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Mechanism of the reaction of acetylene with Grignard reagents
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Abstract

Kinetics of the reaction between acetylene and phenylmagnesium bromide were investigated in diethyl ether in the presence of
small additions of triethylamine and without a catalyst. The mechanistic scheme suggested by Grignard et al. was supplemented
with the reaction of bromomagnesiumacetylene with the Grignard reagent. The rate constants for individual reactions were
determined. Triethylamine catalyzes the reactions to different extents, the conversions of bromomagnesiumacetylene being the
most susceptible to the catalysis. The possible ways of the action of the catalyst were discussed and the importance of nucleophilic
assistance was stressed. © 1999 Elsevier Science S.A. All rights reserved.
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1. Introduction

The reaction of acetylene with a Grignard reagent
affords a mixture of bromomagnesiumacetylene and
bis-bromomagnesiumacetylene, which can serve as an
intermediate in the syntheses of acetylenic compounds
[1]. Since the reaction proceeds slowly and the ratio of
the products is predetermined by the reaction condi-
tions, a knowledge of the reaction mechanism is desir-
able in order to control the process.

Grignard reagents of the type RC�CMgX were first
prepared by Iotsitch [2] by the method of hydrogen
displacement. The dimagnesium Grignard reagent itself
was also prepared by Iotsitch by the passage of
acetylene into an ethereal solution of ethylmagnesium
bromide [3].

Grignard et al. [4] suggested a two-step reaction
mechanism for the formation of bis-bromo-
magnesiumacetylene:

RMgX+HC�CH�HCCMgX+RH

2HC�CMgX?XMgC�CMgX+HC�CH

Kleinfeller and Lohmann [5] studied the kinetics of
ethane evolution during the reaction of acetylene with
ethylmagnesium bromide. The formation of bromo-

magnesiumacetylene in the first step of the reaction and
its further disproportionation were confirmed. How-
ever, the authors did not follow the reaction long
enough to observe the equilibrium between mono- and
bis-bromomagnesium products. Jones et al. [6] also
questioned the occurrence of the equilibrium and sug-
gested the following reaction scheme:

RMgX+HC�CH�CH�CMgX+RH

HC�CMgX+RMgX�XMgC�CMgX+RH

2HC�CMgX�XMgC�CMgX+HC�CH

In an earlier work [7] we followed the kinetics of the
reaction of acetylene with phenylmagnesium bromide
by the consumption of acetylene and the evolution of
benzene simultaneously. The measurements were per-
formed in diethyl ether and THF in the presence of
triethylamine and also without the catalyst. Insignifi-
cant additions of triethylamine to the solution of
phenylmagnesium bromide in diethyl ether were found
to largely accelerate the reaction and change the kinetic
feature of the process considerably. The feeble effect of
triethylamine in THF solutions revealed distinctions in
the solvating power of the donors (see also discussion
in Ref. [8]). However, the interpretation of the results
was based upon the mechanism proposed by Grignard
et al. (vide supra).* Corresponding author. Fax: +372-7-375269.
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In this paper we report the results of a reinvestigation
of the reaction. A similar experimental technique was
used. It appeared that Grignard’s mechanism had to be
supplemented with the reaction between bromomagne-
siumacetylene and the Grignard reagent.

2. Experimental

2.1. Materials

All the operations with carefully purified reagents and
solutions were carried out under dry argon. Phenylmag-
nesium bromide was prepared and analyzed in the
conventional manner [9].

2.2. Kinetic measurements

The reaction of phenylmagnesium bromide with
acetylene was carried out in a thermostated 100 ml glass
vessel at 20°C. The reaction cell was provided with a
magnetic stirrer and inlets for the injection of the
reagents and the sampling of the vapor above the
reaction mixture.

The reaction vessel was purged thoroughly with pure
argon. Then 50 ml of diethyl ether solution of phenyl-
magnesium bromide (0.9–1.1 M), 5 ml of pure toluene
(internal standard for GLC analyses) and a calculated
amount of triethylamine (up to 5.6 mg) were introduced.
The reaction mixture was refluxed for 5 min to displace
the inert gas, then the condenser was quickly replaced
with a silicon septum, the flask was cooled and placed
into the thermostat. After the thermal equilibrium was
set, the acetylene flow was turned on. A constant
pressure of acetylene in the reaction cell was provided
by an automatic gasometer with a continuous registra-
tion of the volume of consumed gas. First the initial
volume of acetylene in the flask was registered, then the
consumption of acetylene for the saturation of the

solution and its further consumption were recorded. The
measured volumes of absorbed acetylene were reduced
to normal conditions and transformed into moles. For
convenient use of the data in kinetic calculations the
molar amounts of consumed acetylene were referred to
the volume of the reaction mixture (mol l−1).

Aliquots (about 0.25 ml of the gas phase) were
periodically withdrawn from the reaction flask and
analyzed by means of GLC. The concentration of
benzene in the solution was calculated by making use of
the calibration data obtained from analyses of samples
with known benzene content. Then kinetic curves of the
evolution of benzene were plotted.

After the absorption of acetylene had practically
ceased, 0.25 ml of triethylamine was added to the
reaction mixture for the completion of the reaction. This
accelerated the reaction sufficiently to read the final
amounts of benzene and consumed acetylene after some
10 min. The final concentration of benzene in the
reaction mixture corrected for the benzene concentra-
tion in the initial solution was taken for the initial
concentration of the active Grignard reagent. The acidi-
metrically determined concentration of basic magne-
sium in the initial reagent exceeded the active Grignard
concentration by 4–6%.

3. Results and discussion

The reaction between acetylene and phenylmagne-
sium bromide in diethyl ether was investigated. Both the
consumption of acetylene and the evolution of benzene
during the reaction were registered. Kinetic measure-
ments were also carried out in the presence of small
additions of triethylamine (up to 9.6×10−4 mol mol−1

of the Grignard reagent).
It was found that under constant acetylene concentra-

tion in the solution, the evolution of benzene during the
reaction was a first-order process. The consumption of
acetylene appeared to be of more complicated kinetics,
the kinetic order of the process changing during the
reaction. In this context plots of the molar amount
of benzene evolved versus that of acetylene consumed
seem to be informative as regards the reaction
mechanism.

As is seen in Fig. 1 (plot A), at the beginning of the
reaction one mole of benzene was evolved per mole of
acetylene consumed in the absence of the catalyst.
Further, 2 mol of benzene were evolved per mol of
acetylene up to the end of the reaction. Apart from the
enormous acceleration of the reaction, additions of
triethylamine greatly alter the kinetic picture (Fig. 1, B).
During the first half-period of the reaction exactly 2 mol
of benzene are formed per mol of consumed acetylene.
Moreover, the plot declines slightly from the straight
line.

Fig. 1. Plots of benzene evolution vs. acetylene consumption (mol
l−1) for noncatalytic reaction (A) and in the presence of 0.03 mol%
of triethylamine (B). The numerals indicate the slopes of the lines.
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Table 1
Individual rate constants of the reaction between acetylene and phenylmagnesium bromide in diethyl ether at 20°C (k×104, l mol−1 s−1)

k1
c k2 k3TEA×104 a k4k1

b

0.3990.03 0.1190.020 0.7290.070.3990.01 0.0790.02
2.8 2.7290.08 2.7290.13 3.7090.30 1.8390.20 1.2090.20
5.0 3.7290.183.9490.10 11.191.0 2.1690.22 2.490.3

3.8390.22 15.091.14.1090.10 2.2290.266.0 2.690.5
6.1090.158.6 5.5590.28 28.793.2 4.4490.48 4.090.6

9.6 6.6890.406.6890.20 33.392.8 4.8290.50 4.990.6

a Molar ratio of triethylamine relative to the Grignard reagent.
b From the consumption of acetylene.
c From the evolution of benzene.

While the observed kinetics in the absence of the
catalyst can be explained somehow in view of the
mechanism proposed by Grignard et al. [4] (see Section
1), the kinetics in the presence of triethylamine are not
compatible with that scheme. Therefore, it seemed wise
to also include the reaction of bromomagnesiu-
macetylene with the Grignard reagent first suggested by
Jones et al. [6].

Thus, the following reaction scheme was subjected to
verification:

RMgBr+HC�CH�
k1

HC�CMgBr+RH

HC�CMgBr+RMgBr�
k2

BrMgC�CMgBr+RH

BrMgC�CMgBr+HC�CH�
k3

2HC�CMgBr

2HC�CMgBr�
k4

BrMgC�CMgBr+HC�CH

For the suggested reaction scheme the following dif-
ferential equations can be written

d[A]cons

dt
=k1[A][G]+k3[A][I 2]−k4[I 1]2

d[B]
dt

=k1[A][G]+k2[I 1][G]

where [A]cons stands for the molar amount of consumed
acetylene referred to the volume of the reaction solu-
tion. [A], [B] and [G] are the concentrations of
acetylene, benzene and the active phenylmagnesium
bromide, respectively. The symbols I 1 and I 2 denote
Iotsitch complexes, bromomagnesiumacetylene and bis-
bromomagnesiumacetylene, respectively.

Since the concentration of acetylene in the reaction
mixture was constant (0.18 M at 20°C) during the
process, the differential equations can be presented as
follows:

d[A]cons

dt
=k %1[G]+k %3[I 2]−k4[I 1]2

d[B]
dt

=k %1[G]+k2[I 1][G]

From the stoichiometry of the process we have for
any point of time

[A]cons= [I 1]+ [I 2]

[B]= [I 1]+2[I 2],

therefore

[I 1]=2[A]cons− [B]

[I 2]= [B]− [A]cons

and

[G]= [B]�− [B],

where [B]� denotes the benzene concentration at the
end of the reaction (for determination see Section 2).

The rate constants obtained from the numerical inte-
gration of the differential equations are presented in
Table 1. A good coincidence of the values for k1

obtained from the consumption of acetylene and from
the evolution of benzene, as well as the self-consistency
of the data allow the drawing of some interesting
conclusions (see below) and affirm the validity of the
proposed mechanistic scheme.

The catalytic effect of triethylamine for individual
reactions appeared to be different. Moreover, nonlinear
dependences of some rate constants on the catalyst
concentration were found. The rate constants from
Table 1 were treated according to the following
equation:

kobs=knoncat.+kcat[TEA]n

where TEA denotes triethylamine.
It appeared that the rate constants for the reactions

of acetylene with phenylmagnesium bromide (k1) and
with bis-bromomagnesiumacetylene (k3) increase lin-
early with the increase in the amine concentration
(n=1, Table 2). Obviously, the replacement of diethyl
ether by a stronger donor enhances the nucleophilicity
of the organic moiety bound to the magnesium atom
thus accelerating the reaction with the weak acid
acetylene. However, nonlinear dependences are peculiar
to reactions of bromomagnesium acetylene with
phenylmagnesium bromide (k2, n=1.85) or with bro-
momagnesiumacetylene itself (k4, n=1.16). The rather
unexpected result points to a favorable effect of the
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Table 2
Catalytic constants for the steps of the reaction in the presence of
triethylamine

kobs kcatknoncat×104 n

0.68k1 0.980.39
k2 0.11 1140 1.85
k3 0.72 0.36 1.03

1.480.07 1.16k4

better donor than diethyl ether for phenylmagnesium
bromide but not for Grignard reagents comprising
alkyl groups larger than methyl [8,13]. Our results may
suggest greater steric demands of the ethynyl group
over the phenyl group, but this is doubtful. On the
contrary, provided that bromomagnesiumacetylene is
more strongly solvated, a reduced electrophilicity of the
magnesium atom and thus a decrease in the susceptibil-
ity to the nucleophilic assistance should be supposed.

Acknowledgements

This work was supported by the Estonian Science
Foundation (ESF Grant No. 3058).

References

[1] L. Brandsma, H.D. Verkruijsse, Synthesis of Acetylenes, Allenes
and Cumulenes, Elsevier, Amsterdam, 1981.

[2] J. Iotsitch, Bull. Soc. Chim. Fr. 28 (3) (1902) 922.
[3] J. Iotsitch, Bull. Soc. Chim. Fr. 30 (3) (1903) 210.
[4] V. Grignard, L. Lapayre, T. Faki, Bull. Soc. Chim. Fr. 43 (4)

(1928) 931.
[5] H. Kleinfeller, H. Lohmann, Ber. Deut. Chem. Ges. 71 (1938)

2608.
[6] E.R.H. Jones, L. Skatteböl, M.C. Whiting, J. Chem. Soc. (1956)

4765.
[7] (a) M. Lopp, E. Otsa, V. Pällin, A. Tuulmets, Org. React. Tartu

13 (1976) 506. (b) M. Lopp, E. Otsa, V. Pällin, A. Tuulmets,
Chem. Abstr. 87 (1977) 117278.

[8] (a) A. Tuulmets, Reakts. Sposobn. Org. Soedin. 11 (1974) 81. (b)
A. Tuulmets, Chem. Abstr. 82 (1975) 42803.

[9] B.J. Wakefield, Organomagnesium Methods in Organic Synthe-
sis, Academic Press, New York, 1995.

[10] C.K. Ingold, Structure and Mechanism in Organic Chemistry,
Cornell University Press, London, 1969.

[11] R.E. Dessy, J.H. Wotiz, C.A. Hollingsworth, J. Am. Chem. Soc.
79 (1957) 358.

[12] R.E. Dessy, Y. Okuzumi, A. Chen, J. Am. Chem. Soc. 84 (1962)
2899.

[13] A. Tuulmets, D. Panov, J. Organomet. Chem. 575 (1999) 182.

solvation of both of the reagents. While the rate-en-
hancing effect of nucleophilic solvation at the basic
reagent is self evident, similar solvation of bromomag-
nesiumacetylene should decrease the acidity of the
acetylenic reagent and should thus suppress the reac-
tion rate. A possible explanation of the controversy
stresses the importance of the nucleophilic assistance
[10] by the acetylenic group. The four-center transition
state of the reaction suggested by Dessy et al. [11,12]
implies a nucleophilic attack at the magnesium atom by
the anionic part of the carbon acid:

Evidently the accelerating effect of the nucleophilic
assistance overweighs the rate decrease caused by the
reduced acidity. As to the bimolecular dismutation
reaction of bromomagnesium acetylene, the reason for
the somewhat lower effect of triethylamine upon the
rate constant k4 in comparison with that upon k2 is not
entirely clear. It is obvious that increasing steric hin-
drance causes a decrease in the solvating ability of the
donor. Likewise, the increasing bulkiness of the organic
groups hinder complexing between the donor and the
magnesium center. It has been shown that the strong
Brønsted base triethylamine appeared to be a much

.


