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Synthesis of Organic Compounds over Selected Types of Catalysts
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Abstract: This study provides an overview for the utilization of different catalytic material in the synthesis of
organic compounds for important reactions such as heck reaction, aldol reaction, Diels- Alder and other
reactions. Comparisons between multiple catalysts for the same reaction and justifications for developing new
catalyzed materials are discussed. The following topics are introduced in this work; (1) solid base catalysts, (2)
clay catalysts, (3) palladium catalysts, and (4) catalysts to produce organic compound from CO2. The features
of these catalysts a long with the conjugated reactions and their selectivity are explained in details, also, some
alternatives for toxic or polluting catalysts used in industry are suggested.
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INTRODUCTION

Great scientific efforts are being performed to find
reactions that can be good alternatives for presented
reactions that aren’t environmentally friendly, toxic
chemicals, heavy metals, low yield and undesired by-
products (Costantino et al., 2008). Catalysts provides a
promising solution for many of the problems encountered
in the field of organic synthesis, it may reduce or
eliminate by-products in certain reactions or increase the
activity by changing the catalyst by another one.
Transforming soybean to biodiesel with calcined sodium
silicate catalyst (NA2O.nSiO2) increase the yield of the
reaction   to   95-100%   under   specified   conditions
(Guo et al., 2010).Solid base catalysts become an
important topic for research over the acid catalysts that
have enormous studies compared with solid base catalyst
(Ono and Baba, 1997). It sometimes provides numerous
advantages in comparison to acid catalyst like ease of
recycling and recovery, selectivity, high yield and
environmental advantages. Clay catalysts are one of the
most effective catalysts in the field of organic synthesis,
so it widely used due to their attractive properties like the
ability to modify these catalysts and create catalyst with
dual (bifunctional) behavior; acid- base, anion-cation and
catalysts supported on some clay materials (inert support).
The main component of clay materials is silicate layers
(Rajender, 2002), several studies have introduced new
modified clay catalysts and their role in organic reactions
(Rajender, 2002) (Dhakshinamoorthy and Pitchumani,
2008). On the other hand Palladium catalysts also play a
significant role in the C-C coupling reactions (Heck
reaction) (Beller et al., 1996). But it suffer from being
expensive materials and it should be highly loaded
(Bedford et al., 2004). Much interests are now made to
modify a complex palladium catalyst that overcome these

problems (Köhler et al., 2001). In addition, the conversion
of CO2 to useful compounds over catalytic materials is
one of the future’s technologies to respond to the
universal warnings and providing economical techniques
to transform carbon dioxide to valuable organic
compounds (Song et al., 2010). 

SOLID BASE CATALYST

A lot of Organic compounds can be catalyzed with
high selectivity for reactions or products with solid base
catalysts (Zhou et al., 2009). Many applications of solid
base   catalysts   were  discussed  by  (Hattori, 2011),
(Zhou et al., 2009) and (Ono, 2003) for organic reactions
such as:

Amination: Amines react with conjugated dienes on the
catalysts surface to form unsaturated amines; secondary
or tertiary. As an example of this reaction is the 1,3-
butadiene reaction shown in Eq. (1):

R1(R2)NH+CH2=CH–CH=CH2

R1(R2)N–CH2–CH=CH–CH3 (1)

Isomerization of olefins’ double bond: isomerization of
1-Butene to form 2-butenes is extensively discussed  for
different types of solid base catalysts to understand the
mechanism and properties of this reaction. Previous
studies for this reaction were extended to include double
bond changes in other complex olifens like illudadine,
carene and many others (Ono, 2003).

Dehydrocyclodimerization: Many reactions occur over
magnesium (MgO) and Zirconium (ZrO2) oxides to yield
aromatic   compound   from   conjugated  dienes  like  the
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Fig. 1: 1,3-butadiene dehydrocyclod-Imerization (Hattori, 2001)

Fig. 2: Reaction of acetone (aldol reaction) (Roelofs et al.,
2000).

Fig. 3: Methelation of Phenylacetonitrile/zellite catalyst (Ono
and Baba, 1997)

Fig. 4: N-methylation of  aniline/zeolite catalyst (Ono and
Baba, 1997).

reaction  of  isoprene  or  1,3-butadadiene as shown in
Fig. 1.

This  reaction  involves Diels- Alder reaction
(Ahrendt et al., 2000) then a migration of double bond
and finally dehydrogenation. Hydrotalcities (HT) solid
base  catalyst  or Mg6Al2(OH)16(CO3

2G)· 4H2O is greatly

used   for   the  aldol  reactions  (Ono  and  Baba,  1997;
Ghiaci, 2005; Ono, 2003) and (Roelofs et al., 2000)
discussed the formation of aldol (2) from acetone (1) by
self condensation and reaction of citral (3) and acetone by
cross condensation at 0ºC with modified catalyst of
hydrotalcite, the reaction is shown in Fig. 2. 

Conversion of vegetable oils to biodiesel provides
promising techniques for the transforming of fuel oil to
new clean source of energy with competitive properties.
For the first time (Guo et al., 2010) used the new solid
base catalyst calcined sodium silicate (NA2O.nSiO2) for
the production of biodiesel by transesterification of
soybean. The author reported high activity for this
reaction with >95% yield under defined conditions as
given in Table 1, comparison with different catalysts also
reported in Table 1.

Zeolite catalyst is an important weak base catalyst
and provides special selectivites for specific reactions. As
an example for this reaction is the methelation of
Phenylacetonitrile with ion exchanged zeolite according
to the reaction shown in Figure (3) (Ono and Baba, 1997).

Another reaction over the same zeolite catalyst is the
aniline N-methylation with the presence of DMC as
appeared in Fig. 4.

These reactions give N,N-dimethylaniline and N-
methylaniline  with controlled selectivity for one  product
under  certain conditions like contact time, temperature
or DMC to aniline ratio as discussed by the author.

Other organic reactions over solid base catalyst also
discussed   and   by  (Ono  and  Baba,  1997)  and
(Hattori, 2001) like the Addition of adol, Reactions of
nitroaldol, Addition of Michael, Reaction of Tishchenko
and Cyanoethylation. Also variety of solid base catalysts
were reviewed by (Ono and Baba, 1997) such as zeolites
and its modification, earth oxides (MgO, CaO), alkali
metals, Potassium amide on alumina and other catalyst.
The author reported the problems of using such catalysts
such as the fast poisoning of some catalysts by CO2 or
water,also the low reaction rate due to diffusion into some
porous catalysts. Table 2 summarizes some kinds of solid
base catalyst.

Table 1: comparison between different catalytic reactions conditions (Guo et al., 2010)
Reaction conditions
--------------------------------------------------------------------------------------------------------------------- Biodiesel

Catalyst Amount of catayst (wt.%) Temperature (ºC) Time (min) Ratio of methanol/oil yield (%)
Cacined sodium silicate 3 60 60 7.5:1 >95
MgO 10 100 120 60:1 <40
Al-Mg hydrotalcite 10 100 180 60:1 <80
KNO3/Al2O3 6 70 420 12:1 87
Montmorillonite KSF 3 190 180 8:1 79.6
lon-exchange resin 20-40 50 120 20:1 >80
CaO 8 65 180 12:1 >95
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Fig. 5: Condensation of heptanal with acetaldehyde (Tichit et al., 2003)

Table 2:  Different kinds of solid base catalysts (Hattori, 2001).
Metal ions suppoted alkali 

Alkali metal on alkaline earth oxide
Alkali metal ions on alumina 
Alkali metal ions on silica
Alkali metals and alkali metal hydroxides on alumina

Metal oxides of Single component
Alkaline earth oxides  
Rare earth oxides          
ThO2 , ZrO2 , ZnO, TiO2
Alkali metal oxides

Clay materials      
Chrysotile
Sepiolite
Hydrotalcite

Zeolites
Alkali ion-added zeolites
Alkali ion-exchanged zeolites

Non-oxide
Nitride and Lanthanide imide and on zeolite
KF/alumina (supported on alumina)

CLAY CATALYST

Clay materials provide special features to be used as
catalysts such as ease of use and preparation, versatility,
selectivity, low cost and many other features, also it can
be divided into two categories; anionic and cationic clays
depending on it is chemical and ionic structure (Rajender,
2002 ) and (Vaccari, 1999 ). This type of catalyst (Clay or
modified clay) is widely used for the reaction of many
organic compounds (Nagendrappa, 2010) such as
condensation reactions, synthesis of imine, Michael
reaction, alkylation and many others.

Some types of clay catalyst can be used as an acid or
base catalyst to perform a series of reactions or individual
reactions. Heptanal (6) and acetaldehyde (5) reacts to give
nonenal (7) with hydrotalcite clay catalyst at a
temperature  of  100  Cº along  with ethanol solution
(Tichit et al., 2003) as shown in Fig. 5.

Friedel- crafts alkylation reaction can be catalyzed
over clay catalyst Montmorillonite (Rajender, 2002) as an
environmentally friendly replacement for the   polluting
aluminum chloride used in industry .The reaction is very
selective and active with this type of clay catalyst, Fig. 6
demonstrates this reaction. (Rajender, 2002) Also
discussed the important transformation of alcohol to
carbonyl compounds without using heavy metals. The
author used a clay catalyst called (clayfen) which is
montmorillonites catalyst with Fe (II) nitrates
impregnated on it, as shown in Fig. 7.

Fig. 6: Friedel- crafts reaction (Rajender, 2002).

Fig. 7: Conversion of alcohol over clayfen catalyst
(Rajender, 2002).

Table 3: Reaction yield and time (Rajender. 2002)
R R! Time (s) Yields (%)
H C6H5 15 92
CH2CH3 C6H5 30 87
C6H5 C6H5CO 60 93
H p-CH3C6H4 15 94
H p-CH3OC6H4 - 96
p-CH3OC6H4CO p-CH3OC6H4 60 94
H Telrahydrofurfuryl 30 90

- (CH2)5- 30 89

Where MW represents microwave irradiation as a
source of energy. Table 3 shows the experimental results
obtained from this reaction. An important application of
the  catalyst  modification  what  was reported by
(Motokura et al., 2005) when two catalyst were
combined; basic layered clay with an  acid layered clay
which produce base-acid catalyst. Ti+4 mixed with basic
hydrotalcites to give series of reactions sequentially like
Michael addition followed by acetalization reaction and
adol with deacetalization condensation.

An important application of the catalyst modification
what was reported by (Motokura et al., 2005) when two
catalyst were combined; basic layered clay with an  acid
layered clay which produce base-acid catalyst. Ti+4 mixed
with basic hydrotalcites to give series of reactions
sequentially like  Michael addition followed by
acetalization reaction and adol with deacetalization
condensation. (Dhakshinamoorthy and Pitchumani, 2008)
used nanoparticles of nickel (Ni) entrapped in
Montmorillonite clay (K10) mtrix for styrene
hydrogenation (Fig. 8) and then extended the work for
other unsaturated compounds. The products and related
yields are sumerized in Table 4. (Nagendrappa, 2010) also
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Table 4: Products and yields over nanoparticles of nickel catalyst (Dhakshinamoorthy and Pitchumani, 2008)
Entry Substrate Product Yield (%)

Fig. 8: Styrene hydrogenation (Dhakshinamoorthy and
Pitchumani, 2008)

discusses a lot of important reactions such as the Friedel-
Crafts reaction which take an important role in the
manufacturing of different chemicals and pharmaceutical
applications. Another important one is the Diels-Alder

reactions which considered as one of the main reaction in
forming complex compound from other simpler ones.

Palladium catalyst: Palladium compounds are widely
used in C-C coupling which is known as Heck’s reaction
(Bedford et al., 2004; Köhler et al., 2001) since it gained
great interests in manufacturing fine chemicals, the main
advantages of this catalyst are the high activity and
selectivity comparing with other types of catalysts
especially with Heck reaction at which Pd catalyst shows
high   Pd   catalyst   can   be  supported  on zeolites
(Köhler et al., 2001 ), metal oxides and on carbon which
is one of the   important   investigations   in  the  field  of



Res. J. Appl. Sci. Eng. Technol., 3(5): 408-414, 2011

412

Fig. 9: Heck reaction of styrene (2) with bromoarenes(1) (Köhler et al., 2002).

Fig. 10: Reaction of epoxide and CO2 (Song et al., 2010)

Table 5: Supported palladium selectivity and activity (Motokura et al., 2005)
Catalyst (5 wt. %) Conversion (%) l,l-Diphenylethene 5 (%) cis-stilbene 4 (%) trans-stilbene 3 (%)
pdMgO 39.7 2.9 0.3 36.5
Pd/TiO2 I 41.2 3.0 0.4 37.9
Pd/TiO2 II 45.9 3.3 0.4 42.2
Pd/SiO2 8.2 0.6 0.1 7.5
Pd/ZnO 33.3 2.6 0.3 30.3
Pd/ZrO2 49.1 3.7 0.4 45.0
Pd/C 83.8 6.4 0.8 76.6
Pd/H-mordenite 82.5 6.0 0.7 71.5
[Pd(NH3)4]NaY 100 6.5 0.7 84.7

catalysts preparation (BifWs et al., 2001). An interesting
example of  Pd/C (Pd supported on carbon) is heck
reaction between styrene(2) with bromoarenes (1) to
produce E or Z- stilbene (3), (4) respectively and a
byproduct (5) as shown in Fig. 9.

This reaction discussed by (Köhler et al., 2002) at
different catalyst properties with (R = H ) to give a
reaction between styrene and bromobenzene. The authors
reported that 90% conversion of bromobenzene in 2 h at
low concentration of catalyst (0.005 mol% of Pd) can be
achieved by changing the parameter of the reaction.

For the same reaction, (Motokura et al., 2005)
reported the differences in conversion for palladium
catalyst  supported  on  different zeolites and oxides
(Table 5). From the table one can notice that a conversion
of 83.8% is  achieved  comparing  with  90% from
(Köhler et al., 2002); this can be easily explained by
understanding  the reaction conditions and how it affect
the conversion percent.

Synthisis organic carbonate from CO2: In the last few
years Carbon dioxide transformation to useful compounds
has gained a lot of interest because of the economical
return as renewable source of carbon and the increased
global and environmental issues (Dai et al., 2009).

CO2 can be converted with epoxides to carbonate
over homogeneous or heterogeneous catalyst;
homogeneous catalyst provides higher efficiency than
heterogonous one. But, heterogeneous catalyst also has
important properties such as separation, stability and
regeneration of catalyst.

Figure 10 shows the cycloaddition of carbon to
organic epoxide over high efficiency homogenous catalyst
like ionic liquids, base catalyst and many other types of
catalyst, also the reaction can be carried over
heterogeneous catalyst with the advantages of high
technical and operational control. Zhou et al. (2009) and
Jagtap et al. (2006) discussed the reaction in Figure 10
over metal-organic framework (MOF-5) for various
combinations, where the letters in Table 1 refers to:

Ph: benzene ring:
b:  R = PhOCH2                        c:  R = ClCH2
d:  R = Ph                        e:  R = -(CH2)4-

Jagtap et al. (2006) also studied reaction 9 but over
silica supported liquid phase catalyst and reported an
improvement  in  the  activity of the reaction and
selectivity  comparing  with  the  published  results in
literature   before   2006,   but   a  fast caparison with the
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Table 6: Production of carbonate using MOF-5 catalyst (Song et al., 2010)
Entry Epoxides Products Time (h) Yield (%)

work of (Song et al., 2010 )  shows higher improvement
when using (MOF-5) than liquid phase catalyst. For
example reaction number 3 in Table 6 provides a yield of
95% while (Jagtap et al., 2006) reported a yield of
84.78%. 

Another study for the synthesis of carbonate from
epoxide was made by (Aresta et al., 2003) using Nb2O5
catalyst, and reported that this type of catalyst and its
complexes is an active catalyst for the carboxylation of
propene and styrene oxides, The author also compared
catalytic and non-catalytic carboxylation reaction and
shown the improvement in the yield of this reaction.
Yoshida et al. (2006) explained the use of other catalysts
(CuCl2) for the synthesis of carbonate from epoxide in
order to find alternatives for the toxic material used in this
reaction as described in equations a and b:

2CH3OH + 1/2O2 + 2CuCl2÷Cu(OCH3)Cl + H2O (a)
2Cu(OCH3)Cl + CO ÷ (CH3O)2CO + 2CuCl (b)

The author also discussed the use of PdCl2/NO as
catalyst for the reaction.

2CH3OH + 2NO +1/2O2÷ 2CH3ONO + H2O (c)
2CH3ONO + CO ÷ (CH3O)2CO + 2NO (d)

Aresta and Dibenedetto (2002) used CeO2  catalyst to
produce (DMC) dimethyl carbonate from CO2 and alcohol
(CH3OH) according to equation (f), DMC can be used as
gasoline octane improver, so it attract  many researchers
to develop  new and practical methods  with high yield
and selectivity. 

2CH3OH + CO2 ÷ (CH3O2)CO + H2O (f )

The author reported that the usage of CeO2 - ZrO2
catalyst in the synthesis of DMC is more effective than
H3PO4/ZrO2 catalyst.

CONCLUSION AND RECOMMENDATION

The increasing advances in organic synthesis field
require rapid developments in preparation and
modification of new catalyst materials in order to keep on
with the growing industrial and environmental
requirements. Solid base catalyst provides a rich source
for new catalyzed minerals that can be sometimes much
effective than traditional acid catalyst and solubility
problems can be avoided, also, modified clay minerals
and supporting technique is an important method to
produce catalysts with unique properties and increase the
area of the active sites that can’t be achieved with the
recent catalysts. The environmental issues also require
new material to replace the toxic solvents, heavy metals,
chemical pollutants, contaminated by-products and none
degradable materials, this can be achieved by making the
reactions to occur in a selective manner to enforce the
green chemistry principle.

Despite the attractive properties of some type of
catalysts, there are often problems in the application of
new catalytic reaction. For example there is no unified
definition   for   solid   base   catalyst  characteristics
(Ono, 2003). The present spectroscopic techniques are not
always applicable to describe the most of solid base
catalysts.  On  the  other  hand  some catalysts gives low
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yield and selectivity, these reactions need extensive
searches for modifying the conditions of the reaction or
the catalyst itself as the work made by Guo et al. (2010)
and Jagtap et al. (2006).
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