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Abstract 

 This thesis is separated into two parts, the first involving the synthesis of a molecule for 

the use as a fuel for compression ignition engines along with analogues of the target molecule. 

The second part focuses on synthesis of G-quadruplex ligands derived from a pre-existing 

molecule known as 360A.  

 The starting material for the fuel was a polyhydroxyalkanoate (PHA) polymer consisting 

primarily of 8 carbon long monomers that was produce by a species of P. putida that was fed on 

octanoic acid. The polymer was reduced using sodium borohydride to a 1,3-diol before 

alkylation into a 1,3-diester. Analogues were produced using different alkylation agents. 

 The synthesis of ligands involved alkylating 3-aminoquinoline and 3-aminoisoquinoline 

by first protecting the nitrogen, brominating the ring using NBS, and alkylating via Suzuki cross-

coupling using a variety of boronic acids. The analogues then underwent a coupling reaction and 

a methylation before undergoing a triflate salt substitution. 
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Chapter 1: Introduction 

 In modern society there has been an ever-increasing demand for fuel and the world’s 

natural supply of petroleum is depleting rapidly; calling for a serious investigation into 

alternative fuels.1-3 Presently the main substitution for petroleum based fuels are fuels derived 

from vegetable oils which have their own pros and cons.4 The research described within this 

thesis aims to offer another alternative fuel produced from a different source, a 

Polyhydroxyalkanoate (PHA) polymer derived from P. putida that has been fed upon octanoic 

acid. PHAs are biodegradable polymers produced as a secondary metabolite when a microbe is 

denied a specific nutrient (e.g. nitrogen, oxygen, and phosphorus).5 These biopolymers have 

been shown to display similar characteristics to petroleum based products but require increased 

infrastructure to make them economically desirable on an industrial scale.6 When such 

compounds undergo the transformations detailed within this document the results are an 

intermediate compound, a medium length carbon chain diol, and the final product, a medium 

length carbon chain diether. Diols on their own serve as useful molecules either as stand-alone 

products or as intermediates for other compounds, such as pharmaceuticals.7 

 

1.1 What are biofuels? 

 Biofuels are a variety of compounds whose primary function is to provide energy in 

compression ignition, the most common types being biodiesel and ethanol. They’re an attractive 

renewable source due to their low emission profiles and also because they are biodegradable and 

nontoxic. The original biofuel was peanut oil used by Rudolf Diesel during the development of 

the diesel engine.1 Other vegetable oils were also used but in general their performance was poor 
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and they often caused engine failure due to their high viscosity.2 Contemporary biofuels are 

produced from two types of feedstock: lipid based and alcohol based. Lipid based feedstock 

utilizes vegetable oils, animal fats and microorganisms, such as algae, while alcohol based 

feedstocks are derived from fermented sugars to produce ethanol.8 

 The production of biodiesel involves the transesterification of vegetable oils using a 

catalyst (NaOH) and methanol. The entire process is completed in three steps: the attack on the 

triglyceride carbonyl carbon by an alcoholic anion to generate a tetrahedral intermediate, the 

reaction of the intermediate with alcohol to regenerate the anion, and the rearrangement of the 

intermediate that results in the formation of diglyceride and a fatty acid ester (FAE).3 Water is 

also produce and can result in the formation of soap, an undesired byproduct, which increases the 

overall viscosity. The byproducts are removed from the FAE which is then shipped and sold as 

biodiesel. Currently biodiesel has a lower power to mass ratio that petroleum based products and 

there are other factors that make it less desirable as a primary fuel source. 

 

1.2 What are the required properties of fuels and what problems does biodiesel exhibit? 

 The important properties of fuels can be broken down into three categories: combustion 

properties, flow properties and storage properties. Combustion properties include lower heating 

value, cloud point, pour point, and to a lesser extent cetane number. The lower heating value is 

the amount of energy given off during the combustion cycle by the amount of mass consumed 

and biodiesel values are approximately 89% of the values seen in petroleum based diesel.9 This 

is an obvious drawback to using biodiesel but unfortunately there are other negative factors. 

Cloud point is the temperature at which the fuel begins to develop crystal formations and 



 

3 
 

biodiesel has a higher value than that of conventional diesel. This is a potential problem in 

northern areas during winter where biodiesel will begin to solidify inside the fuel tank making it 

incredibly difficult to start the vehicle. Pour point is self-explanatory and, like the previously 

discussed properties, biodiesels tend to have higher values making them less than ideal 

candidates.10    

 The other two categories, flow and storage properties, also have negative aspects when 

compared to conventional diesel. Biodiesel typically displays higher kinematic viscosities. This 

leads to greater carbon build up in the engine and will ultimately cause the engine to fail over 

time; sooner than one running on petroleum diesel. The biggest concern now is the storage of 

biodiesel, it has a lower oxidative stability than diesel, which translates to it becoming inert 

faster. The origin of this problem is that biodiesel has more unsaturation points within the 

individual molecule making it more prone to radical oxidation. By removing unsaturation points, 

however, you reduce the bulk of the molecule resulting in an increased cloud point.11 It is safer 

to transport biodiesel, though, since it has a much higher flashpoint than diesel making it less 

likely to catch on fire. 

 The final problem with biodiesel lies in the production of biodiesel itself. It still relies 

upon a petroleum product, methanol, thus it is not a fully renewable fuel which reduces its 

environmental friendliness. The other issue with the production is the feedstock, vegetable oil, a 

product that is used as a consumable good in the food industry. Therefore, every amount of 

biodiesel produced subtracts from the amount of vegetable oil available for consumption. Other 

materials need to be investigated so biodiesel can be fully renewable and, thankfully, there are a 

few candidates, PHAs for example. 
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1.3 What are PHAs? 

  PHAs are a secondary carbon-based storage metabolite produced by a microbe when it is 

being denied a nutrient during its growth. These compounds are enatiomerically pure. They are 

all in the R-configuration, and are separated into two categories: short chain length PHAs that 

range from 3-5 carbons long and medium chain length PHAs that are between 6-14 carbons long. 

These compounds are made using three pathways, condensation of two acetyl-CoA molecules, 

fatty acid β-oxidation, and fatty acid biosynthesis, and when conditions become favourable for 

replication these storage molecules are utilized.12 The first PHA, poly-3-hydroxybutyrate (PHB), 

was discovered in 1926 and it was isolated and characterized by a strain of Bacillus 

megaterium.13 PHAs are fully biodegradable and are seen as alternative, environmentally 

friendly materials for a variety of products where petroleum based compounds are traditionally 

used.14 When decomposed aerobically these molecules produce CO2 which can then be 

consumed in the photosynthesis cycle to make remake PHAs. Anaerobic decomposition yields 

methane rich biogas that lead to production of other compounds.15 PHAs are also being 

investigated for their similar characteristics to petroleum based thermoplastics. 

 

1.4 What can PHAs be used for? 

 PHAs are versatile compounds that are currently being used to replace polyethylene due 

to their biodegradable properties, making them attractive in industrial, medicinal, and 

agricultural markets. Industry has a variety of uses for PHAs including using them as a latex 

covering for paper, combs, and pens to artificial food additives.16-18 A collaboration between 

Tsinghua University, Guangdong Jiangmen Center for Biotech Development, KAIST and 
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Procter and Gamble has yielded industrial scale production of PHB blend which can be used to 

make synthetic paper, flushable materials, medical devices, and thermoformed articles.19 In the 

medical field PHAs are highly sought after for use in tissue engineering. Some of their 

applications include bone plates, surgical sutures, heart valves, pericardial patches and 

dressings.20 They also see use as slow release capsule material in pharmaceuticals. However, to 

be medical grade PHA they must be produced in a bioreactor, since chemical synthesis has the 

tendency to leave residual metal catalyst behind.21 When used in the agricultural industry, PHA 

has been used as a film for mulches and time release insecticides.22 The applications of PHA are 

limitless, they are a versatile molecule that is safe to use in the environment and their low 

toxicity allows them to be used safely for medical purposes. PHAs can also be used as a starting 

material for other products, their carbon chains can be transformed once the polymer has been 

broken down into its monomeric units so other chemical transformations can be applied to them 

to yield other products. One such class of monomers are diols which have their own uses. 

 

1.5 How are diols used? 

 Diols are simply a carbon molecule with two alcohol groups attached to it in any order 

and in the context of this thesis, 1,3-diols were of interest. They can be made synthetically or 

they can be found in nature, in sources such as apples. Apples contain 1,3-dihydroxyoctane, 

which has a sweet odour.23 This compound is harmless to humans but has demonstrated 

effectiveness in controlling microbial growth, a property that has been observed with other 

compounds that contain this moiety. In the 1970s, 1,3-diols were used as preservatives in bread 

to retard the growth of mold and as even briefly as an insect repellent before being replaced by 

DEET.24-25 Today 1,3-diols are used in the transportation of grain for the same reasons but these 
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compounds have other application aside from use as antimicrobial agents. It is common for 1,3-

diols to be used as starting materials for a variety of products. For example, with the use of a 

molecular iodine catalyst 1,3-diols can be synthesized into five-membered cyclic ethers that are 

frequently used in perfumes.26 Another use for these molecules is as a catalyst for Tishchenko 

esterfications, a reaction involving two aldehydes that are converted in a simple ester in the 

presence of a Lewis acid catalyst.27 It has been noted that 1,3-diols also may have an application 

in reclamation of rivers next to boron mines. Boron toxicity in rivers has been an issue in certain 

regions of west Anatolia and the typical methods of reclamation are either difficult to implement 

or have some other disadvantages. So, a method of solvent extraction using 1,3-diols was 

investigated and it was reported that these compounds exhibit high binding affinity for boron and 

are thus a possible solution to boron pollution.28 With such a wide variety of applications 

documented in literature, the study of 1,3-diols is a worthy pursuit and since they are easy to 

obtain they make ideal molecules to study. 

 

The next part of this introduction will focus on a different topic. While the first section 

had an engineering background, this section will present a topic from biochemistry, specifically 

on the stabilization of G-quadruplexes. The reason for this notable shift in topics was due to a 

change in the funding available for my project. 

 

1.6 What are G-quadruplexes? 

 In human cells, guanine rich sequences of DNA or RNA have the ability to fold into a 

secondary structure known as a G-quadruplex. These structures are formed by two or more 
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guanine tetrads held together by Hoogsteen hydrogen binding and are further stabilized by a 

monovalent cation.29 These complexes exhibit high thermodynamic stability and are associated  

 

Figure 1.1: G-quadruplex at the end of human telomerase RNA *Permission from Dr. Sean 

McKenna30 

with crucial genomic functions such as transcription and replication, especially on the ends of 

chromosomes (telomeres).30 During cell division it is normal for the metal ion within the G-

quadruplex to become displaced temporarily allowing a promoter unit of a helicase enzyme to 

attach to the region and transcribe down region along the chromosome. Since DNA/RNA 

replication is never perfect, due to the inability of helicase to replicate fully to the end of the 

chromosome, each time a cell divides the length of the telomere is reduced. After a specific point 

it will begin to resemble double strand break. Once this occurs it will trigger a cellular response 

that will lead to cell death.31 This is what is expected to happen in a normal cell; however, in 

cancerous cells the telomere elongating enzyme, telomerase, is activated effectively granting 

immortality to the cell.32 Knowledge of this mechanism allows for a potential therapeutic 

treatment of cancerous cells through capping these G-quadruplexes. 
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1.7 How can these G-quadruplexes be prevented from unravelling? 

 As mentioned previously, during cell replication the metal cations that are responsible for 

stabilizing the structure are temporarily displaced allowing transcription to occur before 

reintegrating with the quadruplex again. If this step was prevented in some way, the G-

quadruplex would not unravel and the promoter unit would not be able to attach, thus preventing 

RNA replication. A way to do this is to ‘cap’ the G-quadruplex with a ligand that has a high 

binding affinity and will not be displaced; however, there is an issue with this approach because 

the quadruplex has 3 confirmations that alter its structure and can prevent the design of site 

specific ligands to an extent.33 Despite this, several ligands are being synthesized with the aim to 

cap these G-quadruplexes. 

 Compounds that target these sites are designed to be more acidic by containing multiple 

NH moieties which are capable of protonating units within the quadruplex and as a result 

promote further hydrogen bonding within the structure.34 There are multiple compounds that 

fulfill this role and they contain pyridine-2,6-dicarboxamide as a central part of the scaffold. One 

specific compound is labeled 360A and has 2 aminoquinoline rings attached to the 

aforementioned pyridine acid. This compound has not only demonstrated high affinity for these 

G-quadruplexes but also high selectivity making it a desirable target molecule for further study.35 

It is the goal of the second part of this project to create analogues of 360A with the objective of 

increasing the binding affinity to aid in the prevention of quadruplex collapse and by extension 

cell replication of cancerous cells. 
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Chapter 2: Synthesis of medium chain 1,3-dimethoxy alkanes 

2.1 Introduction 

 As described in section 1.2 and 1.4 new reacts are required to improve the 

environmentally safety of biodiesel production and limit the use of food grade feedstock so PHA 

polymer was selected as the desired reactant. The goal of this project was to develop a method of 

transforming a medium carbon chain PHA polymer produced by P. putida, that was fed on 

octanoic acid, into a potential additive or fuel. This project has been in process for the past few 

years before reaching this stage. The first phase was the production of a target molecule for study 

as well as being able to study it using a synthetic method that didn’t require the polymer. 

Development of this method was necessary due to the time and monetary constraints of 

synthesizing the polymer. A synthetic method was established and the first set of molecules was 

generated; however, combustion analysis of these first-generation products, β-hydroxyesters, 

showed undesirable results. The next set of compounds were based upon pre-existing research 

and resulted in dimethyl ether compounds that displayed attractive combustive properties.1  

2.2 Materials and Methods 

General Experimental Methods 

Unless otherwise noted, all the commercial reagents were used without further 

purification and the solvents were not dried prior to use. 1H and 13C NMR spectra were recorded 

at 300 and 75 MHz, respectively with CDCl3 (δ= 7.26 ppm, δ= 77.00 ppm,) as reference. 

Multiplicities are indicated as follows: s (singlet); d (doublet); t (triplet); q (quadruplet); m 

(multiplet) and coupling constants are given in Hertz. The infrared spectra were recorded on a 

Bruker Alpha-P FT-IR spectrometer using an attenuated total reflectance sample technique 
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(ATR) with a diamond ATR unit. The conversion of the starting materials was monitored by 

thin-layer chromatography (TLC) using silica gel plates (silica gel F-254, 0.20 mm), and the 

components were visualized by observation under UV light (254 nm). All reactions were 

quenched with a standard aqueous work up and the products were used without further 

purification, except the acetal analogues. 

Small Scale Reformatsky formation of methyl 3-hydroxyoctanoate (1) 

 

Figure 2.1: Reaction Scheme for methyl 3-hydroxyoctanoate synthesis 

Inside an oven-dried 250 mL round bottom flask, 100 mL of THF was placed along with 

a stir bead then set to reflux. Once the solvent began boiling, zinc was added to the flask (6.54 g, 

0.10 mol) before the heat was turned off. Using a graduated pipette, hexanal (6.02 mL, 0.05 mol) 

was transferred into the vessel before methyl bromoacetate (9.48 mL, 0.10 mol) was added, also 

using a graduated pipette. The mixture was allowed to react for 30 minutes changing from a clear 

solution to a dark yellow. The solvent was removed under vacuum and the viscous residue was 

transferred to a 1L Erlenmeyer Flask then mixed vigorously for 15 minutes with 200 mL of 

water to generate yellow precipitates. The mixture was then extracted using 100 mL of hexanes 

before being agitated for another 10 minutes. The contents of the flask were separated using 

vacuum filtration and the filtrate was placed into a 500 mL separatory funnel. After the first 

aqueous layer was drained, the organic layer was washed with water (100 mL), 1 M HCl (2 x 

100 mL), water (2 x 100mL) and saturated brine solution (2 x 100 mL) before being dried over 
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Na2SO4. The solvent was removed under pressure and the product (1) was obtained with a yield 

of 68% (4.83 g, 0.034 mol). 

Methyl-3-hyrdroxyoctanoate (4.83g) Light amber oil. 1H NMR (CDCl3, 300 MHz): δ = 0.88 (t, J 

= 6.27 Hz, 3H), 1.29 (m, 8H), 2.40 (dd, J = 8.77 Hz, 16.9 Hz, 1H), 2.51 (dd, J = 3.75 Hz, 15.6 

Hz, 1H), 3.70 (s, 3H), 3.99 (m, 1H), missing OH signal. 13C NMR (CDCl3, 75 MHz): δ = 14.1, 

22.7, 25.2, 31.8, 36.6, 41.2, 51.8, 68.1, 173.6 FTIR cm-1: 3458, 2929, 1724, 1437, 1164. 

Large Scale production of methyl 3-hydroxyoctanoate (1) 

This method is the combination of 16 small-scale reactions using the previously 

described method which adopted a different work up due to its scale. The reactions were 

conducted in batches of four and were combined before having their solvent removed under 

vacuum. The mixture was added to a 2 L Erlenmeyer flask along with 500 mL of water before 

being shaken vigorously for 15 minutes. After precipitates formed, 300 mL of hexane was used 

to extract the product before being shaken again for 10 minutes. The mixture was filtered under 

vacuum and the filtrate collected for washing. The contents were placed in a 1 L separatory 

funnel and the organic layer was washed with water (200 mL), 1 M HCl (2 x 200 mL), water (2 x 

200mL) and saturated brine solution (2 x 200 mL) before being dried over Na2SO4. The solvent 

was removed and the above steps were repeated for the three remaining batches before being 

combined, resulting in a 94% yield of 1 (135 mL, 0.756 mol). 
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Synthesis of 1,3-dihydroxyoctane (2) 

 

 

Figure 2.2: Reduction scheme of methyl 3-hydroxyoctanoate 

 

In four separate 1 L round-bottom flasks fitted with stir bars, was placed methyl 3-

hydroxyoctanoate (33.7 mL, 0.19 mol) which was dissolved in 500 mL of THF followed by the 

addition of sodium borohydride (14.3 g, 0.38 mol). The reaction was held at reflux in THF under 

an argon atmosphere for 8 hours. After cooling to room temperature, the solvent was removed 

under vacuum and excess sodium borohydride was quenched with concentrated brine solution 

(200 mL). After the evolution of hydrogen was complete (approximately 30 minutes) the mixture 

was extracted with 200 mL of ethyl acetate. The organic layer was washed with brine (4 x 200 

mL), dried over Na2SO4, the solvent was removed under vacuum and the four fractions 

combined to produce the product at a 91 % yield of 2 (107.5 mL, 0.69 mol). 

1,3-dihyrdroxyoctane (107.5 mL) Light amber oil. 1H NMR (300 MHz, CDCl3) δ: 0.89 (t, J = 

6.9 Hz, 3H), 1.30 (m, 6H), 1.45 (m, 3H), 1.68 (m, 2H), 3.66 (s, 1H), 3.82 (m, 3 H); 13C (75 MHz, 

CDCl3) δ: 14.0, 22.6, 25.3, 31.8, 37.7, 38.3, 61.5, 72.0; FTIR cm-1: 606, 1051, 1457, 1743, 2858, 

2928, 3323. 
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Synthesis of 1,3-dimethoxyoctane (3) 

 

 

Figure 2.3: Methylation of 1,3-dihydroxyoctane 

 

An oven-dried 2 L three-necked round bottom flask was charged with NaH (30.3g, 0.76 

mol) in mineral oil dispersion. The mineral oil was removed by washing it with hexane 

(3x200mL) under an argon atmosphere. At this point a solution of 1,3-dihydroxyoctane in 1 L of 

THF was added while being stirred at room temperature. A pressure-equalizing funnel 

containing neat CH3I (107.2 mL, 1.72 mol) was attached to the round-bottomed flask. The CH3I 

was added at a rate below which vigorous bubbling would be observed. After the CH3I was 

added the reaction was stirred at room temperature for 24 hours under an argon atmosphere. The 

reaction was quenched with water and concentrated under reduced pressure. The concentrated 

solution was then extracted with hexane (1 X 500 mL). The organic layer was then washed with 

water (1 x 300 mL), 1 M HCl (2 x 300 mL), water (2 x 300 mL) and concentrated brine (2 x 300 

mL). The organic layer was dried (NaSO4) and evaporated to leave a residue of pure 1,3,-

dimethoxyocatane (3) with a yield of 99% (150.0 mL, 0.68 mol). 

1,3-dimethoxyoctane (150.0 mL) Light amber liquid. 1H NMR (300 MHz, CDCl3) δ: 0.9 (t, J = 

6.9 Hz, 3H), 1.30 (m, 6H), 1.47 (m, 2H), 1.74 (m, 2H), 3.34 (m, 6H), 3.46 (m, 6H). 13C (75 

MHz, CDCl3) δ: 14.1, 22.6, 24.8, 32.0, 33.7, 33.9, 56.7, 58.6, 69.5, 78.1. FTIR δ: 1091, 1190, 

1379, 1460, 2859, 2928. 
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Large Scale Reformatsky formation of methyl-3-hydroxydecanoate (4) 

 

Figure 2.4: Synthesis of methyl-3-hydroxydecanoate 

Inside four oven-dried 250 mL round bottom flasks, 100 mL of THF was placed along 

with a stir bead then set to reflux. Once the solvent began boiling, zinc was added to each the 

flasks (6.54 g, 0.10 mol) before the heat was turned off. Using a graduated pipette, octanal (7.81 

mL, 0.05 mol) was transferred into the vessel before methyl bromoacetate (9.48 mL, 0.10 mol) 

was added, also using a graduated pipette. The mixtures were allowed to react for 30 minutes 

changing from a clear solution to a dark yellow. The fractions were combined and the solvent 

was removed under vacuum. The viscous residue was transferred to a 2 L Erlenmeyer Flask then 

mixed vigorously for 15 minutes with 500 mL of water to generate yellow precipitates. The 

mixture was then extracted using 300 mL of hexanes before being agitated for another 10 

minutes. The contents of the flask were separated using vacuum filtration and the filtrate was 

placed into a 1 L separatory funnel. After the first aqueous layer was drained the organic layer 

was washed with water (200 mL), 1 M HCl (2 x 200 mL), water (2 x 200mL) and saturated brine 

solution (2 x 200 mL) before being dried over Na2SO4. The solvent was removed under pressure 

and the product was obtained with a yield of 96% of 4 (158 mL, 0.7704 mol). 

Methyl-3-hyrdroxydecanoate (158 mL) Light amber oil.1H NMR (CDCl3, 300 MHz): δ = 0.87 (t, 

J = 6.52 Hz, 3H), 1.42 (m, 12H), 2.40 (dd, J = 8.8 Hz, 16.3 Hz, 1H), 2.51 (dd, J = 3.3 Hz, 16.4 

Hz, 1H), 2.84 (bs, 1H), 3.71 (s, 3H), 3.99 (m, 1H). 13C NMR (CDCl3, 75 MHz): δ = 14.2, 22.7, 



 

20 
 

25.6, 29.3, 29.6, 31.9, 36.6, 41.2, 51.8, 68.2, 173.6 FTIR cm-1: 3478, 2925, 2855, 172s, 1437, 

1163, 1056, 991, 72. 

Synthesis of 1,3-dihydroxydecane (5) 

 

 

Figure 2.5: Reduction of methyl-3-hydroxydecanoate 

 

In four separate 1 L round-bottom flasks fitted with stir bars, was placed methyl 3-

hydroxydecanoate (39.5 mL, 0.19 mol) which was dissolved in 500 mL of THF followed by the 

addition of sodium borohydride (14.3 g, 0.38 mol). The reaction was held at reflux in THF under 

an argon atmosphere for 8 hours. After cooling to room temperature, the solvent was removed 

under vacuum and excess sodium borohydride was quenched with concentrated brine solution 

(200 mL). After the evolution of hydrogen is complete (approximately 30 minutes) the mixture 

was extracted with 200 mL of ethyl acetate. The organic layer was washed with brine (4 x 200 

mL), dried over Na2SO4, the solvent was removed under vacuum and the four fractions were 

combined to produce the product (5) in 89 % yield (125.7 mL, 0.69 mol). 

1,3-dihyrdroxydecane (102.4 mL) Light amber oil. 1H NMR (300 MHz, CDCl3) δ: 0.89 (t, J= 6.5 

Hz,3H), 1.29 (m, 10H), 1.47(m, 2H), 1.71 (m, 2H), 3.67 (s, 1H), 3.86 (m, 2H). 13C (75 MHz, 

CDCl3) δ: 14.1, 22.7, 25.6, 29.2, 29.6, 31.8, 37.8, 38.3, 61.7, 72.3. FTIR δ: 606, 1049, 1239, 

1375, 1458, 1743, 2855, 2924, 3336. 
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Synthesis of 1,3-dimethoxydecane (6) 

 

 

Figure 2.6: Methylation of 1,3-dihydroxydecane 

 

An oven-dried 2 L three-necked round bottom flask was charged with NaH (30.3g, 0.76 

mol) in mineral oil dispersion. The mineral oil was removed by washing it with hexane 

(3x200mL) under an argon atmosphere. At this point a solution of 1,3-dihydroxydecane (125.7 

mL, 0.69 mol) in 1 L of THF was added while being stirred at room temperature. A pressure-

equalizing funnel containing neat CH3I (107.2 mL, 1.72 mol) was attached to the round-

bottomed flask. The CH3I was added at a rate below which vigorous bubbling would be 

observed. After the CH3I was added, the reaction mixture was stirred at room temperature for 24 

hours under an argon atmosphere. The reaction was quenched with water then concentrated 

under reduced pressure. The concentrated solution was then extracted with hexane (1 X 500 mL). 

The organic layer was then washed with water (1 x 300 mL), 1 M HCl (2 x 300 mL), water (2 x 

300 mL) and concentrated brine (2 x 300 mL). The organic layer was dried (NaSO4) and 

evaporated to leave a residue of pure 1,3,-dimethoxydecane (6) with a yield of 95% (152.6 mL, 

0.65 mol). 

1,3-dimethoxydecane (152.6 mL) Light amber liquid. 1H NMR (300 MHz, CDCl3) δ: 0.89 (t, J= 

6.5 Hz, 3H), 1.29 (m, 10H), 1.46 (m, 2H), 1.74 (q, J= 6.4 Hz, 2H), 3.34 (m, 6H), 3.46 (m, 2H). 
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13C (75 MHz, CDCl3) δ: 14.1, 22.6, 25.2, 29.3, 29.8, 31.8, 33.6, 33.8, 56.7, 58.6, 69.5, 78.0. 

FTIR δ: 723, 1093, 1379, 1460, 2855, 2924. 

Depolymerization of PHA polymer via Acid Catalysis 

 

Figure 2.7: Degradation of PHA polymer via acid catalysis 

Into a 250 mL round bottom flask, 100 mL of THF was added before PHA polymer, 

derived from P. putida using octanoic acid, (2.857g, 0.020 mol) was dissolved in the flask as the 

contents were agitated and slightly heated. Once the solid was completely dissolved, methanol 

(1.055 mL, 0.026 mol) was pipetted into the flask along with a catalytic amount of hydrochloric 

acid (5% molar equivalent). The reaction mixture was then heated to reflux and remained in that 

state overnight before having the solvent removed under vacuum. The remaining mixture was 

extracted using 50 mL of hexanes then worked up with water (1x 50 mL) and standard brine 

wash (3 x 50 mL). The organic layer was dried (NaSO4) and solvent removed under vacuum 

which left an impure yellow oil that exhibited an unpleasantly pungent odour at a 34.5% yield of 

(1) (1.2024 g, 0.0069 mol).  
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Depolymerization of PHA polymer using NaBH4 reduction  

 

Figure 2.8: NaBH4 reduction of 8 carbon chain PHA polymer derived from P. putida fed on pure 

octanoate 

PHA polymer (2.852 g, 0.020 mol) was dissolved into 100 mL of THF inside a dry 250 

mL round bottom flask before NaBH4 (1.501g, 0.040 mol) and LiCl (1.689 g, 0.040 mol) were 

added. The flask was refluxed for four days then had the solvent removed under vacuum. The 

remaining NaBH4 was reacted with brine solution (50 mL) for 30 minutes before the product was 

extracted with ethyl acetate (50 mL). The contents were washed using three 50 mL aliquots of 

brine solution and placed over sodium sulfate to dry. The solution was filtered before the solvent 

was removed leaving behind pure 1,3-dihdroxyoctane (2) with a yield of 88.7% 

1,3-dihyrdroxyoctane (2.508g) Light amber oil. 1H NMR (300 MHz, CDCl3) δ: 0.89 (t, J = 6.9 

Hz, 3H), 1.30 (m, 6H), 1.45 (m, 3H), 1.68 (m, 2H), 3.66 (s, 1H), 3.82 (m, 3 H); 13C (75 MHz, 

CDCl3) δ: 14.0, 22.6, 25.3, 31.8, 37.7, 38.3, 61.5, 72.0; FTIR cm-1: 606, 1051, 1457, 1743, 2858, 

2928, 3323. 

One pot conversion of PHA polymer into Diether 

 A mass of PHA polymer was added into a 500mL flask (2.881 g, 0.0201 mol) and 

dissolved in 250 mL of THF. After the polymer was dissolved into solution NaBH4 (1.50 g, 

0.0402 mol) and LiCl (1.70 g, .00402 mol) were added to the flask and held at reflux for four 

days under agitation. In a separate, oven-dried, 2 L, three-necked flask, NaH (2.7997 g, 0.117 
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mol) was placed under inert atmosphere and washed with hexanes (3 x 50 mL) until the coating 

of mineral oil was removed. The flask containing the reaction mixture was taken off heat and 

allowed to cool to room temperature during this time, then was carefully added to the three-

necked flask. Once the mixture has stopped bubbling, a pressure equalization funnel containing 

neat CH3I (6.018 g, 0.0503 mol) was attached to one neck of the flask and put on a slow drip. 

The reaction proceeded overnight at room temperature while being agitated. The solution was 

quenched with water (200 mL) before being transferred to a clean 1 L flask before having the 

THF removed under vacuum. The product was then extracted using hexanes (200 mL). The 

organic layer was then washed with water (1 x 100 mL), 1 M HCl (2 x 100 mL), water (2 x 100 

mL) and concentrated brine (2 x 100 mL). The organic layer was dried (NaSO4) and evaporated 

to leave a residue of pure 1,3-dimethoxyoctane with a yield of 19.6% (0.684 g, 0.00393 mol). 

Medium Scale Depolymerization of PHA polymer 

PHA polymer was divided into four 500 mL flasks (9.219 g, 0.064 mol per flask) and 

dissolved in 250 mL of THF. Once the polymer was fully dissolved, NaBH4 (4.871g, 0.1288 

mol) and LiCl (4.069 g, 0.096 mol) were added to each flask and all were held at reflux for four 

days. The solvent was removed under vacuum and the excess NaBH4 in each flask was reacted 

with brine solution (150 mL) before the product was extracted using ethyl acetate (150 mL). The 

product in each flask was washed separately with 3 portions of brine solution (150 mL) then 

dried (NaSO4). The dried product underwent solvent removal resulting in an 84.0% yield of 1,3-

dihydroxyoctane (31.633 g, 0.216 mol). 

Depolymerization of PHA polymer derived from P. putida fed on fryer fat oil 

PHA polyer derived from P. putida that was fed on fryer fat oil (6.885 g, 0.044 mol) was 

dissolved into 250 mL of THF inside a dry 500 mL round bottom flask before NaBH4 (3.314g, 
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0.088 mol) and LiCl (3.714 g, 0.088 mol) were added. The flask was refluxed for four days then 

had the solvent removed under vacuum. The remaining NaBH4 was reacted with brine solution 

(50 mL) for 30 minutes before the product was extracted with ethyl acetate (50 mL). The 

contents were washed using three 50 mL aliquots of brine solution and placed over sodium 

sulfate to dry. The solution was filtered before the solvent was removed, leaving behind a 

product that was initially a brown oil (4.386g) which quickly solidified into a wax like substance. 

Yield of substance unknown since it was an impure substance. 

 

2.3 Results and Discussion 

Synthetic procedure 

The fuels described above were tested for their combustive properties by the Birouk 

group and by Olds College. To obtain precise results, a larger than average volume of product 

was required. The main issue that arose was the problem of upscaling the Reformatsky reaction 

to an appropriate volume. The reaction is exothermic and tended to boil over when zinc was 

added to the mixture which was a safety issue and also caused product loss. It was discovered 

that by altering the available surface area of zinc (originally, fine meshed zinc was used but was 

later substituted for pellets) the reaction could be done without risk of boiling over. This 

alteration allowed the safe upscaling of the reaction from four 250 mL flasks to one 1L flask. 

There was a drawback to this method in that it required constant heat whereas the other 

procedure only required heat initially and the total reaction time went from 20 minutes to 2 

hours. Overall, the new method allowed for upscaling but required more energy and resulted in 

lower yields. 
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It should also be noted that despite the foci of this chapter being primarily around the 

synthesis of two target molecules that these products were produced in much larger quantities 

than what would be normally observed in a lab. Typically a reaction is set at a mmol scale but in 

this case much larger volumes of product were required in order to properly test the combustion 

properties of the compound. The total volumes that were synthesized and delivered to the Birouk 

Group and the Olds College lab are noted in the table below. 

 

Table 1.1: Overall volume of fuel produced  

Fuel Produced  Volume per 

batch (mL) 

Percent Yield for 

Overall Reaction (%) 

1,3-DMD (6) 100 80 

1,3-DMO (3) 150 85 

1,3-DMO (3) 100 59 

1,3-DMD (6) 125 55 

1,3-DMO (3) 150 71 

1,3-DMO (3*) 25 48 

1,3-DMO (3) 50 64 

* This fuel was synthesized from PHA polymer derived from P. putida  
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Combustion Properties 

Table 1.2: Combustion analysis of DMO and DMD in comparison to biodiesel 

Compound Cloud 

Point 

(°C) 

Total Acid 

Number  

(mg KOH/g) 

Oxidative 

Stability 

(Hours) 

Flash 

Point 

(°C) 

Kinematic Viscosity 

cSt@40°C 

(mm2/sec) 

Lesser 

Heat Value 

(MJ/kg) 

DMO -5 0.157 5.51 94.4 3.991 37.75 

DMD -5 0.127 3.73 43.2 4.078 N/A 

Biodiesel -4 0.177 2.56 167.8 4.463 39.78 

*Data provided by the Birouk group and Olds College. 

As discussed previously, there are several properties that are of importance when 

selecting a fuel for consumer consumption. Currently biodiesel has some unattractive qualities 

when compared to its petroleum based counterpart ie, lower oxidative stability, higher cloud 

point, and lower lesser heat value. The aim of this project was to produce an additive that would 

enhance pre-existing biodiesel but the compounds produced have demonstrated themselves to be 

candidates for ‘drop in fuels’ themselves. The two properties that were focused on were the cloud 

point and oxidative stability of the fuel. As shown in Table 1 cloud point was largely unimproved 

by the two candidate molecules; however, in oxidative stability DMD has shown an 

improvement factor over biodiesel of 1.5x and DMO over 2x which is significant. The increased 

resilience to radical oxidation means that these two compounds will have a longer shelf life than 

biodiesel which is important from an industrial standpoint. Other improvements, as noted by 

Table 1.2, are the kinematic viscosity and total acid number. These two conditions correlate to 

how a compound wears an engine via carbon build up in the piston heads and corrosion of metals 
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and fuel lines. Biodiesel is known to exhibit these problems so by having a lower viscosity, 

DMO and DMD will have an easier time flowing thus reducing carbon build up and extending 

engine life. 2 The two candidate compounds also have shown to be less corrosive than biodiesel 

which would mean that vehicles would not require any special modifications for them to make 

use of the fuels, hence why the term ‘drop in fuel’ can be applied to DMO and DMD. The final 

property, lesser heat value, refers to the amount of energy a molecule gives off during 

combustion and DMO has shown to have relatively comparable values to biodiesel. Based upon 

the data provided the two candidate molecules have demonstrated to be valuable sources of fuel 

and are worth further investigation for consumer use. 

PHA Polymer Degradation Procedure 

It was decided initially that acid catalysis would be the method of choice to transform the 

polymer into the β-hydroxyester so it could be further converted into the final product of DMO. 

The end product resulted in a low yield, 34.5%, while adding an extra step to the overall reaction 

scheme which makes it much less viable as a method since it would lower the total product yield. 

Side products were also formed in the process meaning increased time for purification and an 

even lower end yield. The method also introduced methanol into the reaction and that is 

undesirable since it is a petroleum based product meaning the entire production of this fuel 

would still be dependent on petroleum products. Further research into improving this method 

were abandoned in favor of greener protocols that had better yields. 

The first attempts at degrading the polymer using only NaBH4 had modest yields of 

<55% but allowed the bypassing of an extra step and resulted in a cleaner product. With the 

introduction of LiCl at a 1:1 ratio the yield increased to 65% and with further tweaking of the 

ratio, 2 LiCl:1monomer unit, a yield of >85% was achieved. Conversion into the dimethyl ether 
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was identical to the method used with the Reformatsky based products and a 25 mL sample was 

provided to an external lab to confirm its combustive properties. 

Conversion of PHA Polymer Derived from P. putida fed on Fryer Fat Oil 

 The method developed for transforming pure PHA polymer was successful to a small 

degree, a yield of 22% was observed though the product was not pure, when it was applied to 

PHA polymer produced by bacteria fed on fryer fat oil. The production of a diol was achieved 

and is evident in the NMR results; however, the reaction had multiple side products and the yield 

was low, a yield of 80% or greater is generally desired as a starting point. The NMR data 

suggested that the side products were FFA of varying lengths which is understandable 

considering the feedstock used to produce this polymer came from multiple sources. Despite the 

undesirable yield and formation of side products, the formation of a diol product demonstrates 

that the method worked and is still viable for further investigation. 

 

2.4 Future Work 

 With a viable method of converting PHA polymer into a diol in place that method now 

requires upscaling for industrial use as well as further refinement to increase the final yield. The 

method also needs further testing on PHA polymer derived from non-pure sources i.e. glycerol 

waste from biodiesel production. With the development of diether compounds it is also possible 

to synthesize other candidate compounds to further lower the cloud point temperature which can 

be done by increasing the overall bulkiness of the compound.  
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Chapter 3: Synthesis of 1,3-dimethoxyoctane analogues 

3.1 Introduction 

As discussed previously in section 1.2 the issues faced with the use of biodiesel are high 

cloud point temperatures and the method to prevent crystal formation would be to increase the 

steric bulk of the compound to delay inter-molecular stacking.1 The starting molecule for every 

reaction was 1,3-dihydroxyoctane which in theory was readily available via breaking down the 

PHA polymer; however, all work in this chapter was based on the synthetic 1,3-dihydroxyoctane 

and uses similar methodology to produce diether analogues. The acetal formation reactions were 

carried out using an unorthodox set of procedures, standard procedure is the Stark method, with 

varying results. The final set of reactions attempted the resolution of synthetic 1,3-

dihydroxyoctane using porcine liver enzyme under different reaction conditions. 

3.2 Materials and Methods 

Synthesis of 1,3-diethoxyoctane (7) 

 

Figure 3.1: Ethylation of 1,3-dihydroxyoctane 

Into a 500 mL three-necked flask NaH (0.620g, 0.0155 mol) was washed with three 50 

mL aliquots of hexanes under inert atmosphere. After the mineral residue was removed, 200 mL 

of THF was added to the flask along with 1,3-dihydroxyoctane (1.015g, 0.0070 mol). Once the 

bubbling had subsided, a pressure equalization funnel containing iodomethane (1.407 mL, 
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0.0176 mol) was attached to one of the necks and set to a slow drip over the course of an 

evening. The next morning the reaction was quenched with 50 mL of water then transferred into 

a 1 liter flask and put under vacuum to remove solvent. Hexanes (100 mL) were added to the 

flask’s contents before being placed into a separatory funnel. The contents were washed with 

water (1 x 100 mL), 1 M HCl (2 x 100 mL) and concentrated brine solution (3 x 100 mL) then 

dried (NaSO4). The final pure product (7) was an amber liquid at a 36.9% yield (0.05176 g, 

.00259 mol). 

1,3-diethoxyoctane (0.051 g) Light amber liquid. 1H NMR (300 MHz, CDCl3) δ: 0.85 (t, J = 6.9 

Hz, 3H), 1.20 (m, 5H), 1.32 (m, 5H), 1.40 (m, 3H), 1.67 (m, 2H) 3.34 (m, 5H), 3.46 (m, 5H). 13C 

(75 MHz, CDCl3) δ: 14.0, 15.0, 22.6, 25.3, 29.6, 31.8, 36.4, 37.4, 64.5, 66.5, 69.5, 71.5.  

Synthesis of 1,3-diphenoxyoctane (8) 

 

Figure 3.2: Alkylation of diol using iodobenzene 

A dry 500 mL three-necked flask was obtained and inside of it sodium hydride (0.440g, 

0.0183 mol) was added under inert atmosphere. It was then washed with hexanes (3 x 50 mL) to 

remove the mineral coating before adding 200 mL of THF and 1,3-dihydroxyoctane (0.721g, 

0.00500 mol). Once the mixture had stopped bubbling, bromobenzene (1.48 mL, 0.0125 mol) 

was added via pressure equalization flask and the reaction was carried out over a 24-hour period 
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under inert atmosphere and agitation. The reaction was then quenched with water (20 mL) and 

allowed to stabilize before it was transferred into a 1 L flask. The solvent was removed under 

pressure and the remaining contents were placed into a separatory funnel then extracted using 

hexanes (100 mL). The organic layer was then washed using an acidic work up consisting of 

water (1 x 100 mL), 1 M HCl (2 x 100 mL) and concentrated brine solution (3 x 100 mL) before 

being dried over sodium sulfate. The solvent was removed under vacuum and the resulting 

compound (8) was a reddish-brown liquid with a 58% yield (0.94 g, 0.0029 mol). 

1,3-diphenoxyoctane (0.94 g) Brown liquid. 1H NMR (300 MHz, CDCl3) δ: 0.9 (t, J = 6.9 Hz, 

3H), 1.37 (m, 4H), 1.52 (m, 4H), 1.80 (m, 2H), 2.64 (s, 1H), 3.70 (m, 2H), 4.53 (m, 4H), 7.30 

(m, 9 H). 13C (75 MHz, CDCl3) δ: 14.0, 22.7, 25.2, 31.9, 33.5, 34.5, 36.4, 37.5, 67.1, 69.3, 71.4, 

73.4, 127.4, 127.5, 127.7, 127.8, 128.4, 128.5, 128.8, 128.9, 129.0, 129.1.  

Synthesis of 1,3-di-2-butoxyoctane (9) 

 

Figure 3.3: Diether production using 2-bromobutane 

In a dry 500 mL three-necked flask sodium hydride (0.496 g, 0.0124 mol) was added and 

washed with three 20 mL aliquots of hexanes to remove the protective mineral coating while 

under an inert atmosphere. After the residue had been removed, 200 mL of THF was added along 

with 1,3-dihydroxyoctane (0.81 g, 0.0056 mol) and allowed to settle. A pressure equalization 

flask was fastened on the three-necked flask and 2-bromobutane (1.53 mL, 0.0141 mol) was 
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added and allowed to drip into the reaction flask under agitation for 24 hours. The reaction 

mixture was quenched with 20 mL of water before being transferred to a 1 L round bottom flask 

where the solvent was removed under pressure. The remaining contents were extracted in 100 

mL of hexanes and placed into a separatory flask. The organic layer was washed with water (1 x 

100 mL), 1 M HCl (2 x 100 mL) and concentrated brine solution (3 x 100 mL) and dried over 

sodium sulfate. The remaining solvent was removed under pressure but there was no residue left 

behind. 

Synthesis of 4-pentyl-2-phenyl-1,3-dioxane (10) 

 

Figure 3.4: Acetal formation using benzaldehyde 

In a dry 1 L flask 1,3-dihydroxyoctane (0.728 g, 0.005 mol) was added along with 500 

mL THF, a catalytic amount of acid, and 2-bromobutane (0.268 g, 0.00252 mol) and set to reflux 

for 2 hours. The solvent was removed under pressure and the contents were extracted using ethyl 

acetate and washed with water (1 x 100 mL), 1 M HCl (2 x 100 mL) and concentrated brine 

solution (3 x 100 mL) before being dried over sodium sulfate. The remaining solvent was 

removed under pressuring which resulted in a yellow liquid (10) with a yield of 108% (0.636 g, 

0.0027 mol). A silica gel column was attempted using a 3:1 hexanes to ethyl acetate eluent with 

no success in separation. 
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4-pentyl-2-phenyl-1,3-dioxane (0.63 g) Dark amber liquid. 1H NMR (300 MHz, CDCl3) δ: 0.93 

(t, J = 6.9 Hz, 3H), 1.33 (m, 6H), 1.51 (m, 4H), 1.69 (m, 1H), 1.82 (m, 1H), 3.82 (m, 2H), 7.36 

(m, 2H), 7.53 (m 2H). 13C (75 MHz, CDCl3) δ: 14.1, 22.7, 24.7, 30.4, 31.9, 36.0, 37.7, 37.8, 

67.2, 101.2, 125.4, 126.0, 128.1, 130.1, 139.0. 

Synthesis of 2,4-diheptyl-1,3-dioxane (11) 

 

 

Figure 3.5: Production of an acetal using octanal 

A dry 1 L flask was obtained and1,3-dihydroxyoctane (0.2621 g, 0.0018 mol) was 

dissolved into 500 mL of THF along with a catalytic amount of acid. Once fully dissolved, 

octanal (0.4257 mL, 0.0027 mol) was inserted into the flask then held at reflux under constant 

agitation for 2 hours. The reaction mixture was sampled via TLC and the appearance of a faint 

spot that did not correlate with the starting material was observed. The flask was removed from 

heat and had the solvent removed under vacuum. The remaining contents were extracted using 

50 mL of ethyl acetate and washed using water (1 x 100 mL), 1 M HCl (2 x 100 mL) and 

concentrated brine solution (3 x 100 mL) before being dried over sodium sulfate. The solvent 

was removed under pressure resulting in a light-yellow liquid; however after a preliminary NMR 

experiment, no acetal peak was observed thus it was concluded that the synthesis failed.  
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Synthesis of 2,4-dipentyl-1,3-dioxane (12) 

 

 

Figure 3.6: Diol transformation in an acetal using hexanal  

Along with a catalytic amount of acid and 500 mL of THF, 1,3-dihydroxyoctane 

(0.5580g, 0.0039 mol) was added to a dry 1 L flask. Dissolved hexanal (0.697 mL, 0.0056 mol) 

was added to the mixture and held at reflux over a two-hour period before taken off heat. After 

cooling to room temperature, the solvent was removed under vacuum and the contents extracted 

using 50 mL of ethyl acetate. The mixture was added to a 100 mL separatory funnel and washed 

using water (1 x 100 mL), 1 M HCl (2 x 100 mL) and concentrated brine solution (3 x 100 mL) 

then the contents were poured over sodium sulfate to dry. The drying agent was filtered out and 

the mixture had its content removed under pressure resulting in a yellow liquid with a yield of 

48.6% (0.4290 g,0.0019 mol). After a preliminary NMR experimented an aldehyde peak was 

observed which lead to the attempt at purifying the product using a silica gel column with a 1:1 

ethyl acetate to hexane ratio with no success. 

2,4-dipentyl-1,3-dioxane (0.43 g) Dark amber liquid. 1H NMR (300 MHz, CDCl3) δ: 0.9 (m, 

6H), 1.38 (m, 13H), 1.61 (m, 3H), 2.30 (m, 1H), 3.57 (m, 1H), 3.73 (m, 1H), 4.10 (m, 1H). 13C 

(75 MHz, CDCl3) δ: 14.2, 22.4, 23.8, 24.6, 28.4, 28.9, 30.3, 30.9, 31.6, 31.7, 31.8, 35.1, 36.0, 

66.8. 

  



 

37 
 

Acetal formation using isobutyraldehyde (13) 

 

 

Figure 3.7: Production of an acetal using isobutyraldehyde 

A dry 1 L flask was obtained and inside, 1,3-dihydroxyoctane (0.5065 g, 0.0035 mol) was 

dissolved in 500 mL of THF. A catalytic amount of HCl was added along with isobutyraldehyde 

(0.6411 mL, 0.0070 mol) and held at reflux for two hours before a sample TLC was run. There 

was no product spot observed after the aforementioned time period so the mixture was allowed 

to run for another two hours with a TLC experiment being run every half hour with no indication 

of a product being formed. The reaction was allowed to run overnight but there was no observed 

product formation so the experiment was abandoned.  

Synthesis of 2-(4-pentyl-1,3-dioxan-2-yl)pyridine (14) 

 

 

Figure 3.8: Preparation of an Acetal using 2-pyridinecarboxaldehyde 



 

38 
 

Inside of a dry 1 L flask, 1,3-dihydroxyoctane (0.5338 g, 0.0037 mol) was dissolved into 500 mL 

of THF along with a catalytic amount acid. Soon after, 2-pyridinecarboxaldehyde (0.7042 mL, 

0.0074 mol) was added to the reaction mixture and brought to reflux for a two-hour period. A 

TLC experiment using an eluent with a 1:1 ratio of ethyl acetate to hexanes was conducted to 

verify product formation but the first test was negative. The reaction was allowed to progress for 

another four hours and monitored via TLC with no indication of success thus the experiment was 

ended. 

Stereoselectivity of 1,3-dihydroxyoctane using Lipase 

 

 

Figure 3.9: Resolution of synthetic diols using Lipase 

A sample of 1,3-dihydroxyoctane (0.3461 g, 0.0024 mol) was placed in a dry 50 mL flask and 

dissolved in 20 mL of dry THF along with a catalytic (3%) pig liver lipase and vinyl acetate. The 

reaction mixture was held at 30 oC for three hours. A TLC experiment using an eluent with an 

8:2 hexanes to ethyl acetate ratio was conducted and a unique spot was observed. The reaction 

mixture was taken off heat, sealed, and left overnight before a second TLC experiment under the 

same conditions. The second plate did not exhibit the same results as the first plate and a second 

look was taken at the previous plate for comparison; however, upon a second observation the 

spot that was previously present and vibrant was no longer existent. The reaction was brought 
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back up to 30 oC and monitored via TLC for another 4 hours with no confirmation of product 

formation.  

The experiment was repeated using similar amounts of reactant with differing reaction 

conditions. The second experiment had the reaction held at room temperature over the course of 

a three-day period and no noticeable results were observed. It was repeated a third time at 40 oC 

for a five-day period with no observed results. 

3.3 Results and Discussion 

Synthetic Procedure 

 The procedure used to transform 1,3-Dihydroxyoctane was unconventional and was the 

major factor of why the bulk of the acetal synthesis was unsuccessful. The reason this particular 

procedure was employed was that the reaction in question is known to lead to the formation of 

water which cause a reverse reaction to compete with the forward action. Typically the Dean-

Stark apparatus, a glass cylinder with a stopcock at its lower end that is connected via a 

downward sloping side arm to a separate cylinder that connects to a reaction flask, is used to 

collect water in these types of reactions. This apparatus was not in possession thus an alternate 

method was utilized which involved diluting the reaction with an overabundance of solvent to 

prevent the reverse reaction from occurring. One issue with this method was that the reaction 

could not be allowed to react for extended periods of time since it would result in the build-up of 

water. This in turn prevented the reaction from going to completion and ultimately it guaranteed 

a reduced potential yield. 
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Resolution of the Diol 

 Attempts to separate the chemically synthesized diol enantiomers were unsuccessful. 

Different temperatures, solvents and reaction times were implemented but no visible indication 

of positive results was observed. It can be reasonably concluded that porcine liver enzyme was a 

poor choice for this reaction. It has been noted that it also has no success, zero transformation 

after a 72 hour reaction period, with the conversion of 1,2-diols by Ciuffreda et al.2 

3.4 Future Work 

The analogues of 1,3-dimethoxyocatane can all be tested for their combustion properties 

though due to the results of previous combustive tests with longer carbon chained molecules it 

may not be worth the resources. The resolution of the synthetic diol can be reattempted using 

different enzymes under different conditions and if successful their chiral activity can be tested. 

3.5 References 
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benzoylation of 1,2-diols with vinyl benzoate in organic solvents. Tetrahedron: Assymetry. 2003, 
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Chapter 4: Synthesis of 360A analogues 

4.1 Introduction 

As mentioned in section 1.7, the objective of this project was to synthesize compounds 

that displayed high binding affinity to the G-quadruplexes and the starting molecule selected for 

this project was 360A. The development of the 360A synthesis was previously completed by 

Dorazco-González et al1. The same method was applied successfully using 3-aminoisoquinoline 

in place of 3-aminoquinoline. The procedures selected for the analogues started with a protection 

step of the amino group, followed by a bromination step, and finally ending with a Suzuki cross 

coupling to alkylate before they underwent the set of reactions outlined by Dorazco-González et 

al1.  

4.2 Materials and Methods 

Synthesis of 360A (17) 

 

 

Figure 4.1: Synthesis of N2,N6-di(quinolin-3-yl)pyridine-2,6-dicarboxamide (15) 

Dry toluene (100 mL) was added into a 250 mL round bottom flask before 3-

aminoquinoline (0.338g, 0.002 mol) and 2,6- pyridinedicarbonyl dichloride (0.204 g, 0.001 mol) 

were dissolved inside of it. The reaction mixture was held at reflux for 4 hours, while under 

agitation, then taken off heat and allowed to cool to room temperature. The contents of the flask 
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were vacuum filtered and washed with acetone and 5% NaHCO3 which revealed a yellow 

powder (15) with a yield of 99.7% (0.4186 g, 0.000997 mol). Due to the compounds poor 

solubility characterization via NMR was not performed; however, the final triflate salt compound 

was dissolvable in DMSO and was characterized. 

 

 

Figure 4.2: Synthesis of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(1-methylquinolin-1-

ium) (16)  

 Compound 15(0.4186g, 0.00997 mol) was added to a 100 mL flask and suspended in 50 mL a 

1:1 ratio of DMF/acetone. Twenty equivalents of iodomethane (1.240g, 0.0191 mol) was added 

to the flask and the reaction reacted for a five-day period. The yellow precipitate (16) underwent 

vacuum filtration and was washed with cold methanol which had a 59.1% (0.4155g, 0.00059 

mol). Due to the compounds poor solubility characterization via NMR was not performed; 

however, the final triflate salt compound was dissolvable in DMSO and was characterized. 

Figure 4.3: Triflate salt conversion reaction to 360A (17) 
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The product in the previous reaction was dissolved in 100 mL flask containing 50 mL of hot 

methanol. Two equivalents of silver triflate were added to the flask and left to stir overnight at 

room temperature. The precipitate was filtered off and the solvent was removed under pressure 

producing the final product with a yield of 43.2% (0.1907g, 0.000255 mol).  

N2,N6-di(quinolin-3-yl)pyridine-2,6-dicarboxamide (0.19 g) Fine grey powder. 1H NMR (300 MHz, 

(CD3)2SO) δ: 2.51 (m, 4H), 3.87 (s, 7H), 7.74 (m, 1H), 8.10 (m, 2H), 8.25 (m, 1H), 8.55 (m, 4H), 

9.10 (s 1H), 9.44 (s, 1 H), 9.66 (s, 1H), 10.08 (d, J=10.3 Hz). 13C (500 MHz, (CD3)2SO) δ: 46.6, 

119.7, 119.8, 122.4, 125.4, 126.5, 126.8, 127.0, 128.0, 128.3, 128.5, 129.4, 129.7, 130.4, 130.8, 

132.3, 132.8, 134.6, 135.0, 135.3, 136.3, 141.2, 145.2, 145.4, 146.0, 147.9, 148.9. 

Synthesis of Methyl quinolin-3-ylcarbamate (18) 

 

 

Figure 4.4: Moc Protection of 3-aminoquinoline 

A 100 mL round bottom flask was placed in an ice bath and inside of it 3-aminoquinoline 

(0.7746 g, 0.0054 mol) was dissolved in 50 mL of dichloromethane. Triethylamine (0.824 mL, 

0.006 mol) was deposited into the solution and the mixture was brought to 0 oC before methyl 

chloroformate (0.6227 mL, 0.0081 mol) was added dropwise. The solution was left to heat up to 

room temperature and react for four-hours then solvent was removed under pressure. The 

remaining contents were dissolved in 50 mL of ethyl acetate and washed using 20 mL of water 

and three 20 mL aliquots of concentrated brine solution. The solution was dried over sodium 
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sulfate before being decanted into a 100 mL round bottom and placed on a rotary evaporator to 

remove the solvent. The crude red black sludge was purified on a silica gel column using a multi 

solvent system composed of 2:1 hexanes/ethyl acetate, 1:1 hexanes/ethyl acetate, 1:2 

hexanes/ethyl acetate, and finished with methanol. The final layer was collected and 

concentrated which resulted in a reddish-brown powder (18) with a final yield of 58.3% (0.6336 

g, 0.0031 mol). 

Methyl quinolin-3-ylcarbamate (0.63 g) Fine reddish brown powder. 1H NMR (300 MHz, 

CD2Cl2) δ: 2.19 (s, 3H), 3.85 (s, 1H), 7.28 (s, 1H), 7.58 (m, 2H), 7.80 (d, J= 6.0 Hz, 2H), 8.03 (d, 

J= 9.0 Hz, 1H), 8.72 (d, J= 3.0 Hz). 13C (500 MHz, CD2Cl2) δ: 31.0, 52.7, 127.2, 127.5. 128.1, 

129.0 143.7, 145.0, 152.0, 154.3. 

Synthesis of Methyl (7-bromoquinolin-3-yl)carbamate (19) 

 

 

Figure 4.5: Bromination of MoC protected 3-aminoquinoline 

Inside a 100 mL round bottom flask compound 18 (0.6336 g, 0.0031 mol) was added to 50 mL of 

methanol. The flask was covered in tinfoil before N-bromosuccinimide (NBS) (0.7058 g, 0.0034 

mol) was transferred into it. The reaction mixture was placed under agitation and left to react for 

a five-day period. The solvent was removed and the residue was purified in a silca gel column 

using a multi solvent system composed of 1:1 hexanes/ethyl acetate, 1:2 hexanes/ethyl acetate, 
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ethyl acetate, and finished with methanol. The product was concentrated in the final later which 

yielded a black brown film (19) with a yield of 49.4 % (0.435 g, 0.0015 mol). 

Methyl (7-bromoquinolin-3-yl)carbamate (0.44 g) black solid. 1H NMR (300 MHz, CD2Cl2) δ: 

2.19 (s, 3H), 3.85 (s, 1H), 7.28 (s, 1H), 7.58 (m, 2H), 7.80 (d, J= 6.0 Hz, 1H), 8.03 (d, J= 9.0 Hz, 

1H), 8.72 (d, J= 3.0 Hz). 13C (75 MHz, CD2Cl2) δ: 31.0, 52.7, 127.2, 127.5. 128.1, 129.0 143.7, 

145.0, 152.0, 154.3. 

 

Synthesis of 7-furanylquinolin-3-amine (20) 

 

 

Figure 4.6: Suzuki cross coupling of methyl (7-bromoquinolin-3-yl)carbamate 

Compound 19 (0.100 g, 0.357 mmol) was added to a 50 mL round bottom flask and dissolved 

with 20 mL of 1,4-Dioxane under inert atmosphere. Palladium (II) oxide (5% molar ration) was 

transferred into the flask and was stirred for ten minutes before 3-furanyl boronic acid (0.059 g, 

0.535 mmol) was inserted along with 5 mL of NaOH solution. The solution was held at reflux 

under agitation for two hours then quenched with 10 mL of water and extracted with 20 mL of 

DCM. The organic layer was washed with three aliquots of concentrated brine solution. The 

solvent was removed under vacuum and purified on a silica gel column using a 2:1 hexanes/ethyl 

acetate eluent. The layers were screened using NMR experiments but none matched the expected 

values of the desired compound (20). 
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Synthesis of 7-phenylquinoline-3-amine (21) 

 

 

Figure 4.7: Suzuki cross coupling experiment to produce 7-phenylquinoline-3-amine 

In a 50 mL round bottom flask, Compound 19 (0.200 g, 0.714 mmol) was dissolved with 20 mL 

of 1,4-Dioxane under inert atmosphere. Palladium (II) oxide (5% molar ration) was added to the 

flask and was stirred for ten minutes before phenylboronic acid (0.130 g, 1.07 mmol) was 

transferred along with 5 mL of concentrated NaOH solution. The solution reacted at reflux, while 

under agitation, for two hours before it was quenched with 10 mL of water. The organic layer 

was extracted with 20 mL of DCM and washed with three aliquots of concentrated brine 

solution. The solvent was removed under vacuum and purified on a silica gel column using a 2:1 

hexanes/ethyl acetate eluent. The top layer was condensed which resulted in a brown powder 

(21) with a yield of 52.5% (0.083g, 0.375 mmol). A second batch of this compound was made to 

give a total of 0.170 g in total. 

7-phenylquinoline-3-amine (0.17 g) brown powder. 1H NMR (300 MHz, CD2Cl2) δ: 3.85 (s, 2H), 

7.28 (s, 2H), 7.46 (m, 4H), 7.60 (m, 2), 7.80 (d, J= 9.0 Hz), 8.03 (m, 2), 8.53 (s, 1H) 8.72 (d, J= 

3.0 Hz). 13C (75 MHz, CD2Cl2) δ: 115.1, 124.0, 125.7, 125.9, 127.0, 127.3, 127.8, 128.2, 129.0, 

139.7, 142.7, 143.1, 143.9.  
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Synthesis of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(1-methyl-7-phenylquinolin-1-ium) 

(22) 

 

 

Figure 4.8: Coupling reaction to produce 360A analogue precursor 

The compounds 7-phenylquinoline-3-amine (0.170 g, , 0.768 mmol) and 2,6- 

pyridinedicarbonyl dichloride (0.078 g, 0.384 mmol) were dissolved in dry toluene (50 mL) 

inside of a 100 mL round bottom flask. The reaction mixture was held at reflux for 4 hours, while 

under agitation, then taken off heat and allowed to cool to room temperature. The contents of the 

flask were vacuum filtered and washed with acetone and 5% NaHCO3 which revealed a yellow 

powder (22) with a yield of 87.4% (1.915 g, 0.336 mmol). Due to the compounds poor solubility 

characterization via NMR was not performed; however, the final triflate salt compound was 

dissolvable in DMSO and was characterized. 
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Figure 4.9: Methylation reaction to synthesize 3,3'-((pyridine-2,6-

dicarbonyl)bis(azanediyl))bis(1-methyl-7-phenylquinolin-1-ium) iodide 

 Compound 22 (1.915 g, 0.336 mmol) was added to a 100 mL flask and suspended in 50 mL a 

1:1 ratio of DMF/acetone. Twenty equivalents of iodomethane (0.953 g, 6.72 mmol) were added 

to the flask and the reaction reacted for a five-day period. The yellow precipitate (23) underwent 

vacuum filtration and was washed with cold methanol which had a 59.1% (113 g, 0.199 mmol). 

Due to the compounds poor solubility characterization via NMR was not performed; however, 

the final triflate salt compound was dissolvable in DMSO and was characterized. 
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Figure 4.10: Triflate salt conversion to produce 3,3'-((pyridine-2,6-

dicarbonyl)bis(azanediyl))bis(1-methyl-7-phenylquinolin-1-ium) triflate 

 

Compound 23) (113 g, 0.199 mmol) was dissolved in 100 mL flask containing 50 mL of hot 

methanol. Two equivalents of silver triflate (0.257 g, 0.398 mmol) were added to the flask and 

left to stir overnight at room temperature. The precipitate was filtered off and the solvent was 

removed under pressure producing the final product with a yield of 34.3% of compound 24 

(0.0614 g, 0.068 mmol). 

3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(1-methyl-7-phenylquinolin-1-ium) (0.06 g) pale 

yellow powder. 1H NMR (300 MHz, (CD3)2SO) δ: 3.13 (s, 1H), 3.39 (m, 2H), 4.77 (m, 6H), 7.70 

(m, 1H), 8.09 (t, J= 9.0 Hz, 3H), 8.25 (t, J= 9.0 Hz, 3H) 7.60 (m, 2), 8.57 (m, 10H), 9.64 (s, 2H), 

10.11 (s, 2H). The carbon spectra of the NMR was scanned 128 times and the resulting readout 

did not yield any visible peaks aside from the solvent peak. Therefore characterization data on 

the carbons for this compound was inconclusive. 
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Synthesis of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(7-bromo-1-methylquinolin-1-ium) 

trifilate (28) 

 

 

Figure 4.11: Coupling reaction of 7-bromoquinolin-3-amine (25) 

Within a 100 mL round bottom, compound 25 (0.111 g, 0.724 mmol) and 2,6- pyridinedicarbonyl 

dichloride (0.074 g, 0.363 mmol) were dissolved in dry toluene (50 mL). The reaction mixture 

was agitated, while held at reflux for 4 hours, then removed from heat and allowed to cool to 

room temperature. The contents of the flask were vacuum filtered and washed with acetone and 

5% NaHCO3 which revealed a yellow powder with a yield of 83.7% (1.780 g, 0.304 mmol). Due 

to the compounds poor solubility characterization via NMR was not performed; however, the 

final triflate salt compound was dissolvable in DMSO and was characterized. 
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Figure 4.12: Methylation of N2,N6-bis(7-bromoquinolin-3-yl)pyridine-2,6-dicarboxamide (26) 

 The yellow powder (26) (1.780 g, 0.304 mmol) was added to a 100 mL flask and suspended in 

50 mL a 1:1 ratio of DMF/acetone. Twenty equivalents of iodomethane (0.863 g, 6.08 mmol) 

were added to the flask and the reaction reacted for a five-day period. The yellow precipitate 

underwent vacuum filtration and was washed with cold methanol which had a 61.8% of 

compound 27(0.1160 g, 0.188 mmol). Due to the compounds poor solubility characterization via 

NMR was not performed; however, the final triflate salt compound was dissolvable in DMSO 

and was characterized. 
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Figure 4.13: Triflate salt conversion of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(7-

bromo-1-methylquinolin-1-ium) iodide (27) 

Compound 27 (0.1160 g, 0.188 mmol) was dissolved in 100 mL flask containing 50 mL of hot 

methanol. Two equivalents of silver triflate (0.097 g, 0.376 mmol) were added to the flask and 

left to stir overnight at room temperature. The precipitate was filtered off and the solvent was 

removed under pressure producing a yellow solid with a yield of 40.6% of compound 28 

(0.069g, 0.076 mol). 

3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(7-bromo-1-methylquinolin-1-ium) (0.07 g) red 

brown powder. 1H NMR (300 MHz, (CD3)2SO) δ: 2.73 (s, 3H), 2.90 (s, 3H), 3.95 (m, 5H), 7.90 

(m, 1H). 13C (75 MHz, (CD3)2SO) 47.8 and 162.8. The carbon spectrum of the NMR was 

scanned 128 times and the resulting readout did not yield as expected for the desired molecule. 

Therefore characterization data on the carbons for this compound was inconclusive. 
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Synthesis of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(2-methylisoquinolin-2-ium)triflate 

(31)  

 

 

Figure 4.14: Coupling reaction of 3-isoaminoquinoline 

Dry toluene (100 mL) was added into a 250 mL round bottom flask before 3-isoaminoquinoline 

(0.288g, 0.002 mol) and 2,6- pyridinedicarbonyl dichloride (0.204g, 0.001 mol) were dissolved 

inside of it. The reaction mixture was held at reflux for 4 hours, while under agitation, then taken 

off heat and allowed to cool to room temperature. The contents of the flask were vacuum filtered 

and washed with acetone and 5% NaHCO3 which revealed a yellow powder (29) with a yield of 

99.7% (0.2389 g, 0.570 mmol). Due to the compounds poor solubility characterization via NMR 

was not performed; however, the final triflate salt compound was dissolvable in DMSO and was 

characterized. 

 

Figure 4.15: Methylation of N2,N6-di(isoquinolin-3-yl)pyridine-2,6-dicarboxamide (29) 

 Compound 29 (0.2389 g, 0.570 mmol) was added to a 100 mL flask and suspended in 50 mL a 

1:1 ratio of DMF/acetone. Iodomethane (1.25 mL, 0.020 mol) was added to the flask and the 
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reaction reacted for a five-day period. The yellow precipitate (30) underwent vacuum filtration 

and was washed with cold methanol which had a 44.4% (0.178 g, 0.253 mmol). Due to the 

compounds poor solubility characterization via NMR was not performed; however, the final 

triflate salt compound was dissolvable in DMSO and was characterized. 

 

Figure 4.16: Triflate salt conversion of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(2-

methylisoquinolin-2-ium)iodide (30) 

Compound 30 (0.178 g, 0.253 mmol) was dissolved in 100 mL flask containing 50 mL of hot 

methanol. Two equivalents of silver triflate (0.13 g, 0.506 mmol) were added to the flask and left 

to stir overnight at room temperature. The precipitate was filtered off and the solvent was 

removed under pressure producing the final product with a yield of 28.5% of compound 31 

(0.054g, 0.072 mmol). 

3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(2-methylisoquinolin-2-ium) (0.05 g) pale 

yellow powder. 1H NMR (300 MHz, (CD3)2SO) δ: 2.54 (m, 6H), 7.62 (t, J= 6.0 Hz, 2H), 7.79 (t, 

J= 6.0 Hz, 2H), 8.0 (d, J= 9.0, 2H), 8.16 (d, J= 9.0, 2H), 8.35 (m, 1H) 8.76 (s, 2), 9.34 (s, 2H). 

13C (75 MHz, (CD3)2SO109.3, 126.2, 126.8, 127.1 128.1, 131.7, 137.6, 140.2, 147.1, 149.6, 

151.6, 163.1. 
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Synthesis of Methyl isoquinolin-3-ylcarbamate  

 

Figure 4.17: Moc protection of 3-isoaminoquinoline 

A 100 mL round bottom flask was placed in an ice bath and inside of it 3-aminoisoquinoline 

(0.4192 g, 0.0029 mol) was dissolved in 50 mL of dichloromethane. Triethylamine (0.4461 mL, 

0.0032 mol) was deposited into the solution and the mixture was brought to 0 oC before methyl 

chloroformate (0.3406 mL, 0.0044 mol) was added dropwise. The solution was left to heat up to 

room temperature and react for four-hours then solvent was removed under pressure. The 

remaining contents were dissolved in 50 mL of ethyl acetate and washed using 20 mL of water 

and three 20 mL aliquots of concentrated brine solution. The solution was dried over sodium 

sulfate before being decanted into a 100 mL round bottom and placed on a rotary evaporator to 

remove the solvent. The crude red black sludge was purified on a silica gel column using a multi 

solvent system composed of 2:1 hexanes/ethyl acetate, 1:1 hexanes/ethyl acetate, 1:2 

hexanes/ethyl acetate, and finished with methanol. The final layer was collected and 

concentrated which resulted in a reddish-brown powder with a final yield of 22.0% of compound 

32 (0.1289 g, 0.638 mmol). 

Methyl isoquinolin-3-ylcarbamate (0.13 g) Fine yellow powder. 1H NMR (300 MHz, CD2Cl2) δ: 

1.44 (m, 3H), 3.85 (s, 1H), 7.50 (t, J= 9.0 Hz,1H), 7.69 (t, J= 9.0 Hz, 2H), 7.81 (d, J= 6.0 Hz, 

1H), 7.97 (d, J= 6.0 Hz, 2H), 9.17 (s, 1H). The carbon spectrum of the NMR was scanned 128 
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times and the resulting readout did not yield any visible peaks aside from the solvent peak. 

Therefore characterization data on the carbons for this compound was inconclusive. 

Synthesis of Methyl (5-bromoisoquinolin-3-yl)carbamate (33) 

 

 

Figure 4.18: Bromination of methyl isoquinolin-3-ylcarbamate (32) 

Compound 32 (0.5516 g, 0.0027 mol) was dissolved in concentrated sulfuric acid (20 

mL) and wrapped in tinfoil. The flask was lowered to 0oC before NBS (0.6424 g, 0.0031 mol) 

was transferred into the flask. The reaction took eight hours and was poured over 20 g of ice 

before it was quenched with 1 M sodium hydroxide solution until the pH had reached 8. The 

product was extracted with 20 mL DCM and dried over sodium sulfate. The solution was 

concentrated and purified on a silica gel column that used a 2:1 hexanes/ethyl acetate eluent. The 

final layer was collected and had the solvent removed under vacuum yielding a reddish brown 

powder with a yield of 22.9% of compound 33 (0.1740 g, 0.619 mol). 

Methyl (5-bromoisoquinolin-3-yl)carbamate (0.02 g) Dark brown film. 1H NMR (300 MHz, 

CD2Cl2) δ: 1.26 (s, 3H) 7.34 (m, 1H), 8.12 (m, 1H), 8.28 (s, 1 H), 8.96 (s, 1H), 9.11(s, 1H).13C 

(75 MHz, CD2Cl2) 115.3, 120.5, 127.2, 128.8, 129.6, 141.3. 
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Synthesis of 5-phenylisoquinolin-3-amine (34) 

 

Figure 4.19: Suzuki cross coupling reaction with phenylboronic acid 

In a 50 mL round bottom flask, compound 33 (0.577 g, 0.2053 mmol) was dissolved with 

20 mL of 1,4-Dioxane under inert atmosphere. Palladium (II) oxide (5% molar ratio) was added 

to the flask and was stirred for ten minutes before phenylboronic acid (0.0375 g, 0.3080 mmol) 

was transferred along with 5 mL of concentrated NaOH solution. The solution reacted at reflux, 

while under agitation, for two hours before it was quenched with 10 mL of water. The organic 

layer was extracted with 20 mL of DCM and washed with three aliquots of concentrated brine 

solution. The solvent was removed under vacuum and purified on a silica gel column using a 2:1 

hexanes/ethyl acetate eluent. The top layer was condensed which resulted in a brown powder 

(34) with a yield of 53.6% (0.0242 g, 0.1100 mmol). 

5-phenylisoquinolin-3-amine (0.02 g) Fine brown powder. 1H NMR (300 MHz, CD2Cl2) δ: 6.89 

(m, 1H). 7.25 (t, J= 9.0 Hz, 1H) 7.37 (t, J= 9.0 Hz, 1H), 7.46 (t, J= 9.0 Hz, 2H) 7.62 (d, J= 6.0 

Hz, 1H).13C (75 MHz, CD2Cl2) 115.3, 120.5, 127.2, 128.8, 129.6, 141.3. 
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Synthesis of 5-furanylisoquinolin-3-amine (35) 

 

Figure 4.20: Suzuki cross coupling of Methyl (5-bromoisoquinolin-3-yl)carbamate (33) 

In a 50 mL round bottom flask, compound 33 (0.0586g, 0.2774 mmol) was dissolved with 20 mL 

of 1,4-Dioxane under inert atmosphere. Palladium (II) oxide (5% molar ratio) was added to the 

flask and was stirred for ten minutes before Phenylboronic acid (0.0466g, 0.416 mmol) was 

transferred along with 5 mL of concentrated NaOH solution. The solution reacted at reflux, while 

under agitation, for two hours before it was quenched with 10 mL of water. The organic layer 

was extracted with 20 mL of DCM and washed with three aliquots of concentrated brine 

solution. The solvent was removed under vacuum and purified on a silica gel column using a 2:1 

hexanes/ethyl acetate eluent. The top layer was condensed which resulted in a brown powder 

(35) with a yield of 51.2% (0.0215 g, 0.1420 mmol). 

5-furanylisoquinolin-3-amine (0.01 g) Yellow film. 1H NMR (300 MHz, CD2Cl2) δ: 6.89 (m, 

1H). 7.25 (t, J= 9.0 Hz, 1H) 7.37 (t, J= 9.0 Hz, 1H), 7.46 (t, J= 9.0 Hz, 2H) 7.62 (d, J= 6.0 Hz, 

1H).13C (75 MHz, CD2Cl2) 115.3, 120.5, 127.2, 128.8, 129.6, 141.3. 
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Synthesis of 5-bromoisoquinolin-3-amine (36) 

 

Figure 4.21: Removal of protecting group from methyl (5-bromoisoquinolin-3-yl)carbamate (33) 

In a 50 mL round bottom flask, compound 33 (0.0577g, 0.2053 mmol) was dissolved 

with 20 mL of 1,4-Dioxane and had 10 mL 1 M NaOH solution added and allowed to react under 

agitation to remove the protecting group. The product was extracted using 20 mL of DCM then 

dried over sodium sulfate before having the solvent removed under vacuum which resulted in a 

dark brown powder (36) with a yield of 92.3% (0.0423g, 0.7895 mmol). 

5-bromoisoquinolin-3-amine (0.04g) reddish brown film 1H NMR (300 MHz, CD2Cl2) δ: 3.85 

(m, 2 H), 7.33 (m, 1H), 7.81 (m, 1H), 7.96 (m, 1H), 8.12 (m. 1H), 8.71 (m, 1H), 9.06 (m, 1H). 

13C (75 MHz, CD2Cl2) δ: 126.7, 129.2, 129.6, 139.9, 151.0, 151.7, 153.1, 166.9.  
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.Synthesis of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(2-methyl-5-phenylisoquinolin-2-

ium)triflate 

 

Figure 4.22: Coupling reaction of 5-phenylisoquinolin-3-amine (34) 

Dry toluene (100 mL) was added into a 250 mL round bottom flask before compound 34 

(0.0242 g, 0.1100 mmol) and 2,6-pyridinedicarbonyl dichloride (0.0112 g, 0.0550 mmol) were 

dissolved inside of it. The reaction mixture was held at reflux for 4 hours, while under agitation, 

then taken off heat and allowed to cool to room temperature. The contents of the flask were 

vacuum filtered and washed with acetone and 5% NaHCO3 which revealed a yellow powder with 

a yield of 80.7% of compound 37 (0.0506 g, 0.0888 mmol). Due to the compounds poor 

solubility characterization via NMR was not performed; however, the final triflate salt compound 

was dissolvable in DMSO and was characterized. 
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Figure 4.23: Methylation of N2,N6-bis(5-phenylisoquinolin-3-yl)pyridine-2,6-dicarboxamide 

(37) 

  Compound 37 (0.0506 g, 0.0888 mmol) was added to a 100 mL flask and suspended in 

50 mL a 1:1 ratio of DMF/acetone. Iodomethane (0.1106 g, 0.0018 mol) was added to the flask 

and the reaction reacted for a five-day period. The yellow precipitate underwent vacuum 

filtration and was washed with cold methanol which had a 60.9% yield of compound 38 (0.0463 

g, 0.0541 mmol). Due to the compounds poor solubility characterization via NMR was not 

performed. Hydrogen bonding between the amino group and carbonyl group on the amide bond 

caused the formation of intermolecular complexes that prevent dissolution; however, the final 

triflate salt compound was dissolvable in DMSO and was characterized. 
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Figure 4.24: Triflate salt conversion of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(2-

methyl-5-phenylisoquinolin-2-ium)iodide 

Compound 38 (0.0463 g, 0.0541 mmol) was dissolved in 100 mL flask containing 50 mL 

of hot methanol. Two equivalents of silver triflate (0.0278 g, 0.1082 mmol) were added to the 

flask and left to stir overnight at room temperature. The precipitate was filtered off and the 

solvent was removed under pressure producing the final product with a yield of 33.6% of 

compound 39 (0.0486 g, 0.0182 mmol). 

3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(2-methyl-5-phenylisoquinolin-2-ium) (0.05 g) 

pale yellow powder. 1H NMR (300 MHz, (CD3)2SO) δ: 2.50 (m, 3H), 2.74, (s, 7H), 2.90 (s, 7H), 

4.02 (s, 5H), 7.95 (s, 2H). 13C (75 MHz, (CD3)2SO) δ: 31.2, 36.3, 47.4, 47.7, 48.0, 48.3, 48.6, 

162.8. 
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Synthesis of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(5-(furan-3-yl)-2-

methylisoquinolin-2-ium)triflate (42) 

 

Figure 4.25: Coupling reaction of 5-(furan-3-yl)isoquinolin-3-amine (35) 

Dry toluene (100 mL) was added into a 250 mL round bottom flask before compound 35 

(0.0215 g, 0.1420 mmol) and 2,6- pyridinedicarbonyl dichloride (0.0145 g, 0.071 mmol) were 

dissolved inside of it. The reaction mixture was held at reflux for 4 hours, while under agitation, 

then taken off heat and allowed to cool to room temperature. The contents of the flask were 

vacuum filtered and washed with acetone and 5% NaHCO3 which revealed a yellow powder with 

a yield of 81.6% of compound 40 (0.0642 g, 0.1159 mmol). Due to the compounds poor 

solubility characterization via NMR was not performed. Hydrogen bonding between the amino 

group and carbonyl group on the amide bond caused the formation of intermolecular complexes 

that prevent dissolution; however, the final triflate salt compound was dissolvable in DMSO and 

was characterized. 
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Figure 4.26: Methylation of N2,N6-bis(5-(furan-3-yl)isoquinolin-3-yl)pyridine-2,6-

dicarboxamide (40) 

  Compound 40 (0.0642 g, 0.1159 mmol) was added to a 100 mL flask and suspended in 

50 mL a 1:1 ratio of DMF/acetone. Iodomethane (0.1440 mL, 0.0023 mol) was added to the flask 

and the reaction reacted for a five-day period. The yellow precipitate underwent vacuum 

filtration and was washed with cold methanol which had a 62.4% (0.0605 g, 0.0723 mmol). Due 

to the compounds poor solubility characterization via NMR was not performed. Hydrogen 

bonding between the amino group and carbonyl group on the amide bond caused the formation 

of intermolecular complexes that prevent dissolution; however, the final triflate salt compound 

was dissolvable in DMSO and was characterized. 
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Figure 4.27: Triflate salt conversion of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(5-

(furan-3-yl)-2-methylisoquinolin-2-ium)iodide 

Compound 41 (0.0605 g, 0.0723 mmol) was dissolved in 100 mL flask containing 50 mL 

of hot methanol. Two equivalents of silver triflate (0.0372 g, 0.1446 mmol) were added to the 

flask and left to stir overnight at room temperature. The precipitate was filtered off and the 

solvent was removed under pressure producing the final product with a yield of 32.4% of 42 

(0.0206 g, 0.0234 mmol). 

3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(5-(furan-3-yl)-2-methylisoquinolin-2-ium) 

(0.05 g) grey powder. 1H NMR (300 MHz, (CD3)2SO) δ: 2.56 (t, J= 9.0, 4H), 2.73, (s, 6H), 2.89 

(s, 6H), 7.95 (s, 2H). 13C (75 MHz, (CD3)2SO) δ: 119.2, 123.7, 162.4. The carbon spectra of the 

NMR was scanned 128 times and the resulting readout did not yield as expected for the desired 

molecule. Therefore characterization data on the carbons for this compound was inconclusive. 
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Synthesis of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(5-bromo-2-methylisoquinolin-2-

ium)triflate (45) 

 

Figure 4.28: Coupling reaction of 5-bromoisoquinolin-3-amine (36) 

Dry toluene (100 mL) was added into a 250 mL round bottom flask before compound 36 

(0.0423g, 0.7895 mmol) and 2,6- Pyridinedicarbonyl dichloride (0.0805 g, 0.3948 mmol) were 

dissolved inside of it. The reaction mixture was held at reflux for 4 hours, while under agitation, 

then taken off heat and allowed to cool to room temperature. The contents of the flask were 

vacuum filtered and washed with acetone and 5% NaHCO3 which revealed a yellow powder with 

a yield of 85.2% (0.3937 g, 0.6727 mmol). Due to the compounds poor solubility 

characterization via NMR was not performed. Hydrogen bonding between the amino group and 

carbonyl group on the amide bond caused the formation of intermolecular complexes that 

prevent dissolution; however, the final triflate salt compound was dissolvable in DMSO and was 

characterized. 
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Figure 4.29: Methylation of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(5-bromo-2-

methylisoquinolin-2-ium)iodide (44) 

  Compound 43 (0.3937 g, 0.6727 mmol) was added to a 100 mL flask and suspended in 

50 mL a 1:1 ratio of DMF/acetone. Iodomethane (0.8376 mL, 0.0135 mol) was added to the flask 

and the reaction reacted for a five-day period. The yellow precipitate underwent vacuum 

filtration and was washed with cold methanol which had a 60.6% of compound 44 (0.3542 g, 

0.4077 mmol). Due to the compounds poor solubility characterization via NMR was not 

performed. Hydrogen bonding between the amino group and carbonyl group on the amide bond 

caused the formation of intermolecular complexes that prevent dissolution; however, the final 

triflate salt compound was dissolvable in DMSO and was characterized. 
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Figure 4.30: Triflate salt conversion of 3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(5-

bromo-2-methylisoquinolin-2-ium)iodide (45) 

Compound 44 (0.3542 g, 0.4077 mmol) was dissolved in 100 mL flask containing 50 mL 

of hot methanol. Two equivalents of silver triflate (0.2095 g, 0.8154 mmol) were added to the 

flask and left to stir overnight at room temperature. The precipitate was filtered off and the 

solvent was removed under pressure producing the final product with a yield of 36.1% of 

compound 45 (0.1345 g, 0.1472 mmol). 

3,3'-((pyridine-2,6-dicarbonyl)bis(azanediyl))bis(5-bromo-2-methylisoquinolin-2-ium) (0.05 g) 

grey powder. 1H NMR (300 MHz, (CD3)2SO) δ: 2.51 (m 3H), 2.54 (m, 6H) 2.74, (s, 7H), 2.89 (s, 

7H), 3.98 (s, 11H), 7.95 (s, 2H). 13C (75 MHz, (CD3)2SO) δ: 34.6, 36.2, 47.1, 47.4, 47.7, 48.0, 

48.3, 48.5, 162.8. The carbon spectra of the NMR was scanned 128 times and the resulting 

readout did not yield as many peaks as expected for the desired molecule. Therefore 

characterization data on the carbons for this compound was inconclusive. 
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4.3 Results and Discussion 

Synthetic Procedure 

 Initially the bromination step for compound 19 used the same procedure that was selected 

for compound 32, as seen in Fig 4.18; however, after every attempt that was made the NMR data 

displayed the collapse of two proton signals in the aromatic region. The procedure was first 

altered with the addition of an ice salt bath to lower the temperature of the reaction to 

approximately -5oC but the same result was observed. Next the reaction time was reduced by 

half, in addition to the ice salt bath, yet the outcome was the same as before. Finally several 

solvents were selected, methanol, THF, dioxane, ethyl acetate, and DCM, and the reaction was 

allowed to proceed at room temperature for several days with samples undergoing periodic 

testing. The final outcome was the method outlined in Fig 4.5.  

RNA Assay testing of 360A analogues 

 

 

Figure 4.31: RNA Helicase assay results *assay conducted by Ewan McRae of the McKenna 

Group 
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 The assay was conducted using RNA from human telomerase (hTR), which was present 

in all of the lanes, and a RHAU helicase. Lane 1 was the negative control since it did not contain 

the helicase enzyme and resulted in no visible changes to the RNA. Lane 2 was the positive 

control which contained both the RNA and the helicase and demonstrated the formation of 

double stranded RNA (dsRNA). Lanes 3-9 had the RNA, helicase and one compound from 

previous section, the order in which they were placed from left to right was: 17, 24, 28, 45, 42, 

31, and 39. There was clear indication of weak binding from lanes 3 and 4, ascertained from the 

presence of both hTR and dsRNA in the lane, which contained 360A itself and the analogue that 

had a phenyl group substituted at the seventh position on each quinoline ring. The unexpected 

result was the high binding affinity exhibited by compounds 28 and 45, the brominated 

analogues. There was only trace amounts of dsRNA observed compared to the large amount of 

hTR preserved meaning that the two compounds were successful in displacing the metal cation 

within the quadruplex and remained there even after the addition of the helicase enzyme. As a 

result it will prevent the unravelling of the G-quadruplex.2 The compounds in the last lanes 

displayed little to no binding affinity thus can be considered non ideal target compounds.  

4.4 Future Work 

 With two lead molecules discovered, the next task is to run a positive control experiment 

by running the same style of assay using only the brominated substituted quinoline and 

isoquinoline rings without the central pyridine-2,6-dicarboxamide. This will ensure that it wasn’t 

a false positive and that the entire molecule was required to bind to the G-quadruplex structure 

instead of only the attached bromine. Other analogues can be synthesized and tested as well 

using the same synthetic procedure by substituting the boronic acid used in the Suzuki cross-

coupling reaction.  
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