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Abstract 

In this thesis, selected results on the rearrangement between the noradamantane and 

the adamantane hydrocarbon cage are presented, as well as their application in 

organic synthesis. This reversible reaction proceeds through a Wagner-Meerwein 

rearrangement – a [1,2]-alkyl shift of a carbocation – either leading to the diamondoid 

structure of adamantane or the contracted derivative, depending on the structural 

elements surrounding the carbocation and the reaction conditions.  

The rearrangement was used to synthesize 1,2-functionalized heterocyclic 

adamantylamines from noradamantane iminium triflates. In the classical Wagner-

Meerwein reaction, the alkyl shift forms a tertiary from a secondary carbocation, 

following the way to the energetically more stable structure. When iminium salts are 

rearranged, the stability is inverted since the secondary carbocation is stabilized by its 

iminium ion resonance structure. High temperatures and a trapping nucleophile (i.e., 

a Friedel-Crafts acceptor) are needed to push the equilibrium to the targeted 

adamantyl cage. Deeper investigations provided insight into the mechanism of the 

reaction, its difficulties, and its limits. Postfunctionalization of one of the target 

molecules showed the possibilities for further transformation of the compounds, 

demonstrating their potential use in medicinal research and synthetic or material 

chemistry. 

In an additional publication, the procedure was reversed. Contrary to the previous 

protocol, the rearrangement starts at the adamantane structure and proceeds in the 

direction of the iminium salt. The reaction yielded the targeted noradamantane and 

ring-contracted diamantane derivatives – after hydrolysis of the iminium salt – with 

an adjacent carbaldehyde function. These compounds can be used as precursors for 

the above-mentioned iminium triflate rearrangements and thus increase the number 

of possible 1,2-functionalised adamantanes accessible through this route.  



x 

  



xi 

Zusammenfassung 

In der vorliegenden Arbeit werden Forschungsergebnisse zur Umlagerung zwischen 

Noradamantan- und Adamantan-Kohlenwasserstoffkäfigen vorgestellt, sowie deren 

Anwendung in der organischen Synthese. Diese reversible Umlagerung gehört zu den 

Wagner-Meerwein-Umlagerungen, die – abhängig von den, das Carbokation 

umgebenden, Strukturelementen und Reaktionsbedingungen – entweder zur 

Diamantoidstruktur des Adamantans oder zum ringkontrahierten Derivat führt.  

Die Umlagerung wurde genutzt, um aus Noradamantan-Iminiumtriflaten 1-2-

funktionalisierte heterozyklische Adamantylamine zu synthetisieren. Die klassische 

Wagner-Meerwein-Reaktion beschreibt die Bildung eines tertiären, aus einem 

sekundären Carbokation. Bei der Umlagerung von Iminiumsalzen kehrt sich diese 

Richtung um, da das sekundäre Carbokation durch seine Iminium-Resonanzstruktur 

stabilisiert wird. Hohe Temperaturen und ein abfangendes Nukleophil (in diesem Fall 

ein Friedel-Crafts-Akzeptor) werden benötigt, um das Gleichgewicht hin zum 

angestrebten Adamantankäfig zu verschieben. Tiefergehende Untersuchungen 

lieferten Einblicke in den Mechanismus der Reaktion sowie ihre Grenzen. Gezielte 

Postfunktionalisierung eines der Zielmoleküle zeigte mögliche weitergehende 

Verwendungen als Substrate in der medizinischen Forschung sowie der synthetischen 

Chemie. 

In einer weiteren Publikation wurde die Methode umgedreht. Im Gegensatz zum 

vorhergehenden Protokoll ist die Ausgangsverbindung ein Adamantanderivat und die 

Umlagerung läuft in Richtung des Iminiumsalzes ab. Die Reaktion lieferte die 

angestrebten Noradamantan- und ringkontrahierte Diamantanderivate – nach 

Hydrolyse des Iminiumsalzes – mit einer benachbarten Carbaldehydfunktion. Diese 

Verbindungen können als Vorstufen für die oben genannten Iminiumtriflat-

Umlagerungen verwendet werden und vergrößern somit die, durch diese Route 

synthetisierbare Zahl an möglichen 1,2-funktionalisierten Adamantanen.  
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1 Introduction 

1.1 [1,2]-Alkyl Migration Reactions  

Rearrangement reactions have the ability to transform a simple precursor to a 

relatively complex target molecule in a single step and are often used as the key 

transformation in the preparation of synthetically interesting building blocks and 

biologically active compounds.[1] 1,2-Alkyl shifts are among the oldest known 

rearrangements.[2] Even though described for more than 100 years, some 

representatives are still of high interest, constantly developed and modern synthesis 

relies heavily on their use.[3] The ensuing chapters are intended to give a brief 

overview of the most common members of the 1,2-alkyl migration family. 

1.1.1 Benzylic Acid Rearrangement  

 

Scheme 1. Classical benzylic acid rearrangement described by Liebig.[2] 

With the benzylic acid rearrangement, Liebig described the first rearrangement in 

organic synthesis in 1838.[2] He showed that -diketones undergo a 1,2-

rearrangement when treated with a strong base in aqueous conditions to yield -

hydroxycarboxylic acids (Scheme 1). The synthetic route for (-)-Isatisine (a natural 

compound commonly used in Chinese traditional medicine for viral diseases)[4] uses 

this rearrangement as a key step to form a complex ring system which is further 

transformed into the target molecule (Scheme 2, page 2). 
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Scheme 2. Benzylic acid rearrangement in natural product synthesis.[4] 

 

1.1.2 Wagner-Meerwein Rearrangement 

The Wagner-Meerwein rearrangement was developed in parallel by Georg Wagner[5] 

and Hans Meerwein[6] in the late 19th and the early 20th century, respectively. 

Generally, the reaction proceeds via a 1,2-carbon atom migration, in which the 

formation of a more stable carbocation provides the driving force for this reaction 

(Scheme 3).[7] Examples of their usefulness are ever-present and growing in 

synthesis[3, 8] and in mechanistic investigations.[9]  

 

 

Scheme 3. 1,2-Alkyl migration reported by Meerwein.[6] 

The formation of the accepting cation can be accomplished in many ways, e.g., by  

dehydration[5, 10]  or by halocyclization.[8, 11] Modern examples aim for migrations 

resulting in enantiomeric excess of a specific conformation, e.g., using precatalyst 12 

shown in Figure 1.[11] 

 

Figure 1. Chiral iodine precatalyst 12 for enantioselective Wager-Meerwein rearrangement.[11] 
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After in situ oxidation of the chiral iodine precatalyst with mCPBA, the resulting 

hypervalent iodine reagent catalyses aryl or alky migration (MG ≙ migrating group) 

in a Wagner-Meerwein fashion (Scheme 4), combined with a difluorination.  

 

Scheme 4. Example of recent enantioselective Wagner-Meerwein reaction by Sharma et al.[11] 

 

1.1.3 Pinacol-Type Rearrangements  

The pinacol rearrangement joins the line of well-known and -established 

rearrangements developed in the last century.[12] The classical pinacol rearrangement 

starts with the dehydration of diol to form an -hydroxy carbocation, which 

undergoes an alkyl migration to deliver the corresponding ketone (Scheme 5).  

 

Scheme 5. Pinacol-pinacolone rearrangement with a simplified mechanism.[12-13] 

The semi-pinacol rearrangement (Figure 2) is a modification of the classical 

rearrangement, in which the starting materials are not -diols, but similar 

compounds, whose functional groups allow the formation of the electrophilic carbon 

centre by other means (e.g., epoxide opening,[14] halogen abstraction,[15] electrophilic 

addition to a double bond,[16] etc.).  

In this version of the rearrangement, the formed electrophilic centre is often a 

secondary carbon, instead of a tertiary one in the classical reaction.[13] 
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Figure 2. Examples of ways to form the electrophilic carbon centre in a semi-pinacol rearrangement in contrast 
to a pinacol rearrangement.[3] 

Both variants of the pinacol-rearrangement are readily employed in the synthesis of 

interesting building blocks and natural products.[3, 13, 17] Stereo control is an essential 

feature in total synthesis of natural products. One possibility to achieve this in a 

pinacol rearrangement is by treating the starting material with a chiral Brønsted acid 

(Scheme 6). The depicted phosphoric acid 24 catalysis a broad range of substrates in 

very good to excellent yields with superb enantioselectivity.[18] 

 

Scheme 6. Example of stereocontrol in pinacol rearrangements: Chiral phosphoric Brønsted acid catalysis.[18] 

 

1.1.4 Tiffeneau-Demjanov Rearrangement 

The Tiffeneau-Demjanov rearrangement is a special variant of the semi-pinacol 

rearrangement, in which an unstable diazonium ion is formed from a -hydroxy 

amine (Scheme 7).[19] After the expulsion of dinitrogen, a carbocation is formed and 

the semi-pinacol rearrangement continues in the usual fashion (see Chapter 1.1.3). 
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Scheme 7. Ring expansion as first described by Tiffeneau et al.[19-20] 

While it is possible to use it in ring contraction reactions in very specific situations, its 

major use is ring expansion.[21] The ring expansion is easily controlled since the less 

substituted carbon generally migrates to the electrophilic centre.[21] This renders the 

protocol a very powerful tool, confirmed by its first use in natural product synthesis 

by Goldberg and Monnier in 1940, only a few years after its discovery.[20] 
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1.2 Adamantane – Versatile Compound in Medicinal Chemistry, Catalysis and 

Material Science 

 

1.2.1 Background 

 

Figure 3. Adamantane (tricyclo[3.3.1.13,7]decane). 

First isolated and synthesized in the first half of the 20th century,[22] the success story 

of the smallest diamond (Figure 3) started properly after Schleyer’s Lewis acid 

induced synthesis in 1957 made it available in yields that exceeded the earlier 

method.[23]  

Since then the simple hydrocarbon cage is found in a wide range of drugs,[24] 

homogeneous and heterogeneous catalysts,[25] and other molecular systems, 

wherever enhanced lipophilicity or conformational rigidity is required.[26] In the 

following chapters, these roles and uses are portrayed, in order to illustrate their 

significance with a few selected examples. 

 

1.2.2 Pharmaceuticals 

 

Figure 4. Simple adamantanes with biological activities used in medicinal treatments for influenza A[27] or 
Alzheimer’s disease.[28] 

Simple adamantylamines, like amantadine and its derivatives (Figure 4), are known 

for their anti-influenza A activity for over 50 years.[27] Tertiary functionalized 

amantadine (1-aminoadamanatane) was the first commercial drug with an 

adamantane skeleton.[24e] Since then, mechanistic inquiries helped to understand 

their method of operation[29] and new derivatives (e.g., compounds shown in Figure 

5) were developed to counter upcoming resistances.[30] 
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Figure 5. Drugs containing the adamantane scaffold, effective against various diseases e.g., type II diabetes[31] or 
herpes simplex.[32] 

These more complex compounds show activity against diseases like type II 

diabetes[31] or herpes simplex.[32] 

The adamantane cages can also be added as a lipophilicity modifier to bigger 

molecules or peptides. For instance, adamantane-capped photosensitizer 28 (Figure 

6) is used to induce cell death after irradiation via singlet-oxygen generation in cancer 

cells.[33] Peptide c(RGDyK)-Ad (Figure 7) is a cell-penetrating peptide and acts as a 

delivery system of metallo-anticancer agents through self-assembled nanoparticle 

formation.[34] 

  
Figure 6. Adamantane-capped photosensitizer 28.[33] Figure 7. The peptide c(RGDyK)-Ad is used as a 

drug-delivery system.[34] 

For the synthesis of these kinds of medicinal compounds, functional groups at the 

adamantane moiety are crucial for connectivity to the target molecule.[35] In the 

shown compounds it is conspicuous that said functional groups are only on the 1- and 

3-positions (tertiary carbon) in the adamantane structure which is most common in 

the early developed drugs and drug precursors, due to easier access provided by the 

inherent reactivity of its structure.[35] The introduction of a functional group 

selectively on the 2-position (secondary carbon) of the cage is still a challenge. Two 

major approaches are employed for the synthesis of  

1,2-functionalized compounds: (i) intramolecular rearrangements of similar cages 

(compare Chapter1.3.1),[10a, 36] and (ii) directed C–H oxidation, using a formerly 

introduced directing group at the 1-position (Scheme 8).[35, 37]  
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Scheme 8. Example for directed C-H activation at the adamantane scaffold by Larrosa et. al.[38]  

 

1.2.3 Catalysts 

Catalysts containing adamantanes structures are well distributed in the various sub-

disciplines. The steric and electronic properties put the caged carbohydrate in key 

roles in the mechanism of many of these synthetic systems.[25]  

Organometallic Catalysts  

One important class of ligands containing adamantane are adamantylphosphines, 

since they provide high turnover numbers with low catalyst loadings.[25] As a direct 

consequence, many are commercially available.  

  
Figure 8. Commercially available adamantane 

containing ligands. 
Figure 9. XiangPhos, a non-commercial ligand used in 

gold catalysis.[39]  

As suitable representatives of these commercial phosphine ligands, Figure 8 

illustrates a specific group: the DalPhos ligands. Examples of their uses include 

palladium-catalysed aryl aminations,[40] etherification[41] and formation of indols.[42] 

An example of a non-commercial adamantylphosphine used as a ligand in transition 

metal catalysis is depicted in Figure 9.[39]   
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Zhang et al. reported in 2018 the intramolecular asymmetric cyclopropanation of 1,6-

enynes in very high yields and superb enantiomeric excess, catalysed by a gold-

XiangPhos complex (Scheme 9). 

 

Scheme 9. Intramolecular asymmetric cyclopropanations catalysed by a gold-XiangPhos catalyst.[39] 

Additionally, adamantyl ligands are used in dirhodium catalysed reactions. The 

dirhodium complex shown in Figure 10 has a chiral ligand incorporating an 

adamantane structure and is used to synthesize cyclic carbamates and aminoindanes 

in excellent yields and enantioselectivity.[43] 

  
Figure 10. Chiral ligands containing adamantane for 

asymmetric C-H aminations.[43] 
Figure 11. Bifunctional Rhodium catalyst 35 with an 

adamantane-containing ligand.[44] 

 

The bifunctional catalyst co-developed by the Hrdina and Schreiner group in 2019 

(Figure 11)[44], is applied in selective nitrenoid insertion into double bonds in 

conjugated systems. This newly developed system provides the possibility to 

overcome the intrinsic reactivity of the double bonds, leading to a 1:4 ratio of products 

contrary to a 2:1 ratio when standard ligands are used (Scheme 10).  

 

Scheme 10. Catalytic system developed by Berndt et al. using adamantane containing Rh-catalyst 35.[44] 

Another strong feature of adamantane is its stabilizing effect, as shown by Arduengo 

et al. with the synthesis and description of 1,3-di-l-adamantylimidazol-2-ylidene 

(Figure 12), the first N-heterocyclic carbene (NHC) stable at room temperatures.[45] 
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Figure 12. The Arduengo carbene (39, left), the first stable N-heterocyclic carbene (NHC) synthesized and 

fully described and its precursor, the BF4-salt 40 (right).[45b] 

Early on used as an organocatalyst,[46] adamantyl substituted NHCs are also versatile 

ligands in transition metal catalysis. Its first use as a palladium ligand for the 

-alkynylation of aromatic amides was described by the Yu group in 2013 (Scheme 

11).[47] 

 

Scheme 11. Adamantyl-NHC as ligands in palladium catalysis.[47] 

Concurrently, Grubbs group used an asymmetric adamantyl-NHC as a chelating ligand 

in ruthenium-catalysed ring-opening/cross-metathesis to synthesize compounds 

with up to 98% Z-configuration and good to very high enantioselectivity (Scheme 

12).[48]  

 

Scheme 12. Ruthenium catalysed ring-opening/cross-metathesis with an adamantyl-NHC chelating ligand 
developed by the Grubbs group.[48] 
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Organocatalysts 

Since their development in the late 1990s and early 2000, thiourea catalysts play an 

important role in organocatalysis.[25, 49] Adamantane moieties are also found in 

thiourea catalysis, e.g., bi-functional catalysts 48 and highly electrophile thiourea 49 

(Figure 13), which are used to catalyse asymmetric vinylogous Michael additions,[50] 

or for the synthesis of precursors for -amino-phosphonic acids, respectively.[51] 

  
Figure 13. Thioureas containing adamantane moieties employed as organocatalysts.[50-51] 

Even peptides can benefit from the higher lipophilicity gained by implementation of 

adamantane. Peptide 50 (Figure 14) is built from natural and non-natural amino acids 

and features an adamantane cage in its centre. The enhanced lipophilicity allows the 

use of non-polar solvents. Additionally, the rigidity introduced by the cage helps to 

prevent unwanted folding and therefore self-inactivation by the catalyst. This led to 

its activity in kinetic resolution of cyclic diols in good yields and excellent 

enantioselectivity.[52] 

 

Figure 14. Peptides 50-52, used as asymmetric catalyst for kinetic resolution of cyclic diols.[52-53] 
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Further improvement of these peptides led to the development of multicatalysts 

51·H2SO4 (Figure 14) for the synthesis of trans-diols from alkenes and subsequent 

resolution thereof,[53a] and even a system for follow-up oxidation of the resolved diols 

(Scheme 13).[53b] 

 

Scheme 13. Multicatalysis using an adamantyl peptide for resolution and oxidation of diols.[53b] 

 

1.2.4 Material Science  

The rigid diamondoid structure of adamantane is equally useful in surface-orientated 

systems like self-assembling molecular monolayers, which are of interest for 

electronic devices or molecular machines.[54]  

 

Figure 15. Tripod-like bromo adamantyl-thiol 55.[54] 

The tripod-like adamantane compound 55 was examined as an anchor for self-

assembled monolayers on gold surfaces (Figure 15).[54] Its three thiol-functions acts 

as the adsorption points to the surface layer, hence the comparison with a “tripod”. 

The result was a better separation between the individual molecules in the monolayer 

(compared to less bulky molecules), thus erecting useful anchors and two-

dimensional guiding structures for nanostructures on the gold surface.[55]  

Because of their precisely defined geometrical shape, adamantane hydrazides (Figure 

16) were chosen for combination with organo-functionalized Sn/S-clusters, resulting 

in diamondoid-decorated clusters.[56] Having an organic ligand outer layer allows 

additional optimization of the cluster for, e.g., catalysis, gas storage, thermoelectric 

properties, etc.[56-57]  
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Figure 16. Adamantane hydrazine as an example of functionalized diamondoids used for modifying inorganic 
clusters.[56] 

Porous organic polymers (POP) provide an interesting feature for uses in areas like 

gas storage[58] and heterogeneous catalysis.[59] Using polyfunctionalized adamantane 

as a base in these polymers delivers three-dimensional porous materials, which are 

robust and rigid.[60] Totten and co-workers envisioned that such an adamantyl-POP 

could have improved performance for degradation of toxic organophosphates. 

Actually, the adamantyl-POP showed a superior reactivity to its single-carbon-centred 

analogue (Figure 17)[61] and the authors attribute the enhanced activity to the much 

bigger surface area of the adamantane-based polymer. 

 

Figure 17. Adamantane-based 3D-POP developed as a catalyst by Totten et al.[61] 
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Similarly, an adamantane-based covalent organic framework (COF) shown in Figure 

18 was synthesized as a gas-adsorbent by Trandafir et al.[62] While able to adsorb large 

amounts of carbon dioxide, the authors describe an unexpected catalytic activity in 

hydrogenation reactions, which they assigned to residual palladium atoms from the 

employed cross-coupling reaction. Additional palladium nanoparticles enhanced this 

reactivity further and provided – in combination with the adamantyl polymer – a 

stable and easily recyclable catalyst. 

 

Figure 18. Adamantyl-COF able to store CO2 and palladium nanoparticles for catalytic hydrogenation 
reactions.[62] 

 

1.2.5 Noradamantane  

 

Figure 19. Noradamantane (tricyclo[3.3.1.03,7]nonane). 

Noradamantane (Figure 19) is a tricyclic cage compound resembling adamantane, but 

contracted at one bridge, resulting in two five- and one six-membered ring compared 

to the three six-membered rings in adamantane. Thence, still a bridgehead compound, 

it is not a part of the diamondoid group.[63] First synthesized via the same Lewis acid 

method as adamantane,[64] it is a well-known and -studied hydrocarbon.[64-65] Its 

properties and features are similar to these of adamantane described in the previous 

chapters. Especially its bioactivity – for instance in its anti-viral activity – is 

comparable in many cases, thus providing additional versatility in cases of upcoming 

and already existing resistances against established pharmaceuticals.[24e, 66] 
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Figure 20. Biologically active compounds connected to a noradamantane skeleton.[66-67] 

Figure 20 shows the mentioned influenza drugs as well as more complex 

bioactive compounds connected to the noradamantane skeleton.[67] Albeit its 

closeness in features and properties, its most uses are still as precursors for 

adamantane derivatives (see Chapter 1.3.1).[10a, 36e, 36f, 68] 

 

1.2.6 Diamantane 

As part of the diamondoid family, diamantane and adamantane derivatives share 

many properties and features. Diamondoids are hydrocarbon cage molecules, whose 

structures can be superimposed onto the diamond lattice (Figure 21).[69] While not as 

renowned as adamantane, the existing similarities lead to analogous fields of 

application, but also comparable obstacles. Functionalization at the desired positions 

can be hard to achieve,[70] and while much more lipophilic, its general solubility in a 

standard solvent is much lower than that of its smaller counterpart.[68a] 

 

Figure 21. Section of a diamond lattice with examples of diamondoids highlighted in black (left to right: 
adamantane, diamantane, triamantane).[70a] 

The application and uses are manyfold and, depending on the area of research, 

diamantanes can be both superior and inferior to the smaller diamondoid. Since the 

focus of this work is on adamantane, this introduction will only give a brief 

comparison of the two lowest diamondoids for the sake of completeness. 
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In catalysis, bulky diamantyl phosphine oxides (Figure 22) can be used as a preligand 

in transition metal catalysis (cp. Figure 8, page 8). 

 

Figure 22 Bisdiamantanyl phosphine oxide, a preligand for transition metal catalysts. 

One example of its use is portrayed in Scheme 14. Pd(II) complex 66 catalysis the 

enantioselective arylation of oxazolines with great success, enabling excellent C–H 

functionalization of aryl halides without the need to installed directing groups (cp. 

Chapter 1.2.2).[71] 

 

Scheme 14. Enantioselective arylation of oxazolines by Ghorai et al.[71] 

Bioactivity against influenza A strains is an intensively studied feature of adamantane 

derivatives (compare chapter 1.2.2). While seemingly working via a different 

pathway than adamantanes, diamantane derivatives show similar antiviral 

properties.[72] Furthermore, 1,2-diaminodiamantane based platinum complex 67 

(Figure 23) was recently discovered to show antiproliferative activity, outpacing 

similar anti-cancer medication (i.e., cisplatin) in binding speed and potency.[73] 

 

Figure 23. Diaplatin, an anti-cancer platinum complex by Bakhonsky et al.[73] 

Similar to the adamantane thiols in self-assembled monolayers (SAM, cp.  

Chapter 1.2.4), diamantane thiols (Figure 24) are found to exhibit promising 

behaviour when assembled on gold surfaces.[74] 
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Figure 24. Thiols examined in self-assembled monolayers by Lopatina et al.[74] 

Polymers based on diamantane monomers (Figure 25) show thermal stability 

significantly higher compared to polymers from smaller cages (e.g., adamantane) or 

mono-cyclic compounds.[75] 

 

Figure 25. Examples compounds used as starting monomers for diamantane-based polymers.[75] 
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1.3 Rearrangements of (Nor)-Adamantanes 

1.3.1 Functionalized Adamantanes – The Protoadamantane Route 

Rearrangements to the adamantane framework from other tricyclic hydrocarbon 

cages like protoadamantane or noradamantane were discovered in the 1970s and 

1980s, shortly after the very first syntheses of 1,2-functionalized  

adamantanes using directed oxidation of the secondary carbon in the bridgehead 

position.[35, 37g, 76] The protoadamantane-route was discovered by the McKervey group 

and the Schleyer group simultaneously in 1970 (Scheme 15, protoadamantane 

framework in orange).[36g, 77] These methods opened new possibilities for adamantane 

to many further transformations and reactions, and protoadamantane as a precursor 

for adamantane is still of interest and many examples are available from the recent 

reports.[15, 36b, 36c, 36h, 78] 

 

Scheme 15. Combination of the protoadamantane-routes to 1,2-functionalized adamantanes by the Schleyer (i-
iv)[36g] and McKervy groups (v)[77]: i) HCl, acetone/water ii) HBr, ether iii) H2SO4, acetonitrile iv) CrO3, H2SO4 

acetone[36g] v) 1. CrO3, H2SO4, acetone; 2. pTsOH, ethylene glycol, benzene; 3. BF3·Et2O, acetic anhydride.  

 

1.3.2 Functionalized Adamantanes – The Noradamantane Route 

A second precursor for the adamantane framework – especially for 1,2-functionalized 

derivatives thereof – is noradamantane (Figure 19, Chapter 1.2.5). With the 

rearrangement of one carbon-carbon bond, it is only one step away from the strong 

diamondoid structure. Since the discovery of the method in the late 1980s, syntheses 

of adamantane derivatives from a noradamantane backbone using carbon migration 

are still commonplace in modern organic chemistry.[68d] The following examples of 

the noradamantyl-adamantanyl rearrangement belong to the Wagner-Meerwein 

family, meaning, though often formed in different ways, the electrophilic acceptor of 

the migrating bond is a carbocation in each case.[3] The reactions follow the same 

general process: Formation of the secondary carbocation, rearrangement to the more 

stable tertiary cation, followed by quenching of the reaction with suitable 

nucleophiles.  
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A very early method for the formation of the secondary carbocation is the acidic CO-

insertion in noradamantane carboxaldehyde published by Takeuchi and colleagues in 

1987.[36f] Followed by basic hydrolysis to cleave the formed ester, it eventually leads 

to 1,2-adamantanediol (Scheme 16, A). The method is suitable for ring expansion in a 

wide variety of other cages, e.g., norbornanes, camphor derivatives and adamantane 

itself. Similarly, noradamantyl phenyl ketone (76) is also amenable to undergo such a 

rearrangement after in situ reduction and successive iodination to yield 1,2-bisiodo 

adamantyl phenyls (Scheme 16, B).[68b] 

  
Scheme 16. A) Noradamantyl-adamantyl rearrangement to 1,2-diols by Takeuchi et al.[36f]  

B) Noradamantyl-adamantyl rearrangement by Okazaki et al. to 1,2-bisiodo adamantyl phenyls.[68b] 

Acidic dehydration of tertiary noradamantyl alcohols leads to 2,2-dialkyl 

adamantanols (Scheme 17, A).[36d] Combining this method with a subsequent Ritter 

reaction by adding nitriles to the reaction mixture, Torres and co-workers were able 

to synthesize 2,2-alkylated aminoadamantanes. Some compounds published therein 

show low micromolar activity against influenza virus strains and, more importantly, 

against amantadine-resistant strains (Scheme 17, B).[10a] 

  
Scheme 17. A) Noradamantyl-adamantyl rearrangement to 2,2-dimethyl adamantanol by Stoelting et al.[36d] B) 

Amended version combined with Ritter reaction to 2,2-dialky aminoadamantanes by Torres et al.[10a] 
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1.4 Conclusion and Objective 

In conclusion, adamantane is a most versatile compound found in a wide field of 

applications and uses. As shown by the examples given in this introduction, 

adamantane and its relatives proved to be valuable assets in pharmaceuticals 

(Chapter 1.2.2), synthesis (Chapter 1.2.3), and material science (Chapter 1.2.4). 

Features like their strong lipophilicity and their precisely defined geometry made it 

possible to improve existing compounds or find new structures with the desired 

properties. Nevertheless, pharmaceuticals which worked for decades might become 

obsolete through developed resistances, many synthetic challenges remain still 

unmet, and especially in these times of resource shortage and sustainability issues, 

innovations in the sector of material science are strongly needed. For adamantane to 

be useful in these challenges, it needs to be accessible.[24e, 35] Therefore, the key 

element of my doctoral work was to investigate the reversible Wagner-Meerwein-

type rearrangement between the adamantane and the noradamantane structure 

(Scheme 18) for its uses in synthesis.  

 

Scheme 18. General scheme of the investigated adamantane-noradamantane rearrangement. 

The overall objective was to employ the Brønsted acid-induced rearrangement to 

synthesize new adamantane derivatives of interest, e.g., 1,2-functionalized 

adamantanes. The following articles represent the mayor results of these studies.  

1,2-Functionalized adamantylamines (including annulated adamantane heterocycles 

and non-cyclic amines; Chapter 2) were successfully synthesized from 

noradamantane iminium triflates. Further investigations led to undescribed 

noradamantane, new routes to known cage-compounds and ring-contracted 

diamantane derivatives (Chapter 3).  
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2 [1,2]-Rearrangement of iminium salts provides access to heterocycles 

with adamantane scaffold 

2.1 Abstract 

We describe a Brønsted acid-catalysed cascade reaction consisting of a Wagner–

Meerwein rearrangement and a subsequent intra- or intermolecular Friedel–Crafts 

reaction leading to adamantane based heterocycles. In contrast to the reported W.-M. 

rearrangements, in this case an iminium moiety serves as the acceptor of a migrating 

nucleophilic alkyl group in a [1,2]-alkyl shift. 

Published as: B. Zonker, E. Duman, H. Hausmann, J. Becker and R. Hrdina, Org. Biomol. 

Chem. 2020, 18, 4941-4945. 

Reproduced from above-mentioned reference with permission from The Royal 

Society of Chemistry.  
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3 Synthesis of Noradamantane Derivatives by Ring-Contraction of the 

Adamantane Framework  

3.1 Abstract 

We describe a triflic acid promoted cascade reaction of adamantane derivatives 

consisting of a decarboxylation of N-methyl protected cyclic carbamates and 

subsequent intramolecular nucleophilic 1,2-alkyl shift to generate ring contracted 

iminium triflates. This reaction expands the family of similar transformations, such as 

Wagner-Meerwein-, Demjanov-Tiffeneau-, Meinwald- or (semi-)pinacol-

rearrangement. It allows the preparation of noradamantane derivatives in a few steps, 

starting from simple hydroxy-substituted adamantane precursors. 

Published as: B. Zonker, J. Becker and R. Hrdina, Org. Biomol. Chem. 2021, 19, 4027-

4031. 

Reproduced from above-mentioned reference with permission from The Royal 

Society of Chemistry. 
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4 Abbreviations 
 

Ac2O acetic anhydride  

COF covalent organic framework 

cp. compare 

DMA dimethylacetamide  

e.g. exempli gratia 

et al. et alia 

Et ethyl 

Et2O diethyl ether  

etc. et cetera  

Hal halogenide 

i.e. id est 

M.S. molecular sieve 

mCPBA meta-chloroperoxybenzoic acid 

Me methyl 

NHC N-heterocyclic carbene 

POP porous organic polymers 

pTsOH para-toluenesulfonic acid 

tBu tert-butyl 
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