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Abstract 

Electric current is known to flow through the π-bonds in oligothiophenes. In order to use them 
as molecular wires it is important to use a technique where the potential gradients can be 
generated and maintained in supramolecular networks. A solution to this problem can be the 
use of metal complexes as junction points within such a network. 
 
In this project pathways to synthesize 2-thia-7,8-diaza-cyclopenta[l]phenanthrene (1) and 1-
thia-7,8-diaza-cyclopenta[l]phenanthrene (2) for use in molecular electronic devices have 
been investigated. 4-(5-Bromo-thiophen-2-yl)2,2’-bipyridine (3) was prepared via Kröhnke 
reaction from 3-(5-bromothiophene-2-yl)acrolein and 1-(2-Oxo-2-pyridine-2-yl-ethyl)-
pyridinium iodide in an overall yield of 14 %.    
 
Several routes towards 2-thia-7,8-diaza-cyclopenta[l]phenanthrene (1) and 1-thia-7,8-diaza-
cyclopenta[l]phenanthrene (2) were tested. Since the original planned pathway did not work, 
lack of time made it impossible to complete the series of experiments that were needed. The 
synthesis of 2-thia-7,8-diaza-cyclopenta[l]phenanthrene (1) is almost finished. Due to the 
solvation problems, after the decarboxylation step, the product could not be analyzed by 1H-
NMR in a satisfactory manner. The product was sent for analysis.  
 
A number of experiments towards 1-thia-7,8-diaza-cyclopenta[l]phenanthrene (2) were tested 
but few of them worked as planned. There is a lot of work left to be done in the synthesis of 
this compound but the lack of time made it impossible.  
 
The chemistry that has been achieved is the synthesis of 1,10-phenanthroline-5,6-dione in the 
synthesis of 2-thia-7,8-diaza-cyclopenta[l]phenanthrene (1). The following Hinsberg 
thiophene synthesis probably worked but due to solvation problems the product could not be 
isolated. The final product after hydrolysis and decarboxylation of the remaining ester groups 
after the Hinsberg thiophene synthesis was tested but the results were difficult to confirm. 
 
In the synthesis of 1-thia-7,8-diaza-cyclopenta[l]phenanthrene (2) several attempts to make 
3,4-diamino-N,N-diethyl-benzamide were made. The attack from the primary amines on the 
carbonyl carbon made it necessary to protect them. The attempt to synthesize 3,4-bis-
acetylamino-N,N-diethyl-benzamide also failed, both the attempt directly from the carboxylic 
acid and through the acylchloride, even though the amines were protected.    
 
 

 

 

 



Sammanfattning 

Oligotiofener är kända för att leda elektrisk ström genom π-bindningarna. För att kunna 
använda dem som elektriska ledare i supramolekylära nätverk måste en teknik användas som 
gör att potentialen kan genereras och hållas stadig. En lösning på detta problem kan vara 
användandet av metallkomplex som bindningspunkt i ett sådant nätverk.  
 
I det här projektet har vägar att syntetisera 2-tia-7,8-diaza-cyklopenta[l]fenantren (1) och 1-
tia-7,8-diaza-cyklopenta[l]fenantren (2), för användning i molekylära elektroniska system, 
undersökts. 4-(5-Bromo-tiofen-2-yl)2,2’-bipyridin (3) syntetiserades via Kröhnke syntes i ett 
totalt utbyte på 14 %.    
 
Många syntessteg mot 2-tia-7,8-diaza-cyklopenta[l]fenantren (1) och 1-tia-7,8-diaza-
cyklopenta[l]fenantren (2) har testats. På grund av att den syntesväg som först togs fram inte 
fungerade, och en ny arbetades fram, räckte inte tiden till för att slutföra alla syntessteg som 
behövdes. Syntesen av 2-tia-7,8-diaza-cyklopenta[l]fenantren (1) är nästan färdig. På grund av 
löslighetsproblem efter dekarboxyleringen var det svårt att analysera produkten med 1H-NMR 
på att tillfredställande sätt. Produkten skickas iväg för vidare analys. 
 
Ett antal av experiment gjordes i försök att syntetisera 1-tia-7,8-diaza-cyklopenta[l]fenantren 
(2), men bara en del fungerade som önskat. Det är väldigt mycket jobb kvar på de här 
synteserna men på grund av tidsbrist så avslutas projektet innan dessa är färdiga. 
 
Kemin som har lyckats är syntesen av 1,10-fenantrolin-5,6-dion i syntesen mot 2-tia-7,8-
diaza-cyklopenta[l]fenantren är  (1). Den efterföljande Hinsberg tiofen syntesen lyckades 
förmodligen men tack vare löslighetsproblemen så kunde produkten inte isoleras. 
Slutprodukten efter hydrolisering och dekarboxylering av estrarna efter Hinsberg syntesen 
prövades men produkten kunde ej identifieras på grund av att den var extremt svårlöslig i de 
lösningsmedel som fanns tillgängliga för NMR analys.  
 
I syntesen mot 1-tia-7,8-diaza-cyklopenta[l]fenantren testades syntesen av 3,4-diamino-N,N-
dietyl-benzamid flera gånger. Efter antagandet om att de primära aminerna attackerar 
karbonylkolet så togs beslutet att skydda dem. Försöket att göra 3,4-bis-acetylamino-N,N-
dietyl-benzamid misslyckades också, både direkt från carboxylsyran och via acylkloriden. 
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1.0 Introduction 

 

1.1 The Evolution of Computers 

It all began in the mid 1940’s with the building of the Electronic Numerical Integrator and 
Computer (ENIAC). This computer was developed for the US Army at the University of 
Pennsylvania. The purpose was to calculate ballistic trajectories. The key features were 
18,000 vacuum tubes, 70,000 resistors, 10,000 capacitors, 1,500 relays, 6,000 manual 
switches and 5 million soldered joints. The computer occupied a room with 1800 square feet 
of floor space and weighed about 30 tons, see Figure 1. It consumed 160 kW of electrical 
power. (1) 

 

Figure 1. ENIAC computer (2) 

 

The second milestone was the invention of transistors. This was first achieved by Bell 
Telephone Laboratories in the mid 1950’s. These components were significantly smaller and 
did not use the same amount of energy as the vacuum tubes. They quickly replaced vacuum 
tubes in computers. (3)  

The next revolution was the integrated circuit, IC, in the early 1960’s. The size of this 
component, consisting of several transistors and resistors, was very small and everything was 
fitted onto a single chip, see Figure 2. Jack Kilby was the man who first invented the IC and 
was awarded the Nobel Prize in Physics in year 2000. (4) 

 

Figure 2. Jack Kilby’s first chip. 
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The microprocessor was the component in the next generation of computers. Microprocessors 
are capable of performing entire operations within one circuit. (5) 

 

1.1.1 Moore’s law 
 

Dr Gordon E. Moore published a paper in 1965 in which he made certain observations about 
the future development of the integrated circuit. This is now called Moore’s law and it states 
the numbers of components that can fit onto a given surface will double every 18 to 24 
months. This prediction has shown to be true over four decades. According to Aviram and 
Ratner (6) , the limitation of how many components that can fit on one surface area will soon 
be reached. 
 

1.1.2 The future? 
 

How are we going to face the future demands on size, energy saving and capacity if the 
limitation is soon to be reached? The answer is smaller components. If the components are 
smaller, energy could be saved in different areas. The smaller the device is, the less energy it 
takes to make them. And since they are smaller the cost of transport of the devices will be 
lower. The saving of raw materials will also increase as the size decreases. One constant 
demand on computers is increased performance. But if the limitation of the number of 
components on a given surface area is soon to be reached and the answer to all the other 
problems is the size, how will this be solved?  
 

1.2 Molecular Electronics- the answer? 
 

1.2.1 An Introduction to Molecular Electronics 
 

To meet the future demands a new paradigm in electronics and computer technology is due - 
Molecular Electronics, also called Moletronics. The thought behind this is to start from the 
smallest pieces, the atoms and molecules and strive the way upwards.  

Richard Feynman held a speech, “There is plenty of room in the bottom: An invitation to enter 
a new field of physics”, in 1959 about nanotechnology. (7) He played with the idea of writing 
the whole Encyclopaedia Britannica on a pinhead. He called for chemists, physicists and 
engineers to join together: 

“I don't know how to do this on a small scale in a practical way, but I do know that 
computing machines are very large; they fill rooms. Why can't we make them very small, 

make them of little wires, little elements---and by little, I mean little. For instance, the wires 
should be 10 or 100 atoms in diameter, and the circuits should be a few thousand angstroms 

across. Everybody who has analyzed the logical theory of computers has come to the 
conclusion that the possibilities of computers are very interesting---if they could be made to 
be more complicated by several orders of magnitude. If they had millions of times as many 

elements, they could make judgments. They would have time to calculate what is the best way 
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to make the calculation that they are about to make. They could select the method of analysis 
which, from their experience, is better than the one that we would give to them. And in many 

other ways, they would have new qualitative features.” 

If one could develop a computer in which operations were based on interactions between 
individual molecules, this computer could be even smaller, faster and more efficient, than 
those based on semiconductors. (8) 

Some conjugated organic polymers show semiconductor-like properties. Some of the most 
investigated polymers with these properties are polythiophenes and polyanilines. (9) The term 
conjugation means that the bonds between the carbons are alternatively single and multiple. A 
double bond contains a strong localized sigma (σ) bond and weaker pi (π) bond. Conjugated 
double bonds overlap with one another and this give rise to delocalized π-orbitals and π-
electrons due to the resonance forms, see Figure 3. In order to make electric current flow 
through a system, electrons needs to be excited from the highest occupied molecular orbital 
(HOMO) to the lowest unoccupied molecular orbital (LUMO). HOMO is known as the 
valence band and LUMO as the conducting band. When the electrons are excited the electric 
current can flow either in the higher band or in the hole, created in the lower band. The 
delocalization makes the polymer a semiconductor due to the low band gaps. The bands in 
this theory refer to energy levels. (10) 

 

Figure 3. Mesomeric resonance forms for oligothiophenes. 

 

Oligothiophenes, being fully conjugated, shows semi-conducting properties even when 
untreated. Polythiophenes have received a lot of attention as conducting devices since their 
conductivity is mostly unaffected by substituents. Both conducting and semi-conducting 
polythiophenes are very stable and readily characterized. Oligo- and polythiophenes can be 
regarded as conjugated chains consisting of sp2-hybridized carbons and are stabilized by 
sulfur atoms. Unsubstituted oligothiophenes are difficult to work with due to their low 
solubility in organic solvents. Therefore hydrocarbon chains have to be attached at the 
backbone in such way that the planarity of the molecules is not disturbed. (11) 

It is very difficult to create an electronic system consisting only of organic molecules since 
they do not possess sufficient charge gradient for long-range electron transport. As in any 
polyaromatic system the charge will quickly be delocalized. To solve this problem, complexes 
with the transition metal ruthenium and different subunits are used as electron sources and 
sinks. These complexes possess an oxidation potential in a range useful to direct electron 
flow. The coupling between a molecular wire and its linker must have overlapping π-systems. 
 
In an excited state, molecules can undergo electron and energy transfer, fluoresce and affect 
bond-making and bond-breaking. These are the processes that can be used for switching and 
storing data. Theoretically, a switch based on electron transfer could work, but in reality there 
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are several requirements for such a system to work, for example, control of molecular 
structure, electronic coupling and thermodynamics in a complex array of donors and 
acceptors. The experimental work within this area has focused mainly on approaches to 
molecular switches that make use of photochemical, electrochemical and conformational 
changes within molecules. (12) 

 

1.2.2 Why molecular electronics? 
 

Most of the electronic processes in nature occur in molecular structures, such as 
photosynthesis and signal transduction. For electronic applications, there are four major 
advantages for molecular structures. The first one is size. The size of a molecule is between 1 
to 100 nm, a scale that permits functional nanostructures with benefits in cost, efficiency and 
power dissipation. The second advantage is assembly and recognition. Specific intermolecular 
interactions can be explored by nanoscale self-assembly. Molecular recognition can be used to 
modify electronic behavior, providing both switching and sensing capabilities on the single-
molecule scale. The third one is dynamical stereochemistry. Many molecules have multiple 
stable geometric forms or isomers. These isomers can have distinct electronic and optical 
properties. The last one is synthetic tolerability. The tools of molecular synthesis are highly 
developed and one can extensively vary a molecule’s transport, binding, structural and optical 
properties.  
 
There are not just advantages with molecules. But overall the advantages take the upper hand 
over the disadvantages such as instability at high temperature. (13) 
 

1.3 Project aim 
 

The aim of this project is to synthesize 2-thia-7,8-diaza-cyclopenta[l]phenanthrene (1), 1-thia-
7,8-diaza-cyclopenta[l]phenanthrene (2) and 4-(5-bromo-thiophen-2-yl)-2,2’-bipyridine (3) , 
see Figure 4. 

31 2 31 2  

Figure 4. a) 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene b)  1-Thia-7,8-diaza-cyclopenta[l]phenanthrene 
and c) 4-(5-bromo-thiophen-2-yl)-2,2’-bipyridine. 

 
Compounds 1 and 2 are unknown. Compound 3 has been made by Steen and Nurkkula. (14) 

The reason why this was performed was to make material for Steen so that more tests could 
be performed and another paper published. Compounds 1 and 2 should chelate strongly and 
form stable complexes with transition metal ions. In this project, the [Ru (ΙΙ)(1)3]2+  
(1=2-thia-7,8-diaza-cyclopenta[l]phenanthrene) and [Ru(ΙΙ)(2)3]2+ (2=1-thia-7,8-diaza-
cyclopenta[l]phenanthrene) complexes are of interest, see Figure 5. These complexes are 
hoped to possess a unique combination of chemical stability, redox properties, excited state 
reactivity, luminescence emission and long excited state lifetimes.  
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Figure 5. a) [Ru (ΙΙ)(1)3]2+ complex, b) [Ru (ΙΙ)(2)3]2+ complex. 
 

To achieve the extended π-π system that is necessary for a molecular wire to function, the 
wire must be completely flat. When pyridine and thiophene rings are attached by a common 
C-C bond there is a problem. The interaction between the hydrogen in the 3-position of the 
pyridine and the hydrogen in the 3-position of the first thiophene in the bridge makes the wire 
twist slightly and the optimal conformation for extended conjugation is not achieved. 

a) b)a) b)
 

Figure 6. The connection of the wires to a) [Ru (ΙΙ)(1)3]2+ complex, b) [Ru (ΙΙ)(2)3]2+ complex. 

2-Thia-7,8-diaza-cyclopenta[l]phenanthrene allows the connection of two wires instead of 
one, as in the 1-thia-7,8-diaza-cyclopenta[l]phenanthrene case, see Figure 6. The main reason 
to make these kinds of molecules, with the use of the phenanthroline core to connect the 
wires, is that the wires cannot rotate as they do when connected close to the core of the 
complexes as evidenced in the systems reported by Nurkkala. (15) If this works, the steric 
hindrance has been overcome and the conducting properties will be sustained. The molecules 
are planar and the wire will be connected further from the ruthenium core than in the 2,2’-
bipyridine complexes with the fused thiophene at the side. 
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2.0 Results and Discussion 

 

2.1 The synthetic plan to 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene (1) 
 

The proposed pathway for the synthesis of 1 is shown in Scheme 1. 

 KOH

KBr, HNO3, H2SO4

Na2S, Acetone

Decarboxyation

1

3 6

4 5

7

8

EtO- Na+, EtOH

 KOH

KBr, HNO3, H2SO4

Na2S, Acetone

Decarboxyation

1

3 6

4 5

7

8

EtO- Na+, EtOH

 

Scheme 1. The proposed synthetic pathway to 1. 
 

The plan was to oxidize 1,10-phenathroline 3 to 1,10-phenanthroline-5,6-dione 6. This was 
done by generating molecular bromine in situ, (16) followed by a Hinsberg thiophene synthesis 
between dione 6 and the double anion of diethyl thiodiacetate 5. (17) A simple hydrolysis (18) 
followed by a double decarboxylation (19) was thought to give the desired compound 1. The 
synthetic route was altered during the project due to complications. 
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2.1.1 1,10-Phenantroline-5,6-dione 

 

KBr, HNO3, H2SO4

3 6

KBr, HNO3, H2SO4

3 6  

Scheme 2. Synthesis of 1,10-Phenanthroline-5,6-dione. 
 

Phenanthroline 3 was oxidized to 6 by generation of molecular bromine in situ with sulfuric 
acid and nitric acid, see Scheme 2. Four attempts were made to generate 6. The first was 
performed using the method described by A. S. Denisova. (16) This gave a good yield of 79 % 
but there were many impurities. Due to the fact that the NMR spectrum revealed what 
appeared to be half-reacted material the reaction time was lengthened from 2 hours to 4 hours 
and gave a yield of 63 % with even more impurities. The conclusion was made that the 
reaction time is crucial in this reaction. In the third attempt the reaction time was shortened to 
1.5 hours and many of the former impurities were absent and a yield of 83 % was recorded. A 
fourth attempt was made with even shorter reaction time of 1 hour with a yield of 39 %, but 
with high purity. The conclusion that was drawn was that the impurities were not half-reacted 
material, but most likely a nitrated phenanthroline derivative. This could not be proved but the 
sample was sent for analysis. The 1H-NMR spectrum supports this theory, see Experimental 
p.21.      
 

2.1.2. Diethyl thiodiacetate 

 

Na2S, acetone

4 5

Na2S, acetone

4 5  

Scheme 3. Synthesis of diethyl thiadiacetate.   
 

The synthesis of diethyl thiodiacetate 5 was straightforward as described by C. G. Overberger, 
see Scheme 3. (20). Ethyl bromoacetate 4 was dissolved in acetone and sodium sulfide added. 
The reaction mixture was stirred at room temperature, giving an unpleasant smelling yellow 
oil in 46 and 48 % yield after two attempts. The two products contained different amounts of 
impurities, deemed due to the different times in the Kügelrohr distillation apparatus in which 
the starting material, ethyl bromoacetate, was removed. However the amounts of starting 
material remaining after distillation were acceptable for further use.  
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2.1.3. 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-diethyl ester 

 

6

5

7

EtO- Na+, EtOH6

5

7

EtO- Na+, EtOH

 

Scheme 4. The synthesis of 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-diethyl ester. 
 

The first two attempts to make the Hinsberg synthesis were made by generation of ethoxide in 
situ from ethanol and sodium, see Scheme 4. (21) 1H-NMR showed no sign of product. The 
solvent/base combination was exchanged to t-butanol and t-butoxide in the third reaction, 
according to D. J. Chadwick. (17) With the change of reaction medium 1H-NMR showed a 
change in shift of the phenanthroline protons. It was very difficult to extract this product due 
to partial hydrolysis of the ester groups. (22) This made for a very difficult extraction due to the 
similarity of the pKa values of phenanthroline and carboxylic acids. The decision was made to 
continue with the next step without isolating the product. 
A suggested mechanism for the Hinsberg synthesis in this synthesis is shown below in Figure 
7. The Hinsberg thiophene synthesis is a reaction between a 1,2-dione and a thiodiacetate. 

-2 H2O-2 H2O

 
Figure 7. Proposed mechanism for the Hinsberg thiophene ring synthesis. 
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2.1.4 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-dicarboxylic acid 

 

87

KOH

87

KOH

 

Scheme 5. Hydrolysis of 2-thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-diethyl ester to the corresponding 
dicarboxylic acid 

 

The hydrolysis of the diester was made in two different ways. The first hydrolysis was made 
in potassium hydroxide (18), see Scheme 5, and the second one in hydrochloric acid. (23) The 
reason the medium was changed is due to the fact that 1H-NMR showed a singlet at 8.4 ppm 
in the first reaction, which could be assignable to the decarboxylated product. Since 
decarboxylation is favored at low pH the solvent was exchanged to hydrochloric acid.  The 
same problem occurred in this step as in the step above. The pKa values made it impossible to 
isolate the product. The decision was made to perform the decarboxylation directly from the 
crude. 
 

2.1.5 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene 

 

18

Decarboxylation

18

Decarboxylation

 

Scheme 6. Decarboxylation of 2-thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-dicarboxylic acid. 
 

The diacid 8 was dissolved in ethylene glycol with potassium hydroxide and refluxed for 
several hours at 180-190°C, see Scheme 6. (19) A black/brown precipitate was formed, which 
was the product in a yield of 13% from the Hinsberg step. 
When the product had decarboxylated the pH problem was no longer an issue, but a solubility 
problem arose. The final product was almost insoluble in every solvent. An attempt to 
protonate the phenanthroline core and dissolve in water was made, without any result. 1H-
NMR was recorded in a mixture of acetonitrile and dimethylsulfoxide (1:1). The problem 
with the spectrum was that there seems to be one peak missing, which one could not be 
decided do the appearance of the spectrum. As a result the product was sent for analysis.  
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2.2 The synthetic plan to 1-Thia-7,8-diaza-cyclopenta[l]phenanthrene (2) 
 

The first proposed synthetic pathway to 2 is presented in Scheme 7. 
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Scheme 7. The first proposed pathway to 1-Thia-7,8-diaza-cyclopenta[l]phenanthrene 2. 
 

The original plan was to perform a Skraup reaction on 3,4-diaminobenzoic acid 9 to generate 
1,10-phenanthroline-5-carboxylic acid 10, (24) and then make N,N-diethyl-1,10-
phenanthroline-5-carboxamide 12 through the acyl chloride 11. (25) (26) A deprotonation in the 
ortho position in the presence of dimethyl disulfide would generate N,N-diethyl-6-
methylsulfanyl-1,10-phenanthroline-5-carboxamide 13. A ring closure of 13 would give 
thieno[3,2-f][1,10]phenanthroline-3-one 14. Reduction and subsequent dehydration would 
lead to 1-thia-7,8-diaza-cyclopenta[l]phenanthrene 2. (27) The route needed to be changed due 
to complications and a new route is presented later in this report. 
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2.2.1 1,10-Phenanthroline-5-carboxylic acid 

 

Glycerol, H2SO4, H3BO3,
 FeSO4 * 7 H2O

9 10

Glycerol, H2SO4, H3BO3,
 FeSO4 * 7 H2O

9 10
 

Scheme 8. The synthesis of 1,10-phenanthroline-5-carboxylic acid. 
 

Two attempts were made to achieve the Skraup reaction of 9 according to Takeuchi, see 
Scheme 8. (24) Both of them failed. 1H-NMR showed that the product in the first reaction had 
decarboxylated at 135°C. The second attempt was performed at a lower temperature (110°C) 
but the product was still decarboxylated. The conclusion was that the carboxylic acid did not 
survive under the harsh conditions of a Skraup reaction. The decision was made to generate 
the amide first in order to avoid decarboxylation since they are more stable under these 
conditions. (23) 
 
A proposed mechanism for the Skraup reaction is presented in Figure 8. The Skraup reaction 
starts with the dehydration of glycerol to give acrolein in situ. The newly formed acrolein is 
added to the 3,4-diaminobenzo-diethylbenzamide by conjugate addition. Ring-closure and 
oxidation yields the pyridine ring. 

 

Figure 8. A proposed mechanism for the Skraup reaction. 
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The new synthetic pathway to 2 is presented in Scheme 9. 

17

SOCl2, reflux Et2NH, THF, reflux

Glycerol, H2SO4, H3BO3,
 FeSO4 * 7 H2O 1.1 s-BuLi, THF, TMEDA, -780C

1.2 (SCH3)2

LDA, THF, -780C       rt NaBH4, MeOH

9 16

12
13

14 2

17

SOCl2, reflux Et2NH, THF, reflux

Glycerol, H2SO4, H3BO3,
 FeSO4 * 7 H2O 1.1 s-BuLi, THF, TMEDA, -780C

1.2 (SCH3)2

LDA, THF, -780C       rt NaBH4, MeOH

9 16

12
13

14 2
 

Scheme 9. The new pathway of the synthesis of 2. 

2.2.2 3,4-Diamino-benzoyl chloride 

 

SOCl2, reflux

15 16

SOCl2, reflux

15 16  

Scheme 10. The synthesis of 3,4-diamino-benzoyl chloride. 
 

3,4-Diaminobenzoic acid 15 was dissolved up in thionyl chloride and tetrahydrofuran, see 
Scheme 10. The solution was refluxed for 2 h. (25) After evaporation of the excess thionyl 
chloride and tetrahydrofuran a brown/black thick oil was left. Due to the sensitivity of the 
acyl chloride the reaction was assumed to be quantitative and no analysis of the product was 
made. 
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2.2.3 3,4-Diamino-N,N-diethyl-benzamide 

 

Et2NH, THF, reflux

16 17

Et2NH, THF, reflux

16 17  

Scheme 11. The formation of the amide 17 from the acyl chloride 16. 
 

Fresh tetrahydrofuran was added to the acyl chloride 16, see Scheme 11. Diethylamine was 
added dropwise keeping the temperature below 0°C. The mixture was then refluxed for 2 h. 
(26) 1H-NMR showed no signs of product in the non-aromatic region. The product was still a 
black/brown oil. The conclusion was made, due to the loss of aromatic signals and the 
appearance of the product that a polymer had formed. The primary anilines amines had 
probably been involed in a nucleophilic attack on a carbonyl carbon of a neighbouring 
molecule. Protection of the primary amines would eliminate this problem. The decision was 
made to protect them as amides and then perform a Skraup reaction directly from there. (28)   
 

2.2.4 3,4-Bis-acetylamino-benzoic acid 

 

Pyridine, Ac2O

15
18

Pyridine, Ac2O

15
18

 

Scheme 12. The protection of the primary amines.  
 

3,4-Diaminobenzoic acid 15 was dissolved in pyridine and acetic anhydride was added 
dropwise, see Scheme 12. The mixture was stirred at room temperature for 3 h. (29) Five 
reactions were made. In the first reaction the product precipitated out when the solution was 
poured onto the ice, in a yield of 61 % of brown crystals. The second reaction was made in the 
same way but nothing precipitated out. A modification in the workup was made. After the 
mixture was poured onto the ice, the solution was neutralized with sodium hydroxide and the 
solvent was evaporated. The residue was dissolved up in water and the pH was made acidic. 
The product precipitated out and gave a yield of 7, 10 and 24 % respectively. The fifth 
reaction was made on a larger scale and with greater excess of acetic anhydride. The first four 
reactions were made with the proportion 1:2 but the last one was made with 1:4. This had a 
dramatic effect since the last reaction gave a yield of 96 %. 
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2.2.5 3,4-Bis-acetylamino-N,N-diethyl-benzamide 

 

1-Hydroxybenzotriazole,
Et3N, Et2NH, DMAP, carbodiimide

DMF

18 19

1-Hydroxybenzotriazole,
Et3N, Et2NH, DMAP, carbodiimide

DMF

18 19
 

Scheme 13. The synthesis of 19 directly from the carboxylic acid 18. 
 

3,4-Bis-acetylamino-benzoic acid 18 was dissolved in N,N’-dimethylformamide and 1-(3-
dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride, 1-hydroxybenzotriazole, 
diethylamine, and triethylamine were added. 4-Dimethylaminopyridine was dissolved in dry 
N,N’-dimethylformamide and added to the solution. The reaction mixture was heated to 40°C 
overnight, see Scheme 13. (30) 1H-NMR showed a shift change in the aromatic region but the 
peaks in the non-aromatic region were very difficult to assign. The shift change indicates that 
something had happened to 18 and the formation of an amide could be the answer. Due to the 
fact that the non-aromatic region of the NMR spectrum was difficult to interpret the 
conclusion that product had formed could not be drawn. Further purification is necessary. The 
time limit of this project made that impossible.     
 
2.2.6 3,4-Bis-acetylamino-benzoyl chloride 

 

SOCl2, reflux

18 20

SOCl2, reflux

18 20

 

Scheme 14. The synthesis of the acyl chloride 20. 
 

Instead of going directly from the carboxylic acid 18 to the diethylamide 19 an attempt to go 
through the acyl chloride was made since this method is well known, see Scheme 14. 18 was 
dissolved up in tetrahydrofuran and thionyl chloride was added. (25) The mixture was refluxed 
for 2 h, resulting in yellow crystals after evaporation. The sensitivity of the acyl chloride 
made analysis difficult and the reaction was assumed to be quantitative and was used directly 
in the next step. Two attempts were made but in the second one the solvent, tetrahydrofuran, 
was excluded and a larger excess of thionyl chloride was used. 
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2.2.7 3,4-Bis-acetylamino-N,N-diethyl benzamide 

 

Et2NH, THF, reflux

20 19

Et2NH, THF, reflux

20 19

 

Scheme 15. The synthesis of the amide 21 from the acyl chloride 20. 
 

3,4-Bis-acetylamino-benzoyl chloride 20 was dissolved in tetrahydrofuran and diethylamine 
was added, see Scheme 15. The solution was refluxed for 2 h. (26) Two trials of this reaction 
were made but none of them showed any sign of product after analysis with 1H-NMR. Due to 
time limitations no further experiments were performed towards 1-thia-7,8-diaza-
cyclopenta[l]phenanthrene 2. The synthesis of 2-thia-7,8-diaza-cyclopenta[l]phenanthrene 1 
was closer to completion with very little time left on the project, so focus was laid on that part 
of the process. 
 

2.3 Synthesis of 4-(5-Bromo-thiophen-2-yl)2,2’-bipyridine (3) 
 

The synthetic pathway to 3 is shown in Scheme 16. 

 

i) LDA, 0°C
ii) 3-Dimethylaminoacrolein, -78°C

NH4OAc
AcOH
reflux

I2, pyridine

3reflux

22 23

24 25

i) LDA, 0°C
ii) 3-Dimethylaminoacrolein, -78°C

NH4OAc
AcOH
reflux

I2, pyridine

3reflux

22 23

24 25
 

Scheme 16. The synthetic pathway to 4-(5-Bromo-thiophen-2-yl)2,2’-bipyridine. 

These reactions are all made previously by Nurkkala and Steen. (14) 4-(5-Bromo-thiophen-2-
yl)2,2’-bipyridine 3 can be synthesized by a Kröhnke pyridine synthesis. For the mechanism, 
see Figure 9. The Kröhnke synthesis is a known method for the preparation of 2,2’-
bipyridines with various types of R-groups. The reaction is between an activated enol 
equivalent (Kröhnke reagent) and an unsaturated ketone or aldehyde.  
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R1

R2R3

-PyH+

-H2O

R2

R1R1

R3

R2

R1

R3

R2R2
R2

R3
R3R3R1 R1 R1

R1

R2R3

-PyH+

-H2O

R2

R1R1

R3

R2

R1

R3

R2R2
R2

R3
R3R3R1 R1 R1

 

Figure 9. Mechanism for the Kröhnke pyridine synthesis.  
R1=H, R2=5-bromo-thiophen-2-yl, R3=pyridine-2-yl. 

 
2.3.1 3-(5-bromothiophene-2-yl)acrolein 

 

i) LDA, 0°C
ii) 3-Dimethylaminoacrolein, -78°C

22 23

i) LDA, 0°C
ii) 3-Dimethylaminoacrolein, -78°C

22 23  

Scheme 17. The synthesis of 23 from 2-bromo-thiophene. 
 

Diisopropyl amine was added to dry tetrahydrofuran and was cooled down to -4°C. n-BuLi 
was added to the solution and the mixture was stirred for 30 min. The solution was cooled 
down to – 72°C and 2-bromo-thiophene was added. The reaction was stirred at this 
temperature for 1 h and then finally 3-dimethylaminoacrolein was added dropwise and the 
mixture was allowed to reach room temperature overnight, see Scheme 17. (31) The yield was 
70 % as a brown oil that solified upon standing. 
 
2.3.2 1-(2-Oxo-2-pyridine-2-yl-ethyl)-pyridinium iodide (PPI) 

 

I2, pyridine
reflux

24 25

I2, pyridine
reflux

24 25
 

Scheme 18. The synthesis of the Kröhnke reagent PPI. 
 

Iodine is dissolved in pyridine and 2-acetyl-pyridine is added dropwise, see Scheme 18. The 
solution was vigorously refluxed for 1.5 h and then recrystallized from ethanol. (32) Three 
reactions were made with yields of 20, 22 and 53 %. The overall purity of the product was 
about the same around 30 %. The impurity was pyridinium iodide which is a beige salt. This 
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impurity is easy to see with the eye since PPI has the appearance of golden flakes while the 
impurity has a matt texture. A suggestion to the low purity is that the product breaks down 
during the recrystallisation. Since the product has reasonably low solubility in ethanol the 
mixture needs to boil for 1 h to make it all dissolve. The longer it boils the greater the risk for 
the formation of impurities. The low yields can be explained by the problem with the 
solubility. After recrystallisation the product was filtered while hot and when it cools down 
much of the product become stuck in the filter paper. Since the product is broken down by the 
heat, it was not easy to get it out of the filter paper by heating it up again and this gave a large 
product loss. 
 
2.3.3. 4-(5-Bromo-thiophen-2-yl)2,2’-bipyridine 
 

NH4OAc
AcOH
reflux

25

23
3

NH4OAc
AcOH
reflux

25

23
3

 

Scheme 19. The synthesis of 3 from 23 and 25. 
 

The Kröhnke reagent was used without further purification. PPI 25 was mixed with 3-(5-
bromothiophene-2-yl)acrolein 23 in acetic acid and acetic acid ammonium salt and was 
heated to 80°C for 24 h, see Scheme 19. (14) The reaction resulted in a yield of 37 % as a 
brownish powder. The yield certainly could be higher if the PPI used was pure. The impurities 
in the PPI do not participate or interfere in the reaction. Longer reaction times could also 
promote a higher yield. 
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3.0 Conclusions and Future Experiments  

 

General: Due to the time limitations of this project, the new molecules have not been 
synthesized completely. There is a lot of work left to be done. The synthesis of 2-thia-7,8-
diaza-cyclopenta[l]phenanthrene is almost finished. There is however plenty of scope for 
experiments that optimize the synthesis. When routes to the targets 1 and 2 are estabilished it 
is desirable to introduce methyl-groups into the 2- and 9-positions on the phenanthroline core. 
This step is proposed to be carried out early in both synthetic sequences. For the synthesis, see 
Scheme 20. (33) 

 

1. MeLi
2. H2O
3. KMnO4

1. MeLi
2. H2O
3. KMnO4

 

Scheme 20. Synthesis of 2,9-dimethyl-1,10-phenanthroline. 

 

3.1 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene (1) 
 

As was mentioned earlier, there are a lot of problems with the pH. This is a problem in that 
could be hard to solve since the Hinsberg reaction generates the diester and carboxylic acid 
derivatives. One proposed reaction could be to perform the hydrolysis and the 
decarboxylation step in one stage. (19) This step has already been achieved in this project but 
the yields could improve a lot if the reaction was not divided into two steps.  
Since the product has not been identified there is a possibility that the decarboxylation has not 
taken place. Due to the solubility problems after the decarboxylation, something has 
happened, perhaps the product has monodecarboxylated. To solve this problem a number of 
other types of decarboxylation steps should be tested for example decarboxylation with Cu in 
quinoline (34) and as Tyo has reported, with a sublimation method. (35) 

New combinations of solvents need to be tested after the decarboxylation so that analysis of 
the product can be carried out. One suggestion as a solvent for 1H-NMR is trifluoroacetic 
acid. This solvent can protonate the nitrogen in phenanthroline and hopefully dissolve the 
product. 

Another experiment that could be of interest is the Hinsberg thiophene synthesis with another 
type of thiadianion. One suggestion is thiodiacetonitrile with cyano groups at the sides instead 
of the esters. This can help the pH problem by avoiding the carboxylic acid groups, but 
potentially introducing problems with the self-condensation. 
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3.2 1-Thia-7,8-diaza-cyclopenta[l]phenanthrene (2) 
 

Due to the known difficulties to extract the product after the Skraup reaction, as a result of the 
polymerization of glycerol, there is a lot of product loss in that step. One suggestion is to skip 
this step and start with 1,10-phenanthroline instead and maybe achieve better yields. This 
approach can maybe be a solution to the problem with amide formation. There will be some 
more steps but in the end it might be worth it if the isolation problems can be avoided. One 
proposed route is shown in Scheme 21. 

LDA, THF, -780C       rt

SOCl2, reflux

1.1 s-BuLi, THF, TMEDA, -780C
1.2 (SCH3)2

Et2NH2, THF, reflux

NaBH4, MeOH

                 CLOROX, H2O
Tetrabutylammonium hydrogen sulfate 

MeOH, MeO-

NaH

CO2

LDA, THF, -780C       rt

SOCl2, reflux

1.1 s-BuLi, THF, TMEDA, -780C
1.2 (SCH3)2

Et2NH2, THF, reflux

NaBH4, MeOH

                 CLOROX, H2O
Tetrabutylammonium hydrogen sulfate 

MeOH, MeO-

NaH

CO2

 

Scheme 21. A new proposed pathway to 1-Thia-7,8-diaza-cyclopenta[l]phenanthrene. 

The reaction of 3,4-bis-acetylamino-N,N-diethyl benzamide 19 directly from the carboxylic 
acid 18 should be attempted again to see if there is any product. If this works the scheme 
above can be altered and the reaction goes directly to the amide from the carboxylic acid 
instead of the steps through the acyl chloride.  

The Skraup synthesis can then be reincorporated into this route if the step above works. In 
that case the number of steps would be minimized.  
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4.0 Experimental section 

 

General: All the reagents used were purchased from commercial suppliers and used without 
further purification. All the NMR spectra were recorded in 5 mm tubes on a Bruker 300 MHz 
DPX Avance spectrometer.  The chemical shifts are expressed in ppm and their appearance 
descried using the abbreviations s: singlet, d: doublet, dd: doublet of doublets, t: triplets, dt: 
doublet of triplets and m: multiplet. Tetrahydrofuran was freshly distilled over Na(s).  
 

4.1. 1,10-Phenanthroline-5,6-dione 

KBr, HNO3, H2SO4

3 6

KBr, HNO3, H2SO4

3 6  

 

General procedure: A cooled mixture of concentrated sulfuric acid and concentrated nitric 
acid was added to 1,10-phenanthroline and KBr . The mixture was stirred at 130°C. The hot 
yellow solution was poured onto ice and cautiously neutralized with NaOH. The yellow 
precipitate of 1,10-phenanthroline-5,6-dione was collected by filtration, washed with water 
and dried. The remainder of the product was extracted from the aqueous phase with CH2Cl2 
(3*100 mL), dried over MgSO4 and the solvent was evaporated. (16) For specified data of the 
reactions, see Table 1. 
 

Table 1. Specified data for the synthesis of 1,10-phenanthroline-5,6-dione. 

Reaction 
number 

KBr 
(g; mmol)     

1,10-
phenanthroline 

(g; mmol) 

H2SO4 
(mL) 

HNO3 
(mL) 

Reaction 
time 
(min) 

Yield 
(%) 

Purity 
(%) 

1 1.045; 8.8 1.027; 5.7 10 5 180 79 58 
2 1.138; 9.6 1.130; 6,3 10 5 240 63 25 
3 1.020; 8.6 1.054; 5.9 10 5 120 83 82 
4 3.8866; 32.6 4.079; 22.6 40 20 60 39 99 

 
 
1H-NMR (CDCl3, 300MHz): δ= 7.62 (dd, 2H, J= 4.86, 7.87 Hz), 8.53 (dd, 2H, J= 1.83, 7.87 
Hz), 9.15 (dd, 2H, J= 1.83, 4.86 Hz) For 1H-NMR spectrum, see Appendix 1. 
 
1H-NMR 6-nitro-1,10-phenanthroline (CDCl3, 300MHz): 9.32–9.35 (dd, 1H, J= 4.3, 1,57 
Hz), 9.27–9.29 (dd, 1H, J= 4.2, 1.42), 8.99–9.03 (dd, 1H, J= 8.64,1.41), 8.67 (s, 1H), 8.40–
8.44 (dd, 1H, J= 8.09, 1.54), 7.79–7.84 (dd, 1H, J= 8.64, 4.28), 7.75–7.79 (dd, 1H, J= 8.07, 
4.02 (39) 



Anna Grandin 
Degree Project 
Mälardalen University 
Eskilstuna, 2009 
Supervisor Dr Simon J. Dunne 
 

22 
 

4.2. Diethyl thiodiacetate 

 

Na2S, acetone

4 5

Na2S, acetone

4 5  

 

General procedure: Ethyl bromoacetate was dissolved in acetone. Sodium sulfide 
nonahydrate was added slowly with stirring. Heat was applied to start the reaction. The 
reaction was then stirred at room temperature 3h (reaction 1) or refluxed 3h (reaction 2). 
Sodium bromide was removed by filtration. The acetone layer was evaporated. The product 
was dissolved in chloroform and extracted with saturated sodium hydrogen carbonate solution 
(3*30 mL). The organic layer was dried over MgSO4 and evaporated. The product was 
distilled under vacuum in a Kügelrohr apparatus using a water aspirator, to remove ethyl 
bromoacetate. The product was a yellow, oily, unpleasant smelling liquid. (20)  For specified 
data of the reactions, see Table 2.  
 

Boiling point ethyl bromoacetate: 168.5°C (36) 
Boiling point diethyl thiodiacetate: 261.5°C (37) 
 

Table 2. Specified data for the synthesis of diethyl thiadiacetate. 

Reaction 
number 

Ethyl bromo-
acetate 

(mL; mmol) 

Na2S 
(g; mmol) 

Acetone 
(mL) 

Yield 
(%) 

Purity 
(%) 

1 6.8; 61.0 6.675; 39.5 150 46 98 
2 13.6; 122.0 13.907; 77.5 250 48 93 

 
 
1H-NMR (CDCl3, 300MHz): δ= 1.32 (t, 6H, J= 7.14 Hz), 3.43 (s, 4H), 4.25 (q, 4H, J= 7.14 
Hz) 
 
 
For 1H-NMR spectrum, see Appendix 2. 
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4.3. 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-diethyl ester 

 

6

5

7

EtO- Na+, EtOH6

5

7

EtO- Na+, EtOH

 
 

General procedure: Sodium was dissolved in ethanol. Diethyl thiadiacetate and 1,10-
phenanthroline-5,6-dione were added to the solution and the solution was stirred at room 
temperature, except for reaction 3 that was refluxed for the last 12 hours. All of the reactions 
went from green to orange/brown. TLC (hexane: ethyl acetate 7:3) showed that diethyl 
thiodiacetate was gone. The mixture was neutralized with 1M hydrochloric acid, filtered and 
the solvent was evaporated. (21) For specified data, see Table 3. 
 

Table 3. Specified data for the synthesis of 2-thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-diethyl ester. 
 
Reaction 
number 

Na(s) 
(g; 

mmol) 

EtOH 
(mL) 

1,10-
phenanthroline-

5,6-dione 
(g; mmol) 

Diethyl 
thiadiacetate

(g; mmol) 

Reaction 
time 

(days) 

Yield 
(%) 

1 0.26; 11.3 5 0.032; 0.2 0.089; 0.4 1 No 
product 
found 

2 2.291; 
99.7 

50 0.100; 0.48 0.215; 0.95 2 No 
product 
found 

3 2.307; 
100.3 

50 0.625; 3.0 1.23; 6.0 7 No 
product 
found 
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Reaction 4: 
 

6

5

7

tBuO- K+, tBuOH6

5

7

tBuO- K+, tBuOH

 
 

Potasium tert-butoxide (5.027 g, 44.8 mmol) was added to tert-butanol (30mL). 1,10-
Phenanthroline-5,6-dione (2.360 g, 11.2 mmol) and diethyl thiodiacetate (4.603 g, 22.4 mmol) 
were added. The reaction mixture turned black during the addition and was then refluxed 
overnight at 70°C. 1H-NMR showed some sign of product. More tert-butoxide (5.073 g, 44.9 
mmol) was added and the temperature was raised to 90°C. The reaction was left overnight. 
More tert-butanol (100 mL) was added as the mixture had become one large clump. Reflux 
was continued for another 3 h. A sample for NMR was taken and the spectrum showed 1:1 
product/dione. The reaction was continued and another sample was taken 12 h later. This 
showed 1:2 product/dione. The reaction was aborted and water (150 mL) was added. The 
aqueous phase was extracted with chloroform (5*40 mL), dried over MgSO4 and evaporated. 
No product could be isolated as it was suspected that some esters had been hydrolyzed. The 
product fluoresced with a blue/green light when irradiated at 365 nm. The aqueous phase was 
evaporated and was used directly in the next step without purification. Yield: 30.2 g brown 
crystals. (17) 
 
 
1H-NMR (DMSO-d6, 300MHz): δ= 7.18 (dd, 2H, J=2.79, 7.56 Hz), 7.79 (dd, 2H, J= 1.53, 
7.56 Hz), 8.28 (dd, 2H, J= 1.53, 2.79 Hz). The peaks in the non-aromatic region could not be 
assigned. 
 
 
For 1H-NMR spectrum, see Appendix 3. 
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4.4 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-dicarboxylic acid 

 

87

KOH

87

KOH

 
 
Reaction 1: Half of the crude 2-thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-diethyl ester 
was added to a 2 M potassium hydroxide solution and was refluxed for 3 h. The reaction 
mixture was extracted with chloroform (5*10 mL), dried over MgSO4 and evaporated. (18) 1H-
NMR revealed a product-like substance, but no product could be isolated. The aqueous phase 
was still fluorescent at 365 nm. It was evaporated and yielded 15.48 g brown crystals. The 
neutral product could not be isolated.  
 

7 8

HCl

7 8

HCl

 

 
Reaction 2: The other half of the crude 2-thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-
diethyl ester was dissolved in water and the pH was set to 1 with 3 M hydrochloric acid. The 
solution was refluxed for 24 h. The reaction mixture was extracted with chloroform (4*25 
mL), dried over MgSO4 and evaporated. (23) 1H-NMR revealed a product-like substance, but 
no product could be isolated. The water phase was still fluorescent at 365 nm. It was 
evaporated and yielded 8.465 g brown crystals. This product was not isolated due to pH 
problems.  
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4.5 2-Thia-7,8-diaza-cyclopenta[l]phenanthrene 

 

18

Decarboxylation

18

Decarboxylation

 

 

The crude 2-thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-dicarboxylic acid was dissolved in 
ethylene glycol (150 mL) with potassium hydroxide (4.5 g, 80.2 mmol). The solution was 
flushed with nitrogen gas for 10 min and then lowered into the preheated oil bath. The 
solution was refluxed at 185°C for 12 h and a black precipitate was formed. The solution was 
poured into ice/water (300 mL) and the precipitate was filtered by suction, washed with plenty 
of water and dried under vacuum overnight. (19) Yield: 0.351 g (13 %) as brown crystals. The 
product was very difficult to dissolve, giving a weak 1H-NMR spectrum. The product will be 
sent for analysis to verify its identity. 
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4.6 1,10-Phenanthroline-5-carboxylic acid 

 

Glycerol, H2SO4, H3BO3,
 FeSO4 * 7 H2O

9 10

Glycerol, H2SO4, H3BO3,
 FeSO4 * 7 H2O

9 10
 

 

General procedure: Sodium nitrobenzenesulfonic acid, iron sulfate heptahydrate, boric acid 
and glycerol were cooled to 3°C. The sulfuric acid was also kept on ice. The sulfuric acid was 
added to the reaction mixture followed by water and the reaction was refluxed. The red/black 
mixture was allowed to reach room temperature. Water (100 mL) was added to the mixture 
and the pH was set to pH 5 with 2M sodium hydroxide. The aqueous phase was extracted 
with chloroform (12*50 mL). The organic phase dried over MgSO4 and evaporated. (24) For 
specified data of the reactions, see Table 4. According to 1H-NMR the carboxylic acid 10 had 
been decarboxylated, leaving 1,10-phenanthroline. 

 

Table 4. Specified data for the Skraup synthesis of 1,10-phenanthroline-5-carboxylic acid.  

Reaction 
number 

3,4-Diamino-
benzoic acid 

(g; mmol) 

H2SO4 
(mL) 

Na, nitrobenzene-
sulfonic acid 

(g; mmol) 

Glycerol 
(g; mmol) 

FeSO4 
*7 H2O 

(g; mmol) 
1 2.846; 17.9 7.4 5.964; 26.5 6.55; 71.1 0.749; 2.7 
2 5.472; 36.2 14 11.846; 52.7 13.361; 144.1 1.497; 5.4 

 

Reaction 
number 

Boric acid 
(g; mmol) 

Water 
(mL) 

Reaction 
time 
(h) 

Temperature 
(°C) 

Yield 
product 

Yield 
1,10-

phenanthro
line 

1 0.984; 12.2 6.8      16       135 No 
product 
found 

100 

2 1.940; 24.1 13.6      48       110 No 
product 
found 

100 
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4.7 3,4-Diamino-benzoyl chloride 

 

SOCl2, reflux

15 16

SOCl2, reflux

15 16  

 

All glassware was dried in an oven at 120°C overnight and the reaction was performed under 
a nitrogen atmosphere. Tetrahydrofuran was distilled over Na(s). 

Thionyl chloride (3.0 mL, 41.1 mmol) and 3,4-diaminobenzoic acid (3.0 g, 19.7 mmol) were 
added to dry tetrahydrofuran (40 mL), and the reaction mixture was refluxed. The excess of 
thionyl chloride and tetrahydrofuran were removed in vacuo. (25) The brown/black product 
was used in the next step without further purification and analysis. The reaction was assumed 
to be quantitative, which gave a yield of 3.359 g.  
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4.8 3,4-Diamino-N,N-diethyl-benzamide 

 

Et2NH, THF, reflux

16 17

Et2NH, THF, reflux

16 17  

 
New dry tetrahydrofuran (40 mL) was added to 3,4-diamino-benzoyl chloride (3.359 g, 19.7 
mmol). Diethylamine (2.0 mL, 19.7 mmol) was added to the mixture keeping the temperature 
below 0°C. The mixture was refluxed for 2 h. (26) Tetrahydrofuran was evaporated and the 
product was dissolved in water (50 mL). The pH was set to 9 with sodium hydrogen carbonate 
(s). The aqueous phase was extracted with chloroform (6*50 mL). The organic phase was 
dried over MgSO4 and the solvent was evaporated.  1 H-NMR showed no sign of product in 
either the organic or the aqueous phase.   
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4.8 3,4-Bis-acetylamino-benzoic acid  

 

Pyridine, Ac2O

15
18

Pyridine, Ac2O

15
18

 

 

General procedure: 3,4-Diaminobenzoic acid was added to pyridine under stirring. Acetic 
anhydride was added dropwise and the mixture was stirred at room temperature for 3 h. The 
solution was poured into an ice/water mixture, neutralized with 2M sodium hydroxide and the 
solvent evaporated. The residue was dissolved in water and the pH was set to 2 with 2M 
hydrochloric acid. The precipitate which thus formed was the product. (29) Recrystallisation 
was made from methanol yielding a brown powder. For specified data for the reactions, see 
Table 5.  
 

Table 5. Specified data for the synthesis of 3,4-bis-acetylamino-benzoic acid. 

Reaction 
number 

3.4-Diamino- 
benzoic acid 

(g; mmol) 

Pyridine 
(mL) 

Acetic 
anhydride 
(g; mmol) 

Yield 
(%) 

1 2.9; 19.1 40 2.9; 28.1 61 
2 2.9; 19.1 40 2.9; 28.1 7 
3 2.9; 19.1 40 2.8; 27.2 10 
4 3.0; 19.7 40 3.0; 29.1 24 
5 10.14; 66.7 100 27.42; 266.1 96 

 
 
1H-NMR (DMSO-d6, 300MHz): δ= 2.15 (d, 6H, J= 5.04 Hz), 7.67 (dd, 1H, J= 1.95, 8.5 Hz), 
7.83 (d, 1H, J= 8.5 Hz), 8.12 (d, 1H, J= 1.95 Hz), 9.55 (d, 2H, J= 6.7 Hz) 
 
 
For 1H-NMR spectrum, see Appendix 4. 
 

 

 

 

‘ 
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4.9 3,4-Bis-acetylamino-N,N-diethyl-benzamide 

 

1-Hydroxybenzotriazole,
Et3N, Et2NH, DMAP, carbodiimide

DMF

18 19

1-Hydroxybenzotriazole,
Et3N, Et2NH, DMAP, carbodiimide

DMF

18 19
 

 

3,4-Bis-acetylamino-benzoic acid (2.0 g, 8.5 mmol) was dissolved in dry N,N’-
dimethylformamide (20 mL). 1-Hydroxybenzotriazole hydrate (1.56 g, 10.2 mmol), 1-(3-
dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (1.96 g, 10.2 mmol), triethylamine 
(1.4 mL, 10.2 mmol) and diethylamine (1.0 mL, 10.2 mmol) were added. 4-
Dimethylaminopyridine (0.125 g, 1.02 mmol) was dissolved in dry N,N’-dimethylformamide 
(20 mL) and added to the solution. The reaction mixture was heated to 40°C and left 
overnight. Ethyl acetate (90 mL) and water (60 mL) were added and the mixture was shaken 
for 5 min. The ethyl acetate layer was separated and evaporated. (30) 
 
 
1H-NMR (DMSO-d6, 300MHz): δ= 7.08 (dd, 1H, J= 1.56, 8.24 Hz), 7.58 (d, 1H, J= 1.56 
Hz), 7.63 (d, 1H, J= 8.24 Hz). The peaks in the non-aromatic region were complex, but due to 
the shift change in the aromatic region it could be ascertained that a reaction had occurred. 
 
For 1H-NMR spectrum, see Appendix 5. 
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4.10 3,4-Bis-acetylamino-benzoyl chloride 

 

SOCl2, reflux

18 20

SOCl2, reflux

18 20

 

 

General procedure: All glassware was dried in an oven at 120°C overnight and the reaction 
was made under a nitrogen atmosphere. Tetrahydrofuran was distilled over Na(s). 

Thionyl chloride and 3,4-diaminobenzoic acid were added to dry tetrahydrofuran, and the 
reaction mixture refluxed. The excess of thionyl chloride and tetrahydrofuran were removed 
in vacuo. (25) The brown/black product was used in the next step without further purification 
and analysis. The reaction was assumed to be quantitative. For specified data for the reactions, 
see Table 6.  
 

Table 6. Specified data for the synthesis of 3,4-bis-acetylamino-benzoyl chloride. 

Reaction 
number 

Thionyl chloride 
(mL; mmol) 

THF 
(mL) 

3,4-Bis-acetylamino-
benzoic acid 

(g; mmol) 

Reaction 
time 
(h) 

1 1.2; 16.5 50 1.85; 7.9 2 
2 14.0; 192.4 - 2.61; 11.1 1.5 
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4.11 3,4-Bis-acetylamino-N,N-diethyl benzamide  

 

Et2NH, THF, reflux

20 19

Et2NH, THF, reflux

20 19

 

 

General procedure: New dry tetrahydrofuran was added to 3,4-bis-acetylamino-benzoyl 
chloride. Diethylamine was added to the mixture, while keeping the temperature below 0°C. 
The mixture was then refluxed for 2 h. (26) Tetrahydrofuran was evaporated and the product 
was dissolved in chloroform (50 mL) and extracted with water (3*30 mL). The organic phase 
was dried over MgSO4 and the solvent was evaporated, resulting in a brown clump. For 
specified data for the reactions, see Table 7. 1H-NMR showed no sign product. 
 

Table 7. specified data for the synthesis of 3,4-bis-acetylamino-N,N-diethyl benzamide. 

Reaction 
number 

Diethylamine 
(mL; mmol) 

THF 
(mL) 

3,4-Bis-
acetylamino-

benzoic chloride 
(g; mmol) 

Reaction 
time 
(h) 

Yield 

1 1.8; 17.1 40 1.85; 7.9 2 No product 
found 

2 2.5; 24.1 20 2.61; 11.1 2 No product 
found 
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4.12 3-(5-bromothiophene-2-yl)acrolein 

 

i) LDA, 0°C
ii) 3-Dimethylaminoacrolein, -78°C

22 23

i) LDA, 0°C
ii) 3-Dimethylaminoacrolein, -78°C

22 23  

 

All glassware was dried in an oven at 120°C overnight and the reaction was made under a 
nitrogen atmosphere. Tetrahydrofuran was distilled over Na(s). 

Dry tetrahydrofuran was added to a three-necked round-bottomed flask. A positive nitrogen 
pressure was applied and the solvent was cooled to -4°C in an ice/NaCl bath. Diisopropyl 
amine (8.9 mL, 63.0 mmol) was added dropwise keeping the temperature below 0°C. n-BuLi 
(2.5 M in hexane, 25.2 mL, 63.0 mmol) was added, still keeping the temperature below 0°C. 
The solution turned slightly yellow and was stirred for 30 min at -4°C. The cooling bath was 
exchanged to CO2(s)/acetone and the mixture was cooled to -72°C. 2-Bromothiophene (5.8 
mL, 60 mmol) was added dropwise keeping the temperature under -70°C. The solution was 
stirred for 1 h at -74°C. The mixture turned red. 3-Dimethylaminoacrolein (6 mL, 60 mmol) 
was added dropwise during 5 minutes and the result was a dark red solution. It was left 
stirring overnight to reach room temperature. The mixture was poured into 3M hydrochloric 
acid (600 mL) and extracted with chloroform (3*120 mL). The organic phase was dried over 
MgSO4 and the solvent evaporated giving an orange oil that solidified upon standing. (31) 
 
 
Yield: 9.15 g (70%) 
 
 
1H-NMR (CDCl3, 300MHz): δ= 6.42 (dd, 1H, J= 7.59, 15.65 Hz), 7.12 (d, H, J= 3.98 Hz), 
7.14 (d, H, J=3.98 Hz), 7.48 (d, 1H, J= 15.65 Hz), 9.62 (d, 1H, J= 7.59 Hz). 
 
 
For 1H-NMR spectrum, see Appendix 6. 
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4.13 1-(2-Oxo-2-pyridine-2-yl-ethyl)-pyridinium iodide (PPI) 

 

I2, pyridine
reflux

24 25

I2, pyridine
reflux

24 25
 

 

General procedure: Iodine(s) was added to dry pyridine in portions to give a black solution. 
When all the iodine had dissolved, 2-acetylpyridine was added slowly. The mixture was 
refluxed vigorously for 90 min. The solution was allowed to reach room temperature and then 
cooled in ice. Diethyl ether (40 mL) was added and the precipitate filtered by suction. The 
precipitate was washed with diethyl ether (150 mL), ice-cold ethanol (40 mL) and ice-cold 
methanol (10 mL). The precipitate was sucked dry on the filter paper and dissolved in hot 
ethanol (200 mL) with activated charcoal (1 g). The mixture was refluxed for 1 h and filtered 
through a fluted filter paper. The filtrate was chilled in ice and the precipitate was collected by 
filtration, giving yellow/golden crystals. (32)  For specified data, see Table 8. 
 

Table 8. Specified data for the synthesis of 1-(2-oxo-2-pyridine-2-yl-ethyl)-pyridinium iodide (PPI). 

Reaction 
number 

I2 
(g; mmol) 

Pyridine 
(mL) 

2-Acetylpyridine 
(g; mmol) 

Reaction 
time  
(h) 

Yield 
(%) 

Purity 
(%) 

1 25.40; 100.1 60 11.25; 100.0     1.5 20 32 
2 25.50; 100.2 60 11.23; 99.9     1.5 22 33 
3 25.51; 100.2 60 11.22; 99.9     1.5 53 21 

 
 
1H-NMR (DMSO-d6, 300MHz): δ= 6.52 (s, 2H), 7.83 (ddd, 1H, J= 1.42, 4.75, 7.33 Hz), 
7.92 (d, 1H, J= 7.75 Hz), 8.14 (dtr, 1H, J= 1.45, 7.64 Hz), 8.27 (dd, 2H, J= 6.81, 7.10 Hz), 
8.73 (t, 1H, J= 7.83 Hz), 8.86 (d, 1H, J= 4.75 Hz), 9.02 (d, 2H, J= 5.56 Hz)  
 
 
For 1H-NMR spectrum, see Appendix 7. 
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4.14. 4-(5-Bromo-2-thienyl)2,2’-bipyridine 

 

NH4OAc
AcOH
reflux

25

23
3

NH4OAc
AcOH
reflux

25

23
3

 
 

3-(5-Bromothiophene-2-yl)acrolein (4.88 g, 22.1 mmol), PPI (4.857 g, 14.9 mmol, not 
purified) and acetic acid ammonium salt (5.86 g, 75.0 mmol) were added to acetic acid (200 
mL) and heated to 80°C for 24 h. The reaction mixture turned black upon heating. The 
reaction mixture was allowed to reach room temperature. While cooling on an ice bath the 
mixture was made alkaline with dropwise addition of 10 M sodium hydroxide. The precipitate 
was filtered by suction and dried in a desicator overnight. Soxhlet extraction was made from 
hexane for 72 h. Insoluble black particles were filtered from the organic phase and the solvent 
was evaporated. (14) 
 
 
Yield: 1.765 g (37%) as brownish powder. 
 

 

1H-NMR (CDCl3, 300MHz): δ= 7.14 ( d, 1H, J= 3.92 Hz), 7.45-7.33 (m, 3H), 7.88 (dt, 1H, 
J= 1.8; 7.71 Hz), 8.44 (d, 1H, J= 7.99 Hz), 8.58 (d, 1H, J= 1.23 Hz), 8.67 (d, 1H, J= 5.17 Hz), 
8.74 (dm, 1H) 
 
 
For 1H-NMR spectrum, see Appendix 8. 
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7.0 Appendixes 
1H-NMR spectrum of 1,10-phenanthroline-5,6-dione. 

 

Appendix 1 
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1H-NMR spectrum of diethyl thiodiacetate. 
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1H-NMR spectrum of 2-thia-7,8-diaza-cyclopenta[l]phenanthrene-1,3-diethyl ester. 

 

 

Appendix 3 



Anna Grandin 
Degree Project 
Mälardalen University 
Eskilstuna, 2009 
Supervisor Dr Simon J. Dunne 
 

43 
 

1H-NMR spectrum of 3,4-bis-acetylamino-benzoic acid. 
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1H-NMR spectrum of 3,4-bis-acetylamino-N,N-diethyl-benzamide. 
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1H-NMR spectrum of 3-(5-bromothiophene-2-yl)acrolein. 
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1H-NMR spectrum of 1-(2-oxo-2-pyridine-2-yl-ethyl)-pyridinium iodide (PPI). 
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1H-NMR spectrum of 4-(5-bromo-2-thienyl)2,2’-bipyridine. 
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