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Abstract—Exhaustive hydrogenation of 2-butyne-1,4-diol to 1,4-butanediol on suspended palladium and Raney 
nickel catalysts under atmospheric pressure at 40°C was studied with the aim to determine the mechanism of 
1-butanol formation. The previously unknown pathway of 1-butanol synthesis is realized under these conditions. 
The content of 1-butanol precursors in hydrogenation catalyzates was estimated by gas–liquid chromatography. 
The graphic dependence of the content of the intermediates and 1-butanol on time was found. The possibility of 
increasing the hydrogenation selectivity on Raney Ni catalysts with respect to the target product was revealed.
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The selectivity of hydrogenation of 2-butyne-1,4-
diol (BYD) to 1,4-butanediol (BAD) is determined by 
high rage of hydrogenation of the labile intermediate, 
2-butene-1,4-diol (BED), on the majority of nickel, 
copper, platinum, palladium, and other catalysts [1–3]. 
However, in most cases the reaction selectivity decreased 
because of the 1-butanol formation.

In this study we examined the mechanism of formation 
of this by-product, decreasing the target product yield.

To this end, we critically analyzed the published and 
newly obtained experimental data on the transformations 
of BYD under the conditions of catalytic hydrogenation 
on palladium (Pd/C-2) and Raney nickel catalysts. 
According to the published data [4], hydrogenation of 
acetylenic glycol 1 occurs in steps with the formation 
of BED (2), which either takes up the second mole 
of hydrogen to form BAD (3) or isomerizes into 
γ-hydroxybutyraldehyde (HBA), which successively 
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Table 1. Physicochemical characteristics of compounds 2 and 8–10

Compound Parameter

2-Butene-1,4-diol (2) [5, 6] Liquid with characteristic odor. Exists as trans and cis isomers. 
Boiling point, °C/mmHg (MPa):

mixture of isomers: from 232 to 235/760 (0.1)
from 105 to 107/2 (0.0003)
cis isomer:  235/760 (0.1); 132/16 (0.002)
trans isomer: 131/13 (0.002); from 125 to 127/10 (0.001)

Refractive index:
mixture of isomers: from 1.476 to 1.478
cis isomer:  1.4782
trans isomer:  1.4755

Density at 20°C, g cm–3:
mixture of isomers: from 1.067 to 1.074
cis isomer:  1.0698
trans isomer: 1.0800

Crystallization point, °C:
cis isomer:  4
trans isomer: 25

2,3-Butadien-1-ol (8) [7] Transparent lacrimatory liquid with sharp odor.
Boiling point, °C/mmHg (MPa):

from 140 to 140.5/780 (0.1)
from  126 to 127/756 (0.1)
from  68 to 70/57 (0.008)
from  68 to 69/45 (0.006)

Refractive index: 1.4759
Density at 20°C, g cm–3: 0.9164

2-Buten-1-ol (9) [8, 9] Transparent lacrimatory liquid with sharp odor.
Boiling point, °C/mmHg (MPa):

cis isomer:  from 122 to 123/760 (0.1)
trans isomer: 121.2/760 (0.1)

Refractive index: 
cis isomer:  1.4342
trans isomer: 1.4285

Density at 20°C, g cm–3: 
cis isomer:  0.8662
trans isomer: 0.8532

3-Buten-1-ol (10) [10] Transparent colorless liquid with specifi c odor.
Boiling point, °C/mmHg (MPa): from  112.5 to 113.5/755 (0.1)
Refractive index: 1.4227
Density at 20°C, g cm–3: 0.8454
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transforms into 2-butenal (5), 1-butanal (6), and, fi nally, 
1-butanol (7) (BTN).

As we found, 1-butanol (7) is also formed via one more, 
previously unknown, pathway. It involves hydrogenolysis 

and dehydration of 2-butene-1,4-diol (2) via С–ОН bond 
into allenic alcohol, 2,3-butadien-1-ol (8), followed by its 
hydrogenation into 3-buten-1-ol (9) or 2-buten-1-ol (crotyl 
alcohol) (10) and then into 1-butanol (7):

Cat
H2O

     2                                          8                                    9, 10

These intermediates were identifi ed using reference 
samples. The physicochemical characteristics of com-
pounds 2 and 8–10 are given in Table 1. Their content in 
hydrogenation catalyzates was estimated by gas–liquid 
chromatography.

EXPERIMENTAL

The hydrogenation catalyzates were analyzed on a 
Tsvet-100М-152 chromatograph equipped with a fl ame 
ionization detector. A metal column 2 m long and 3 mm 
in diameter was packed with Chromaton N-Super or 
N-AW-DMCS, fraction 0.16–0.20 mm, impregnated 
with 15% polyethylene glycol (PEG) of molecular mass 
15 000–20 000.

The kinetic curves of BYD consumption and accu-
mulation of the major hydrogenation products (BTN, 
HBA, BED, BAD) on the above-indicated catalysts were 
presented previously [11]. This study was focused exclu-
sively on intermediates of the 1-butanol synthesis. To this 

end, we performed exhaustive hydrogenation of BYD at 
40°С in a 100 cm3 long-necked reactor fi xed in a shaking 
machine. The required temperature in the reactor and buret 
was maintained by feeding temperature-controlled water 
into their jackets. The reactor was charged with 1.32 g of 
crystalline BYD, 20 cm3 of water, and calculated amount 
of fi nely dispersed catalyst (10 wt % relative to BYD). The 
reaction completion was judged from the hydrogen uptake, 
measured with a 300 cm3 gas buret. The Pd/C-2 catalyst 
(2.0 wt % Pd on OUB coal) was prepared by application of 
palladium(II) chloride from its hydrochloric acid solution 
onto the support, followed by the palladium reduction to 
metal with formaldehyde [12]. Selective nickel catalyst 
W-6 was prepared by leaching of Raney nickel–aluminum 
alloy with a 20 wt % NaOH solution [13].

The graphic dependences of the relative amounts 
of the intermediates and 1-butanol on time were 
constructed (Table 2; Figs. 1a, 1b). The composition of 
the intermediates shows that 4-hydroxy-1-butanal (4) 

(4)

Fig. 1. Kinetic curves of accumulation of intermediates preceding 1-butanol formation. (c) Concentration and (τ) time. Catalyst: 
(a) Pd/C-2 and (b) Raney nickel. (a) (1) 2-buten-1-ol, (2) 3-buten-1-ol, (3) 2,3-butadien-1-ol, (4) 4-hydroxybutanal, and (5) 1-butanol; 
(b) (1) 2-buten-1-ol, (2) 3-buten-1-ol, (3) 2,3-butadien-1-ol, (4) 2-butenal, and (5) 1-butanol.

(a) (b)
c, wt %

c, wt %

τ, min τ, min
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on palladium catalysts does not undergo dehydration to 
2-butenal [scheme (2)] and therefore cannot transform 
into 1-butanol (7), whereas on Raney Ni catalysts this 
process is possible. However, 1-butanol (7) is formed 
more probably via pathway (4). This assumption is 
confi rmed by the experimental data obtained in this study.

CONCLUSIONS

(1) Experiments on exhaustive hydrogenation of 
2-butyne-1,4-diol on suspended palladium and Raney Ni 
catalysts at atmospheric pressure revealed the previously 
unknown mechanism of 1-butanol formation.

(2) When the hydrogenation is performed on Raney 
nickel catalysts, the 1-butanol yield is 3 times smaller. 
This fact can be used in the modern technology for 

1,4-butanediol synthesis on suspended catalysts for 
enhancing the process selectivity.
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