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Condensation reactions of aromatic aldehydes with acetone for carbon-carbon bond formation are
catalysed by magnesium carboxylate complexes. Two magnesium complexes having compositions [(4-
NOz-C5H4C02)2Mg(CH3OH)4] (1) and [(4-CH3-C5H4C02 )zMg(CH3OH)2(H20)2] (2) that are catalysts for
such reactions are synthesized. They are prepared by reacting metallic magnesium with methanol in the
presence of 4-nitrobenzoic acid and 4-methylbenzoic acid, respectively. Structures of 1 and 2 are deter-
mined by X-ray crystallography. The catalytic reactions of these two complexes for carbon-carbon bond
formation reactions of various aromatic aldehydes with acetone are presented.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Magnesium compounds are used as mediators or catalysts
for several organic reactions [1,2]. Magnesium carboxylate com-
plexes also act as carrier for carbon dioxide [3]. Among various
magnesium compounds, magnesium oxide is a versatile cat-
alyst for carbon-carbon bond formation reactions [4-13]. The
carbon-carbon bond formation by magnesium carboxylate com-
plexes are not studied in details due to their limited synthetic
procedure and hygroscopicity. It is reported that acidity of water
molecules bound to magnesium ions differs in different magne-
sium carboxylate complexes [14]. It is also known that magnesium
oxide behaves as a mild base and it can deprotonate methanol
[15]. The structural aspects of magnesium carboxylate complexes
are extensively studied [16-19,1,20] and a variety of magnesium
carboxylate complexes having different structural features con-
tribute to enzyme activities [21]. Thus, it is important to understand
the structural features along with the catalytic abilities of differ-
ent magnesium carboxylate complexes. In this report we describe
a method for preparation of two magnesium carboxylate com-
plexes and also report their catalytic activity for aldol condensation
reactions.
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2. Experimental
2.1. Synthesis of magnesium carboxylate complexes 1 and 2

Metallic magnesium powder (24 mg, 1 mmol) was suspended
in methanol (15 ml) with corresponding aromatic carboxylic acid
(2mmol). The mixture was refluxed for about 12 h. During this
period all the metallic magnesium got dissolved and a transpar-
ent solution was obtained. Crystalline product of the magnesium
complexes were obtained on slow evaporation of solvent (yield,
30-40%). The magnesium content in these complexes was deter-
mined by titration with ethylenediamine tetra-acetic acid and
found to be satisfactory for the proposed structures. The complexes
1 and 2 have 'H NMR signals identical to the parent carboxylic acid
in DMSO-dg.

2.2. Spectroscopic data for the complexes 1 and 2

[(4-NO,-CgH4CO,); Mg (CH30H)4] (1): IR (KBr, cm~'): 3466
(bs), 1622 (s), 1586 (s), 1507 (s), 1416 (s), 1348 (s), 1322 (s), 1107
(s), 879 (s), 799 (s), 724 (s). Crystallographic parameters: CCDC
number 677166, Formula, C;gH4MgN,01,, Mol. wt. 484.70, Crys-
tal system, Monoclinic; Space group, P2(1)/c; a/A, 12.2754(10); b/A
13.2020(10); c/A, 7.3074(6); «/°, 90.00; B/°, 96.064(5); y/°, 90.00;
V/A3,1177.61(16); Z=2; Density/mgm~3, 1.367; Abs. Coeff./mm~!,
0.139; Abs. correction, none; F (000), 508; Total no. of reflections,
11319; Reflections, I>20 (I), 1617; Max. 0/°, 28.36; Complete-
ness to 20 (%), 97.1; Data/restraints/parameters, 2859/0/161; Goof
(F?), 1.165; R indices [I>20 (I)], 0.0452; R indices (all data),
0.0870.
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R=N02

2RCgH4COOH + Mg + CH30H(zq) —

R=CH3

> [(RCsH4CO2),Mg((CH30H)4]
1

[(RCgH4CO2)2Mg(CH30H)2(H20)-]
2

Scheme 1. Reactions of magnesium with methanol in the presence of aromatic acids.

[(4-CH3-C6H4C02)zMg(CH30H)2(H20)2] (2) IR (KBI‘, cm—l):
3445 (bs), 1607 (s), 1591(s), 1548 (s), 1434 (s), 773 (s). Crystal-
lographic parameters: CCDC no. 682865; Formula, C;gHy5MgO0g;
Mol. wt. 394.7; Crystal system, Monoclinic; Space group, P2(1)/c,;
afA, 13.5869(2); b/A, 7.64960(10); c/A, 10.4735(2); a/°, 90.00; BJ°,
102.3940(10); y/°, 90.00; V/A3, 1346.92(9); Z=2; Density/mgm™!.,
1.233; Abs. coeff./mm~1, 0.122; Abs. correction, none; F (000), 420;
Total no. of reflections,14,242; Reflections, I > 2o (I), 2046; Max. 6/°,
28.30; Completeness to 26 (%), 99.4; Data/restraints/parameters,
2627/0/138; Goof (F?), 1.058; R indices [I> 20 (I)], 0.0405; R indices
(all data), 0.0511.

2.3. Magnesium carboxylate catalysed carbon-carbon bond
formation reactions

In a typical experiment, a solution of magnesium complex 1
(5mg, ~0.01 mmol) and acetone (580 mg, 10 mmol) in dry tetrahy-
drofuran (5 ml) were taken in a two necked round bottomed flask.
The flask was fitted with a dropping funnel and a guard tube. It was
than placed in an ice-bath maintaining temperature 5-10 °C. To this
solution 4-methylbenzaldehyde (120 mg, 1 mmol) was added and

(a)

the reaction mixture was stirred for 10 h. The reaction mixture was
brought to room temperature and the solvent was removed under
reduced pressure. Water (5ml) was added to the crude products
and organic products were extracted with dichloromethane and
dried over anhydrous sodium sulphate. The dichloromethane was
removed. The residue was purified by preparative TLC. The prod-
ucts were further characterised by recording their 'H NMR, IR and
comparing them with authentic samples.

3. Results and discussion
3.1. Synthesis and characterization of the catalysts

The magnesium complexes 1and 2 having composition [(4-NO;-
CsH4CO,);Mg(CH30H)4] (1), [(4-CH3-CgH4CO2);Mg(CH30H),
(H20),] (2), were prepared by reacting of metallic magnesium
with methanol in the presence of 4-nitrobenzoic acid and 4-
methylbenzoic acid respectively (Scheme 1). In this reaction at
first magnesium forms methoxides which reacts with carboxylic
acids to give the desired metal complexes. The complexes were
characterised by TH NMR, IR and also by determining their crystal

Figure 1. Crystal structure of magnesium complexes (a) 1, (b) 2 (drawn with 50% thermal ellipsoids) and (c) and (d) are hydrogen bonded self-assemblies of 1 and 2.
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structures. The 'H NMR spectra of these complexes shows identical
signals to that of the parent carboxylic acids. Both the compounds
have characteristic OH frequency in the region of 3400-3450cm™!.

The complexes 1 and 2 have six co-ordination environment
around magnesium. The complex 1 has two mono-dentate carboxy-
late ligands, trans to each other and the other four co-ordination
sites are occupied by methanol molecules (Fig. 1a). The O-H
bond of methanol molecules is involved in intra (Og-H- - -O3; dp_y
1.00A, dp_a intra 2-67 A; <D-H. - -A 162.49°) as well as intermolecular
(Os-H---03;dp-p 0.81A,dp_a inter 2-66 A; <D-H.- - -A 158.53°) hydro-
gen bond interactions. In addition to these, the nitro groups are
involved in C-H- - -0 interactions, which leads to the closed packed
structures as illustrated in Fig. 1c. The packing pattern of complex
1is controlled by N-O-. - -H interactions between the nitro groups of
aromatic ring with methanol ligands (Fig. 1c) and it has a grid like
structure.

In contrast to these the complex 2 has two aqua ligands, two
methanol ligands as well as two monodentate 4-methylbenzoate
ligands. The complex is symmetric with respect to a mirror plane
and has identical pairs of ligands positioned at trans position with
respect to each other (Fig. 1b). The alcohol OH groups are intra-
molecular hydrogen bonded (O3-H.--Oy; dp.y 0.85A, dp_pintra
2.63A; <D-H..-A 164.86°) and the aqua ligands are involved in
intermolecular hydrogen bond (04-H.--Oy; dp_y 0.85A, dp_a inter
2.77 A; <D-H. - -A 185.39°) to generate step-like structures (Fig. 1d).

3.2. Catalytic C-C bond formation reactions

The C-C bond formation reactions between aromatic aldehyde
and acetone are catalysed by the magnesium complexes 1 and 2.
Both the complexes have similar catalytic efficiency. Some reac-
tions carried out using these catalysts are shown in Equation 1.
The yield of the corresponding condensed products varies from 30%
to 60%. The two catalysts studied have different compositions but
they show similar reactivity. Both the complexes are found to be
hygroscopic and lose carboxylate as carboxylic acid by hydrolysis.
The advantage of these catalytic carbon-carbon bond formation
reactions is that, the products donot undergo further dehydra-
tion to form unsaturated carbonyl compounds, which is generally
observed.

O Mg-catalyst (1 mole %)

o)
R‘Q—/( + HC)kCH &
H 8 8 THF 8-10°C,8h

R =NO,, CH3, CH30, Mg-catalyst=1, 2

The presence of electron withdrawing groups such as nitro-
group does not significantly affect the yield of the condensed
product in the catalytic reactions of 1 (Table 1). But the reactions
of substrates like 2-hydroxy or 4-hydroxybenzaldehyde gave very
poor yield (<5% after one day continuous stirring) of condensed
products. The reaction described in Equation 1 takes place at low
temperature 5-15 °Cin a smooth manner. Upon increasing the tem-
perature to room temperature, the yield of condensed products
does not increase. Thus, these reactions may by governed by a
solvolytic equilibrium as illustrated in step (i) of Scheme 2. Such
equilibrium leads to the formation of solvated magnesium hydrox-
ides and the solvated magnesium hydroxide formed in the reaction
facilitates the coupling reactions to form aldol products as illus-
trated in step (ii). In this step water is generated and the equilibrium
of step (i) is pushed towards left side. The magnesium carboxylates
thus formed are unstable and hydrolytically cleaves to give mag-
nesium hydroxide. The process continues and makes the reaction

Table 1
Reactions of various aromatic aldehydes and acetone catalysed by 1 (1 mole %).
Entry Aldehyde Time (h) Product Yield (%)
H._.O HO
1 02N 12 OQN\él/ }
H. _.O HO
/5&/
2 12 60
O,N O,N
H._.O HO
(o]
3 12 65
NO, NO,
H._.O HO.
4 é 18 61/ 55
H._.O HO
(o]
5 18 50
CHy CHs

catalytic. The pH of the solution remains within 7.5-8 during the
course of these reactions; this suggests that the reactions take place
under near neutral condition. This happens as hydrolytic cleavage of
the carboxylate complexes as illustrated in the first step of Scheme 2
leads to a minimum amount of hydroxyl anion.

CHj
OH

From the substrates shown in Table 1, moderate yield of the
condensed products were obtained. The magnesium oxide nano-
particles were studied for catalytic reactions for aldol condensation
[10]. Significantly, such reactions were used to prepare enantiomers
in the presence of various chiral amines [22]. We studied the reac-
tion of 4-methylbenzaldehyde with acetone in the presence of
catalytic amount of 1 and amines like pyridine, triethylamine, ethy-
lamine etc. The presence of amine in our reaction solutions led
to multiple products without increase in yield of aldol products.
Formation of multiple products makes the separation process very
cumbersome and hence we did not proceed for further reactions
with chiral amines. The reactions carried out by magnesium com-
plexes 1 and 2 are comparable to the reported magnesium-oxide
catalysed heterogeneous reactions, in terms of yields [7]; but not
in terms of the stereochemistry. In the case of nano-catalysis and
solid-state reactions product separations could be done by filtration
[6]; while our reactions were carried out under homogeneous con-
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[Mg(sol)(OH), + RCOOH + CH3OH (i)

m, n and x are integers; sol = solvent

sol o
[Mg(sol),J(OH), === [Mg(sol),]?* . 2 OH
o
0 OH J(-Jk o
—_—
mCAng HsC ch, * 20
l RCHO
OH

Scheme 2. Proposed reaction mechanism for C-C bond formation reactions catalysed by magnesium carboxylates.

dition, hence the catalysts were to be separated by chemical means.
However, the advantage of our system is the ease of preparation of
the catalysts, starting from magnesium metal itself. To keep consis-
tent morphology pre-screening is essential for the nano-particles or
supported metal catalyst, which is not needed in the case of our cat-
alysts and our catalysts are air-stable which do not degrade under
ordinary condition.

In conclusion we have demonstrated a methodology of synthesis
for magnesium carboxylate complexes from reactions of magne-
sium metal with methanol in the presence of aromatic carboxylic
acids. Irrespective of parent carboxylic acids, the complexes are
suitable catalyst for aldol condensation reactions. The C-C bond
formation between aromatic aldehydes and acetone using magne-
sium benzoate complexes as catalysts is observed to give [3-keto
alcohols as the major product.
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