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Chapter 1 
Introduction 

1.1   Organic synthesis  
Organic synthesis entails the assembly of complex molecules (usually containing the 

elements: C, H, O, N, S, P, B and halogens) from relatively simple starting materials and 

reagents through the formation and breaking of covalent bonds. Traditionally, organic 

synthesis is divided into method-oriented synthesis and target-oriented synthesis, which is 

more commonly referred to as total synthesis (Figure 1.1).1 The central theme of method-

oriented synthesis is the invention, discovery and development of new synthetic reactions, 

reagents and catalysts.1 In contrast, the ultimate goal of total synthesis is the construction of 

a defined target molecule via a sequence of consecutive reactions. Evidently, progress in 

the field of total synthesis has been greatly facilitated by progress in the area of method-

oriented synthesis. 
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Figure 1.1 Organic synthesis in perspective.1 
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Chapter1 

1.2   Objectives of total synthesis and target selection 

1.2.1   Structure elucidation 
Until the late 1960s, an important function of total synthesis was to confirm the 

molecular structure of natural products, which predefined the target molecule. A landmark 

success of this approach is the famous example of strychnine, which was first synthesized 

by Woodward and co-workers as early as 1954 (Figure 1.2).2 
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Figure 1.2 Structure of strychnine.2 

Initial structure elucidation usually relied on degradation and/or derivatization of the 

isolated product (availability in gram quantities required), after which independent 

assembly from simple precursors was used for verification. This process was of course 

painstakingly slow and more importantly not flawless.3 Since chemical transformations do 

not always proceed along projected lines, incorrect assignments were inevitable. The most 

notorious misassignment is arguably the proposed structure of cholesterol, for which 

Wieland and Windaus were awarded the Nobel Prize in Chemistry in 1927 and 1928, 

respectively.4 Their proposals had a number of inaccuracies that were revealed in 1932 

when Bernal obtained the first X-ray crystal structure of a steroid (Figure 1.3). 3,5  

HO

H H

H

Wieland/Windaus structure for cholesterol  (1927) Correct structure of cholesterol (1932)

Et

OH

 
Figure 1.3 Classical misassignment of the structure of cholesterol.3 

Another typical example is the inaccurate structure for patchouli alcohol that was 

postulated by Büchi and colleagues in the early 1960s.6 They successfully synthesized 
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patchouli alcohol in four steps from the known compound �-patchoulene (Figure 1.4). 

Under the assumption that all chemical transformations had taken place according to their 

synthetic plan, they proposed a structure for the natural product. However, one year later an 

X-ray structure of a derivative proved that in reality their achievement was a lucky 

coincidence resulting from an unexpected skeletal rearrangement.7 
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Figure 1.4 Incorrect assignment of the structure of patchouli alcohol due to an unexpected 

skeletal rearrangement.3,6 

Fortunately, the chances to encounter such disappointments were dramatically reduced 

with the emergence and improvement of powerful analytical techniques like X-ray 

crystallography, nuclear magnetic resonance (NMR) and mass-spectrometry (MS).1 At 

present, the isolation of minute amounts of a natural product is typically sufficient for a 

complete structural characterization apart from the assignment of the absolute or relative 

stereochemistry in specific cases (see, for example, chapter 4). When spectroscopic 

methods fail to conclusively settle stereochemical issues, total synthesis is still called upon 

to provide the answer. Needless to say, the laboriousness of this process increases with the 

number of unknown stereogenic elements. 
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1.2.2   Privileged structures 
Currently, selection of a particular target molecule for total synthesis is often motivated 

by (potential) interesting properties of the final product like, for example, biological 

activity, possible medicinal applications, intriguing physical qualities or attractive material 

properties. Indisputably, total synthesis has indeed contributed to advances in a number of 

adjacent fields. As a consequence, the field of total synthesis is no longer restricted to 

natural products, but instead comprises designed molecules as well (Figure 1.1). Especially 

compounds with remarkable physical/mechanical properties (not covered in this thesis) 

often find their origin in the imagination of the organic chemist like for example the 

molecular elevator of Stoddart et al.8 or the molecular motor of Feringa et al. (Figure 1.5).9 

For target molecules with an interesting biological/medicinal profile, on the other hand, 

Nature remains an important source of inspiration.10 In fact, almost half of the drugs on the 

market are natural products or derivatives thereof.11 Nevertheless, in the last decade, 

research on natural products by the pharmaceutical industry has declined. This is mainly 

due to a strategic shift toward combinatorial library synthesis of small organic molecules in 

combination with high-throughput screening for lead discovery as well as optimization.10,12 

However, the latest insights indicate that the generation and screening of a large number of 

synthetic compounds can at best complement but certainly not replace lead discovery via 

investigation of natural products, which have been carefully selected by evolutionary 

pressure.10,12 This rehabilitation of natural products from a pharmacological point of view 

has led to renewed research activity in the area of total synthesis by industry as exemplified 

by the recent large scale synthesis of discodermolide13 (§1.2.2.1) and current efforts to 

produce apoptolidin (Figure 1.6).14 
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Figure 1.5 Example of a rationally designed compound with interesting physical and 
mechanical properties: a unidirectional light driven molecular motor.9 
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Figure 1.6 Structures of apoptolidin15 and discodermolide.16 

1.2.2.1   Natural product synthesis and drug development; the case of discodermolide 
The most eye-catching examples that demonstrate the practical utility of total synthesis 

are without doubt applications in the preparation of drugs. Due to the low natural 

abundance of many natural compounds with an interesting biological profile, total synthesis 

is often the only method to supply the necessary amounts for clinical testing and eventually 

for distribution to patients. An illustrative example is the synthesis of discodermolide, 

which is a potent cell growth inhibitory agent, arresting cell development by binding and 

stabilizing mitotic spindle microtubules. Its mode of action is similar to other well-known 

anti-cancer agents like paclitaxel (taxol), epothilone B, laulimalide, sarcodictyin A, 

peloruside A and dictyostatin all of which have been the subject of extensive synthetic 

research.17 In the case of discodermolide, six research groups have directed considerable 

synthetic effort toward providing a practical amount of material, culminating in several 

total syntheses.18 Eventually, this has led to the preparation of over 60 grams of 

discodermolide for clinical trials by Novartis Pharmaceutical Corporation using a hybrid 

Smith-Paterson route that comprised 39 linear steps.13 The development of discodermolide 

has recently been discontinued in part owing to toxic side effects.19 

1.2.2.2   Structure-activity relationship (SAR) 
Like in the case of discodermolide, natural products often turn out to be inadequate as a 

drug despite their promising pharmalogical profile. However, this does not necessarily 

mean that they are abandoned as a lead compound, since total synthesis is in principle 
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capable of ‘improving’ the properties of the natural product via the preparation of 

analogues. As a matter of fact, even when the natural product qualifies as a drug, the 

complexity of the molecule can encourage the synthesis of more easily accessible 

analogues. In any event, optimization of a natural product requires knowledge regarding the 

structural features that are responsible for its drug-like properties. A powerful tool in 

determining the structure-activity relationship (SAR) of the molecule is the construction of 

a library of analogues with systematic variations in different domains. Using this approach, 

the ideal drug can be developed in a step-wise manner.  

A successful example of such a strategy is the recently launched antithrombotic drug 

fondaparinux (arixtra; 2002), which is the result of twenty years of research using the 

natural drug heparin as a vantage point.20 Heparin is a linear polysulfated polysaccharide 

isolated from animal organs that has been used clinically since the 1940s. In vivo, heparin 

forms a complex with antithrombin III (AT-III) resulting in allosteric activation of this 

protease inhibitor (Figure 1.7).21 The interaction between heparin and AT-III is brought 

about by a unique sequence-specific pentasaccharide within the polysaccharide, also known 

as the antithrombin III binding domain (ABD; Figure 1.8). Upon binding, heparin induces a 

conformational change in AT-III, which results in an increased affinity of AT-III for 

thrombin and factor Xa, which are two key proteases in the blood-coagulation cascade.20,21 

For binding to factor Xa, activation of AT-III by the pentasaccharide is sufficient, while 

binding to thrombin additionally requires the presence of negatively-charged saccharide 

units at a remote position in the polysaccharide (thrombin binding domain: TBD). A 

shortcoming that is typically associated with heparin as an antithrombotic drug is a lack of 

selectivity caused by the presence of multiple negative charges on the polysaccharide. 

Specifically, heparin interacts in a non-selective way with other proteins like for instance 

platelet factor 4 (PF 4).22 This can lead to so-called heparin-induced thrombocytopenia 

(HIT) indicating a shortage of platelets, which is associated with abnormal bleeding. 
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Figure 1.7 Mode of action of the antithrombotic drug heparin. See text for details.21  
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Figure 1.8 Structure of the antithrombin III binding domain (ABD) in heparin and 
optimization of its structure during drug development.21 

With the objectives to prevent such side-effects and to develop an easier accessible and 

better characterized drug, a synthetic program was initiated with the primary goal to 

synthesize an active pentasaccharide for factor Xa inhibition.20 In 1987, this resulted in the 

identification of fondaparinux (analogue 1; Figure 1.8), which contains an N-sulfate group 

instead of an N-acetyl group in unit D and a methoxy group at the reducing end for ease of 

synthesis and purification.21,23 Analogue 1 proved indeed to possess superior antithrombotic 

heparin
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activity in comparison to heparin, while uncompromised by side-effects.24 In addition, its 

half-life in humans is approximately 17 h compared to 1 h for heparin, which allows for 

lower dosages. After a successful clinical development program in the 1990s, fondaparinux 

is currently produced on multi-kg scale in industry, although its preparation is still lengthy 

(approximately 55 steps).20,21 

Further investigations into the structure-activity relationships of heparin-like 

pentasaccharides, have led to the discovery of idraparinux (analogue 2; Figure 1.8) which 

displays both higher activity as well as increased bio-availability (half-life of 120 h).23,25 

Moreover, due to the simplified chemical structure, orthogonal protecting groups are no 

longer required for the synthesis of 2. In addition, units E, F, G and H can be obtained from 

a common disaccharide precursor. As a consequence, the total synthesis of 2 comprises 

(only) 25 steps. Idraparinux is currently in the last phase of clinical development.20 

1.2.3   Synthetic challenges 
The reluctance of the pharmaceutical industry to apply total synthesis in drug 

development in the past decade (§ 1.2.2), did not cause a diminished interest from the 

academic community. On the contrary, total synthesis thrived in that same period, resulting 

in the construction of complex targets like palytoxin,26 brevetoxin27 and vancomycin28,29 

among numerous others.1,30,31 Part of the explanation for this contrast may be, that the 

academic community simply disagreed with the new industrial strategy. More importantly, 

though, the difference can be understood by taking truly academic arguments into account. 

The most important reason for a synthetic chemist to embark on an endeavor that may take 

years to complete, is a fundamental fascination for the complex molecular architecture itself 

and the wish to meet the challenges it poses with respect to the molecular skeleton, 

functional groups, stereochemistry and so on. In order to succeed, application of known 

methodologies may not suffice. Even the best retrosynthetic analysis can be subject to 

failure, due to the unpredictable outcome of well-established methodology once applied to 

complex substrates. Fine-tuning of reaction conditions, adaptation of the strategy, and if 

known methods fail, even development of new methodology are often required to prevail. 
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Figure 1.9 Structures of the CP-molecules.32 

A particularly instructive example is the total synthesis of the CP-molecules (Figure 1.9) 

by Nicolaou and co-workers.32 Even though CP-molecules exhibit cholesterol-lowering 

properties as well as anti-cancer activity, the main attraction from a total synthesis point of 

view stems from the overwhelming molecular frameworks in combination with the 

presence of sensitive functionalities. One of the hurdles that had to be overcome in the total 

synthesis of the CP-molecules, was the conversion of carboxylic acid 4 into �-diazoketone 

5 (Figure 1.10). Even though this seems a trivial transformation at first sight, it soon 

appeared that known carboxyl-activation methods failed when addressing such a sterically 

demanding system.33 This prompted the invention of a new method based on 

functionalization with sulfene (SO2=CH2; generated in situ from MsCl and Et3N) followed 

by displacement with diazomethane. Not only did this novel protocol solve the problem at 

hand, but in general terms, the utility of acyl mesylates as acyl chloride surrogates for 

highly hindered carboxylic acids has been demonstrated on various occasions since then.34  
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Figure 1.10 Synthesis of a sterically congested �-diazoketone via mesylation.33 

Other valuable methodologies of general use that find their origin in the total synthesis 

of the CP-molecules are the homologation of sterically hindered aldehydes via cyanohydrin 

formation (Figure 1.11)35 and (indirectly) the discovery of new applications for the 
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oxidizing agents Dess-Martin periodinane (DMP) and o-iodylbenzoic acid (IBX).36 

Incidentally, one of these new applications of IBX is the introduction of unsaturation 

adjacent to carbonyl moieties,37 which was used in the first step of the preparation of 

enantiopure saturated isoprenoid building blocks as described in chapter 3 of this thesis. 
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Figure 1.11 One-carbon homologation of aldehydes to nitriles in the presence of a keton.33 

1.2.4   Method-inspired targets 
From the previous paragraph it can be concluded, that total synthesis is an important test 

by which we judge the methods in our chemical toolbox. In the case of the CP-molecules, a 

new method to functionalize carboxylic acids was developed to facilitate arrival at the 

target structure (Figure 1.10). In general, though, the reversed process is infinitely more 

common; on many occasions, method-oriented organic chemists seek to apply a new 

synthetic protocol to the total synthesis of a more complex molecule with the objective to 

demonstrate its practical value. In such cases, a target containing a suitable structural motif 

is chosen to accommodate the method rather than selecting a method in pursuit of the 

target. A typical example is described elsewhere in this thesis, concerning the development 

of a method to prepare enantiopure saturated isoprenoid building blocks (chapter 3) 

followed by applications in the total syntheses of pheromones (chapter 3) and mannosyl �-

phosphomycoketides (chapter 4). 
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1.3   Asymmetric catalysis in total synthesis 
An important aspect in total synthesis is the introduction of stereogenic elements in an 

enantio- and/or diastereoselective way (Figure 1.12). In principle, there are three 

fundamentally different approaches to achieve enantioselectivity: 1) utilizing the natural 

chiral pool consisting of enantiopure starting materials provided by Nature; 2) 

enantioselective synthesis: preparation from achiral precursors using a chiral 

reagent/auxiliary or catalyst and 3) resolution: separation of enantiomers.38 Resolution can 

in turn be divided into broadly three classes: 1) resolution via diastereomers: involving the 

use of a stoichiometric amount of a chiral resolving agent; 2) chiral chromatography: 

relying on the use of a chiral stationary phase and 3) kinetic resolution: involving the use of 

a chiral catalyst or reagent to promote selective reaction of one enantiomer over the other.38 

If this process is coupled to an in situ racemization protocol of the starting material 

(dynamic kinetic resolution) it has the same net result as enantioselective synthesis. 

Enantiopure complex  target

P1* + P2*
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*P1 P2*

*P1 FG

R*R

R

Enantiopure building blocks
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R* separationR
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Figure 1.12 Routes in the total synthesis of enantiopure complex targets.38,39 
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Once a molecule contains a chiral element, there are basically two ways to selectively 

construct stereochemically more complex targets. The first strategy merely couples two 

enantiopure building blocks (Figure 1.12). The second approach creates a new stereogenic 

element using either an external chiral source like before (reagent-control, catalyst-control 

etc.) or takes advantage of the previously introduced chiral element in the substrate 

(substrate control). 

After selecting one of the approaches described above, there are numerous 

methodologies to choose from. Within the field of asymmetric catalysis, for example, there 

is a distinction between bio-, organometallic- and organocatalysis and each of these 

methods can be either homogeneous or heterogeneous. In the wake of the rising number of 

different options, health and regulatory authorities have defined stricter requirements to 

produce new chiral drugs or agrochemicals.40 As a consequence, single-enantiomer drug 

sales show a continuous growth reaching a worldwide sale of $159 billion in 2002.14,41,42 In 

fact, in 2004, of all new synthetic chiral drugs (excluding peptides, proteins, monoclonal 

antibodies etc.) 92% was produced as a single enantiomer or diastereomer versus 8% as a 

racemic mixture.43 As a result, economic motives have joined fundamental interests in 

operating as a driving force for the improvement of the various routes to enantiomerically 

pure compounds.44 

The question that now presents itself is which of the above approaches is best qualified 

to do the job in a particular total synthesis. To answer this question it is important to 

realize, that the choice for an approach not only depends on the structure of the target 

compound, but also on the underlying motivation for target selection (see § 1.2). In other 

words: ‘how’ depends as much on ‘why’ as it does on ‘what’. 

1.3.1   Trends in methodology 
From a methodology point of view, the current paradigm in introducing chirality is to 

develop catalytic asymmetric versions of commonly used reactions. The emphasis on this 

particular approach stems from fundamental advantages that asymmetric catalysis holds 

over other methodologies. Specifically, asymmetric catalysis is in theory capable of 

delivering all possible diastereomers (in contrast to the natural chiral pool or substrate 
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control) in 100% yield (as opposed to resolution) using only a small amount of chiral 

material (contrary to stoichiometric approaches). 

An early demonstration of the power of asymmetric catalysis was given by Masamune 

and Sharpless in their synthesis of the L-hexoses in 1983.39,45 Using their titanium tartrate 

epoxidation catalyst, they introduced all four contiguous stereocenters in a controlled 

manner (Figure 1.13). This accomplishment inspired the development of an enormous 

number of different catalysts for all sorts of asymmetric transformations.46 However, 

despite some important successes,39,47 the rate of implementation of asymmetric catalysis in 

total synthesis does not seem to follow the rate of discovery of catalysts. 
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Figure 1.13 Masamune-Sharpless synthesis of L-hexoses. All stereocenters under control.45 

1.3.2   Considerations in total synthesis 
What is causing this paradox between the development of asymmetric catalysts and their 

application in total synthesis? As mentioned before (§ 1.2.4), total synthesis is an important 

test by which we evaluate the value of a method. It is probable that some catalysts simply 

fail this test, meaning that they have to be improved in order to be applied. This is 

particularly evident when a stoichiometric chiral source is used instead of a catalyst. After 

all, there is no strategic gain in choosing a reagent/auxiliary over a catalyst. The fact that 

many total syntheses still use stoichiometric approaches therefore indicates that the toolbox 

of efficient and generally applicable asymmetric catalysts is still relatively empty except for 

in the areas of oxidation (Sharpless) and hydrogenation.39 To be fair it should be noted, that 

total synthesis can be a harsh judge for a catalyst. At a progressed stage of a total synthesis, 

the substrate is obviously the most valuable component in the reaction so the costs of the 
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chiral source are often negligible. On the other hand, some catalysts are composed of such 

expensive ligands and/or metals that they are not cost-effective despite the small amount 

required. The preparation of certain types of ligands requires a multi-step synthesis in itself. 

In addition, application of some asymmetric catalysts necessitates the use of specialized 

equipment including autoclaves or glove-boxes.  

Even when a suitable asymmetric catalyst is available, it is conceivable that another 

approach is chosen. This can be explained by the fact, that in specific total syntheses one or 

more of the fundamental advantages of asymmetric catalysis may be considered irrelevant. 

In such cases other strategies like resolution, the natural chiral pool or substrate control can 

be tough competitors.  

1.3.2.1   Total synthesis of libraries of stereoisomers 
When total synthesis serves the purpose of elucidating the stereochemistry of a natural 

product or when it is used to determine the influence of the stereochemistry of a 

biomolecule on the biological activity (SAR), the task of the organic chemist is to 

synthesize a number of stereoisomers. In such cases, the flexibility of asymmetric catalysis 

can be fully exploited in two different ways. First of all, it can be used to expand the natural 

chiral pool with all stereoisomers of simple enantiopure building blocks (for an example 

see chapter 3). Furthermore, complex intermediates can be converted into different 

diastereoisomers along the same route (Figure 1.12). Especially, this latter application 

shows the true potential of a catalyst as it is usually confronted with potentially reactive 

functional groups and it has to overcome inherent substrate control.39 

Since the target is a library of stereoisomers, an approach based on resolution is a viable 

alternative to asymmetric catalysis. However, asymmetric catalysis has the advantage that 

the same route is still efficient if, at a later stage, one particular stereoisomer is to be 

prepared. A typical example is the synthesis of the side chain of mycolactones A and B  by 

Kishi and co-workers (chapter 2). For the determination of the stereochemistry of the 

natural product, two diastereomers were prepared as a 1:1 mixture after which they were 

separated by column chromatography (Figure 1.14).48 In contrast, a catalytic asymmetric 

Sharpless dihydroxylation was used in the eventual total synthesis of the correct 

diastereomer (scheme 2.6).49 
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Figure 1.14 Preparation of a mixture of diastereomers for structure elucidation.48 

1.3.2.2   Synthesis of a single stereoisomer 
When the challenge is the synthesis of a natural product with known stereochemistry or 

when the target is an optimized privileged structure, the preparation of a single 

stereoisomer is required. In such cases, flexibility of the synthetic route is of little concern. 

Instead, the focus shifts to overall efficiency (yield, convergence, selectivity, costs, etc.). If 

an abundant chiral building block from Nature can be used as a starting material, this 

approach is often unbeatable in terms of selectivity (high enantiomeric excess [ee] and 

diastereomeric excess [de]) and costs. The advantage is proportional to the complexity of 

the natural starting material. And even when Nature does not provide the desired structural 

motif, modification of a natural building block may prove an attractive option (see, for 

example, chapter 2, scheme 2.10 and 2.11). In fact, although counterintuitive for an organic 

chemist, it can occasionally pay to break down readily available complex natural products 

to obtain simple enantiopure building blocks (Figure 1.15).50 The extent to which such 

processes are efficient depends on the number of steps and the overall yield in comparison 

to the alternative: asymmetric catalysis (or stoichiometric approaches when a suitable 

catalyst is unavailable). Hence, while in general the natural chiral pool and asymmetric 

catalysis (§ 1.3.2.1) are complementary approaches for building block synthesis, there is a 

large grey area in which they compete. 
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Figure 1.15 Synthesis of enantiopure building blocks from complex natural products.50 
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When performing a reaction on an advanced chiral intermediate that creates a new 

stereogenic element, substrate control can often be used to favor formation of the desired 

diastereomer. Knowledge of the reaction mechanism is essential since the stereochemical 

outcome sometimes depends as much on the reaction pathway as it does on the substrate 

(Figure 1.16). The fact that substrate control operates without an external chiral source 

makes it an attractive strategy, which is both elegant and efficient. Asymmetric catalysis is 

in this case truly complementary: it should be applied when the levels of 

diastereoselectivity induced by the substrate are either unsatisfactory or when the desired 

stereoisomer cannot be formed altogether (§ 1.3.2.1). An impressive display of how 

substrate control can be optimally exploited was given by Paterson et al. in their recently 

disclosed optimized route to discodermolide (Figure 1.4).17 They constructed this complex 

target from a commercially available enantiopure synthon in 7.8% yield over 24 linear steps 

(35 steps in total) without using any external chiral source. One of the key reactions in their 

total synthesis was the Evans protocol to convert �-hydroxy ketones into the corresponding 

anti 1,3-diols as depicted in Figure 1.16.51 
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Figure 1.16 Complementary reduction methods to selectively convert a �-hydroxyketone 

into either  the syn-52 or the anti-1,3-diol.51 
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1.3.2.3   Commercial considerations 
Although total synthesis is a useful tool to judge the performance of asymmetric 

catalysts, the verdict is sometimes clouded because methods occasionally tend to become 

more important than the target in an academic environment. This can, for instance, be the 

case if a target is selected to underscore the power of a catalyst. In such examples it is 

tempting to undertake an elaborate synthesis for the sake of the key asymmetric 

transformation(s). The ultimate impartial test in cases like that is commercialization, which 

takes the whole synthetic route into consideration. An illustrative example is the elegant 

total synthesis of (R,R,R)-�-tocopherol (Vitamin E),a which uses catalytic asymmetric 

hydrogenation to introduce the asymmetric centers in the side chain (Figure 1.17).53,54,55 

Although the catalysts proved to be extremely successful, the route depicted in Figure 1.17 

could in the end not compete with partial synthesis from naturally occurring tocopherols 

due to inefficient substrate preparation and cross coupling procedures. For example, the 

separation of trans-7 from its cis-isomer formed a technical bottleneck that was difficult to 

overcome. New catalytic strategies, like the one recently reported by Pfaltz et al. employing 

the asymmetric hydrogenation of unfunctionalized olefins (Figure 1.18),56 may tip the 

balance in favour of asymmetric catalysis in the future. However, also in this case, substrate 

synthesis as well as catalyst loading and other technical aspects have to be critically 

evaluated. 

Commercial application of an asymmetric total synthesis route evaluates not only 

flexibility and/or efficiency, but more practical aspects as well.57 For example, the need for 

high dilution or low reaction temperature can render scale-up extremely difficult or 

expensive. In addition, purification of the product can be critical, especially in the case of 

toxic heavy-metal-catalyzed reactions. Furthermore, the often limited development time can 

be a decisive factor.58 In the pharmaceutical industry, the typical strategy is therefore to 

synthesize a certain amount of product for clinical trials as quickly as possible and to 

optimize the route if the drug is a success. For instance, in the large scale synthesis of 

 
a Vitamin E is currently sold as a stereorandom mixture (all-rac-form). Since the 
stereochemistry of the side chain has no distinct influence on the biological activity, there is 
no economic incentive to change to the enantiopure form. 



Chapter 1 

 

 

18 

 

 

 

 
Chapter1 

discodermolide (§1.2.2.1), all stereogenic elements were introduced using chiral auxiliaries 

and reagents.13 To find suitable catalysts to replace them, would have taken years and 

would eventually have been in vain since the development of discodermolide as a drug was 

discontinued.19  Besides, it is doubtful whether such catalysts would have been able to 

compete with the substrate controlled route of Paterson et al. (§1.3.2.2).17 This all goes to 

show once more, that the best approach to introduce chirality in total synthesis does not 

only depend on the target, but also on the motivation for target selection. 
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Figure 1.17 Synthesis of (R,R,R)-�-tocopherol side chain using catalytic asymmetric 
hydrogenation to introduce the stereogenic elements.53 
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Figure 1.18 Application of asymmetric hydrogenation of unfunctionalized olefins in the 

synthesis of �-tocopherol.56 

1.3.3   Conclusion 
Asymmetric catalysis is a valuable instrument for total synthesis. Its importance will 

only increase in the future with the development of a larger toolbox filled with better 

catalysts for a wider range of transformations. It is particularly useful for expanding the 

chiral pool with new enantiopure building blocks and for overcoming inherent substrate 

bias in complex target synthesis.39 It is therefore important that the power of a catalyst is 

demonstrated in complex products beyond benchmark substrates. However, with respect to 

total synthesis, asymmetric catalysis remains a means to an end and should not become a 

goal in itself. Related to this, the extend to which the fundamental advantages of 

asymmetric catalysis are in fact beneficial to a specific total synthesis is highly variable. 

Depending on the target and on the motivation for target selection, there is often an 

alternative (natural chiral pool, substrate control or resolution). The question should 

therefore remain: ‘What is the best way to synthesize this particular target?’ rather than 

‘How can we make this target using an asymmetric catalyst?’ 

1.4   Aims and outline of this thesis 
The remainder of this thesis will be devoted to the fruits (immature or not) of my efforts 

in the area of enantiopure total synthesis. The aim of every total synthesis discussed in this 

thesis is to develop a route to the final product that is both efficient as well as flexible 

especially in relation to the introduction of stereogenic elements. Both the chiral pool and 
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asymmetric catalysis play an eminent role in achieving this goal. To put the work into a 

broader context, the biological background as well as the synthetic history of each target 

compound will be introduced prior to discussion of the actual synthesis. 

In chapter 2, new approaches towards the synthesis of the side chain of mycolactones A 

and B will be discussed. Notable differences with previous approaches include a new 

strategy to construct the elaborate conjugated system and introduction of chirality through 

modification of monosaccharides rather than asymmetric catalysis. Chapter 3 deals with the 

development of an asymmetric catalytic method to prepare all diastereomers of enantiopure 

saturated isoprenoid building blocks. The practical value of this methodology is 

demonstrated by its application in the synthesis of two insect pheromones. In chapter 4, the 

saturated isoprenoid building blocks are used once more in the enantiopure total synthesis 

of a �-D-mannosyl phosphomycoketide. For this purpose, a protocol is developed to 

synthesize enantiopure oligoisoprenoid chains of any desired length and stereochemistry. 

Another important aspect of this total synthesis is the formation of the �-mannosyl 

glycosidic linkage. 
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