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1. Introduction 
Modern Challenges for Organic Synthesis 
 
From simple molecules to organic or potent drugs like Taxol, organic chemistry 
serves as a fundamental tool to create new and useful molecules that are relevant to 
our daily life.  

Traditionally, prefunctionalization, that is tuning the reactivity of a substrate by 
introducing appropriate functional groups, is extensively used for the synthesis of new 
molecules. These methodologies are highly potent and selective to achieve highly 
efficient synthesis of challenging molecules, but they involve extra steps for 
prefunctionalization, and create much waste. The catalysts typically rely on rare, 
expensive, and toxic second- and third-row transition metals, although recent 
progresses have allowed the use of sustainable first-row metals as catalysts.  
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Figure 1:   “Traditional” Synthesis vs. C–H Activation 

Ideally, organic transformation reactions would make use of the ubiquitous C–H 
bonds for the formation of new C–C bonds, but most of these C–H bonds are not 
reactive enough to be synthetically valuable. There is also the problem of selectivity, 
that is, the target reaction must differentiate among the numerous C–H bonds of the 
substrate, and therefore a directing group is typically utilized.  

Even so, much progress has been made, and second- or third-row transition metals 
such as palladium, platinum, rhodium, amongst others, have been efficiently used as a 
catalyst to effect direct functionalization of C–H bonds.1 Effective these metallic salts 
may be, they pose environmental and health problems due to their high toxicity. 
Because of these reasons, there is a motivation to develop synthetic methodologies 
that use cheaper, environmentally benign alternative metals, in order to sustain the 
consumption of catalysts for organic synthesis in the long run.  

 

Iron as an Ideal Catalyst 
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One of the current candidates is iron, one of the most abundant metals found on the 

 famous examples of the usage of iron in 
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of transition metal catalyzed aromatic C–H 

Earth’s crust. Iron can be found in organisms, for example the hemoglobin in our red 
blood cells also makes use of iron to transport oxygen to the rest of our body, and it 
also found numerous applications in industry, giving the name of an early 
technological revolution in human history, the “iron age”, and in modern ages being 
the main component of steel for example.  

In the field of chemistry, one of the most
catalysis are oxidations or the Friedel-Craft reaction,  but until recently, its uses in 
organic synthesis are limited, as a result of the popularity of highly efficient catalysts 
based on second- and third-row transition metals.  Currently, driven by the need to 
develop sustainable methodologies, many research groups are working on developing 
new synthetic routes using iron to gradually replace more expensive and toxic 
transition metals. It is rather challenging because unlike platinum or palladium, the 
mechanisms of iron-catalyzed reactions still remain unclear until today, and the 
reactivity of organoiron species is very difficult to control. 

Iron-Catalyzed C–H Bond Activation 

Although there are many examples 
arylation, iron-catalyzed aromatic C–H activation followed by C–C bond formation 
(eq 1) has only been reported recently in our group.3 
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On the other hand, olefinic C–H bonds are much less studied, despite the importance 
of substituted olefins and the lack of practical and selective synthetic methodologies. 
Our group recently discovered a new method for direct arylation of olefinic C–H 
bonds using iron as a catalyst (Scheme 2). This reaction proceeded with high yield 
and selectivity, and in view of the need to expand the utility of this reaction, we 
explored its application for the synthesis of functional molecules and for medical 
applications. 
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2. Results and Discussion 

Applications for the Synthesis of Functional Molecules 

Recently, some indene-containing molecules developed in our group were 
demonstrated to possess desirable properties such as ambipolar charge transport for 
organic light-emitting diodes (OLEDs).4 We realized that the directing group, the 
pyridyl group in this case, essential for our iron-catalyzed arylation reaction, could be 
exploited for its intrinsic electronic properties to enhance the performance of this 
class of indene containing compounds, and we synthesized some indenes to try this 
functionalization reaction (Figure 2).  
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 Figure 2:  
Indene-Containng Compounds 

 

The functionalization of indene 1 (eq 4) led to two inseperable isomers 2a and 2b. 
The idea was to introduce a dimethyl/diphenyl cap (Figure 3) to prevent isomerization 
during the main reaction. 
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Figure 3:  
Dimethylated and Diphenylated Indenes 
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Initially, there were problems of introducing the dimethyl group to indene 1, which 
could be due to the resonance structure formed during the deprotonation when n-butyl 
lithium was introduced to the reaction mixture (Figure 4). The reaction was modified 
a few times to prevent the resonance effect from affecting the way the methyl group 
was directed during the second step, but the desired product 5 was not determined.  
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 Figure 4:  
Resonance Structures of Intermediate 3b 

 

An alternative approach was tried, by first synthesis of various ketones,5 condensation 
to form the intermediate alcohol, then dehydration to afford the desired substrates. 
First, dehydration was tried with conc. H2SO4, which failed to give the desired 
product. This step was modified by the use of acetic anhydride (Ac2O) and N,N-
dimethylpyridin-4-amine (DMAP) and refluxing the mixture at 120 °C for 2.5 hours,6 
which afforded the compounds 5 and 6. (eq 6 and 7) 
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Next, the iron-catalyzed C–H bond activation reaction was tried on both olefins 5 and 
6 (eq 8 and 9). 

 

 

 

The yield for the direct arylation reaction for dimethylated indene 5 was only 
moderate, whilst there was no product detected for diphenylated indene 6.  

Since the reaction was previously found to be sensitive to steric hindrance, that might 
be the reason for the low yields of 7 and 8.  

In that case, the reaction conditions (solvents, ligands, and etc) will be considered and 
modified to improve the yield of the C–H bond activation product. Also, the structure 
of the substrates might be slightly modified to reduce steric hindrance. 

 

 

 

 



Applications for the Synthesis of Bioactive Molecules 

Manzamine A, a natural product found in the marine sponge Haliclona sp. off the 
coast of Okinawa, has been extensively researched for being a potent drug in the 
treatment of malaria. 7  Manzamine A shows broad biological activity, such as 
antibacterial and antiviral properties. Different fragments of this complex molecule 
have been examined for their bioactivity, but they were never found to be as potent as 
Manzamine A itself. One of the fragments in the Manzamine core has the ideal 
directing group that is required for the iron-catalyzed direct arylation reaction (Figure 
5).  

 
Figure 5:  

Simplified Carbazole fragment from Manzamine A  

The retrosynthesis of the Manzamine A fragment suggested several synthetic 
alternatives. The most viable route was to use a simple and commercially available 
compound, tryptamine 10, and adding 1-cyclohexen-1-carboxylaldehyde 9 with 
trifluroacetic acid via a modified Pictet-Spengler cyclization in a two-step reaction to 
form the target molecule (eq 10). 

 

(10) 

Since the functionalization of the olefin has never been attempted, the iron-catalyzed 
C–H bond activation will be tried with the fragment (eq 11), and subsequently the 
functionalization of the Manzamine A core itself will be attempted, and finally, the 
bioactivity of the functionalized Manzamine A will be screened.  
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3. Conclusion and Perspectives 

The employment of iron catalysts in both materials and medical applications would 
make use of newly developed methodologies to create useful molecules. Studies 
towards the creation of indene molecules with ambipolar charge transport properties 
will lead to molecules that may be useful in OLEDs, and studies towards the 
functionalization of the Manzamine A olefin group will be a step towards improving 
the potency of the drug towards malaria.  

In the long run, the development of synthetic methods utilizing iron as a catalyst will 
be beneficial to the environment as iron is a sustainable and non-toxic metal, as well 
as to the industry, due to the broad availability and low cost of this metal.  


