial alkoxyethenes and prop-2-
yn-1-ol we obtained 3-(1-alkoxyethoxy)prop-1-ynes 1a 
and 1b in quantitative yield (Scheme 2).  

The reactions were fast and were accompanied by  
a slight evolution of heat upon addition of the catalyst 
(~0.2 wt %) to a mixture of alkoxyethene and prop-2-
yn-1-ol at a ratio of (1–1.2) : 1 and were complete in 
20–30 min. To effect acetylene–allene isomerization,  
a solution of potassium tert-butoxide (10–11 wt %) in 
DMSO was added to the reaction mixture at room 
temperature, and the mixture was stirred for 6–12 min 
at 20–55°C. Allenyl acetals 2a and 2b were isolated by 
distillation in 68 and 77% yield (calculated on the 
initial prop-2-yn-1-ol), respectively. 

1-(1-Ethoxyethoxy)allene 2a was synthesized pre-
viously [21] by heating 3-(1-ethoxyethoxy)prop-1-yne 
1a in the presence of a catalytic amount of potassium 
tert-butoxide (without a solvent) at 70°C for 2–3 h. 
There are no published data on the synthesis of  
1-(1-butoxyethoxy)allene 2b. 

Thus, the use of trifluoroacetic acid as catalyst in 
the reaction of prop-2-yn-1-ol with alkoxyethenes 
makes it possible to readily synthesize in a short time 
(20–40 min) in one preparative step both 3-(1-alkoxy-
ethoxy)prop-1-ynes 1 and their allene isomers 2 that 
are synthetically important monomers and versatile 
building blocks [1–17, 32–35]. 

1-(1-Ethoxyethoxy)allene (2a). Trifluoroacetic 
acid 0.036 g (0.2 wt %) was added dropwise to  
a mixture of 10.82 g (0.150 mol) of ethyl vinyl ether 
and 7.01 g (0.125 mol) of prop-2-yn-1-ol with stirring 
on a magnetic stirrer at room temperature. The reaction 
was accompanied by evolution of heat, and the mixture 

quickly warmed up to 60°C. It was stirred for 20 min 
at 20→60→30°C with intermittent cooling. According 
to the NMR data, 3-(1-ethoxyethoxy)prop-1-yne (1a) 
was formed in quantitative yield. 1H NMR spectrum 
(CDCl3), δ, ppm: 1.19 t (3H, OCH2CH3, 

3J = 7.1 Hz), 
1.32 d [3H, OCH(CH3)O, 3J = 5.4 Hz], 2.41 t (1H, 
≡CH, 4J = 2.5 Hz), 3.51 d.q and 3.64 d.q (2H, 
OCH2CH3, AB system, 2J = 8.7, 3J = 7.1 Hz), 4.19 d 
(2H, OCH2C≡, 4J = 2.5 Hz), 4.84 q [1H, OCH(CH3)O, 
3J = 5.4 Hz]. 13C NMR spectrum (CDCl3), δC, ppm: 
15.05 (OCH2CH3), 19.48 [OCH(CH3)O], 52.29 
(OCH2C≡), 60.59 (OCH2CH3), 73.63 (≡CH), 79.88 
(OCH2C≡), 98.44 [OCH(CH3)O]. 

A solution of 2.0 g (0.018 mol, 10.2 wt %) of 
potassium tert-butoxide in 12 mL of anhydrous DMSO 
was added to the mixture, and the mixture warmed up 
to 37°C. It was stirred for 6 min at 37–42°C and 
treated (without preliminary cooling) with 15 mL of  
a saturated aqueous solution of ammonium chloride. 
The organic layer was separated, and the aqueous 
phase was extracted with diethyl ether (4 × 30 mL). The 
extracts were combined with the organic phase, 
washed with a saturated aqueous solution of ammo-
nium chloride (4 × 30 mL) to remove DMSO and  
t-BuOH, and dried over potassium carbonate. The 
solvent was removed under reduced pressure on  
a rotary evaporator, and the residue was distilled in  
a vacuum to isolate 10.92 g (68%) of allene 2a as  
a colorless liquid, bp 54–58°C (36 mm), nD

20 = 1.4357. 
IR spectrum (film), ν, cm–1: 3033, 2982, 2928, 2883, 
2803, 1953 (C=C=C), 1447, 1383, 1342, 1276, 1184, 
1135, 1080, 1048, 1016, 947, 883, 857, 821, 694, 670, 
623, 522. 1H NMR spectrum, δ, ppm: 1.20 t (3H, 
OCH2CH3, 

3J = 7.1 Hz), 1.36 d [3H, OCH(CH3)O,  
3J = 5.1 Hz], 3.48 d.q and 3.75 d.q (2H, OCH2CH3, 
AB, 2J = 9.3, 3J = 7.1 Hz), 4.92 q [1H, OCH(CH3)O,  
3J = 5.1 Hz], 5.34 d.d and 5.36 d.d (2H, CH2=, AB, 2J = 
8.4, 4J = 6.0 Hz), 6.67 t (1H, OCH=, 4J = 6.0 Hz).  
13C NMR spectrum, δC, ppm: 15.02 (OCH2CH3), 20.13 
[OCH(CH3)O], 62.61 (OCH2CH3), 88.81 (CH2=), 
99.68 [OCH(CH3)O], 116.95 (OCH=), 201.47 (=C=);  
the 13C NMR signals were assigned on the basis of the 
2D 1H–13C HSQC data. Found, %: C 65.48; H 9.57. 
C7H12O2. Calculated, %: C 65.60; H 9.44. 
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1-(1-Butoxyethoxy)allene (2b). Trifluoroacetic 
acid, 0.04 g (0.2 wt %), was added dropwise to  
a mixture of 12.78 g (0.125 mol) of butyl vinyl ether 
and 7.01 g (0.125 mol) of prop-2-yn-1-ol with stirring 
on a magnetic stirrer at room temperature. The reaction 
was accompanied by evolution of heat, and the mixture 
slowly warmed up to 60°C. The mixture was stirred for 
30 min at 20→60→30°C (without external cooling). 
According to the NMR data, 3-(1-butoxyethoxy)prop-
1-yne (1b) was formed in quantitative yield. IR spec-
trum (film), ν, cm–1: 3300 (≡C–H), 2957, 2932, 2872, 
1456, 1388, 1344, 1265, 1237, 1201, 1133, 1094, 
1042, 979, 913, 873, 837, 738, 664, 635, 510. 1H NMR 
spectrum, δ, ppm: 0.91 t [3H, O(CH2)3CH3, 3J =  
7.3 Hz], 1.32 d [3H, OCH(CH3)O, 3J = 5.4 Hz],  
1 .37 m [2H,  O(CH2) 2CH 2CH3],  1 .55 m [2H, 
OCH2CH2C2H5], 2.40 t (1H, ≡CH, 4J = 2.4 Hz),  
3.44 d.t and 3.58 d.t (2H, OCH2C3H7, AB, 2J =  
9.3, 3J = 6.6 Hz), 4.19 d (2H, OCH2C≡, 4J = 2.4 Hz), 
4.84 q [1H, OCH(CH3)O, 3J = 5.4 Hz]. 13C NMR 
spectrum, δC, ppm: 13.74 [O(CH2)3CH3], 19.26  
(O(CH2)2CH2CH3), 19.47 [OCH(CH3)O], 31.77 
[O C H 2C H 2C 2H 5] ,  5 2 . 3 7  ( O C H 2C≡ ) ,  6 5 . 0 0 
(OCH2C3H7), 73.71 (≡CH), 79.92 (OCH2C≡), 98.61 
[OCH(CH3)O]; signals in the 13C NMR spectrum were 
assigned on the basis of the 2D 1H–13C HSQC data.  

A solution of 2.5 g (0.02 mol, 11.3 wt %) of 
potassium tert-butoxide in 12 mL of anhydrous DMSO 
was added to the resulting material, and the mixture 
was stirred for 8 min at room temperature and for  
4 min at 50–55°C. It was then treated with 20 mL of  
a saturated aqueous solution of ammonium chloride, 
the organic layer was separated, and the aqueous phase 
was extracted with diethyl ether (2 × 30 mL) and 
diethyl ether–hexane (~1 : 1, 30 mL). The extracts were 
combined with the organic phase, washed with  
a saturated aqueous solution of ammonium chloride 
(3 × 30 mL), and dried over potassium carbonate. The 
solvent was removed under reduced pressure, and the 
residue was distilled in a vacuum to isolate 14.93 g 
(77%) of allene 2b as a colorless liquid, bp 72–74°C 
(14 mm), nD

20 = 1.4395. IR spectrum (film), ν, cm–1: 
3034, 2985, 2957, 2934, 2873, 1953 (C=C=C), 1449, 
1383, 1344, 1259, 1193, 1173, 1134, 1084, 1015, 985, 
914, 886, 832, 741, 697, 670, 624, 541, 522, 472.  
1H NMR spectrum, δ, ppm: 0.91 t [3H, O(CH2)3CH3, 
3J = 7.3 Hz], 1.35 d [3H, OCH(CH3)O, 3J = 5.1 Hz], 
1 .37  m [2H,  O(CH 2) 2CH 2CH 3] ,  1 .55  m [2 H, 
OCH 2C H 2C 2H 5] ,  3 .42  d . t  and  3 .69  d . t  (2H, 
OCH2C3H7, AB, 2J = 9.4, 3J = 6.9 Hz), 4.90 q [1H, 
OCH(CH3)O, 3J = 5.1 Hz], 5.33 d.d and 5.35 d.d (2H, 

CH2=, AB, 2J = 8.7, 4J = 6.1 Hz), 6.66 t (1H, OCH=,  
4J = 6.1 Hz). 13C NMR spectrum, δC, ppm: 13.67  
[O(CH2)3CH3], 19.18 [O(CH2)2CH2CH3], 19.99  
[OCH(CH3)O], 31.64 [OCH2CH2C2H5], 66.77 
(OCH2C3H7), 88.57 (CH2=), 99.81 [OCH(CH3)O], 
116.88 (OCH=), 201.62 (=C=). Found, %: C 69.30;  
H 10.19. C9H16O2. Calculated, %: C 69.19; H 10.32. 

The 1H and 13C NMR spectra were recorded on  
a Bruker DPX-400 spectrometer at 400.13 and  
100.62 MHz, respectively; heteronuclear 1H–13C 
HSQC correlations were obtained on a Bruker AV-400 
instrument using CDCl3 as solvent; the chemical shifts 
were measured relative to hexamethyldisiloxane  
(δ 0.05 ppm) and CDCl3 (δC 77.00 ppm). The IR spec-
tra were recorded on a Bruker Vertex 70 spectrometer. 
The elemental analyses were obtained with a Carlo 
Erba EA-1108 CHNS/O analyzer. The progress of 
reactions and the purity of the isolated compounds 
were monitored by TLC on Silica gel 60F254 plates, as 
well as by 1H NMR. Dimethyl sulfoxide was dried by 
distillation over potassium tert-butoxide. Alkoxy-
ethenes, prop-2-yn-1-ol, and other reagents and 
solvents used in this work were commercial products. 

This study was performed using the equipment of 
the Baikal Joint Analytical Center (Siberian Branch, 
Russian Academy of Sciences). 
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