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Abstract. The story of liquid crystal begun in late XIX's century from the discovery by two scientists that some liquids could be ordered in specific conditions of temperature. This was the starting point of long years of intense research on these molecules. From that constant effort, discotic liquid crystals, a specific type of liquid crystals, were found in India in 1977 by a scientist named S. Chandrasekhar. Interesting characteristics make discotic liquid crystals to have potentially important industrial applications. These characteristics are, among others, liquid crystal states well ordered, feasible and easy to control polymerisation, and conducting properties. All these properties gave good reasons to investigate one of these molecules. Our choice turned to the investigation of the synthesis route to make 2-heptyloxy3,6,7,10,11-pentakis(methyloxy)triphenylene. It involves a convergent multi-step reaction by coupling a 3,3',4,4'-tetrakis(alkyloxy)biphenyl with a 1,2-dialkyloxybenzene and hence, requires the synthesis of the intermediates. At first 1-heptyloxy-2-methoxybenzene was made from 2-methoxyphenol and bromoheptane using a simple Williamson synthesis. Then, 3,4-bis(methoxy)phenylboronic acid was synthesised from 4-bromoveratrole, and this was used in a Suzuki coupling reaction with 4-bromoveratrole and tetrakis(triphenylphosphine) palladium (0) to make 3,3',4,4'-tetrakis(methyloxy)diphenyl. All these syntheses went more or less fine, but we always obtained the desired products. Unfortunately, due to matter of time, the final product was not synthesised. In this report, we will give a definition to "discotic liquid crystal", discuss about the best strategy to make 2-heptyloxy-3,6,7,10,11-pentakis(methyloxy)triphenylene,



about



its



synthesis and about the results obtained from experience. 2
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Chapter I – Introduction on liquid crystals.



I.



From the discovery of liquid crystal to recent developments1. The liquid crystal investigation begun in 1888 when an Austrian botanist named



Friedrich Reinitzer observed that a derivative of cholesterol had "two melting points". At 145.5°C, it melted to a cloudy liquid and at 178.5°C, this cloudy liquid turned into a clear liquid. In addition, he observed some colour phenomena. Reinitzer was also aware about some works made by the German scientist Otto Lehmann, on a revolutionary technique of observation using a polarising microscope with a precision heating stage. He therefore sent his cholesterol derivative for observation to Lehmann and other investigators followed him. From all these investigations, gradually Lehmann became convinced that the cloudy liquid was a uniform fluid phase and finally labelled these substances "liquid crystals". From this starting point in the late XIX's century, scientists from many countries started to synthesise artificial liquid crystals, and to develop the theoretical and experimental work on them. Important advances in many areas were done to understand how behaved liquid crystals until the World War II using the new technological advances. Unfortunately, no practical use was found for them, and rapidly liquid crystals were consider as chemist "toys" and were buried without any possible future.
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The renaissance of liquid crystals began in 1957, when Glenn Brown, an American chemist, made an article with a review on them. He also developed a dynamic around liquid crystals, by organising the first of a series of international conferences on the subject. Then a series of published papers followed and rapid progress in understanding the molecular structure of these compounds was made. Even more, prediction of the behaviour of a liquid crystal phase became possible. This last discovery gave liquid crystals an extra dimension by entering in the industrial era, which gave them a commercial approach especially as the public known LCD's, or as a solvent or a medium in which to probe other substances. From this late times up to nowadays, a constant endeavour of research lead to the discovery of new liquid crystal phases. From this effort, discotic liquid crystals were first found in 1977 in India by the well-known Indian scientist S. Chandrasekhar. Now we know the history of liquid crystals, we will focus our discussion on their definition and description, especially for the discotic liquid crystals.



II.



What are liquid crystals1,2?



To those who know that substances can exist in three states (solid, liquid, and gas), the term "liquid crystal" may be quite mysterious. How can something be both liquid and crystalline? However, "liquid crystal" is an accurate description of both observed state transitions of many substances and the arrangement of molecules in some states of these substances.



II.1. States of matter. We are all aware that many substances can exist in more than one state of matter. The most familiar example is water, which can exist as a solid (ice), liquid, or gas (water vapour). The state of water depends on its temperature. Below 0°C, water is a solid. As the
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temperature rises above 0°C, ice melts to liquid water. When the temperature rises above 100°C, liquid water vaporises completely. These three common states of matter are different from each other because the molecules in each state possess different amounts of order, depending on the amount of energy they receive from the environment (usually heat). The solid state consists of molecules that are fixed in a place, and remain in this position. Solid states can either be crystalline or amorphous depending if the molecules are orientated in one direction and follow an arrangement pattern, or not. The molecules can vibrate a bit, but on average intermolecular forces are stronger than the energy received from external sources, and molecules are held together very tightly. The liquid state is quite different in that the molecules neither keep any specific position nor remain orientated in a particular way. On the first hand, molecules receive enough external energy to be free to diffuse about in a random manner and to be in a constant motion. On the other hand, intermolecular forces are still strong enough to keep molecules close to each other, and this explains why a liquid remains at a constant density. Therefore, the amount of order is obviously much lower in a liquid than in a solid. The gas state is quite similar to the liquid state in a way that molecules are not fixed in a specific position nor remain orientated in a direction. The difference between both states comes from the fact that molecules move more chaotically in the gas state. Now, the external energy supplied to the molecules exceeds their intermolecular forces and no specific average distance between molecules remains. A gas as no specific density and diffuses until it finds a physical barrier. Therefore, the amount of order in a gas is even lower than in a liquid and close to nil.
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II.2. The liquid crystal state. We will now complicate this picture by considering substances that can exist in states other than solid, liquid, and vapour. For example, cholesterol myristate (a derivative of cholesterol) is a crystalline solid below 71°C. When the solid is warmed to 71°C, it turns into a cloudy liquid. When the cloudy liquid is heated to 86°C, it becomes a clear liquid. Cholesterol myristate changes from the solid state to an intermediate state (cloudy liquid) at 71°C, and from the intermediate state to the liquid state at 86°C. Because the intermediate state exits between the crystalline solid state and the liquid state, it has been called the liquid crystal state.



Figure 1: Arrangement of



Figure 2: Arrangement of



Figure 3: Arrangement of



molecules in a solid crystal.



molecules in a liquid crystal.



molecules in a liquid.



"Liquid crystal" also accurately describes the arrangement of molecules in this state. In the crystalline solid state, as represented in Figure 1, the arrangement of molecules is regular, with a regularly repeating pattern in all directions. (Molecules of substances with a liquid crystal state are generally oblong and rigid, so-called rod-shaped). As the temperature of a substance increases, its molecules start to move and tumble randomly. In the liquid state, the molecules move into random positions, without pattern in location or orientation, as represented in Figure 3. In materials that form liquid crystals, the intermolecular forces in the crystalline solid are not the same in all directions; in some directions, the forces are weaker than in other 10



directions. As such a material is heated, the increased molecular motion overcomes the weaker forces first, but its molecules remain bound by the stronger forces. This produces a loss of positional order, but some of orientational order remains comparing to the crystalline state. The arrangement of molecules in one type of liquid crystal is represented in Figure 2. The molecules are still in layers, but within each layer, they are arranged in random positions, although they remain more or less parallel to each other. Within layers, the molecules can slide around each other, and the layers can slide over one another. This molecular mobility produces the fluidity characteristic of a liquid.



III. Discotic liquid crystal. III.1. The general structural features. So far, we have been only introduced to the most common liquid crystal phases that are formed by rod-like molecules. However, as we have noticed earlier, researchers in India found in the late 70's that a specific type of liquid crystal phase could be formed from disklike molecules. As a general feature for a discogenic liquid phase, the axis perpendicular to the plane of the molecule tends to orient along a specific direction. Different types of mesophase (i.e. liquid crystal phase) exist for discotic materials: •



The Nematic phase (see figure 4) or the least ordered mesophase (usually occur at highest temperature). Disk-like molecules in such a phase have orientational order but no positional order. Only few examples of discogens have this mesophase.



•



Or, the Columnar phase (see figure 4), in which the molecules are stacked into columns, the columns then being organised in a two-dimensional lattice. Molecules in such a phase have a positional order in two dimensions and are disordered in the third.
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Columnar phases are very rich and are normally classified at three levels; according to the symmetry of the two-dimensional array, the orientation of the core with respect to the column axis, and finally the degree of order within the column. The main types are illustrated in figure 5 and 6.



Figure 5: Common variations in stacking within the columns.



Figure 6: Common variations in stacking of the Figure 4: Difference between the Nematic phase columns. and a Columnar phase.



Discogenic molecules follow a noticeable archetypal trend. Generally they have a fairly rigid, planar aromatic central core with three, four or six rotational symmetry. In addition, six or more flexible side chains, each made from more than five atoms, are linked to the core. However, exceptions to these rules do exist and are now quite common.



III.2. Our interests in discotic liquid crystal. The synthesis route of a discotic liquid crystal was investigated, because these molecules have potentially important industrial applications due to unique properties. Discotic liquid crystals are well ordered types of liquid crystal that makes their liquid crystal state easy to control. In addition, they can be easily polymerised and they have
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conducting properties. All these properties make discotic liquid crystals of particular interests especially if they are intended for electronic devices. The work describe in this report is an introduction to the synthesis of discotic liquid crystals, as nobody in the past has ever tried to synthesise that kind of molecules at Kingston University.
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Chapter II – Literature survey.



In this chapter, we will find why the decision was made to synthesise the final discotic product: 2-hexyloxy-3,6,7,10,11-pentakis(methyloxy)triphenylene. Then, we will discuss about the strategy to make this product, the advantages and disadvantages, and the theory behind every synthesis step.



I.



Approach. In 1977, the first discotic liquid crystals investigated by the Indian team lead by S.



Chandrasekhar, were the benzene-hexan-n-alkanoate series (see scheme 1)3. After this discovery, other molecules were investigated and the second series of discotic liquid crystals found was the hexa-substituted ethers and esters of triphenylene (see scheme 2). R



R O



R O R
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O O
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R = OCnH2n+1 or COOCnH2n+1



R
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O



O



R



O



R = n-alkyl



R



R



R R



R



R



Scheme 2: Hexa-substituted ethers and esters of Scheme 1: Benzene-hexan-n-alkanoate. triphenyllene.



At first, the synthesis of one compound of the first series was thought. Unfortunately, it was rapidly found that the envisaged route to make this kind of discotic liquid crystal by direct esterification of a benzene ring was impossible. In fact, it has to be building up by multi-step reactions from fairly simple components2,4,5. Nevertheless, lack of precise
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information at the beginning, and time running out, forced us to think about another molecule to synthesise. This was still an option to think about, if spare time was available. The second thought was a derivative molecule from the second series. Here, this molecule was also made by a convergent multi-step reaction; and the literature related to it was rapidly available. Hence, inspired from the work made by David Steward and al.6 from the



University



of



Aberdeen,



the



route



to



make



the



2-heptyloxy-3,6,7,10,11-



pentakis(methyloxy)triphenylene was investigated.



II.



Strategy determination.



II.1.



Retrosynthetic analysis.



If we look at the following scheme, we can see that there are three important strategy types to synthesise a substituted derivative of triphenylene2,7: OR1 R2O OR3 OR4 R2O OR1



OR1



OR1



OR1 R2O



R2O



R2O



or



or



R2O



R2O



OR1



OR1



OR1 A



OR4



OR4



OR4 R2O



OR3



OR3



OR3



B



C



Scheme 3: Different disconnection approaches to make a substituted derivative of triphenylene.
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Retrosynthetic analysis using one, two or three bond disconnections suggests that substituted derivatives of triphenylene can be assembly from either an o-terphenyl (A), from benzene and biphenyl based components (B), or from three benzene derivatives (C). If we consider route (C)8, which is an oxidative trimerisation of a 1,2-dialkoxybenzene with iron (III) chloride, we would probably envisage it for the synthesis of symmetrical substituted derivatives of triphenylene. However, trimerisation is not the favoured reaction, but classical polymerisation is the most likely reaction to happen. In addition, requirement of an unsymmetrical product would not be achieved by this route due to its severe lack of regiocontrol. The o-terphenyl based route (A)9 could be used to synthesise, with good regiocontrol, unsymmetrical substituted derivatives of triphenylene. In practice, these routes are relatively laborious, because they involve a long multi-step reaction, even if improvements are still made. The



last



conceivable



route



(B)



is



to



couple



tetraalkyloxybiphenyls



with



dialkyloxybenzenes, using iron (III) chloride. This synthesis approach has the advantages of being regiospecific, hence could be used to make unsymmetrical substituted derivatives of triphenylene. In addition, it is found to be practical, because it does not involve a long multistep reaction. Therefore, the most likely synthesis route to make 2-heptyloxy-3,6,7,10,11pentakis(methyloxy)triphenylene we could use, was the route (B).



II.2.



Our experimental strategy.



As we have mentioned earlier, the strategy to make 2-heptyloxy-3,6,7,10,11pentakis(methyloxy)triphenylene has been largely inspired from the work made by David Steward and al.6 from the University of Aberdeen. The general approach to synthesise such
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molecule is by coupling a 3,3',4,4'-tetrakis(alkyloxy)biphenyl with a 1,2-dialkyloxybenzene (see scheme 6) and hence, requires the synthesis of the intermediates (see schemes 4 & 5). OC7H15



OH OMe



i



OMe 1



Scheme 4: Reagents and conditions: i, C7H15Br, K2CO3.



OMe



OMe i, ii



OMe



Br



OMe



(HO)2B 2



iii OMe



MeO



OMe



MeO 3



Scheme 5: Reagents and conditions: i, BuLi; ii, (PrO)3B; iii, Pd(PPh3)4, Na2CO3.



OMe



OMe



MeO



MeO OC7H15



+



OC7H15



i



OMe



OMe



1 MeO



MeO OMe



OMe



3



4



Scheme 6: Reagents and conditions: i, FeCl3, CH2Cl2.
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This strategy was chosen because it follows the strategic route (B) and it should give several advantages over other synthetic strategies: •



The final step is a regiospecific synthesis. This allows the fabrication of unsymmetrical product in sufficient quantities to analyse it, and can be later polymerised on a specific site.



•



It is a convergent multi-step reaction that uses only four steps, hence it should be fairly quick to make and should give a good average yield.



•



All reactions used are relatively known, and should give yields that are around or greater than 50%.



III. Substitution



reaction



to



obtain



1-heptyloxy-2-



methoxybenzene, 1. 1-heptyloxy-2-methyloxybenzene



is



synthesised



from



2-methoxyphenol



and



bromoheptane using a simple Williamson ether synthesis. In general, the Williamson synthesis is the SN2 reaction of preferably a methyl or primary alkyl halide with an alkoxide or phenoxide (with a strong nucleophile -OH). In our case, the reaction is initiated by potassium carbonate, which acts as a strong base, and removes the hydroxy hydrogen ion. The resulting mechanism is quite simple and straightforward, as we can see below in scheme 7:



OH OCH3



K2CO3



O



+ OCH3



C6H15



H2 C



OC7H15



- HBr Br



OCH3 1



Scheme 7: Williamson synthesis of 1-heptyloxy-2-methyloxybenzene.
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Theoretically, the reaction is expected to give a good yield because all the favoured conditions are meet.



IV. Synthesis of 3,4-bis(methoxy)phenylboronic acid, 2. The synthesis of compound 2 is a crucial step in order to be able to make the next crosscoupling reaction. Scheme 8 shows the details of the two reactions needed to make this compound from 4-bromoveratrole. Br



Li



OCH3



OCH3



-78°C Bu



+



Li



Bu



OCH3



Br



+



OCH3



5 OPr OPr



Li



OCH3



B OPr



(OPr)3B



+



OCH3



OCH3



+



+



Li



OCH3



5 - LiOPr



OCH3



(OH)2B



HCl



(OPr)2B



OCH3



OCH3 OCH3



2



Scheme 8: Lithiation of 4-bromoveratrole followed by the preparation of its boronic acid.



IV.1.



Metal-halogen exchange10.



The metal-halogen exchange reaction takes place in the first step of the synthesis. Its principal lies in the equilibrium reaction between lithium and bromide. The equilibrium favours the side that gives the organolithium compound whose organic group is better able to accommodate partial carbanionic character (in general aryl- or 1-alkenyl group).
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Thus, the general reaction has features that make it extremely useful for preparing 3,4-bis(methoxy)phenyllithium 5 from butyllithium and 4-bromoveratrole. In addition, the reaction with bromo-compounds such as 4-bromoveratrole is general, and proceeds remarkably rapidly even at low temperature, enabling to do it at -78°C.



IV.2.



Organoboronic acid reagent synthesis11.



The classical way to synthesise an aryl- and a 1-alkenylboronic acid or ester would be from Grignard reagents or lithium reagents, because it is an efficient method for making relatively simple boron compounds in large quantities. However, these procedures may practically suffer from the contamination of small amounts of the opposite stereoisomers (when applicable), but more important in our case, of bis-alkylation leading to the borinic acid derivatives and the formation of trialkylboranes. Recently, a variant uses organolithium reagents and triisopropyl borate, followed by acidification with HCl to give directly alkyl-, aryl-, 1-alkynyl, and 1-alkenylboronic esters or acids in high yields, usually over 90%. In our experiment, we use the variant way. The freshly made 3,4-bis(methoxy)phenyl-lithium 5 is mixed with triisopropyl borate and the mixture is allowed to warm to room temperature in order to accelarate the organoboron synthesis. At the end, we add HCl to finish this reaction, and hopefully obtain the wanted product: 3,4-bis(methoxy)phenylboronic acid.



V.



Coupling reaction to make 3,3',4,4'-tetrakis(methyl



oxy)diphenyl, 3. In this reaction, the boronic acid formed in the previous synthesis undergoes displacement of the boron atom by an electrophilic species, to form a new carbon-carbon atom.
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V.1.



Suzuki biaryl coupling11,12.



In 1981, a recent discovery showed that arylboronic acids undergo palladium-catalysed cross-coupling with aryl halides in the presence of a base. It features many advantages over the methods previously employed for such synthesis. Those methods involve the direct coupling of highly reactive organometallic reagents (Grignard, organolithium, etc…) with aryl halides in the presence of various catalysts. These reactions are of limited utility, since the presence of many functional groups interferes. The highly versatile Stille coupling reaction would solve these problems, but it suffers from using toxic organotin species. On the other hand, boronic acids in these coupling reactions to obtain biphenyl units offer the following advantages over the other methods: •



Boronic acids are air-stable materials of relatively low toxicity.



•



Boronic acids, has we have seen earlier, can be prepared and stored indefinitely enabling them to be used as required.



•



The coupling reaction offers good yield without homocoupling products and the crude product is easily purified by recrystallisation or chromatography.



•



Anhydrous conditions are not necessary.



V.2.



Mechanism12,13,14.



The catalytic cycle for the cross-coupling reaction of 4-bromoveratrole with compound 2, which involves oxidative addition - transmetalation - reductive elimination sequences, is described in scheme 9.
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CH3O



(beginning/end of catalytic cycle)



OCH3



(0)



Pd CH3O



OCH3



3



CH3O



(PPh3)4



Br



CH3O



2 PPh3 PPh3



PPh3



(II)



Pd



CH3O CH3O



PPh3 7



(II)



Pd



CH3O



OCH3



Br



PPh3 CH3O



OCH3



6



BrB(OH)2 (OH)2B



OCH3 OCH3



2



Scheme 9: Catalytic cycle for palladium cross-coupling.



The



first



step



involves



an



oxidative



addition



of



4-bromoveratrole



to



a



tetrakis(triphenylphosphine)palladium (0) complex that forms a stable trans-σ-palladium (II) complex 6, as two ligands are lost. The next xtep is a transmetalation step, which involves loss of the bromide atom and addition of compound 2. The resulting compound is the palladium (II) complex 7. The final step involves the liberation of the coupled product 3 and the regeneration of the catalyst, with a reduction of the palladium to the (0) oxidation state.
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VI. Synthesis of 2-heptyloxy-3,6,7,10,11-pentakis(methyl-oxy)triphenylene, 4. The final step is a coupling reaction between compounds 3 and 1. This is a variant of the Kovacic reaction that is used to polymerise poly(p-phenylene) from benzene15. The procedure consists in the dehydro-coupling of benzene nuclei by catalyst-oxidant systems, leading to the formation of C-C bonds. The reagent used here to carry out the reaction is a single catalyst system with both Lewis acid and oxidising properties. Scheme 10 gives a proposed mechanism of this Kovacic variant reaction in the next page. First, compound 3 mixed with iron (III) chloride in dichloromethane forms a radical-ion. This radical-ion then reacts with compound 1 and forms the two most stable and less hindered radical-ion intermediates. Hence, the C-C bond formation occurs between benzene carbons 6 and 6’ of compound 3 and benzene carbons 4 and 5 of compound 1. Finally, this yields to the preferred compound: 2-heptyloxy-3,6,7,10,11-pentakis(methyloxy)triphenylene.



23



CH3O



OCH3 CH3O



OCH3



CH3O



OCH3



FeCl3 / CH2Cl2



+



-H+ 3+



Fe CH3O



OCH3



CH3O



Cl



OCH3



CH3O



3



.
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.
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CH3O
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Scheme 10: Proposed mechanism for the Kovacic variant reaction.



24



Chapter III - Experimental.



All the experimental protocols are given within the next few sections. The experimental results and problems encountered are not included in this chapter and will be discussed in Chapter IV - Results.



I.



Preparation of 1-heptyloxy-2-methoxybenzene, 1. A mixture of 2-methoxyphenol (or guaiacol, 10.4g, 9.2cm3, 84mmol), bromoheptane



(15.9g, 14.0mL, 89mmol), and potassium carbonate (17.6g, 127mmol) in DMF (100cm3) in a 250cm3 round bottom flask. On top of the flask, a condenser was fitted, then the flask was then placed in an oil bath. The temperature was maintained at 120°C by controlling it with a thermometer probe, and run overnight. When the reaction was complete, it was cooled at room to temperature and poured it into 500cm3 of water. The mixture was extracted with chloroform (2×200cm3), then the organic extract was washed with water (2×200cm3), then with a solution of 5% sodium hydroxide (2×200cm3) and finally with water (4×200cm3). The organic layers were dried (MgSO4) and the solvents (chloroform and DMF) under reduced pressure. The oily residue was distilled using a three-stage Kugelröhr apparatus. Yield 59.6%. H



(CDCl3) 6.73 (s, aromatic, 4H); 3.90 and 3.75 (t and s, -OCHn, 5H); 1.87 to 0.85 (m,



-C6H13, 13H).
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II.



Preparation of 3,4-bis(methoxy)phenylboronic acid, 2.



A pressure equalising dropping funnel with an inlet adapter for nitrogen, a drying column, and a -100°C thermometer were fitted on a dried 250cm3 three-necked round bottom flask. The assembly was conditioned by filling it with nitrogen gas to ensure it was inert and free of moisture. In the round bottom flask, ultra-dried THF was added (40cm3) and 4bromoveratrole (2.5g, 1.65cm3, 11.5mmol). The mixtures was stirred under a positive over pressure of nitrogen and cooled at -78°C by placing the flask in a Deward flask containing dry ice and acetone. To the cool mixture, a 2.5mol.L-1 solution of butyl lithium (6cm3, 15mmol) was added slowly and carefully into the flask, and the resulting mixture was stirred for another 2.5h. Triisopropyl borate (8cm3) was added and the mixture was allowed to warm to room temperate with stirring overnight. The following morning, 3mol.L-1 of hydrochloric acid (80cm3) was added and the mixture was stirred for 1h. The mixture was extracted with diethyl ether (2×50cm3), then the organic phase was washed with water (4×50cm3), and finally the organic layers were dried (MgSO4). The solvents were removed (diethyl ether and THF) under reduced pressure. The crude product was recrystallised with aqueous ethanol. Mp = 134.0 – 136.0°C. Yield 6.3 and 18.8%.



H



(CDCl3) 7.00 (s, aromatic, 3H); 3.92 (s,



-OCH3, 6H). The location of the acidic H is uncertain due to rapid exchange with small amounts of H2O in the solvent.



III. Preparation of 3,3',4,4'-tetrakis(methyloxy)diphenyl, 3. A pressure equalising dropping funnel with a septum, a condenser with an inlet adapter for nitrogen, and a thermometer was fitted on a dried 100cm3 three-necked round bottom flask. The assembly was conditioned by filling it with nitrogen gas to ensure its inertness. A solution of 4-bromoveratrole (0.5g, 0.33cm3, 2.3mmol) and sodium carbonate (1.4g) in water
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(12cm3) was poured into the flask. The mixture was stirred under over pressure of nitrogen for 15min. A solution of 2 (0.4g, 2.2mmol) in ethanol (12cm3) was added dropwise to the mixture. Then a catalytic solution made from tetrakis(triphenylphosphine)palladium (0) (0.05g, 43.2µmol) in toluene (12cm3) was added dropwise. Finally, the mixture was stirred and heated to reflux overnight. The mixture was extracted with diethyl ether (2×18cm3), then the organic phase was washed with brine (2×18cm3). The resulting organic layers were dried (MgSO4). The solvents (diethyl ether and toluene) were removed under reduced pressure. The crude product was recrystallised with hot filtration from ethanol. Mp = 126.2 – 127.6°C. Yield 12.9%.



H



(CDCl3) 7.07 (d, aromatic, 6H); 3.97 (s, -OCH3, 12H).



IV. Preparation



of



2-heptyloxy-3,6,7,10,11-pentakis



(methyloxy) triphenylene, 4. This synthesis was not done; but this is how I would have done it, with the amounts of starting material I had available.



In a 50cm3 Erlenmeyer placed on a refrigerating plate, a solution of 3 (50mg - 182µmol) in dichloromethane (12cm3) was stirred at 0°C, then iron (III) chloride (30.7mg - 189µmol) was added. The resulting mixture was stirred for a further 10min at 0°C and 1 (60.6mg 273µmol) was added. This resulting mixture was stirred for 15min and a second portion of iron (III) chloride (45.7mg - 282µmol) was added. This reaction mixture was stirred for 3h and a second batch of 1 (60.6mg - 273µmol) was added. After a further 10min a third portion of iron (III) chloride (30.7mg - 189µmol) was added. The resulting mixture was stirred at 0°C for 1h and allowed to warm to room temperature over a period of 30min. This reaction mixture was poured into methanol previously cooled at 0°C, and it was stored at -20°C
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overnight. The resulting precipitate was then collected by filtration and the crude product should be found to be a mixture of 4 and 3. It was separated by column chromatography, using silica as a stationary phase and 10% v/v diethyl ether/light petroleum (bp 40-60°C) as a mobile phase. 4 was recovered by recrystallising it in ethanol.



These last two steps to separate 4 from unreacted 3 might not be possible due to the predictable very low yield.



V.



Characterisation.



The proposed structures of all the compounds were verified using 1H NMR, IR and MS. 1



H NMR spectra were measured in CDCl3 on a Jeol JNM-PMX60si 60Mhz spectrometer. IR



spectra were measured on NaCl plates using a Perkin-Elmer PARAGON 1000 FTIR spectrometer. MS spectra were measured using a LC-MS spectrometer. All these spectra are discussed in Chapter IV - Results, and can be seen in the Appendix 1.
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Chapter IV- Results.



In this chapter, we are going to describe all the experimental results and the different problems encountered at any stage of this multi-step reaction.



I.



Synthesis of 1-heptyloxy-2-methoxybenzene, 1. For this synthesis, the experimental protocol was exactly followed without having major



problems. Only some problems were encountered to remove the DMF solvent that has a high boiling point, hence need a high vacuum running through the rota-evaporator in order to evaporate it. This step is crucial in order to be able to make the distillation using a Kugelröhr apparatus, which only runs with small quantities of crude product. If the DMF solvent was still in solution, it would have taken too much time to run the distillation. Before carrying on doing the distillation, the oily residue left was checked for new products using a thin layer chromatography. It was compared to the starting materials on a fluorescent cellulose TLC using petroleum spirit 40-60°C:ethyl acetate mixture 20:2, as the eluent. We obtain the following TLC:



B stands for bromoheptane, M stands for 2-methoxyphenol and TP stands for target product. We clearly see that the resulting crude product of the reaction is different from the starting materials, but is also a mixture (two or more spots). Figure 7: TLC of the oily residue.
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The oily residue was then distilled using a Kugelröhr apparatus set up at 0.6mmHg at 135°C. Three fractions were obtain; the first fraction contained a solid black tar and represented 0.26g, the second fraction was supposed to contain 1 (fade orange liquid) and represented 11.12g that is in good accordance with the expecting yield (Cf. Calculation of yield), and finally the third fraction contained a mixture of oils and probably water and represented 3.30g. It was decided to keep the second fraction and to record its IR, MS, 1H NMR spectra. Calculation of yield. The reaction is stoichiometric so nbromoheptane = nguaiacol = n1 = 84×10-3mol. Hence, the theoretical mass we can obtain is: mth1 = nguaiacol×M1 mth1 = 84×10-3×222 = 18.65g The mass obtained experimentally is mexp1 = 11.12g Therefore the yield is: yield =



11.12 × 100 = 59.6% 18.65



In the paper made by David Steward and al.6, they obtained a yield of 55% for the synthesis of 1-hexyloxy-2-methoxybenzene, which is in good accordance with our yield. IR (Cf. Appendix 1 - I.1.). OC7H15 OCH3



•



3064 cm-1: ν=C-H aromatic;



•



2998, 2930 & 2857 cm-1: νCH 3 & νCH 2;



•



2000 to 1667 cm-1: harmonic bands for aromatic compound ortho-disubstituted; 30



•



1593, 1506 & 1456 cm-1: νC=C aromatic;



•



1253 & 1229 cm-1: ν asC-O-C aromatic ether;



•



1031 cm-1: γ sC-O-C aromatic ether;



•



740 cm-1: γC-H for aromatic compound ortho-disubstituted.



Therefore, we find all the predictable characteristics of our compound but also two other interesting bands: •



3586 cm-1: νOH present in the crude and in the purified product and can be a trace of starting material (guaiacol) or water;



•



1683 cm-1: νC=C of an alkene or νC=O present in the crude product; which has a great chance to be a band of the tar removed during the distillation.



1



H NMR (Cf. Appendix 1 - III.1.).



HC HC A



H C



B D E OCH2(CH2)5CH3



C H



OCH3 C



•



δ = 6.73 ppm (s, 4H, A);



•



δ = 3.90 and 3.75 ppm (t and s, 5H, B and C);



•



δ = 1.87 to 0.85 ppm (m, 13H, D and E).



The data obtained from the 1H NMR are in good accordance with the theoretical data. In addition, the peak present on the crude product NMR at δ 3.30 ppm disappears on the purified product NMR, which confirm the purification.
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MS (Cf. Appendix 1 - II.1.). The expected molecular mass of 1-heptyloxy-2-methoxybenzene is 222 g.mol-1. From the LC-MS, we should obtain (M + H)+, (M + Na)+ and maybe (M + Mg)+. This should give peaks at m/z = 223, 245 and 247. From the two analyses, we obtain all these peaks and a certain amount of other peaks that cannot be attributed. From the good results obtained both in IR and in 1H NMR, it might either be a calibration problem of the instrument (for one analysis, it looks like there is an error of +1) or a contamination present in the LC column (the peaks are too strong to be impurities!).



II.



Synthesis of 3,4-bis(methoxy)phenylboronic acid, 2.



As for the last synthesis, the experimental protocol was followed exactly. Extra care was also taken to dry the vessels and tubing, by washing then with acetone and living them into a desiccator or an oven at least 1h prior to the experiment. The reaction went fine at all stages, but after recrystallisation, only 131mg of a pale yellow powder supposed to be 2, was obtained. This result was well below expectation, so it was envisaged to understand it. Different possibilities came to mind: •



The vessels and/or tubing were not dry enough.



•



The nitrogen supplied from the main line was not dry enough.



•



Some of the starting materials were not good.



•



Or the recrystallisation of this kind of compound is not suitable, because boronic acids are quite hydrophilic, and there is a great chance that they can not be recovered after recrystallisation.
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It was decided to reset the experiment including some changes from the first protocol. Extra care was taken to keep dry the vessel and tubing, and an assembly was installed in order to dry the incoming nitrogen gas. The nitrogen gas was dried by bubbling it into concentrated sulphuric acid, then by passing it through sodium hydroxide pellets to remove any trace of sulphuric acid that may have been carried by the gas. It was also decided to remove the recrystallisation in order to increase the chance of recovery of the product. This second batch ran fine until the addition of hydrochloric acid, when the presence of an unexpected greenish rubbery precipitate was discovered. At first, it was thought that it was the actual product. Rapidly it became clear it was not the case, when it was not possible to extract it. In fact, it is suspected to be some dissolved plastic from a syringe. Despite this event, the experiment was carried on and only 393mg of a bright yellow wet powder was obtained. It was also supposed to be 2; but with some reserves. Again, the yield obtained was well below expectation. Due to a matter of time, it was decided to carry on to the next step by mixing the two batches. The characterisation of what was supposed to be 2 was then done and the results follow. Melting point. Mp = 134.0 - 136.0°C Calculation of yield. The reaction is stoichiometric so n4-bromoveratrole = nbutyl lithium = n2 = 11.5×10-3mol. Hence, the theoretical mass we can obtain is: mth2 = n4-bromoveratrole×M2 mth2 = 11.5×10-3×181.8 = 2.09g
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The masses obtained experimentally are mexp21 = 0.131g for the first batch, and mexp22 = 0.393g for the second batch. Therefore the yields are: 1st yield =



0.131 × 100 = 6.3%, 2.09



and 2nd yield =



0.393 × 100 = 18.8% 2.09



In the paper made by David Steward and al.6, they obtained a yield of 93% for the synthesis of 3,4-bis(hexyloxy)phenylboronic acid. Obviously, our results are very poor comparing to this paper. IR (Cf. Appendix 1 - I.2.). (OH)2B



OCH3 OCH3



First batch: •



1600, 1574 & 1500, 1462 cm-1: νC=C aromatic;



•



1253 & 1227 cm-1: ν asC-O-C aromatic ether;



•



1175 & 1140 cm-1: νB-O;



•



1022 cm-1: γ sC-O-C aromatic ether;



•



852, 814 & 760 cm-1: γC-H for aromatic compound 1,2,4-trisubstituted.
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The noticeable missing band is the -O-H band at 3500 cm



-1



. This is normal, because



most boronic acids readily undergo dehydration to either form cyclic dimeric or cyclic trimeric anhydrides (boroxines). This often tends to occur spontaneously at room temperature, so that it is difficult to obtain the acid free from the anhydride. 2 (CH3O)2Ph B(OH)2



3 (CH3O)2Ph B(OH)2



- 2 H2O



O B



(CH3O)2Ph



- 3 H2O



(CH3O)2Ph



O



B O



O B



B Ph(CH3O)2



B



Ph(CH3O)2



O



Ph(CH3O)2



Second batch: •



3000 cm-1: νCH aromatic;



•



2957, 2927, 2857 cm-1: νCH 3 & νCH 2 aromatic;



•



1598 & 1506, 1464 cm-1: νC=C aromatic;



•



1254 & 1227 cm-1: ν asC-O-C aromatic ether;



•



1176 & 1141 cm-1: νB-O;



•



1027 cm-1: γ sC-O-C aromatic ether;



•



898 to 624 cm-1: γC-H for aromatic compound.



Also in this analysis, there are several unexpected bands: •



3500 cm-1: νOH alcohol or acid;



•



3260 cm-1: νNH;



•



1410, 1381 & 1357 cm-1: νCH3 or νOH or νs -NO 2 ;



•



898 to 624 cm-1: γNH.
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And if we look at the IR of the insoluble residue, we can notice some bands: •



3137 cm-1: νNH;



•



1712 & 1668 cm-1: νC=O;



•



1597 cm-1: νNH.



All these IR peaks give the first confirmation of a possible contamination of this batch by the plastic of a syringe. 1



H NMR (Cf. Appendix 1 - III.2.). H C



(OH)2B C HC



OCH3



B C H



OCH3 A



First batch: •



δ = 7.00 ppm (s, 3H, A);



•



δ = 3.92 ppm (s, 6H, B);



•



δ = 1.25 to 0.85 ppm (m).



The data obtained from the 1H NMR are in good accordance with the theoretical data, except for the last multiplet, which should not appear and might be due to the presence of solvent. The location of the acidic H is uncertain due to rapid exchange with small amounts of H2O in the solvent. Second batch: •



δ = 7.23 ppm (s);



•



δ = 6.87 ppm (s, 3H, A);



•



δ = 3.88 ppm (s, 6H, B);



•



δ = 1.25 to 0.95 ppm (m).
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The location of the acidic H is uncertain due to rapid exchange with small amounts of H2O in the solvent. The data obtained from the 1H NMR are in good accordance with the theoretical data, but again the presence of last multiplet should not appear and might be due to the presence of solvent. In addition, the peak at δ = 7.23 ppm was not predicted and re-enforced the theory of a contamination. MS (Cf. Appendix 1 - II.2.). The expected molecular masses of 3,4-bis(methoxy)phenylboronic acid are 182, 328 and 491 g.mol-1. From the LC-MS analysis, we obtained for the two batches peaks at m/z = 245, 260, 275 and 297. These peaks are the results of fractionated ions of the boronic acid. The other peaks are present either due to the solvent or due to impurities.



III. Synthesis of 3,3',4,4'-tetrakis(methyloxy)diphenyl, 3. For this last synthesis made, the experimental protocol was followed and care to well dry the incoming nitrogen was taken, by using the drying assembly previously used. The reaction went fine, except for the removal of toluene that have a high boiling point and required a high vacuum running trough the rota-evaporator in order to evaporate it. At this stage, a brown slurry was obtain. Then, it was recrystallised in hot ethanol. This stage was quite critical, because the product had to be maintained dissolved in hot ethanol once filtered, in order to retain the undissolved impurities. It was then followed by a classic recrystallisation. 78mg of a very pale yellow powder supposed to be 3 was obtained. Again, this result was well bellow expectations (Cf. Calculation of yield), but can partially be explained by the probable unpure starting material 2.
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Melting point. Mp = 126.2 - 127.6°C Calculation of yield. The reaction is stoichiometric so n4-bromoveratrole = n2 = n3 = 2.2×10-3mol. Hence, the theoretical mass we can obtain is: mth3 = n2×M3 mth3 = 2.2×10-3×274 = 0.603g The mass obtained experimentally is mexp3 = 0.078g. Therefore the yield is: yield =



0.078 × 100 = 12.9% 0.603



In the paper made by David Steward and al.6, they obtained a yield of 62% for the synthesis of 3,3',4,4'-tetrakis(hexyloxy)biphenyl. Again, our results are poor comparing to this paper. IR (Cf. Appendix 1- I.3.). MeO MeO



OMe OMe



•



2954 cm-1: νCH;



•



1601, 1574 & 1503, 1439 cm-1: νC=C aromatic;



•



1253 & 1229 cm-1: ν asC-O-C aromatic ether;



•



1024 cm-1: γ sC-O-C aromatic ether;



•



852, 816 & 761 cm-1: γC-H for aromatic compound 1,2,4-trisubstituted.



The data are in good accordance with the theoretical values.
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1



H NMR (Cf. Appendix 1 - III.3.). MeO



MeO A



H C



OMe



H C



B



B



C C H H



C C H H



OMe A



•



δ = 7.10 & 7.03 ppm (d, 6H, B);



•



δ = 3.97 ppm (s, 12H, A);



•



δ = 1.50 to 1.23 ppm (m).



The data obtained from the 1H NMR are in good accordance with the theoretical data, except for the last multiplet, which should not appear and might again be due to the presence of solvent. MS (Cf. Appendix 1 - II.3.). The expected molecular mass of 3,3',4,4'-tetrakis(methyloxy)diphenyl is 274 g.mol-1. From the LC-MS, we should obtain peaks at m/z = 275, 297. From the analysis, we obtain these peaks and a certain amount of other peaks that are the results of fractionation. For example, the peak at m/z = 260, is due to the loss of one -CH3, the peak at m/z = 245, is due to the loss of two -CH3, etc… The peaks at m/z = 301, 360 and 361 might be caused by solvents or impurities.



IV. Conclusion. Despite some problems of small yield and contamination, we can conclude that these experiments gave positive results, as we always obtained the desired products.
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hore o bea sekgahla sa motsamao wa setjhaba, ka ditaele le dintho. Ho ka nna ha ba jwalo, le teng. Empa na le ne le tseba, hore Mof. Kennedy ha e-so utlwe o ...
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Ke tlilo rapella batho, ka ho ba bea matsoho le ho ba rapella. Jwale ha tumelo ya hao e sa kgone ho phahama ka pela Sefahleho sa Morena Jesu le ho Mo ...
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bea ka kotloloho taolong. Re a O leboha, Morena Modimo, hoba ke ntho e hole le motho mang kapa mang. Ke ntho e hole le eo mang kapa mang wa rona a ka ...
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