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Abstract 

 

This bachelor’s thesis is about the synthesis of fullerene linkers that are fully conjugated and 

with decent solubility, which should be possible to use in rhodium catalysed hydroarylation of 

fullerenes for construction of fullerene dumbbells. The two different target molecules for the 

project were selected and successfully synthesized, purified and characterised with 
1
H NMR, 

13
C NMR, MS and melting point. A third potential linker molecule was also obtained as a 

minor by-product. Counting with the starting materials produced to synthesize the linker 

molecules, six different previously unreported compounds were synthesized and characterized 

during this project.  
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Abbreviations 

 

aq Aqueous 

DMSO Dimethyl sulfoxide 

EI Electronic ionization 

EtOAc Ethyl acetate 

IR Infrared 

LC Liquid chromatography 

Mp Melting point 

MS Mass spectrometry 

NMR Nuclear magnetic resonance spectroscopy 

Rb Round bottom 

Rt Room temperature 

THF Tetrahydrofuran 

TLC Thin layer chromatography 

TMS Trimethylsilane 

UV-vis Ultraviolet-visible 
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1. Introduction 

 

Since the discovery of the carbon allotrope fullerenes 30 years ago,
[1]

 these sphere-shaped 

molecules have been extensively studied to gather more knowledge about their properties and 

to try to find good ways to exploit them.
[2]

 Fullerenes have been investigated for usage in 

solar cells,
[3]

 as high temperature superconductors,
[4]

 in biomedicine for quenching of free 

radicals
[5]

 and there are lots of potential applications for fullerenes.  

One such potential usage for fullerenes is as molecular wires. Molecular electronics is a 

growing area of research and is the next step in the long process of constantly trying to reduce 

the size of electronic components. A molecular wire is, as the name suggests, a molecule or an 

assembly of molecules that can be used as a wire and transfer charge over a distance.
[6]

 

Carbon nanotubes, acetylene oligomers, and organometallic compounds are just a few 

examples of the different types of compounds that have been studied for this purpose.
[7]

 To 

achieve molecular wires that can be used in future electronics, there are still many potential 

improvements to make. Fullerenes are relatively simple molecules in comparison to many 

other molecules used for molecular wires and also have interesting electronic properties that 

could prove useful for this purpose. A polymer of linked fullerenes could potentially be used 

as a molecular wire. The first step in the construction of a fullerene based molecular wire is to 

create a fullerene dumbbell, two fullerenes linked together, which can be used as a model for 

the polymer wire. However, the molecule used to connect the fullerenes together in a 

fullerene dumbbell also needs to have certain properties to enable good electron charge 

transfer. 

Fullerenes can react in cycloadditions, nucleophilic additions, radical functionalization, and 

several other types of reactions to form a wide range of different fullerene derivates.
[8]

 One 

functionalization method that has been reported quite recently is Rh-catalyzed hydroarylation 

with boronic acids.
[9]

 This method of functionalization makes is possible to connect an aryl 

compound to the fullerene, which extends the conjugated system (alternating sigma- and pi-

bonds). Synthesis of fullerene dumbbells has also been previously reported
[10]

 and has even 

been performed with Rh-catalyzed hydroarylation.
[9]

 The general method of fullerene 

hydroarylation with boronic acid is illustrated in Scheme 1. 

 

Scheme 1: Fullerene C60 hydroarylation with boronic acid and Rh catalyst 
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1.1 Project aim 

The aim with this project was to synthesize linker molecules that should be possible to use in 

Rh-catalyzed hydroarylation. For this purpose there are multiple potential target molecules 

that can be used. However, there are a few requirements the linkers have to fulfill to 

potentially be part of a working molecular wire. To form a wire and not a tangled mess, the 

molecule has to be straight and relatively rigid. Also, a fully conjugated molecule is preferred 

for electronic conductivity. To be able to react in the hydroarylation functionalization 

method,
[9]

 a fullerene linker also needs to contain (or be able to transform into) two boronic 

acid groups or their corresponding pinacol esters. Boronic acids can, however, be prepared 

from aryl halides by metal-halogen exchange.
[11]

 

 From these requirements one might believe that a molecule like Bis-(4-bromophenyl)ethyne 

(1) (Figure 1) would be a perfect fullerene linker. The molecule is straight, fully conjugated, 

and has two bromine atoms that could be substituted for boronic acid groups. One problem 

with this molecule is that a fullerene dumbbell formed with (1) would have quite poor 

solubility. To be able to analyze a fullerene dumbell with NMR, to perform further work with 

it and study its properties, the dumbbell has to be soluble in resonable concentration. 

Therefore a fullerene linker likely needs to have at least one aliphatic side chain to increase 

the solubility of the dumbell in common organic solvents. 

 

Figure 1: Bis-(4-bromophenyl)ethyne, a theoretical fullerene linker, but when connected to fullerenes would 

give a dumbbell with solubility issues 

  

1
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2. Results and discussion 
 

2.1 Target molecules 

The goal with this project was to synthesize molecules similar to (1), but when coupled to 

fullerenes would provide better solubility for the dumbbell. This can be achieved by 

introducing one or several side chains to the two benzene rings in the structure. For this 

purpose a simple aliphatic C18H37 alkane chain was chosen, which is quite flexible and should 

provide increased solubility in most organic solvents. Since 2-bromo-5-iodobenzyl alcohol is 

commercially available at a reasonable price it was chosen as starting material for the 

synthesis. The target molecules for this project were therefore a symmetrical fully conjugated 

di-bromide (2), with two side chains and an asymmetrical fully conjugated di-bromide (3), 

with just one side chain (Figure 2). The difference between the two target molecules was to 

enable future investigation of how the amount of side chains affects the solubility of their 

corresponding fullerene dumbbells.  

 

Figure 2: Target molecules for the project (2) and (3) 

 

2.2 Synthesis plan of the target molecules (2) and (3) 

The target molecules (2) and (3) have never been reported in literature and because of this, 

possible synthesis routes to the similar molecule bis-(4-bromophenyl)ethyne (1) were studied. 

The synthesis of (1) was found in literature
[12]

 to previously have been performed by reacting 

1-bromo-4-iodobenzene and trimethylsilylacetylene in a palladium catalyzed Sonogashira 

coupling reaction. After searching in literature for syntheses of similar molecules, it was 

concluded that the synthesis of molecule (2) and (3) should be possible to do in four steps. 

The first step was to transform the alcohol to an ether in a so called Williamson’s ether 

coupling.
[13]

 In the next step a trimethylsilylacetylene group is added by a palladium catalyzed 

Sonogashira coupling.
[14]

 Then the terminal alkyne is de-protected by removing the TMS 

group and finally the second half of the molecule is added in a second Sonogashira coupling. 

The only difference in the synthesis routes of (2) and (3) would then be in the last step 

(Scheme 2). 

 

2 3
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Scheme 2: Reaction scheme over the synthesis routes for target molecule (2) and (3) 

 

2.3 Synthesis of (5) by ether coupling 

Williamson’s ether coupling
[13]

 is a commonly used method where an alcohol is deprotonated 

with a base to react with an alkyl halide and form an ether. Two different procedures to 

perform the ether coupling on similar molecules were investigated. The first was using KOH 

as base and DMSO as solvent
[15]

 and the other was using NaH as base and THF as solvent.
[16]

 

These procedures were rescaled and the first one tried was the ether coupling with KOH as 

base according to Scheme 3.a. 

 

Scheme 3: Reaction scheme for two different pathways to synthesize 1-bromo-4-iodo-2-

(octadecoxymethyl)benzene (5) 
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Experiments were done under dry conditions, but using acetone as solvent instead of DMSO, 

since DMSO is difficult to get dry and to remove from the product. The obtained crude 

product from this attempt only contained starting material and also a yellow contamination 

from the molecular sieves used to dry the acetone. Very little if any of the expected product 

had formed, likely because not enough base was dissolved in acetone to deprotonate the 

alcohol. Adding a base to acetone is also problematic because de-protonation of acetone can 

occur. This results in  formation of enolate ions that enables aldol condensation
[14]

 of acetone 

as a side reaction. 

The second method to perform the ether coupling, using NaH as base according to Scheme 

3.b, was also tried and found out to work much better. This reaction was also done under dry 

conditions and the formed crude product was successfully purified with column 

chromatography (yield: 46%). The purity of the product (5) was confirmed with TLC 

(pentane) and 
1
H NMR. The product (5) was further characterized with MS and melting point. 

 

2.4 Synthesis of (6) by Sonogashira coupling 

Sonogashira coupling was first reported in 1975.
[17]

 This is a palladium catalyzed reaction that 

couples an alkyl halide with a terminal alkyne (Scheme 4). Sonogashira coupling is performed 

with a base and a co-catalyst (most commonly CuI). 

 

Scheme 4:  General scheme of Sonogashira coupling  

An attempt to perform the first Sonogashira coupling with trimethylsilylacetylene (Scheme 5) 

was done according to the procedure described in literature,
[12]

 but the desired product (6) was 

not obtained. The found description of the procedure used to perform this Sonogashira 

coupling reaction said that it should be carried out in room temperature, but it did not tell if 

the reaction had to be performed under dry conditions. Therefore, performing the reaction 

without proper drying was first tried. The used CuI co-catalyst also had a bit darker colour 

than expected and could possibly have degraded and therefore “poisoned” the catalyst Pd 

complex. The resulting crude product from this reaction was analyzed with 
1
H NMR and 

could not be distinguished from the starting material (5). 

 

Scheme 5: Synthesis of 2-[4-bromo-3-(octadecoxymethyl)phenyl]ethynyl-trimethyl-silane (6) 

Pd catalyst

co-catalyst, base

CuI, (PPh3)2PdCl2 

Diethylamine 65
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A control reaction (Scheme 6) was set up in an attempt to find out what had gone wrong. 

Iodobenzene, a commercially available and relatively cheap compound, was used as starting 

material instead. In this way unnecessary consumption of synthesized compound (5) could be 

avoided. The CuI used this time came from another bottle.  No dry conditions were used this 

time either and to shorten the reaction time the reaction was performed in a microwave vial 

and was heated in a microwave reactor for 45min (120°C).
[18]

 The product obtained from this 

reaction was analyzed with 
1
H NMR and confirmed to be the desired product (9). 

 

Scheme 6: Synthesis of trimethyl(2-phenylethynyl)silane (9) 

Since the control reaction had shown that the Sonogashira coupling could be performed in a 

microwave vial and that dry conditions were not required, synthesis of (6) was attempted 

again. The procedure with microwave heating
[18]

 was used and with no dry conditions. The 

crude product was purified on silica column and this time the product (6) was obtained (yield: 

81%) and confirmed with 
1
H NMR to be the desired product and sufficiently pure. The 

product (6) was further characterized with MS and melting point. 

 

2.5 Synthesis of (7) by alkyne de-protection 

The de-protection of the alkyne or removing of the TMS group was not described in detail in 

the found procedure for synthesis of (1).
[12]

 However this kind of reaction is well known and a 

general procedure
[19]

 for this de-protection was found and used instead. The reaction was 

performed at room temperature according to Scheme 7 and resulted in a beige-yellow crude 

product indicating some impurities. An attempt to purify the product by pushing it through a 

silica plug was done with no success, but analysis of the product with 
1
H NMR revealed that 

the amount of impurities were relatively low. Terminal alkynes are relatively reactive and can 

easily degrade. To avoid the risk of destruction of the terminal alkyne during purification on 

silica column no complete purification was done. Also, the next step in the synthesis of the 

target molecules was not expected to be affected much by minor amounts of impurities. The 

product (7) was further characterized with MS and melting point. 

 

Scheme 7: Synthesis of 1-bromo-4-ethynyl-2-(octadecoxymethyl)benzene (7)  

CuI, (PPh3)2PdCl2 

Diethylamine 98

6 7

Methanol/

Diethylether

1:1

K2CO3



11 
 

2.6 Synthesis of the symmetrical target molecule (2) 

The last step in the synthesis of the first target molecule (2) was a second Sonogashira 

coupling (Scheme 8) and was performed with the same procedure as the Sonogashira coupling 

reactions in microwave vial conducted previously. The earlier obtained de-protected product 

(7) was reacted with a slight excess of (5). After an unproblematic work-up the crude product 

was purified on silica column and the product (2) obtained as a white powder (yield: 19%). 

Identification of the product was done with 
1
H NMR, 

13
C NMR, MS and are in agreement 

with the expectations of what signals this compund should have and with similar compounds 

in the literature.
[20]

 

 

Scheme 8: Synthesis of 1-bromo-4-[2-[4-bromo-3-(octadecoxymethyl)phenyl]ethynyl]-2-

(octadecoxymethyl)benzene (2)  

 

2.7 Synthesis of the asymmetrical target molecule (3) and a by-product (11)  

The second target molecule (3) that is asymmetrical with just one side chain was synthesized 

in the same way as the symmetrical (2) but with 1-bromo-4-iodo-benzene (10) instead of (5) 

according to Scheme 9.  

 

Scheme 9: Synthesis of 1-bromo-4-[2-(4-bromophenyl)ethynyl]-2-(octadecoxymethyl)benzene (3) with the 

minor by-product 1-bromo-4-[4-[4-bromo-3-(octadecoxymethyl)phenyl]buta-1,3-diynyl]-2-

(octadecoxymethyl)benzene (11) 

CuI, Diethylamine

(PPh3)2PdCl2 
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7
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Analysis of the obtained crude product with TLC (pentane: EtOAc 98:2) revealed that two 

different products had formed. After optimization of the eluent system to increase the 

separation between these two products, both compounds were purified on silica column. The 

target molecule (3) was obtained pure as a white powder (yield: 68%) and (11) was obtained 

as a minor by-product, though not completely pure. Identification of both products was done 

with 
1
H NMR, 

13
C NMR, MS and are in agreement with the expectations of what signals 

these compounds should have and with similar compounds in the literature.
[20][21]

 

The formation of the by-product (11) is likely due to a side reaction known as Glaser 

coupling. This is a known side reaction in palladium catalysed Sonogashira reactions that can 

occur if oxygen gas is present during the reaction.
[22]

 The Glaser homocoupling can be 

reduced if the reaction is performed under an atmosphere of hydrogen gas, diluted with 

nitrogen or argon instead.
[23]

 For the application as a fullerene linker, the by-product molecule 

(11) would probably work just as well as the target molecules (2) and (3). If the Sonogashira 

coupling reaction was performed without compound (10) and in air instead of nitrogen, 

compound (11) could be obtained as a major product.
[24]

 This would provide one additional 

variant of fullerene linker.  
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3. Conclusions 

 

In this project, syntheses of two different linker molecules were planned and performed. The 

linker molecules were not previously reported. Literature describing syntheses of similar 

compounds was studied and possible synthesis routes for the target molecules were found. 

During the project, six previously unreported compounds were synthesized and characterized. 

The first compound (5) was obtained by a Williamson’s ether coupling of 2-bromo-5-

iodobenzyl alcohol and BrC18H37. This compound was then further reacted with 

trimethylsilylethyne in a Sonogashira coupling to obtain (6). The TMS group was removed to 

form a compound with a terminal alkyne (7) that finally could be used in Sonogashira 

couplings to synthesize three different compounds: (2), (3) as major products and (11) as a 

minor by-product. Characterization of the obtained products was performed with 
1
H NMR, 

13
C NMR, MS and melting point. The two target molecules and the formed by-product could 

potentially be used in the future as fullerene linkers. 
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4. Future outlook 

 

The next step of size reduction for electronic components is the molecular electronics, where 

the creation of a molecular wire is an essential and important part. The concept of a fullerene 

polymer linked together with linker molecules could in the future provide a way to achieve 

this. The three different potential linker molecules synthesized in this project may help in the 

process of trying to create a fullerene dumbbell with good conjugation and potential electron 

charge transfer across the molecule. 

The next step in the development of this kind of fullerene dumbbell should be to use these (or 

similar) compounds in a metal halogen exchange reaction to transform them into boronic 

acids. Their corresponding boronic acids could then react in Rhodium catalyzed 

hydroarylation and be connected to fullerenes. 

The linker molecule with two triple bonds (11) could be obtained as a major product, instead 

of a minor by-product. This could be tested in an experiment where Sonogashira coupling is 

attempted in air, with only the compound with a terminal alkyne (7) and without addition of 

any iodine-containing compound. The six different unreported compounds obtained during 

this project also have to be further characterized with IR spectroscopy and UV-vis 

spectroscopy for complete characterization.  

 To obtain a greater variety of linkers, different side groups could be tried to enable more 

variations. One example is (12) (Figure 3), where instead a carboxylic acid is used as a side 

group to provide pH response and to make it possible for further functionalization by 

nucleophilic addition to the carbonyl carbon.  

Figure 3: A possible variation of the linker molecules, with a carboxylic acid 

If a fullerene dumbbell can be synthesized with these or similar linkers, their electronic 

properties needs to be closely investigated to test if they would work as wires. This could be 

done by cyclic voltammetry. Also other properties like stability and solubility needs to be 

closely studied. The knowledge obtained by these investigations could then be used when 

trying to synthesize a trimer. This trimer could then serve as a model molecular wire and in 

the future lead to the synthesis of a polymer chain of linked fullerenes. 

 

  

12
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5. Experimental 

 

General 

Silica column purification was done on a Reverelis X2 Flash Chromatography System Grace 

with normal phase silica gel (Millipore 35-70 μm). Dry THF was prepared by distillation over 

Na(s) under nitrogen atmosphere. Microwave heating was done with a Biotage Initiator EXP 

Microwave Synthesis System and the vials used for microwave reactions were 10 mL or 20 

mL Biotage microwave vials. The ultrasonic bath used was a VWR USC 500T (45 kHz). TLC 

was performed with 0.25 mm pre-coated silica gel plates and visualized by UV-fluorescence 

and TLC-stains. NMR spectra were recorded with an Agilent 400 MR 400 MHz spectrometer 

at 400 MHz (
1
H) and 100 MHz (

13
C). 

1
H NMR spectra in CDCl3 were referenced indirectly to 

TMS using residual solvent signals (chloroform-d δ 7.26 ppm). 
13

C NMR spectra in CDCl3 

were referenced indirectly to TMS using residual solvent signals (chloroform-d δ 77.16 ppm). 

MS analysis was conducted on a ThermoFinnigan GCG/Polaris MS spectrometer (EI, direct 

inlet). Melting point analyses were performed with a Stuart Scientific melting point apparatus 

SMP3 (2°C/min). Chemicals were purchased from Sigma Aldrich and used without further 

purification. Drying of glassware was done by heating in oven at 150°C overnight or by flame 

drying.  

 

Synthesis of 1-bromo-4-iodo-2-(octadecoxymethyl)benzene (5) 

Attempted ether coupling with KOH 

Acetone was dried over molecular sieves (4Å) in a pre-dried rb-flask, under nitrogen 

atmosphere overnight. To a second dry rb-flask with magnetic stirrer and under nitrogen 

atmosphere KOH (121 mg, 2.2 mmol), dry acetone (8 mL) was added, the mixture was stirred 

and slowly turning yellow due to some contamination from the molecular sieves. In a third 

dry rb-flask under nitrogen atmosphere 2-bromo-5-iodo benzyl alcohol (105 mg, 0.34 mmol) 

and BrC18H37 (142 mg, 0.43 mmol) was dissolved in dry acetone (5 mL). The rb-flask with 

KOH was put in ultrasonic bath for 10 minutes to dissolve as much KOH as possible. Both rb- 

flasks with the solutions were cooled on ice bath for 5 minutes and then the KOH solution 

was slowly added to the alcohol and alkylhalide solution. The reaction mixture was left 

stirring at RT for 3.5 h. The reaction mixture was analyzed with TLC (pentane), both starting 

materials but no product could be observed. 

General procedure with NaH  

All glassware used in this synthesis were pre-dried and kept under nitrogen atmosphere. A rb-

flask equipped with a magnetic stirrer and a reflux condenser was sealed with septum. NaH 

(474 mg, 9.9 mmol) was added and dry THF (10 mL) was added with syringe and the solution 

was put on an ice bath with magnetic stirring. In a second rb-flask a solution of 2-bromo-5-
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iodo-benzylalcohol (2.009 g, 6.42 mmol) in dry THF (5 mL) was prepared, then slowly added 

with syringe to the NaH reaction mixture and left stirring for 40 min. In a third rb-flask 

BrC18H37 (3.248 g, 9.74mmol) was dissolved in dry THF (17 mL) and this solution was added 

to the reaction mixture. The mixture was heated to reflux and left refluxing and stirring 

overnight. While heating, the reaction mixture turned slightly yellow. After confirming with 

TLC (pentane) that the reaction was complete, the remaining NaH was quenched by addition 

of NH4Cl (10 mL, aq saturated). Deionized water (30mL) and diethyl ether was used to 

transfer the reaction mixture to a separation funnel were the reaction mixture was extracted 

with diethyl ether (3x15mL). The combined organic phases were dried over MgSO4 and the 

solvent was removed. The resulting crude product was dissolved in petroleum ether and 

purified with the Grace LC-system (pentane). Fractions containing pure product were pooled 

together and the solvent was removed to obtain (5) as a white solid (1.685 g, 2.98 mmol, 

yield: 46%).  

Mp: 67.0-68.1°C. 

1
H NMR [CDCl3, 400MHz] δ: 7.80 (dm, J=2.2 Hz, 1H), 7.74 (ddm, J=8.3, 2.3 Hz, 1H), 7.23 

(dm, J=8.3 Hz, 1H), 4.48 (s, 2H), 3.54 (t, J=6.6 Hz, 2H), 1.65 (m, 2H), 1.43-1.20 (m, 34H), 

0.88 (m, 3H). 

13
C NMR [CDCl3, 100 MHz] δ: 140.5, 137.7, 134.1, 122.2, 92.8, 71.5, 32.1, 29.8, 29.6, 29.5, 

26.3, 22.8, 14.3. 

MS [EI+]: Molecular ion: m/z=564. Expected: m/z=564, 566. 

 

Synthesis of 2-[4-bromo-3-(octadecoxymethyl)phenyl]ethynyl-trimethyl-

silane (6) 

Attempt in RT 

To a rb-flask, molecular sieves and diethylamine (10mL) was added. To a second rb-flask 

with a magnetic stirrer (5) (50.00 mg, 0.088 mmol), CuI (12 mg, 0.063 mmol), (PPh3)2PdCl2 

(2 mg, 0.003 mmol) were added and the flask was evacuated and placed under nitrogen 

atmosphere.  Some of the dried diethylamine (2.5 mL) was added by syringe and 

trimethylsilylacetylene (15 µL) was added with micropipette. The mixture was stirred at RT 

for 4h, quenched with NH4Cl (2 mL, aq saturated) and transferred to a separation funnel with 

deionized water (30 mL), diethyl ether and extracted with diethyl ether (3 x 15 mL). The 

combined organic phases were dried over MgSO4 and the solvent was removed. The crude 

product was analyzed with 
1
H NMR found to be mainly (5) starting material.  

General procedure with microwave heating 

A microwave vial (20 mL) was equipped with a magnetic stirrer. (5) (363.4 mg, 0.643 mmol), 

CuI (7.1 mg, 0.037 mmol), (PPh3)2PdCl2 (9.6 mg, 0.014 mmol) were added; the vial was 

closed with a septum and placed under nitrogen atmosphere. Diethylamine (9 mL) was added 
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by syringe and trimethylsilylacetylene (140 µL) was added with micropipette. The vial was 

capped and heated with microwave radiation (120°C, 45 min). The yellow reaction mixture 

was quenched with NH4Cl (10 mL, aq saturated) and transferred to a separation funnel with 

deionized water (40 mL), diethyl ether and was extracted with diethyl ether (3 x 20 mL). The 

combined organic phases were dried over MgSO4 and the solvent was removed. The obtained 

yellow solid was pushed through a plug of neutral alumina with diethyl ether as eluent and 

purified with Grace LC-system (pentane). Pure fractions were pooled together and the solvent 

evaporated to obtain (6) as a white powder (281 mg, 0.52 mmol, yield: 81%).  

Mp: 57.9-58.9°C. 

1
H NMR [CDCl3, 400MHz] δ: 7.56 (dm, J=2.1 Hz, 1H), 7.45 (dm, J=8.3 Hz, 1H), 7.21 (ddm, 

J=8.2, 2.2 Hz, 1H), 4.50 (s, 2H), 3.54 (t, J=6.6 Hz, 2H), 1.66 (m, 2H), 1.44-1.22 (m, 32H), 

0.88 (m, 3H), 0.25 (s, 9H). 

13
C NMR [CDCl3, 100 MHz] δ: 138.4, 132.5, 132.4, 132.1, 122.9, 122.6, 104.3, 95.4, 71.9, 

71.4, 32.1, 29.9, 29.8, 29.6, 29.5, 26.3, 22.8, 14.3, 0.0. 

MS [EI+]: Molecular ion: m/z=534. Expected: m/z=534, 536. 

 

Synthesis of 1-bromo-4-ethynyl-2-(octadecoxymethyl)benzene (7) 

In a rb-flask with a magnetic stirrer (6) (154.1 mg, 0.288 mmol) was dissolved in methanol (5 

mL) and diethyl ether (5 mL). Potassium carbonate (82.2 mg, 0.595 mmol) was added to the 

solution and the reaction mixture was left stirring in RT for 4.3 h. The solvent was removed 

and the solid left in the flask was transferred to a separation funnel with deionized water (20 

mL), diethyl ether and extracted with diethyl ether (3 x 20 mL). The combined organic phases 

were dried over MgSO4, filtrated through a cotton wool plug and the solvent was evaporated. 

The obtained crude product was beige which indicated some impurities. An attempt to purify 

it by pushing it through a small plug of silica with diethyl ether as eluent was done but the 

product was still a bit beige-yellow. However, analysis of the product with 
1
H NMR showed 

that it was sufficiently pure (135 mg). 

Mp: 57.8-59.5°C. 

1
H NMR [CDCl3, 400MHz] δ: 7.60 (dm, J=2.2 Hz, 1H), 7.48 (dm, J=8.2 Hz, 1H), 7.25 (ddm, 

J=8.2, 2.2 Hz, 1H), 4.51 (s, 2H), 3.55 (t, J=6.8 Hz, 2H), 3.11 (s, 1H), 1.66 (m, 2H), 1.44-1.19 

(m, 38H), 0.88 (m, 4H). 

13
C NMR [CDCl3, 100 MHz] δ: 138.6, 132.6, 132.4, 132.2, 123.2, 121.6, 83.0, 78.2, 71.8, 

71.4, 32.1, 29.8, 29.6, 29.5, 26.3, 22.8, 14.3. 

MS [EI+]: Molecular ion: m/z=463. Expected: m/z=462, 464. 
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Synthesis of trimethyl(2-phenylethynyl)silane (9) 

To a microwave vial (10 mL) equipped with a magnetic stirrer, CuI (36.0 mg, 0.19 mmol) and 

(PPh3)2PdCl2 (64.5 mg, 0.092 mmol) were added and the vial was placed under nitrogen 

atmosphere. Diethylamine (3 mL), Iodobenzene (8) (0.5 mL, 4.5 mmol) and 

trimethylsilylacetylene (0.6 mL) were added. The vial was capped and heated with microwave 

radiation (120°C, 45 min). The green reaction mixture was quenched with NH4Cl (2 mL, aq 

saturated) and transferred to a separation funnel with deionized water (13 mL), diethyl ether 

and was extracted with diethyl ether (20 mL). The organic phase was dried over MgSO4 and 

was concentrated with rotary evaporator. The obtained green solution was pushed through a 

plug of neutral alumina and a plug of silica with diethyl ether as eluent. The solution with 

crude product was concentrated with rotary evaporator and pushed through a plug of silica 

with pentane as eluent. Analysis of the product solution with 
1
H NMR confirmed that the 

obtained solution contained the desired product (9). 

Synthesis of 1-bromo-4-[2-[4-bromo-3-(octadecoxymethyl)phenyl]ethynyl]-

2-(octadecoxymethyl)benzene (2)  

To a microwave vial equipped with magnetic stirrer, (7) (25.3 mg, 0.055 mmol), (5) (34.3 mg, 

0.061 mmol), CuI (1.4 mg, 0.007 mmol) and (PPh3)2PdCl2 (1.4 mg, 0.002 mmol) were added 

and the vial was placed under nitrogen atmosphere. Diethylamine (4 mL) was added with 

syringe while stirring. The vial was then capped and heated with microwave radiation (120°C, 

45 min). The reaction mixture was quenched with NH4Cl (3 mL, aq saturated) and transferred 

to a separation funnel with deionized water (20 mL), diethyl ether and extracted with diethyl 

ether (3 x 15 mL). The combined organic phases were dried over MgSO4 and the solvent was 

removed. The obtained crude product was pushed through a plug of neutral alumina with 

diethyl ether as eluent. An attempt to purify the product by loading it using Grace LC-system 

was done, with solid loading and a slow pentane: ethyl acetate gradient. Both the product and 

the starting material eluted in the first few minutes and the separation was very poor. The 

partially purified product was then purified a second time using a Grace LC-system, but this 

time with slow pentane: toluene gradient instead. This time the separation was much better 

and the pure product was obtained as a white powder (9.7 mg, 0.01 mmol, yield: 19%). The 

CDCl3 used for NMR analysis was pushed through a plug of basic alumina to prevent 

decomposition of the product, resulting in a yellow solution. 

Mp: 83.3-90.8°C. 

1
H NMR [CDCl3, 400MHz] δ: 7.63 (dm, J=2.2 Hz, 2H), 7.50 (dm, J=8.3 Hz, 2H), 7.28 (ddm, 

J=8.2, 2.2 Hz, 2H), 4.54 (s, 4H), 3.56 (t, J=6.6 Hz), 1.67 (m, 4H), 1.44-1.20 (m, 70H), 0.88 

(m, 7H). 

13
C NMR [CDCl3, 100 MHz] δ: 138.6, 132.7, 131.9, 131.7, 122.8, 122.5, 89.6, 32.1, 29.9, 

29.8, 29.6, 29.5, 26.3, 22.8, 14.3. 

MS [EI+]: Molecular ion: m/z=900. Expected: m/z=898, 900, 902.  
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Synthesis of 1-bromo-4-[2-(4-bromophenyl)ethynyl]-2-

(octadecoxymethyl)benzene (3) and the by-product 1-bromo-4-[4-[4-bromo-

3-(octadecoxymethyl)phenyl]buta-1,3-diynyl]-2-(octadecoxymethyl)benzene 

(11)   

To a microwave vial equipped with magnetic stirrer, (7) (30.1 mg, 0.065 mmol), 1-bromo-4-

iodo-benzene (20.7 mg, 0.073 mmol), CuI (3 mg, 0.02 mmol) and (PPh3)2PdCl2 (0.8 mg, 

0.001 mmol) were added and the vial was placed under nitrogen atmosphere. Diethylamine (4 

mL) was added with syringe and while stirring the mixture. The vial was then capped and 

heated with microwave radiation (120°C, 45 min). The vial with yellow-brown reaction 

mixture was placed in the fridge overnight. The reaction mixture was quenched with NH4Cl 

(3 mL, aq saturated) and transferred to a separation funnel with deionized water (20 mL), 

diethyl ether and was extracted with diethyl ether (3 x 15 mL). The combined organic phases 

were dried over MgSO4 and the solvent was removed. The obtained crude product was pushed 

through a plug of neutral alumina with diethyl ether as eluent. 

Analysis of the crude product with TLC (pentane: ethyl acetate 98:2) showed two different 

product spots. However the two spots were barely separated from each other on the TLC sheet 

and would likely be very difficult to purify with that eluent. Different eluent systems were 

then investigated in an attempt to get as good separation as possible for the product. First 

different proportions of pentane and ethyl acetate were tried. The best separation (still not 

very good) with these components was achieved with addition of a few drops of ethyl acetate 

to the pentane. Pentane and toluene were tried next and proved to give decent separation with 

pentane: toluene 90:10 (Rf1=0.07, Rf2=0.30). 

The products were then purified on a manual silica column starting with pentane as eluent 

until the starting material had eluted and then stepwise increasing the amount of toluene (to 

pentane toluene 90:10, 85:15, 80:20, 0:100 ). The first product to elute was (3) and the second 

was (11). After removing the solvent (3) was obtained as a white powder (27.6 mg, 0.045 

mmol, yield: 68%) and (11) was obtained as a minor byproduct. The CDCl3 used for NMR 

analysis was pushed through a plug of basic alumina to prevent decomposition of the product, 

resulting in a yellow (slightly green) solution. 

Product (3): 

Mp: 88.4-89.8°C. 

1
H NMR [CDCl3, 400MHz] δ: 7.63 (dm, J=2.1 Hz, 1H), 7.50 (dm, J=8.3 Hz, 1H), 7.48 (dm, 

J=9.0 Hz, 2H), 7.38 (dm, J=8.6 Hz, 2H), 7.27 (ddm, J=8.6, 2.1 Hz, 1H), 4.53 (s, 2H), 3.56 (t, 

J=6.6 Hz, 2H), 1.67 (m, 2H), 1.44-1.18 (m, 35H), 0.88 (m, 3H) 

13
C NMR [CDCl3, 100 MHz] δ: 138.6, 133.2, 132.7, 131.9, 131.8, 131.6, 122.8, 122.4, 122.1, 

89.9, 89.3, 71.9, 71.4, 32.1, 31.1, 29.6, 29.5, 26.3, 22.8, 14.3. 

MS [EI+]: Molecular ion: m/z=618. Expected: m/z=616, 618, 620. 
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Product (11): 

Mp: 83.0-93.1°C. 

1
H NMR [CDCl3, 400MHz] δ: 7.64 (dm, J=2.1 Hz, 2H), 7.50 (dm, J=8.2 Hz, 2H), 7.28 (ddm, 

J=8.2, 2.2 Hz, 2H), 4.51 (s, 4H), 3.55 (t, J=6.6 Hz, 4H), 1.68 (m), 1.44-1.20 (m), 0.88 (m).  

13
C NMR [CDCl3, 100 MHz] δ: 138.9, 132.8, 132.6, 132.4, 123.8, 121.1, 81.3, 74.8, 32.1, 

29.9, 29.8 29.6, 29.5, 26.3, 22.9, 14.3. 

MS [EI+]: Molecular ion: m/z=924. Expected: m/z=922, 924, 926. 

  



21 
 

6. Acknowledgements 

 

I would like to thank Prof. Helena Grennberg and Michael Nordlund, my supervisors, whose 

help and support made this project possible. I also want to thank the entire AGHG group for 

their kind, friendly and welcoming attitude. Especially, I would like to thank Magnus Blom 

and Sandra Olsson for their ability to pause their own work to answer my questions. Finally, I 

would like to thank for the financial support provided by the Swedish Research Council 

(Vetenskapsrådet) and the Uppsala University KoF Priority Program on Molecular 

Electronics (U3MEC).  

 

 

  



22 
 

7. References 

 
 

[1] H. W. Kroto, J. R. Heath, S. C. O’Brien, R. F. Curl, R. E. Smalley, Group 1985, 318, 

162–163. 

 

[2] J. F. Langa, Fernando; Nierengarten, Fullerenes - Principles and Applications, Royal 

Society Of Chemistry, 2012. 

 

[3] S. C. Price, A. C. Stuart, L. Yang, H. Zhou, W. You, J. Am. Chem. Soc. 2011, 133, 

4625–4631. 

 

[4]   J.  Schon, Ch. Kloc, B. Batlogg, Science 2001, 293, 2432-2434. 

[5] Z. Markovic, V. Trajkovic, Biomaterials 2008, 29, 3561–3573. 

 

[6] L. De Cola, Molecular Wires: From Design to Properties, Springer Science & 

Business Media, 2005. 

 

[7] D. K. James, J. M. Tour, Mol. Wires From Des. to Prop. 2005, 257, 33–62. 

 

[8] A. Montellano López, A. Mateo-Alonso, M. Prato, J. Mater. Chem. 2011, 21, 1305–

1318. 

 

[9] M. Nambo, Chemical Modification of Fullerenes through Molecular Catalysis, PhD 

thesis, Nagoya University, 2011. 

 

[10] C.-H. Andersson, L. Nyholm, H. Grennberg, Dalton Trans. 2012, 41, 2374–2381. 

 

[11] D. G. Hall, Boronic Acids: Preparation and Applications in Organic Synthesis and 

Medicine, 2011. 

 

[12] M. Sabat, C. R. Johnson, Org. Lett. 2000, 2, 1089–1092. 

 

[13] A. Williamson, Philos. Mag. 1850, 37, 350–356. 

 

[14] J. Clayden, N. Greeves, S. Warren, P. Wothers, Organic Chemistry, 2001. 

 

[15] M. Nagarjuna Reddy, K. C. Kumara Swamy, European J. Org. Chem. 2012, 2012, 

2013–2022. 

 

[16] Y. Hon, J. Chinese Chem. Soc. 2006, 53, 1447–1462. 

 

[17] K. Sonogashira, Y. Tohda, N. Hagihara, Tetrahedron Lett. 1975, 16, 4467–4470. 

 



23 
 

[18] M. Erdélyi, A. Gogoll, J. Org. Chem. 2001, 66, 4165–4169. 

 

[19] U. Dutta, S. Maity, R. Kancherla, D. Maiti, Org. Lett. 2014, 6302–6305. 

 

[20] P. Chuentragool, K. Vongnam, P. Rashatasakhon, M. Sukwattanasinitt, S. 

Wacharasindhu, Tetrahedron 2011, 67, 8177–8182. 

 

[21] K. Mitsudo, N. Kamimoto, H. Murakami, H. Mandai, A. Wakamiya, Y. Murata, S. 

Suga, Org. Biomol. Chem. 2012, 10, 9562. 

 

[22] R. Chinchilla, C. Nájera, Chem. Soc. Rev. 2011, 40, 5084. 

 

[23] A. Elangovan, Y. H. Wang, T. I. Ho, Org. Lett. 2003, 5, 1841–1844. 

 

[24] J. H. Li, Y. Liang, Y. X. Xie, J. Org. Chem. 2005, 70, 4393–4396. 

 

 

 

 

 

 

 





 

Appendix 

 
Figure A1: 

1
H NMR (400MHz, CDCl3) Compound (5) ............................................................ 2 

Figure A2: 
13

C NMR (100MHz, CDCl3) Compound (5) ........................................................... 2 

Figure A3: MS (EI) Compound (5) ............................................................................................ 3 

Figure A4: 
1
H NMR (400MHz, CDCl3) Compound (6) ............................................................ 3 

Figure A5: 
13

C NMR (100MHz, CDCl3) Compound (6) ........................................................... 4 

Figure A6: MS (EI) Compound (6) ............................................................................................ 4 

Figure A7: 
1
H NMR (400MHz, CDCl3) Compound (7) ............................................................ 5 

Figure A8: 
13

C NMR (100MHz, CDCl3) Compound (7) ........................................................... 5 

Figure A9: MS (EI) Compound (7) ............................................................................................ 6 

Figure A10: 
1
H NMR (400MHz, CDCl3) Compound (2) .......................................................... 6 

Figure A11: 
13

C NMR (100MHz, CDCl3) Compound (2) ......................................................... 7 

Figure A12: MS (EI) Compound (2) .......................................................................................... 7 

Figure A13: 
1
H NMR (400MHz, CDCl3) Compound (3) .......................................................... 8 

Figure A14: 
13

C NMR (100MHz, CDCl3) Compound (3) ......................................................... 8 

Figure A15: MS (EI) Compound (3) .......................................................................................... 9 

Figure A16: 
1
H NMR (400MHz, CDCl3) Compound (11) ........................................................ 9 

Figure A17: 
13

C NMR (100MHz, CDCl3) Compound (11) ..................................................... 10 

Figure A18: MS (EI) Compound (11) ...................................................................................... 10 

 

  



2 
 

 

 

Figure A1: 
1
H NMR (400MHz, CDCl3) Compound (5) 

 

 

Figure A2: 
13

C NMR (100MHz, CDCl3) Compound (5) 

5

5



3 
 

 

Figure A3: MS (EI) Compound (5) 
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Figure A5: 
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Figure A7: 
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Figure A9: MS (EI) Compound (7)  
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Figure A11: 
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Figure A13: 
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Figure A15: MS (EI) Compound (3) 
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Figure A17: 
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