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Abstract   II 

II  Abstract 

This thesis examines the 1,2,4-oxadiazole heterocyclic unit as a participating structural feature of 
new ligand systems in supramolecular chemistry. These ligand systems were synthesised by reaction 
of phenyl, pyridyl or pyrimidyl amidoximes with corresponding acid chlorides to furnish novel, multi-
dentate ligand systems featuring at least one 1,2,4-oxadiazole unit. The ability of these heterocycles 
to form complexes with metal cations was investigated and several novel systems are reported. 

 

The synthesis and biological activity of a range of isothiazolo-isoxazoles was also studied. Such 
compounds were prepared through an eight-step synthesis, the critical reaction involving a 1,3-
dipolar cycloaddition of a nitrile oxide to an isothiazole-1,1-dioxide, which acted as an alkenic 1,3-
dipolarophile rather than as an iminic 1,3-dipolarophile.  

 

The synthesis of a range of catalytic, (S,S)-pseudoephedrine-containing hypervalent iodine systems is 
also described. The pre-catalytic iodine(I) systems were synthesised employing Schotten-Baumann 
conditions. The catalytic iodine(III) systems were achieved via in-situ mCPBA oxidation and the use of 
p-TsOH as a ligand-type additive. Attempts to produce 1,2,4-oxadiazole analogues of this system are 
also described in this thesis.  

X = N or CH 
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1  Introduction 

One of the key topics of this thesis is the 1,2,4-oxadiazole. The 1,2,4-oxadiazole is a versatile 

heterocycle and finds application across almost the entire spectrum of chemistry. This thesis 

explores these existing applications and attempts to build on them whilst investigating some new, 

very recent developments in the chemistry and application of the 1,2,4-oxadiazole. This project, like 

many, deviates from its path at several points with ventures through a broad range of organic 

chemistries, however the 1,2,4-oxadiazole always remains the heart of the matter and is the 

ultimate target of the all syntheses detailed.  

This introduction details the background chemistry and science which form the foundations for this 

research project. The chapter is categorised into four subchapters. The first provides a general 

overview of the 1,2,4-oxadiazole unit, its synthesis and reactivity. This forms a basis for the next 

three subchapters, each of which considers new investigations into an existing application of the 

1,2,4-oxadiazole.  

The second of these subchapters introduces the 1,2,4-oxadiazole in supramolecular chemistry- a 

relatively unexplored area for this heterocycle.  

The third subchapter focuses on introducing the 1,2,4-oxadiazoline as a key component in 

biologically active compounds popular amongst our research group. 

The fourth and final subchapter introduces the chemistry of the 1,2,4-oxadiazole with direction 

towards the development of novel asymmetric catalysts. 
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oxadiazole (2) a spontaneous process. If isolated, the intermediate can be cyclodehydrated under 

thermal conditions to the oxadiazole7.  

 

 

 

 

 

 

 

 

Scheme 1.1 

 

1.1.1.2  Sources of and Variations on the Amidoxime Component 

Some compounds with amidoxime functionality are available commercially; however a wide variety 

of alkyl and aryl amidoximes can easily and inexpensively be achieved from nitriles through reaction 

with hydroxylamine (Scheme 1.2). This step can be performed in a wide range of organic solvents 

but is also achievable under aqueous conditions6.  

 

 

 

 

Scheme 1.1 

 

 

(1) (2) 
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As an alternative, the prerequisite amidoxime can be obtained via reaction of imidoyl halides with 

ammonia (Scheme 1.3). The imidoyl halides are easily synthesised via chlorination of the 

corresponding oxime with chlorine gas or a source of cationic chlorine such as N-chlorosuccinimide8.  

 

Scheme 1.3 

 

1.1.1.3  Sources of and Variations on the Carboxylic Component 

Acid halides such as acid chlorides are popular and highly effective reagents in providing the 

necessary reactive carboxylic fragment for 1,2,4-oxadiazole formation6. Synthesis of 1,2,4-

oxadiazoles by this means remains popular since the reaction is tolerant of a wide range both alkyl 

and aryl amidoximes and acid chlorides. The mechanism for the reaction between acid halide and 

amidoxime is shown below in Scheme 1.4. 
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Scheme 1.4 

 

The reaction mechanism proceeds initially with the coupling of acid chloride to amidoxime and with 

loss of HX followed by cyclodehydration to the 1,2,4-oxadiazole. 

Usually, it is necessary to isolate the amidoxime prior to reaction with acid chloride in order to 

remove any aqueous impurities that would disrupt the coupling to the acid halide. However, the 

conversion of nitrile to amidoxime and then reaction with an acid chloride to 1,2,4-oxadiazole has 

been achieved as a one-pot synthesis with magnesia-supported sodium carbonate9. 

In cases where the acid chlorides are inconvenient or simply unavailable, several other alternatives 

are available- some long-known, some newly discovered. 

The carboxylic fragment can also be provided by a variety of carboxylic acids, through use of 

common coupling agents such as N,N'-dicyclohexylcarbodiimide (DCC), 1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide (EDC) and 1,1'-carbonyldiimidazole (CDI)10,11 (Scheme 1.5). This is 

a convenient synthesis since many of these reactions involve mild conditions and are tolerant of a 

wide range of substituted alkyl and aryl carboxylic acids. Once coupled, a switch to a high boiling 

solvent is often necessary to promote cyclodehydration of the O-acylated intermediate.  

. ..

. .

.
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loss of a proton to promote conventional cyclodehydration and formation of the corresponding 

1,2,4-oxadiazole17 (Scheme 1.8). 

 

 

Scheme 1.8 

 

It has been demonstrated that O-acylation of the amidoxime can be achieved following a palladium 

catalysed coupling of the amidoxime with an aryl iodide in the presence of carbon monoxide. The 

reaction proceeds through an intermediate acyl-palladium complex which enables subsequent O-

acylation of the amidoxime (Scheme 1.9). At present the coupling reaction generally applies to 

methylamidoximes only18 giving 3-methyl-5-aryl-1,2,4-oxadiazoles (6).  

 

 

 

 

 

  

 

 

 

 

 

 

 

Scheme 1.9 

 

R = iPr, CO2Et, Ph, CH2OCH2Ph, 4-FPh, 
4-CO2Ph, 4-CF3, 3-pyridyl, 4-(CF3)-3-
pyridyl 

(4) 
(5) 

R = CO2Me, NO2, MeO, Br 

(6) 
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Recently, the cyclodehydration of O-acylated amidoximes has been improved with the catalytic use 

of TBAF19. Whilst in many cases cyclodehydration to the oxadiazole is spontaneous, this synthesis 

offers a mild alternative to the otherwise impractical high boiling solvent-switch and potentially time 

consuming reflux conditions. The catalytic role of fluoride is shown in Scheme 1.10 below19. This 

synthesis has been further developed to tolerate solvent free conditions20. 

 

 

 

Scheme 1.10 

 

 

1.1.2  The Synthesis of 1,2,4-Oxadiazoles Through the Cycloaddition of Nitrile  

  Oxides with Nitriles 

The 1,3-dipolar cycloaddition reaction between (the 1,3-dipolar) nitrile oxides and (the 

dipolarophilic) nitriles is a well-established route to 1,2,4-oxadiazoles (Scheme 1.11) and is second in 

popularity only to the cyclisation of O-acylamidoximes described earlier6,21,22. 

 

Scheme 1.11 

 

R1 = Ph, Me 
R2 = Ph, Me 
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1.1.2.1  Sources of the Nitrile Oxide Component 

Nitrile oxides readily dimerise (Scheme 1.14); a process which occurs should the nitrile oxide not 

hastily react by the desired means24. Some stabilised nitrile oxides have been synthesised and 

occasionally isolated, however, the vast majority are better handled as in-situ reactive 

intermediates. 

 

Scheme 1.14 

 

The most common means of accessing nitrile oxides is via the base mediated dehydrohalogenation 

of imidoyl halides6 (Schemes 1.15 and 1.16).  

 

 

 

 

Scheme 1.15 

 

 

Scheme 1.16 - Mechanism of the base mediated synthesis of nitrile oxides from imidoyl halides 
(chloroximes). 





Introduction   1 

13 
 

The generally accepted mechanism shown in Scheme 1.18 suggests initiation of the reaction with 

nucleophilic attack at the isocyanate from the nitroalkane. The resulting intermediate then 

undergoes intramolecular transfer of H2O, one atom at a time. The mechanism concludes with the 

expulsion of aniline and carbon dioxide and the synthesis of the desired nitrile oxide6,26. 

The nitrile oxide unit is also accessible via the dehydration of O-silylated hydroxamic acids. Prior to 

recent redevelopments, this route had previously been of poor comparative value, mainly due to the 

tendency for hydroxamic acids to suffer rearrangement to the isocyanate in conditions similar to 

those that promote dehydration. In a study by Carreira and co-workers, it has been demonstrated 

that O-silylated hydroxamic acids, following carbonyl activation by triflic anhydride and treatment 

with a deprotecting agent, can be converted to the corresponding nitrile oxide25 (Scheme 1.19). 

 

  

 

 

 

 

 

 

 

Scheme 1.19 

 

Further alternative routes to nitrile oxides are available. The conversion of a several halo- and 

methyl substituted aryl aldoximes to the corresponding nitrile oxide has been achieved27 without the 

necessity for base via the treatment of the aldoxime with 1-chlorobenzotriazole (NCBT) which 

affords the nitrile oxide product in near quantitative yield at room temperature in minutes (Scheme 

1.20). Whilst this reaction avoids the use of base, it was limited to a small range of aryl aldoximes 

only27. 

R = Ph, CH=CHPh, (CH2)2Ph 

-
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Scheme 1.20 

 

The hypervalent iodine(III) reagent iodobenzene dichloride has been reported as an effective 

reagent for the synthesis of nitrile oxides28 (Scheme 1.21). The treatment of a range of methoxy- and 

vinyloxy- aryl aldoximes with iodobenzene dichloride in the presence of triethylamine or pyridine in 

chloroform yields the corresponding nitrile oxide in strong yields28. 

 

 

 

Scheme 1.21 

 

 

 

 

 

 

R = 2,6-Cl2Ph, 2,4,6-Me3Ph 

Ar = Ph, 4-MeOPh, 3,4,5-(MeO)3Ph, 2-OCH2CH=CH 
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1.1.3  The Reactivity of 1,2,4-Oxadiazoles 

The 1,2,4-oxadiazole unit, relatively speaking, is highly stable and is thus a largely inert heterocycle. 

Whilst functional group manipulations of the oxadiazole unit are possible, these will not be 

considered in this thesis due to their standard nature. Instead this introduction will specifically focus 

on more interesting and unique reactions of the 1,2,4-oxadiazole unit.  

The 1,2,4-oxadiazole is almost completely inert towards attack from electrophiles. Nucleophilic 

displacement at the 3-position is also very uncommon. However, the nucleophilic displacement of 

suitable leaving groups at the 5-position is a commonly observed method of functionalisation in 

1,2,4-oxadiazoles. For example, it is well known that trichloromethyl groups can be displaced by 

oxygen and nitrogen nucleophiles at the 5-position29.  

Some 5-vinyl-1,2,4-oxadiazoles have been demonstrated to be very good Michael acceptors. 

Reaction of these derivatives with a good range of nucleophiles including primary and secondary 

amines, thiols and alcohols in the presence of a range of bases generates Michael addition products 

in strong yields30 (Scheme 1.22). 

 

Scheme 1.22 

 

One of the most well-known reactions of the 1,2,4-oxadiazole is the monocyclic rearrangement 

reaction of certain 5-membered heterocycles into other 5-membered heterocycles. This can occur 

via treatment with acid or base or under photoirradiative conditions1. This reaction is known 

commonly as the Boulton-Katritzky Rearrangement2. The reaction is observed with a wide range of 

5-membered heterocycles, however it is typically applied to isoxazoles and 1,2,4-oxadiazoles31. The 

mechanism for this popular reaction, applied to an example 1,2,4-oxadiazole is shown32. 

 

(21) 
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Scheme 1.25 

 

This research has subsequently led to the synthesis of 1,2,4-thiadiazoles when 3-phenyl-5-amino-

1,2,4-oxadiazoles were treated with various sulfur nucleophiles35. Extending this work further, 

Vivona has shown that a range of 5-aryl-1,2,4-oxadiazoles (22) can rearrange under similar 

conditions to form quinazolin-4-ones36 (23) (Scheme 1.26). 

 

Scheme 1.26 

 

During the synthesis of Conotoxin MVIIA, the venom from the cone shell, the hydrogenation of a 3-

aryl-5-methyl-1,2,4-oxadiazole over Raney Nickel catalyst in an ethanol/acetic acid/water solvent 

mix was shown to generate amidines in good yields (78%)37 (Scheme 1.27). 

 

 

 

 

 

Scheme 1.27 

R1 = NH2, NHMe, NMe2   
R2 = H, Me, Pr, Bu, NH2 

R1 = H, Me, CN, Cl 
R2 = MeO, Ph 

(22) (23) 
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Additionally, in a synthesis of some new antithrombotics, hydrogenation of 3-methyl-5-aryl-1,2,4-

oxadiazoles to the corresponding amidoxime has been shown to proceed effectively with catalytic 

palladium on carbon38. The ring-opening hydrogenation of such substituted 1,2,4-oxadiazoles is an 

interesting reaction and was observed experimentally during this project and is discussed further in 

section 3.3.2.2. It has also been observed that other standard reducing agents such as lithium 

aluminium hydride in THF can ring-open the heterocycle to the produce N-substituted amidoximes39.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 









Introduction   1 

22 
 

1.2.2.4  Van der Waals Interactions 

Van der Waals interactions are the weakest of all non-covalent interactions with approximate 

strength of less than 5 KJmol-1. Van der Waals interactions are attractive forces which occur between 

atoms which have experienced, at a given moment, a minute fluctuation in the transient location of 

their electron clouds. The instantaneous, uneven distribution of electrons about a nucleus creates a 

minor dipole which has the power to induce a momentary dipole on a neighbouring atom45. 

 

1.2.2.5  Hydrophobic Effects 

The hydrophobic effect describes the expulsion of hydrophobic molecules from aqueous solution. 

Polar molecules form an interaction more readily with other polar molecules than they do with non-

polar molecules. Likewise non-polar molecules interact more favourably with other non-polar 

molecules. This process is energetically favourable. The hydrophobic effect is observed commonly in 

supramolecular assemblies within living systems. 

 

1.2.3  The Common and Major Themes within Supramolecular Chemistry 

Supramolecular chemistry has become an all-encompassing field. However, one can attempt to 

categorise supramolecular chemistry and subsequent structures into two separate fields; host-guest 

chemistry and self-assembly. 

 

1.2.3.1  Host-Guest Chemistry 

Host-guest chemistry describes the formation of a supramolecular complex by the specific 

association of two molecules of suitable size and shape. The interaction is signified by one of the two 

molecules, usually the largest, acting as the host. This host molecule is able to encompass and 

effectively wrap around a second molecule of suitably smaller size and complementary shape. An 

excellent definition of the host and the guest was offered by Cram45
: 

The host is defined as an organic molecule or ion whose binding sites converge in the complex...... 

The guest component is any molecule or ion whose binding sites diverge in the complex45. 
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1.2.3.2  Self-Assembly 

Self-assembled systems can form by utilising any number of the non-covalent interactions described 

earlier. The supramolecular products of self-assembly are always the most thermodynamically stable 

products. In terms of enthalpy, the process is highly favourable, due to the high stability of the self-

assembled systems. However, the formation of self-assembled species does not proceed via an 

entropically favourable pathway due to the creation of an ordered, uniform system from disordered 

components. Self-assembly is therefore a seemingly reverse-entropy process. However, it is argued 

that the displacement of solvent molecules via hydrophobic interactions from the binding sites of 

dissembled ligand strands compensates for the entropic disfavourability of the assembly process45.   

 

1.2.3.3  Metallosupramolecular Chemistry 

The use of metal ions in devising potential self-assembling systems is a popular tactic in 

supramolecular chemistry. The term metallosupramolecular chemistry is now reserved for this 

study. The use of metal ions in supramolecular chemistry is popular since metal ions, particularly 

those of the d-block, have strict coordination parameters. This offers the opportunity to postulate 

some structures based on these strict coordinations.  

 

1.2.4  Common Structural Descriptions of Metallosupramolecular Systems 

Amongst the most popular metallosupramolecular themes are racks, ladders, grids and helicates. 

These are only considered themes, since many self-assembled systems adopt structures that feature 

some overlap between these structural descriptives. 
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observed once. This was again by Pace and co-workers, who in 2011 reported a 3-(2-pyridyl)-5-

phenyl-1,2,4-oxadiazole system which coordinated to Cu2+, Ni2+ and Zn2+ ions via the oxadiazole N2 

atom and the 3-(2-pyridyl) nitrogen61 (Figure 1.20).  

 

 

 

 

 

 

 

 

 

Figure 1.20 

 

 

1.2.5.3  Coordination via the Oxygen Atom 

Coordination via the oxygen atom remains the least likely coordination prospect of the three 

heteroatoms comprising the 1,2,4-oxadiazole. Coordination of oxygen with alkali metals and alkali 

earth metals has been observed in oxygenated heterocycles on many occasions, particular since the 

discovery of crown ethers in 196760,62. Though coordination of O-sites to transition metals is 

possible63, is it rarely observed60. Early work in coordination chemistry predicted that oxygen 

coordination was just as likely as nitrogen coordination58,64. Since this is now widely accepted as a 

rarity, one should consider the 1,2,4-oxadiazole unit as primarily monodentate (through N4), with 

realistic bidentate potential (through N2), but with only theoretical tridentate potential (through O).  

 

 

 

2(ClO4)- 
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Exploring the reactivity of this ligand further, this time towards second row transition metal ions, the 

formation of a dinuclear triple helicate complex with Cd2+ ions was observed66. However, one subtle 

difference in the assembled metallosupramolecular structure was noticed. The thiazole-pyridine 

partitioning was observed in accordance with the previous complex, but not in all three strands. This 

was observed in just two of the strands. The third ligand is partitioned into a bidentate thiazole-

pyridine unit on one side and a monodentate pyridyl domain on the other66. A water molecule 

completes the six-coordinate geometry of the lone pyridyl coordinated cadmium ion, resulting in a 

non-symmetric dinuclear triple helicate, shown in Figure 1.22.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.22 

(1) 

(24) 

(24) 
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In 2001, Rice and co-workers synthesised a bipyridyl-centred ligand (26), flanked by thiazole-pyridine 

domains at both sides67. A dinuclear double helicate with Cu2+ and Zn2+ ions was observed, but the 

ligand did not partition into two tridentate domains, rather into two bidentate pyridine-thiazole 

domains, forming a complex with four-coordinate metal ions67 (Figure 1.23). The central bipyridine 

unit does not coordinate in these conditions67.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.23 

 

(26) 
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Interestingly, this ligand formed a slightly different dinuclear double helicate in reaction with Ni2+ 

ions. The terminal pyridine-thiazole unit expands from a bidentate domain to a tridentate domain 

through additional coordination with one of the pyridine nitrogens of the inner bipyridine unit67 

(Figure 1.24). Each Ni2+ ion in this system is in six coordinate state. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.24 

 

(26) 
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Other successful thiazole ligands synthesised by the Rice group include the pyridine-thiazole-

pyridine-thiazole-pyridine system (27), which was reported to behave as a full pentadentate ligand66. 

Reaction with Cd2+ ions led to the formation of mononuclear complex with a very slight helical twist, 

with coordination from all five ligand nitrogen atoms in a near planar fashion. Coordination from 

perchlorate anions both above and below the ligand in an axial fashion resulted in the Cd2+ ions 

adopting a seven-coordinate nature66 (Figure 1.25).    

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1.25 

 

Following the success of several thiazole based ligands, in 2010 Rice and co-workers synthesised a 

seven-ringed, highly elaborate, bipyridine-thiazole-phenyl-thiazole-bipyridine system68 (28). This 

complex ligand, in reaction with Cd2+ ions, self-assembled into a dinuclear double helicate with the 

ligand partitioned by the phenylene spacer unit into two pyridine-pyridine-thiazole tridentate units 

with the Cd2+ ions residing in pseudo-octahedral geometries68 (Figure 1.26). 

 

 

 

 

(27) 
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Figure 1.26 

 

Additionally, this ligand produced one of the most significant metallosupramolecular systems 

developed by Rice. In 2010 it was reported that this seven-ringed ligand self-assembled in reaction 

with Zn2+ ions to form a pentanuclear, quintuple cyclic helicate68. The Zn2+ ions are six-coordinate 

and octahedral in geometry, coordinating to the pyridine-pyridine-thiazole tridentate domains of 

two ligand strands68 (Figure 1.27).  

(28) 
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Figure 1.27 

 

In 2010, Rice also reported the synthesis of another pentanuclear cyclic helicate, this time from the 

same ligand described above with one of the terminal pyridine units removed, rendering a 

potentially tridentate-bidentate partitioned system69 (29). This ligand self-assembled in reaction with 

Cu2+ ions into a pentanuclear cyclic helicate with the ligands adopting a head-to-tail arrangement 

(28) 
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about the five-coordinate Cu2+ ions (Figure 1.28). That is, each Cu2+ ion coordinates a bidentate 

domain from one ligand and a tridentate domain from another69.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.28 
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Extending this work by capitalising on the pentanuclear systems observed, Rice and co-workers 

synthesised a heteroleptic pentanuclear, cyclic helicate through deliberate selection of a pyridine-

thiazole-phenyl-thiazole-pyridine ligand (30) and the bipyridine-thiazole-phenyl-thiazole-bipyridine 

ligand (28) in reaction with Cu2+ ions69. This elaborate complex features three of the bipyridine-type 

ligands and two of pyridine-type ligands. Four of the copper(II) ions of this pentanuclear complex are 

in a five-coordinate state, binding to the tridentate pyridine-pyridine-thiazole domain of one ligand 

and the bidentate pyridine-thiazole domain of another (Figure 1.29). One of the five ions however, 

exists in a six coordinate state, bound to the tridentate pyridine-pyridine-thiazole domains of two 

bipyridine-thiazole-phenyl-thiazole-bipyridine ligand strands69.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.29 

(30) (28) 























Introduction   1 

54 
 

In 1990, Moriarty and co-workers utilised HTIB in the lactonisation of 5-oxo-pentanoic acid 

derivatives101 (Scheme 1.36). This reaction will be revisited in detail later in this thesis.    

 

Scheme 1.36 

 

In addition to reporting the synthesis of PIDA, Alcock also reported the first synthesis of 

phenyliodosyl bis(trifluoroacetate) in 196391 (Figure 1.36), a reagent known as PIFA. 

 

 

 

 

 

 

Figure 1.36 

 

Tamura and co-workers reported the reactivity of PIFA towards 4-alkoxyphenols102. They found that 

the reaction of such substrates with PIFA and certain alcohols produced benzoquinone-4-

monoacetals102, shown in Scheme 1.37. 
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There are no reports of hypervalent iodine catalysts featuring 1,2,4-oxadiazoles. Several HVI 

catalysts have been synthesised which feature ester or amide functionality. Therefore our research 

group plan to capitalise on the isosteric nature of 1,2,4-oxadiazoles with such functional groups and 

synthesise the first chiral, 1,2,4-oxadiazole-containing, hypervalent iodine(III) catalyst. The above 

lactonisation reaction was chosen as an attractive reaction for screening. 
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2.2.3.2  Synthesis of 2-(dipropylamino)-1,3-diphenyl-prop-2-en-1-one 

  

 

 

 

 

To 2,3-dibromo-1,3-diphenyl-propan-1-one (89) (5.90 g, 16.03 mmol) stirring in ethanol (6 ml) at 

room temperature under an atmosphere of nitrogen was added dipropylamine (4.40 ml, 32.06 

mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide (369 mg, 16.03 

mmol) was added and the reaction mixture was stirred for a further 24 hours. Solvents were then 

removed under reduced pressure and the residues dissolved in dichloromethane. The solution was 

then filtered to remove sodium bromide and the filtrate was concentrated under reduced pressure. 

The crude product was taken to the next stage without further purification or analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(95) 
C21H25NO 

MW = 307.43g/mol 

(89) 
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2.2.3.3  Synthesis of 1,3-diphenyl-2-(1-piperidyl)prop-2-en-1-one  

 

 

 

To 2,3-dibromo-1,3-diphenyl-propan-1-one (89) (6.00 g, 16.30 mmol) stirring in ethanol (6 ml) at 

room temperature under an atmosphere of nitrogen was added piperidine (3.22 ml, 32.60 mmol) 

and the mixture allowed to stir for 24 hours. After this time sodium ethoxide (375 mg, 16.30 mmol) 

was added and the reaction mixture was stirred for a further 24 hours. Solvents were then removed 

under reduced pressure and the residues dissolved in dichloromethane. The solution was then 

filtered to remove sodium bromide and the filtrate was concentrated under reduced pressure. The 

crude product was taken to the next stage without further purification or analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(96) 
C20H21NO  

MW = 291.39g/mol 

(89) 
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2.2.3.4  Synthesis of 2-(dipropylamino)-1-(4-methoxyphenyl)-3-phenyl-prop-2-en-1-

  one 

 

 

 

 

 

To 2,3-dibromo-1-(4-methoxyphenyl)-3-phenyl-propan-1-one (91) (5.00 g, 12.56 mmol) stirring in 

ethanol (6 ml) at room temperature under an atmosphere of nitrogen was added dipropylamine 

(3.40 ml, 25.12 mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide 

(289 mg, 12.56 mmol) was added and the reaction mixture was stirred for a further 24 hours. 

Solvents were then removed under reduced pressure and the residues dissolved in 

dichloromethane. The solution was then filtered to remove sodium bromide and the filtrate was 

concentrated under reduced pressure. The crude product was taken to the next stage without 

further purification or analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(98) 
C22H27NO2 

MW = 337.45g/mol 

(91) 
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2.2.3.5  Synthesis of 1-(4-methoxyphenyl)-3-phenyl-2-(1-piperidyl)prop-2-en-1-one

   

 

 

 

 

To 2,3-dibromo-1-(4-methoxyphenyl)-3-phenyl-propan-1-one (91) (6.00 g, 15.07 mmol) stirring in 

ethanol (50 ml) at room temperature under an atmosphere of nitrogen was added piperidine (2.98 

ml, 30.14 mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide (347 

mg, 15.07 mmol) was added and the reaction mixture was stirred for a further 24 hours. Solvents 

were then removed under reduced pressure and the residues dissolved in dichloromethane. The 

solution was then filtered to remove sodium bromide and the filtrate was concentrated under 

reduced pressure. The crude product was taken to the next stage without further purification or 

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(99) 
C21H23NO2 

MW = 321.41g/mol 

(91) 
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2.2.3.6  Synthesis of 1-(4-methoxyphenyl)-2-morpholino-3-phenyl-prop-2-en-1-one

   

 

 

 

 

To 2,3-dibromo-1-(4-methoxyphenyl)-3-phenyl-propan-1-one (91) (6.00 g, 15.07 mmol) stirring in 

ethanol (80 ml) at room temperature under an atmosphere of nitrogen was added morpholine (2.63 

ml, 30.14 mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide (347 

mg, 15.07 mmol) was added and the reaction mixture was stirred for a further 24 hours. Solvents 

were then removed under reduced pressure and the residues dissolved in dichloromethane. The 

solution was then filtered to remove sodium bromide and the filtrate was concentrated under 

reduced pressure. The crude product was taken to the next stage without further purification or 

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(100) 
C20H21NO3 

MW = 323.38g/mol 

(91) 
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2.2.3.7  Synthesis of 1-(4-chlorophenyl)-2-(diethylamino)-3-phenyl-prop-2-en-1-one

   

 

 

 

 

 

To 2,3-dibromo-1-(4-chlorophenyl)-3-phenyl-propan-1-one (92) (4.60 g, 11.43 mmol) stirring in 

ethanol (10 ml) at room temperature under an atmosphere of nitrogen was added diethylamine 

(2.36 ml, 22.86 mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide 

(263 mg, 11.43 mmol) was added and the reaction mixture was stirred for a further 24 hours. 

Solvents were then removed under reduced pressure and the residues dissolved in 

dichloromethane. The solution was then filtered to remove sodium bromide and the filtrate was 

concentrated under reduced pressure. The crude product was taken to the next stage without 

further purification or analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(101) 
C19H20ClNO 

MW = 313.82g/mol 

(92) 
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2.2.3.8  Synthesis of 1-(4-chlorophenyl)-2-(dipropylamino)-3-phenyl-prop-2-en-1-

  one 

 

 

 

 

 

To 2,3-dibromo-1-(4-chlorophenyl)-3-phenyl-propan-1-one (92) (5.00 g, 12.42 mmol) stirring in 

ethanol (10 ml) at room temperature under an atmosphere of nitrogen was added dipropylamine 

(3.40 ml, 24.84 mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide 

(290 mg, 12.42 mmol) was added and the reaction mixture was stirred for a further 24 hours. 

Solvents were then removed under reduced pressure and the residues dissolved in 

dichloromethane. The solution was then filtered to remove sodium bromide and the filtrate was 

concentrated under reduced pressure. The crude product was taken to the next stage without 

further purification or analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(92) 

(102) 
C21H24ClNO 

MW = 341.87g/mol 
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2.2.3.9  Synthesis of 1-(4-chlorophenyl)-3-phenyl-2-(1-piperidyl)prop-2-en-1-one 

   

 

 

 

 

 

To 2,3-dibromo-1-(4-chlorophenyl)-3-phenyl-propan-1-one (92) (4.80 g, 11.93 mmol) stirring in 

ethanol (30 ml) at room temperature under an atmosphere of nitrogen was added piperidine (2.36 

ml, 23.86 mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide (274 

mg, 11.93 mmol) was added and the reaction mixture was stirred for a further 24 hours. Solvents 

were then removed under reduced pressure and the residues dissolved in dichloromethane. The 

solution was then filtered to remove sodium bromide and the filtrate was concentrated under 

reduced pressure. The crude product was taken to the next stage without further purification or 

analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(103) 
C20H20ClNO 

MW = 325.83g/mol 

(92) 
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2.2.3.10 Synthesis of 2-(diethylamino)-3-phenyl-1-(p-tolyl)prop-2-en-1-one 

 

 

 
 

 

 

 

To 2,3-dibromo-3-phenyl-1-(p-tolyl)propan-1-one (93) (4.52 g, 11.83 mmol) stirring in ethanol (40 

ml) at room temperature under an atmosphere of nitrogen was added diethylamine (2.45 ml, 23.66 

mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide (272 mg, 11.83 

mmol) was added and the reaction mixture was stirred for a further 24 hours. Solvents were then 

removed under reduced pressure and the residues dissolved in dichloromethane. The solution was 

then filtered to remove sodium bromide and the filtrate was concentrated under reduced pressure. 

The crude product was taken to the next stage without further purification or analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(93) 
(104) 

C20H23NO 
MW = 293.40g/mol 
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2.2.3.11 Synthesis of 3-phenyl-2-(1-piperidyl)-1-(p-tolyl)prop-2-en-1-one 

 

 

 

 

To 2,3-dibromo-3-phenyl-1-(p-tolyl)propan-1-one (93) (4.78 g, 12.51 mmol) stirring in ethanol (40 

ml) at room temperature under an atmosphere of nitrogen was added piperidine (2.50 ml, 25.02 

mmol) and the mixture allowed to stir for 24 hours. After this time sodium ethoxide (288 mg, 12.51 

mmol) was added and the reaction mixture was stirred for a further 24 hours. Solvents were then 

removed under reduced pressure and the residues dissolved in dichloromethane. The solution was 

then filtered to remove sodium bromide and the filtrate was concentrated under reduced pressure. 

The crude product was taken to the next stage without further purification or analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(105) 
C21H23NO 

MW = 305.41g/mol 

(93) 
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Another interesting feature of the 1,2,4-oxadiazole in ligand synthesis is the fact that they are so 

under-researched in this area. There are a handful of 1,2,4-oxadiazole containing ligands in the 

literature and these are detailed in the introduction. 

The work in this section was inspired through collaboration with Prof. Craig Rice of the University of 

Huddersfield. Rice and co-workers have focussed largely on thiazole containing ligand systems. The 

parallels between the thiazole and 1,2,4-oxadiazole units were highlighted in the introduction.  

 

3.1.1  The Synthesis of 1,2,4-Oxadiazole-Containing Ligand Precursor Materials 

The precursor materials required for the synthesis of the 1,2,4-oxadiazole ligand were not all 

commercially available and thus were synthesised in-house where necessary.  

Initially, the 1,3-dipolar cycloaddition route to the 1,2,4-oxadiazole nucleus served as our primary 

mode of synthesis. However, following a series of practical difficulties with some of the ligand 

precursor materials, it was decided to switch focus to the amidoxime/reactive-carboxylic mode.  

The general scheme for ligand construction is shown below: 

 

Scheme 3.1 

 

Occasionally, some of the cyano- compounds also had to be synthesised. These syntheses and those 

of the corresponding ligand-metal complexes are detailed below. 
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3.1.1.3  Synthesis of 1-Oxido-2-(1-oxidopyridin-1-ium-2-yl)pyridin-1-ium 

 

 

Scheme 3.4 

 

The bipyridine bis-N-oxide (47) was synthesised by oxidation with hydrogen peroxide in glacial acetic 

acid and was achieved in 93% yield. 

The structure of this symmetrical product was strongly suggested by 1H NMR spectroscopy, and 

confirmed by HRMS which delivered an accurate mass for the [M+Na]+ ion of 211.0482 for the 

theoretical figure of 211.0478 for this ion. 

 

3.1.1.4  Synthesis of 6-(2-Pyridyl)pyridine-2-carbonitrile  

Scheme 3.5 

 

The nucleophilic substitution by cyanide to the 2-position of the bipyridine mono-N-oxide (46) was 

achieved in 55% yield through treatment of the N-oxide with a total of two equivalents of benzoyl 

chloride and two equivalents of trimethylsilyl cyanide in refluxing dichloromethane. The mono-2-

(47) 

(48) (46) 

(45) 
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3.1.2.1  Synthesis of 5-phenyl-3-(2-pyridyl)-1,2,4-oxadiazole  

 

Scheme 3.12 

 

The synthesis of ligand (58) was achieved in 32% yield by treating amidoxime (44) with benzoyl 

chloride and pyridine in refluxing xylene. The reaction was also attempted in toluene; however this 

choice of solvent limited the reaction to very low yields. This ligand was synthesised previously by 

Pace in 201161, and explored as a ligand with copper, nickel and zinc. 

The data was fully consistent with the proposed structure and with that published by Pace. 

This is the simplest ligand in our synthetic library. With just three nitrogen atoms in total, only two of 

which able to coordinate to any one metal ion, the ligand is only able to operate as a basic bidentate 

unit, as Pace and co-workers have shown61. With metals other than those used by Pace, no 

crystalline materials were observed. 

3.1.2.2  Synthesis of 5-phenyl-3-[6-(2-pyridyl)-2-pyridyl]-1,2,4-oxadiazole  

 

 

 

Scheme 3.13 

(58) (44) 

(59) (50) 
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Figure 3.11 

 

On this occasion, 13C NMR was not available due to the extremely poor organic solubility of the 

ligand. Fortunately the mass spectrum provided an accurate mass of 546.1396 for the [M+Na]+ ion 

with the calculated figure determined to be 546.1397.  

Unfortunately, in keeping with the trend of previous ligands of this nature, no crystalline products 

were formed. Again this is highly surprising given the number of alluring coordination prospects 

throughout this molecule.  

Whilst Rice and co-workers observed remarkable results with many thiazole ligands featuring spacer 

units65-69, it appears that the spacer unit is a poor feature in 1,2,4-oxadiaozole systems. Whilst we 

have shown that the bipyridine-oxadiazole system is capable of behaving as a tridentate domain, it 

appears that the presence of spacer units partitioning two such domains does not afford crystalline, 

self-assembled, metallosupramolecular structures.  

 

3.1.2.7  Synthesis of 3-(2-pyridyl)-5-[3-(2-pyridyl)-1,2,4-oxadiazol-5-yl]-1,2,4- 

  oxadiazole  

 

Scheme 3.18 (64) (44) 
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architecture were to form, it may be of the same dinuclear double helicate format, although such 

predictions are often inaccurate. 

 

 

 

 

Figure 3.13 

 

Though analogous to the thiazole ligand (75), it seems that the 1,2,4-oxadiazole unit displays 

distinctly different coordination behaviour since no dinuclear double helicates were observed.  

Reaction of (64) with an equimolar amount of Hg(ClO4)2·6H2O in MeCN resulted in a colourless 

solution. Following slow diffusion of ethyl acetate, colourless crystals were observed. Analysis of 

these materials by single crystal X-ray diffraction revealed a tetranuclear cyclic helicate complex. 

This elaborate metallosupramolecular system features the ligand (64) partitioned into two bidentate 

pyridine-oxadiazole domains (clearly the spacer units were unnecessary to promote this effect). The 

Hg2+ ions adopt octahedral geometry, coordinating as they do with the bidentate pyridine-oxadiazole 

domains of two ligands (64). The remaining equatorial positions of the Hg2+ ion are filled by 

coordination to perchlorate counter anions. Coordination of the oxadiazole unit occurs via the 

imine-N-4 atom rather than the oxime N-2 atom. The second bidentate domain of each ligand 

coordinates a second Hg2+ ion in the same manner with an approximate 1800 twist of the central 

oxadiazole-oxadiazole bond. This twist is often a common, diagnostic theme of helicate assemblies. 

In grid-type assemblies the twist is absent, creating a more linear architecture. The twisting helicate 

creates a quite beautiful, overlap-underlap effect about the metals ions. This coordination is 

extended through four Hg2+ metal ions resulting in a self-assembled, tetranuclear cyclic helicate 

(Figure 3.14). Bond angle and bond distance data is currently in refinement.  

 

 

 

 

(75) 
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Further exploration of this ligand with alternative metal ions led to another completely unexpected 

and rather remarkable result. The reaction of ligand (64) with Pb(ClO4)2·6H20 in MeCN produced a 

pale yellow solution. Following slow diffusion of diisopropyl ether, pale yellow, perfectly cubic 

crystals were observed. Examination of these materials by single crystal X-ray diffraction revealed a 

two-dimensional helicate polymer. This 2D-polymer exists as chains of ligand (64) and Pb2+ ions, 

which are linked by a further molecule of (64). Close examination of the structure shows a Pb2+ ion 

coordinated to the pyridine-oxadiazole bidentate domain of a total of three ligands. The Pb2+ ion 

however, does not sit in octahedral geometry as above, but in an 8-coordinate state due to the 

coordination of two perchlorate counter anions. Each Pb2+ ion coordinates a bidentate pyridine-

oxadiazole domain of two ligands; the remaining bidentate units are coordinated by other Pb2+ ions 

forming a helicating chain. In this helicating chain, coordination of the oxadiazole unit is achieved 

solely through the imine N4 atoms. The helicating chain is linked to another helicating chain by a 

third ligand, the bidentate pyridine-oxadiazole domains each coordinating a Pb2+ ion of separate 

chains. This chain-linking coordination is achieved through the very rarely observed oxime N2 atom 

of the oxadiazole. Overall, this results in a very beautiful, two-dimensional helicate polymer, 

structural images of which are shown in Figures 3.15 and 3.16, with crystal structures shown in 

Figures 3.17 and 3.18. Bond distance and angle data is shown in Tables 3.3 and 3.4. 
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Figure 3.17 - Crystal structure of approximate unit cell of helicate polymer complex featuring (64) and Pb2+, 
with bridging ligand on left. 
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Figure 3.18 - Crystal structure of approximate unit cell of helicate polymer complex featuring (64) and Pb2+,  
(alternative view) with bridging ligand in background. 
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Figure 3.19 

 

When reacted with Cu(ClO4)·6H2O in acetonitrile via slow diffusion of ethyl acetate, this ligand 

produced an elaborate tetranuclear cyclic helicate in much the same style as the previous ligand 

(64). The differences between the two metallosupramolecular structures are subtle. The differences 

are caused by the extra coordination potential from the terminal pyridine units around the Cu2+ ion 

(see Figure 3.20). The ligand is, as before, partitioned into two polydentate domains; the tridentate 

nature of these domains enables the ligand to wrap further around the metal ion, thus producing a 

larger assembly. The metal ions remain in octahedral geometry, with the oxadiazole N4 atom and 

terminal pyridine N-donor atom coordinating in opposite equatorial positions, the internal pyridine 

N-donor atom coordinates in the axial position with no coordination to solvent molecules. 

Interestingly, the same self-assembling structure was also obtained in reaction with Ni2+ ions, 

presumably since copper and nickel atoms are of similar size. Bond angle and bond distance data for 

these helicates are currently in refinement.  
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Figure 3.23 - Crystal structure of approximate unit cell of 1D helicate polymer complex featuring (68) and 
Pb2+. 
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Figure 3.24 - Crystal structure of approximate unit cell of 1D helicate polymer complex featuring (68) and Pb2+ 
(alternative view). 
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Scheme 3.22 
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Figure 3.30 - Crystal structure mononuclear complex featuring (70) and Cd2+ (alternative view). 
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The 13C spectrum lends support to this structure, with all nine signals present and correct. The 

accurate mass of the compound was determined by HRMS. The measured figure for the [M+Na]+ ion 

was 450.1407 with the theoretical figure determined to be 450.1397.  

Several crystalline products featuring this ligand are also awaiting future analysis by XRD. 

 

3.1.2.16  Synthesis of 2-(2-pyridyl)-4-[2-(2-pyridyl)thiazol-4-yl]thiazole 

 

 

Scheme 3.26 

 

The supramolecular chemistry of thiazole ligand (75) has been thoroughly explored by Rice, Ward 

and co-workers as explained in the introduction. The synthesis involves combination of pyridine-2-

thioamide and dibromodiacetyl in refluxing methanol. 

It was necessary to synthesise this ligand in a bid to draw full comparison with ligand (64). This was 

due to the fact that this particular ligand, though thoroughly explored by Rice, had not seen any 

attempt at crystallisation with Pb2+ ions, whereas (64) formed interesting complexes with this metal. 

This known compound gave identical spectroscopic data to that reported previously92. 

Unfortunately, no crystalline products were observed with Pb2+. 

 

 

 

 

(75) (74) 

(57) 
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3.1.2.17 Synthesis of 2-[6-(2-pyridyl)-2-pyridyl]-4-[2-[6-(2-pyridyl)-2-pyridyl]thiazol-

  4-yl]thiazole  

 

 

Scheme 3.27 

 

As with ligand (75), this particular thiazole ligand has been synthesised and thoroughly explored by 

Rice and co-workers65-69. Again however, the ligand had not seen attempts at crystallisation with Pb2+ 

ions whereas the oxadiazole analogue (65) had. Thus the ligand was synthesised via the same 

refluxing methanol protocol as (75) and gave spectroscopic data consistent with the literature. 

No further self-assembled products were observed through reaction of ligand (77) with Pb2+ ions.  

 

 

 

 

 

 

 

 

 

 

(77) (76) 

(57) 
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Scheme 3.28 
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Scheme 3.32 

 

The highly reversible nature of the steps in this mechanism, as well as alternative avenues, may well 

account for the highly impure nature of the reaction mixture. It is very possible that several of the 

intermediate materials in this mechanism may be present by TLC.  

No attempts were made to isolate the intermediate components of this reaction.  

The range of amines and dibromo compounds used is shown in Table 3.11. It is notable that only 

entry 4 failed in the next step. 

 

 

 

 

 

 

.-

.

-.

-

.

.

.



Results and Discussion   3 

242 
 

 

Entry Arene Amine Product Evidence of Formation* 

1 Ph Et2 (94) Y 

2 Ph Pr2 (95) Y 

3 Ph Piperidinyl (96) Y 

4 4-NO2Ph Et2 (97) N 

5 4-MeOPh Pr2 (98) Y 

6 4-MeOPh Piperidinyl (99) Y 

7 4-MeOPh Morpholinyl (100) Y 

8 4-ClPh Et2 (101) Y 

9 4-ClPh Pr2 (102) Y 

10 4-ClPh Piperidinyl (103) Y 

11 4-MePh Et2 (104) Y 

12 4-MePh Piperidinyl (105) Y 

 

Table 3.11 

 

(*) Evidence of formation refers to the success of the following amidine synthesis, as discussed 

below.  
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The reaction mechanism initiates with the 1,3-dipolar cycloaddition of the azide across the 

dipolarophilic C=N bond of the enamine. This yields an unstable 1,2,3-triazoline which, following a 

spontaneous cycloreversion, yields the desired amidine product with phenyldiazomethane and 

ethoxide120,121. The range of amidines and yields are summarised in Table 3.12. The individual 

reactions are discussed below. 

 

Entry Arene Amine Product Yield (%) 

1 Ph Et2 (106) 57 

2 Ph Pr2 (107) 48 

3 Ph Piperidinyl (108) 17 

4 4-MeOPh Pr2 (109) 55 

5 4-MeOPh Piperidinyl (110) 24 

6 4-MeOPh Morpholinyl (111) 3 

7 4-ClPh Et2 (112) 42 

8 4-ClPh Pr2 (113) 67 

9 4-ClPh Piperidinyl (114) 44 

10 4-MePh Et2 (115) 20 

11 4-MePh Piperidinyl (116) 42 

 

Table 3.12 

 

NMR spectroscopy and mass spectrometry proved significant analytical techniques for structural 

determination of the amidine series. Though carried out, analysis by FT-IR spectroscopy was not 

commented upon due to the significance of other analytical data. 

Lack of observation of any amidine product suggested that the nitro derivative dibromo compound 

(97) (entry 7 in Table 3.11) was not successfully converted to the enamine. This derivative was not 

pursued further.  
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3.2.4.5 Synthesis of N-[2-(4-methoxyphenyl)-2-oxo-1-(1-piperidyl)ethylidene] 

methanesulfonamide  

 

Scheme 3.39 

 

The 4-methoxyphenyl/piperidine amidine (110) was successfully synthesised, though in low yield of 

24%. Lower yields were consistently observed with piperidinyl derivatives throughout this project.  

The 1H NMR spectrum was consistent with the expected structure. The 13C NMR spectrum and HRMS 

confirmed the structural assignment. 

 

3.2.4.6  Synthesis of 2-(4-chlorophenyl)-methylsulfonyl-2-oxo-acetamidines  

 

 

 

Scheme 3.40 

 

The 4-chlorophenyl amidines (112-114) were synthesised effectively in 42-67% yield, giving fully 

consistent spectroscopic data.  

 

 

(110) (99) 

(101-103) 
(112) R = Et, 42% 
(113) R = Pr, 67% 
(114) R = -(CH2)5-, 44% 
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3.2.4.7  Synthesis of methylsulfonyl-2-oxo-2-(p-tolyl)acetamidines 

 

 

 

Scheme 3.41 

 

The tolyl/diethylamine amidine system (115) and corresponding piperidinyl system (116) were 

successfully synthesised yields of 20% and 42% respectively. Both gave fully consistent spectroscopic 

data. 

 

3.2.5  The Synthesis of 3-Dialkylamino-4-hydroxy-4-aryl-isothiazoline-1,1-dioxides 

 

 

 

 

 

Scheme 3.42 

 

The cyclisation of the methanesulfonyl amidine to the 3-amino-4-hydroxy-4-aryl isothiazoline-1,1-

dioxide was achieved by treatment with one equivalent of potassium tert-butoxide in dry THF at 

room temperature79 in mostly good to excellent yields throughout.  

The key diagnostic feature of this cyclisation is the conversion of the carbonyl group to a tertiary 

alcohol due to nucleophilic attack by the methanesulfonyl carbon which becomes the isothiazoline 

5-position methylene, as shown in Scheme 3.43.  

(115) R = Et, 20% 
(116) R = -(CH2)5-, 42% 

(104-105) 
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3.2.6  The Synthesis of 3-Dialkylamino-4-chloro-4-aryl-isothiazoline-1,1-dioxides 

 

 

 

 

 

Scheme 3.47 

 

The 4-hydroxylisothiazolines were converted to the 4-chloroisothiazolines in order provide a more 

reliable opportunity to generate the fully unsaturated isothiazoles. The installation of chlorine at the 

4-position provides a sensible, mild route to the fully unsaturated heterocycle due to easy 

elimination of HCl. The chlorination was achieved by treatment with excess thionyl chloride under 

reflux conditions. The compounds synthesised by this method are shown in Table 3.14, below. It is 

notable that the first few reactions attempted gave some of the (desired) elimination products, the 

synthesis of which is done deliberately in the next step. 

 

 Entry Arene Amine Chlorinated 

Product 

Yield Dehydrochlorinated 

Product 

Yield 

1 Ph Et2 (128) 56 (137) 31 

2 Ph Pr2 (129) 55 (138) 5 

3 Ph Piperidinyl (130) 33 (139) 4 

4 4-MeOPh Pr2 (131) 97 - - 

5 4-MeOPh Piperidinyl (132) 89 - - 

6 4-ClPh Et2 (133) 82 - - 

7 4-ClPh Pr2 (134) 85 - - 

8 4-MePh Et2 (135) 66 - - 

9 4-MePh Piperidinyl (136) 71 - - 

 

Table 3.14 



Results and Discussion   3 

257 
 

All of the chlorinated products (128-136), gave the expected spectroscopic analysis. The major 

dehydrochlorinated product (137) also gave the expected spectroscopic characteristics, with the loss 

of the chiral centre resulting in the diethyl unit becoming much simpler. Dehydrochlorinated 

products (138-139) were also observed, but as insignificant minority products. The chlorinated 

products showed splitting patterns in the 1H NMR that were broadly similar to those observed in the 

alcohols and this will not be detailed further here. 

 

 

3.2.7  The Synthesis of 3-Dialkylamino-4-aryl-isothiazole-1,1-dioxides 

 

 

 

 

 

 

Scheme 3.48 

 

 

Entry Arene Amine Product Yield (%) 

1 Ph Pr2 (138) 62 

2 4-MeOPh Pr2 (140) 76 

3 4-MeOPh Piperidinyl - - 

4 4-ClPh Et2 (141) 79 

5 4-ClPh Pr2 (142) 97 

6 4-MePh Et2 (143) 30 

7 4-MePh Piperidinyl (144) 20 

 

Table 3.15 

 

This straightforward reaction gave six further examples of the 3-dialkylamino-4-aryl-isothiazole-1,1-

dioxides to add to compound (137) (see Table 3.14). The loss of chirality in each of the products 

(140-144) and the formation of the planar fully unsaturated heterocycle simplified the 1H NMR 
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Scheme 3.50 

 

Significantly, this reaction produces two new chiral centres, located at the isothiazolo-isoxazole 

bridging carbon atoms. In all cases, a single diastereomer was observed. 

 

Table 3.16 shows the range of isothiazolo-isoxazoles that were produced in this study. In this thesis, 

the compounds synthesised via this route focused upon substituted benzene rings meaning that 

isothiazoles (137) and (138) were taken on by another group member. Some of the typical 

spectroscopic data of these compounds is discussed below. 

 

Entry Isothiazole 

Arene 

Isothiazole 

Amine 

1,3-Dipole 

Arene 

Product Yield (%) 

1 4-MeOPh Pr2 4-MeOPh (147) 29 

2 4-MeOPh Pr2 4-ClPh (148) 44 

3 4-ClPh Et2 4-ClPh (149) 17 

4 4-ClPh Et2 4-MeOPh (150) 42 

5 4-ClPh Pr2 4-MeOPh (151) 25 

6 4-ClPh Pr2 4-ClPh (152) 29 

7 4-MePh Et2 4-MeOPh (153) 39 

8 4-MePh Et2 4-ClPh (154) 14 

9 4-MePh Piperidinyl 4-MeOPh (155) 54 

10 4-MePh Piperidinyl 4-ClPh (156) 28 

 

Table 3.16 

-
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3.2.10  The Synthesis of 3-Dialkylamino-4-aryl-5-thiomethoxy-isothiazole-1,1- 

  dioxides 

 

 

 

 

 

Scheme 3.58 

 

The 3-amino-4-aryl-5-methylsulfide derivatives were synthesised by simple nucleophilic 

displacement of bromide by thiomethoxide in the presence of triethylamine in dichloromethane. 

The presence of triethylamine was necessary to minimise the protonation risk of the thiomethoxide 

ion, thereby preserving its nucleophilicity77.  

 

3.2.10.1 Synthesis of 4-(4-chlorophenyl)-5-methylsulfanyl-1,1-dioxo-N,N-dipropyl-

  isothiazol-3-amine  

 

Scheme 3.59 

 

 

The synthesis of compound (159) was achieved successfully in 41% yield. 

(158) (159) 
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3.3  The 1,2,4-Oxadiazole Unit as Structural Feature For  

  Asymmetric Catalysts 

 

In this chapter progress towards the development of 1,2,4-oxadiazole based chiral catalysts for 

investigations into asymmetric catalysis will be described. These systems were developed around an 

aspect of this research which focussed on the discovery of hypervalent iodine catalysts. This chapter 

starts by describing the development of a pseudoephedrine based hypervalent iodine system and 

describes its use for the synthesis of lactones. On the basis of this, the chapter moves on to describe 

the synthesis of a potential 1,2,4-oxadiazole based chiral catalyst before describing progress towards 

an iodine containing analogue.  

 

3.3.1  The Synthesis and Catalytic Activity of Pseudoephedrine based Hypervalent

  Iodine System 

As described in the introduction, in hypervalent iodine chemistry, the iodine atom is usually in the 2-

position on the arene. This, during catalysis, enables closer proximity of the chiral components of the 

catalyst with the substrate and in theory, offers the catalyst a better opportunity to impart its 

chirality by promoting a specific facial attack.  

The initial chiral amine selected for this project was (1S,2S)-pseudoephedrine. This amine was 

selected for a number of reasons. The first was that since pseudoephedrine is a secondary amine, 

the product of subsequent Schotten-Baumann amide synthesis will be a fully substituted tertiary 

amide, reducing the likelihood of unwanted reactivity. Secondly, pseudoephedrine is relatively 

simple, and aside from the hydroxyl group, does not possess any reactive centres of concern. 

Additionally, pseudoephedrine has a strong pedigree in asymmetric synthesis, demonstrating 

significance as a chiral auxiliary by Myers and co-workers in 1994122 and later in 1997, where systems 

including pseudoephedrine were developed further to demonstrate superiority as a chiral auxiliary 

in asymmetric transformations123. 

Whilst only a few substituted 2-iodobenzoic acids are commercially available, a good range of 2-

aminobenzoic acid derivatives are available. Whilst the iodination of such aminoarenes involved 

adding another step to the synthesis, a far greater range of potential catalysts is enabled by sourcing 

these materials. Having selected appropriate starting materials, the synthesis of chiral iodine(I) and 

subsequent hypervalent iodine(III) catalysts were planned thusly:  
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3.3.1.1  The Synthesis of Iodine(I) Precursor Materials 

The iodination of the 2-aminobenzoic acid derivatives was achieved via Sandmeyer reaction. 

Scheme 3.63 

 

In strongly acidic solution, the 2-aminobenzoic acid derivatives were treated with sodium nitrite, 

which is protonated and dehydrated insitu yielding the nitrosonium ion which then reacts with the 

aryl primary amine yielding the diazo compound following a further dehydration. The diazo group is 

displaced by nucleophilic iodide and leaves as nitrogen, thereby yielding the desired 2-iodobenzoic 

acid derivatives as shown in Table 3.17.    

 

 

Entry R1 R2 Product Yield (%) 

1 Me H (165) 86 

2 CF3 H (166) 92 

3 Me Me (167) 84 

4 Me Cl (168) 91 

5 Cl H (169) 86 

 

Table 3.17 
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3.3.1.2  The Synthesis of Chiral Iodine(I) Pre-catalysts 

The 2-iodobenzoic acid derivatives were converted to the corresponding acid chlorides (171-175) 

and immediately coupled with (1S,2S)-pseudoephedrine in a standard Schotten-Baumann amide 

synthesis.  

 

 

 

 

 

 

 

Scheme 3.64 

 

 

Entry R1 R2 Product Yield (%) 

1 H H (176) 52 

2 Me H (177) 59 

3 CF3 H (178) 65 

4 Me Cl (179) 68 

5 Cl H (180) 70 

 

Table 3.18 
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major conformers. The observation of rotamers was less significant with catalyst (176). The lack of 

aryl substitution with this catalyst reduces the number of potential rotamers to two as was observed 

by 1H NMR analysis.  

 

3.3.1.4  The Catalytic Activity of Pseudoephedrine Based 2-Iodoaryl Precatalysts 

As described in the introduction, reactive hypervalent iodine(III) reagents are usually synthesised by 

firstly oxidising the iodide to the iodosyl iodine(III) compound, followed by the addition of an organic 

acid such as AcOH or TFA to create the active iodine(III) species. Both of these steps are often 

conducted in-situ. In order to make this species catalytic, the presence of a co-oxidant is required to 

re-oxidise the reacted organoiodine back to iodine(III). 

The oxidant selected for the generation of the hypervalent iodine(III) catalysts was mCPBA and the 

acid additive selected was p-toluenesulfonic acid. 

 

Scheme 3.67 
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A catalyst loading screen was not conducted due to time constraints.  

A plausible mechanism by which the synthesised hypervalent iodine(III) compound catalyses the 

lactonisation is shown: 

 

 

Scheme 3.69 

 

Substitution of tosylate from the nucleophilic attack of the carboxylic oxygen of the substrate at the 

hypervalent iodine(III) centre results in the generation of the acylated iodane and the net loss of 

toluenesulfonic acid. Cyclisation by further nucleophilic attack of the acylated iodane centre from 

the enol functionality of the substrate prompts the elimination of a molecule of water and the 

generation of a 6-membered iodoxanone intermediate. Reductive elimination of the catalyst and 

subsequent ring contraction generates the tetrahydrofuranone, lactonised product (181).  

 

It is imaginable that during the enantiodetermining, cyclisation step, the pseudoephedrine scaffold 

may successfully hinder attack of the iodane from the enol at one face more so than the other. Bond 

rotation about the iodine-arene bond enables the pseudoephedrine scaffold to partially block one 

face over the other. However, it is very difficult to suggest reasons how the 3-methyl group 

contributes so significantly to preferential attack of one face of the iodane over the other, possibly 

implying its influence may be electronic and not steric. 

R = Aryl-PSE scaffold 

(181) 
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Scheme 3.73 

 

The acid chloride (190) was synthesised with predictable simplicity. However, reaction in refluxing 

xylene with pyridine-2-amidoxime (44) resulted in an unworkable mixture upon cooling to room 

temperature. Having attempted to work-up the mixture with various washes and extraction, no 

sensible or identifiable amount of product was isolated. 

These practical problems led to attempts with alternative solvents such as toluene. However, the 

same, intractable mixture was observed, and rendered this an unfeasible synthesis to pursue 

further.     

 

 

 

 

(191) 

(189) (190) 

(188) 

(44) 
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3.3.4  Conclusions 

In conclusion for this section, a range of iodoaryl-pseudoephedrine pre-catalytic systems were 

successfully synthesised. The oxidation of the iodine to the iodine(III) system and the catalytic 

regeneration of these systems was observed. The asymmetric catalytic activity of the oxidised 

hypervalent iodine(III) derivative was assessed through screening via a lactonisation reaction, the 

lactone product of which bears one stereocentre. Although modest enantioselectivities were 

observed, an e.e. of 53% suggests such 2-iodoaryl-pseudoephedrine species possess good potential 

in the asymmetric catalysis of oxidative ring formation reactions. Unfortunately, the opportunity to 

develop a 1,2,4-oxadiazole analogue was not possible due to time constraints. This, however, is now 

the focus of other students within our research group.   

The synthesis of an L-proline-based, 1,2,4-oxadiazole system has also been achieved. Though 

opportunity to screen this compound and synthesise derivatives was not possible, the wealth of 

opportunity for such compounds is such that this is also now the focus of a colleague within our 

research group.  
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