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Chapter 1 

Introduction 

Autocatalysis can describe different processes, such as the origin of life, population 

growth, some biological systems, and chemical oscillations. Chemical autocatalytic 

systems are of particular interest due to their diversity and fundamental significance. In 

this chapter, the importance of chemical autocatalysis and an overview of recent 

developments in this topic are given. The following types of autocatalysis are discussed: 1) 

autocatalysis with direct activation of reaction centers; 2) asymmetric autocatalysis; 3) 

template-based autocatalysis; 4) supramolecular autocatalysis; 5) physical autocatalysis. 

The unique features of each type are described in detail to show the main principles behind 

the design of various autocatalytic systems. In addition, this chapter introduces all 

research projects studied during this PhD research. 
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1.1 Introduction 

Autocatalysis is a unique example of catalysis, in which the products amplify the rate of 

the reaction. Regardless of mechanistic differences, positive feedback from the product 

formation can be described using a sigmoidal curve depicted in Fig. 1.[1] The sigmoidal 

curve is described by equation 1, where the rate of the reaction, dA/dt, is a power function 

of the concentration of autocatalysts Ai; X is the concentrations of all compounds except 

Ai; f(X) is the sum of all other processes contributing to the reaction rate. The shape of the 

sigmoidal curve (Fig. 1) depends on k, the constant of autocatalytic reaction, n, the order 

of the reaction with respect to the autocatalyst.[2] If the reaction constant of an 

autocatalytic process is rather small, then the autocatalytic part of the curve (Fig. 1) is less 

pronounced and the autocatalysis is hard to detect.[2] In general, the ratio between the 

reaction rate of the autocatalytic process (k(X)[Ai]n) and the background reaction (f(X)), 

which initially generates some amount of autocatalyst, defines the length of a lag phase.[2] 

At high conversions starting materials are nearly consumed and the process reaches 

saturation (Fig. 1).[1] 

𝒅𝑨

𝒅𝒕
= 𝒌(𝑨𝒊, 𝑿)[𝑨𝒊]𝒏 + 𝒇(𝑿), 𝒘𝒉𝒆𝒓𝒆 𝒌, 𝒏 > 𝟎, 𝒌 ≫ 𝒇 (eq. 1) 

 
Fig. 1. The simplified equation and graph describing autocatalytic reaction. 

Autocatalysis is different from conventional catalysis: it does not require the addition of 

an external catalyst since the catalyst is self-generating in the reaction. Various molecular 

systems can demonstrate autocatalytic behavior, which can be observed and proven by 
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kinetic studies.[1,2] The inherent complexity of studying this type of kinetics makes 

autocatalysis a challenging and yet attractive field. Although there are numerous 

examples of autocatalysis in inorganic chemistry,[4-8] the work presented in this thesis is 

aimed to design and study organic autocatalysis. Organic autocatalysis is of particular 

interest since multiple scientists believe that understanding autocatalytic reactions can 

provide more clues into the origin of life.[9-16] Therefore, the following narrative is devoted 

to organic autocatalysis. 

Despite multiple scientific groups studying autocatalysis,[1-16] the design of a new 

autocatalytic reaction remains a challenging task.[1] A recent thorough review written by 

S. N. Semenov et al.[1] highlights three principal approaches to be used in order to create 

a new autocatalytic system. The first and the most well-studied one is template-based 

autocatalysis. This approach involves the pre-orientation of substrates by 

product/catalyst, which plays a template role. The catalyst is also known as a receptor or 

replicant.[17] This pre-orientation brings two molecules of starting materials close in space 

facilitating the reaction, which gives a new molecule of the template. The approach is 

discussed in detail in part 1.4. 

The second possible approach is based on involving a product in the catalytic cycle of the 

product generation as a ligand to metal center.[1] This type of autocatalysis is less 

common, although this principle is well demonstrated in the case of the copper-catalyzed 

azide-alkyne cycloaddition reaction (CuAAC),[18-20] in which polytriazoles formed in the 

reaction stabilize Cu(I) thereby amplifying the rate of self-generation; or in the case of the 

Soai reaction,[21] which is shown and discussed below in part 1.3. 

The third way of designing an autocatalytic reaction is liberation of an active catalyst by 

products, or in other words, the catalytic destruction of an inhibitor by products.[1] This 

approach was recently demonstrated by W. Huck et al. in the case of oligopeptide 

inhibitors for trypsin, chymotrypsin, and elastase.[22] These inhibitors are able to block the 

corresponding protease completely leading to the initial lag phase. However, the 

inhibitors have limited proteolytic stability that results in a cleavage producing the active 

protease.[22] Then, the active protease catalyzes continuous liberation of itself.[22] 

Moreover, this approach finds application in chemical oscillators.[23,24] The authors 

combined the autocatalytic reaction with a negative feedback loop in order to generate 

oscillations.[23,24] In the case of W. Huck’s oscillator, the inhibitor needs to be activated by 

the protease. This is a vital part of their oscillating system.[23,24] 
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Below, the following types of autocatalysis are discussed: 1) autocatalysis with direct 

activation of reacting centers; 2) asymmetric autocatalysis; 3) template-based 

autocatalysis; 4) supramolecular autocatalysis; 5) physical autocatalysis.  

1.2 Types of autocatalysis: direct activation of reacting 

centers 

Often in reviews, template-based, physical, and asymmetric autocatalysis types are 

highlighted.[9,15,17] Unlike previous reviews, in addition to these types, Chapter 1 highlights 

the direct activation of reacting centers as a unique type of autocatalysis. The term “direct 

activation” gathers all acid/base,[30-36] organometallic,[37-40] nucleophilic,[41-44] radical-

based,[45] ligand-induced catalysis,[20] activation of aldehyde by zinc complex of the alcohol 

product[21] where the electronic properties of the reactants are changed by the 

autocatalyst to facilitate the reaction. In order to illustrate “direct activation” 

autocatalysis, the following paragraphs describe some examples of different autocatalytic 

reactions which proceed via change of the electronic properties of the reacting centers at 

the substrates upon their activation by products. 

For instance, acidic hydrolysis of esters proceeds by virtue of electrophilic activation of 

the ester moiety.[25,26] Unlike acidic processes, base-driven autocatalysis proceeds via a 

different mechanism, in which deprotonation leads the autocatalysis. An interesting 

example of such an autocatalytic reaction is demonstrated by M. D. Ward et al. (Scheme 

1):[31] [Co8L12](BF4)16 (L – bridging ligands) cage (depicted as a grey square in Scheme 1) 

encapsulates neutral molecule 1, which gets deprotonated with subsequent ring opening 

and generation of 2. The cage then liberates a new molecule of 2 and encapsulates the 

next molecule of 1. [31] Here, the electronic properties of substrate 1 are drastically 

changed by the autocatalyst 2. Therefore, although the mechanism is completely opposite 

to acidic hydrolysis, both reactions can be assigned to the same type of autocatalysis. 
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Scheme 1. The mechanism of base autocatalyzed oxazole ring opening. [31] 

Another interesting example is organometallic autocatalysis discovered by D. B. Collum et 

al. (Scheme 2).[37] The authors observed that the lithiation of 4 by (LDA)2 (lithium 

diisopropylamide) proceeds with rate amplification (Scheme 2). It was found that 

intermediate 5 is a stronger lithiation reagent than (LDA)2, which performs lithiation of 4 

faster than the initial (LDA)2 dimer. The product of the reaction (6, Scheme 2) reacts with 

initial (LDA)2 forming 5 and another molecule of LDA (Scheme 2). 

 

Scheme 2. Autocatalytic lithiation. [37] 

Ligand-induced autocatalysis is rather limited in examples[20] but it is worth to be 

mentioned since it is a good example of transition-metal catalyzed reactions as 

autocatalytic reactions with the “direct activation” of substrates. The best example known 

up to date is CuAAC.[1,20] In order to understand how products change electronic 

properties of Cu(I) or, in other words, directly activate substrates, the mechanism of 

CuAAC must be discussed. In 2004, V. V. Fokin et al. proposed autocatalytic behavior of 

“click” reactions in the case of the polytriazolylamine formation.[19] The proposition was 

based on the fact that polytriazolamine ligands tightly bind and consequently stabilize 

Cu(I) species, which perform the catalytic cycle (Scheme 3).[19] However, it took 14 years 
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to design and accomplish this reaction in an autocatalytic manner.[20] Only in 2018, S. N. 

Semenov et al. proved this reaction to be autocatalytic in the case of azide−alkyne 

cyclization of 7 and 8 (Scheme 3).[20] The authors showed that autocatalysis is compatible 

with a certain range of substrates and speculated about the connection of this particular 

autocatalytic process with the origin of life.[20] As follows from the stabilization of Cu(I) 

species, electron-donation from the product changes the electronic properties of these 

species,[19,20] which acts as a catalyst for the formation of product 9. Therefore, this 

example of transition-metal catalyzed cyclization is an autocatalytic reaction with direct 

activation. 

 

Scheme 3. The mechanism of CuAAC in an autocatalytic manner.[20] 

As was shown in different examples, the type of autocatalysis with direct activation of 

substrates includes many various transformations, in which electronic properties of 

reagents are enhanced by an autocatalyst. 

1.3 Types of autocatalysis: asymmetric autocatalysis 

According to N. Budisa, V. Kubyshkin, and M. Schmidt,[46] cellular life 1) produces or 

consumes energy, 2) has a certain metabolism and 3) form, and 4) transfers 

information.[46] Chirality is the simplest form of information one organic molecule can 

transfer to another one.[47] Thereby, the origin of life is often explained using asymmetric 

autocatalysis.[1,9] Despite asymmetric autocatalysis being likely responsible for the 

emergence of homochirality, literature data is extremely limited with successful examples 

of such reactions. In terms of kinetics, successful asymmetric autocatalysis can be realized 

in two cases: 1) as Frank model suggests, one enantiomer amplifies the formation of itself 

and simultaneously suppresses the formation of the opposite enantiomer;[48] 2) two or 
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more molecules of the same enantiomer catalyze the formation of itself that results in a 

higher order of the reaction with respect to the self-amplifying enantiomer subsequently 

suppressing the formation of another one.[1,15] Otherwise, the discrimination of two 

enantiomers is insufficient since transition states have the same energy state for both 

enantiomers.[15] Although rational design of such a reaction remains unaccomplished, the 

Soai reaction,[21] being a proof of concept for asymmetric autocatalysis, motivated 

multiple groups to study and design such reactions.[1,9]  

The Soai reaction is the first and only example of asymmetric autocatalysis and was 

demonstrated by K. Soai et al. in the case of iPr2Zn addition to various 5-pirimidine 

carboxaldehydes (Fig. 2).[21,49,50] Found by serendipity, the Soai reaction was a question to 

debate for more than 25 years until the recent publication of S. E. Denmark et al.[51] The 

authors demonstrated that the rate amplification was driven by a catalyst, which was 

formed in solution and has a tetrameric structure (Fig. 2).[51] The tetrameric structure has 

a combination of two four-membered cycles (12, Fig. 2, Zn-O-Zn-O, red cycle) and one big 

macrocycle (12, Fig. 2, blue cycle), which includes four-membered cycles. In addition, it 

was calculated that the reaction going with activation by enantiopure catalyst has a lower 

barrier, than the racemic one (19.6 kcal/mol vs 29.6 kcal/mol). [51] This results in a dramatic 

difference in rates of the racemic and the enantiopure reactions. Importantly, to achieve 

high ee, the reaction needs to be repeated in cycles, where every new reaction cycle is 

accompanied by an addition of a certain amount of the final product from the previous 

one. The effectiveness of such chiral amplification is impressive: even after the first cycle, 

the addition of 0.8 mol% of 0.00005% ee leads to the formation of the product with 57% 

ee. [52] Nevertheless, reasons for the very first induction of chirality remain unclear. 

However, when it comes to the range of substrate, the Soai reaction is limited to iPr2Zn 

and 5-pyrimidine or 5-pyridine carboxaldehydes.[51] As was found, sterically bulky 

substituents of organozinc reagent help to break tetramers formed in solution. Otherwise, 

for instance, in the case of Et2Zn addition, tetramers remain stable without the 

dissociation to catalytically active dimers.[51] Therefore, no active molecules are present 

in the solution to perform the autocatalytic cycle. The nitrogen in meta position to the 

aldehyde moiety in compound 10 is important as well (Fig. 2). This nitrogen makes a 

molecule of product 11 (Fig. 2), which acts as a bridge by binding several Zn2+ atoms, which 

are important for the formation of the active catalyst. [51] 



Chapter 1. Introduction 

17 
 

 

 

Fig 2. The Soai reaction[21] and the active catalyst demonstrated by S.E. Denmark.[51] 

Regardless of inherent complexity, the concept of asymmetric autocatalysis keeps on 

motivating scientific groups to discover new reactions of this type to expand the 

boundaries of understanding how chirality and life appeared on Earth. 

1.4 Types of autocatalysis: template-based autocatalysis 

Another type of autocatalysis is template-based autocatalysis. Templates are frequently 

found in biological systems.[1,9,17,53] Nowadays, organic chemistry has a solid 

understanding of the principle mechanism underlying this type of autocatalysis in virtue 

of numerous examples described in the literature. [1,9,17] In general, template-based 

autocatalysis is based on the formation of a product, which plays a template role for 

binding and pre-orientation of reagents in space (Fig. 3).[1,9,17] This pre-orientation brings 

two molecules of starting materials close in space facilitating the reaction, which gives a 

new molecule of the template.  
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Fig. 3. Illustration of a simple template-based autocatalytic system.[1,9,17] 

The typical cycle of template-based autocatalysis includes a background reaction (A+B, 

Fig. 3), which slowly generates the template. [9,17] In all cases shown in literature, [9,17] the 

template plays only a “holder” role that differs from the first type of autocatalysis with 

the direct activation of reacting centers. Importantly, the rate acceleration by the 

template depends on reactive centers.[1] In other words, the ratio between the 

background and the autocatalytic reaction rates changes the shape and slope of the 

kinetic curve of template-based autocatalytic reactions (Fig. 4).[54] For instance, it has been 

well-established that the Diels-Alder reaction is effectively amplified by template 

autocatalysis since the position of the substrates in space plays a crucial role for the 

reaction to proceed.[54]  

Some cases of template-based autocatalysis have a plateau effect, which in principle is 

inherent for this type of catalysis and negatively affects the reaction rate.[1,9,13,17] This 

effect takes place when the equilibrium dimer/monomers is shifted towards the 

formation of dimers (Fig. 4).[13] This ratio represents a dissociation of a product dimer, 

which inevitably occurs due to the template effect. The dissociation is a crucial step in the 

liberation of an active template to continue the autocatalytic cycle.[13] Fig. 4 with a kinetic 

profile of such reaction is given to illustrate how the formation of stable dimers affects 

the reaction rate. In general, the amplification of a reaction rate is connected with the 
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increasing concentration of the catalyst (product) (Fig. 4). At the initial stage of the 

reaction, the concentration of the catalyst is too low to form dimers. However, at a certain 

conversion, the concentrations of catalyst and reagents are such that self-binding, 

formation of dimers, becomes more favorable than binding with reagents. This results in 

a common problem of these systems, namely product inhibition leading to parabolic 

instead of exponential amplification (Fig. 4). [13] 

  

Fig. 4. The sigmoidal kinetic curve of a template-based autocatalytic reaction with 
plateau.[13] 

However, there are examples of template-based autocatalysis, without product inhibition 

and with excellent rate amplification.[1,9,13,17] Along with [4+2] Diels-Alder cycloaddition,[55-

59] there are multiple suitable reactions for the construction of a template. For instance, 

nitrone-olefin [3+2] cycloaddition,[60-64] condensation reactions based on simple 

templates,[65-68]
 condensation reactions based on complex systems such as 

hexadeoxynucleotide, [69] PNA template,[70,71] DNA analogous,[72] and oligopeptides[73-75] 

have been reported in the past years. Template-based autocatalysis chemistry is 

constantly evolving, with new examples emerging every year. 

The formation of a template-reactant intermediate is often based on hydrogen bonding. 

There are multiple examples of various template-based autocatalysis with diverse binding 

groups.[1,9,13,17] Regardless of exact molecular structure, an approach to the generation of 

such hydrogen bonds can be described as donor/acceptor or acid/base interaction 

between two molecules (Scheme 4).[54] Relatively acidic protons of 13 (Scheme 4) form 

hydrogen bonds with relatively basic oxygens of 14 (Scheme 4). The basic pyridine 
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nitrogen atom of 13 also binds the acidic proton of 14 (Scheme 4). These multiple 

hydrogen bonds along with well-defined geometry allow tight and strong bonding.[54] 

Many templates are based on similar structures and principles.[17] 

 

Scheme 4. An example of a strong hydrogen bonding.[54] 

The nature of the solvent, its ability to form hydrogen bonds, and even viscosity[54] affect 

the reaction and hydrogen bonding and therefore the autocatalytic character of template-

based reactions.[54] Thus, common solvents in this type of autocatalysis are chloroform, 

dichloromethane, or toluene due to their inability to form strong hydrogen bonds.[1,9,13] 

However, the stability of the intermediates proportionally depends on the number of 

hydrogen bonds. Some examples such as the PNA-based template effectively perform 

autocatalysis even in an aqueous solution.[70,71] In order to illustrate reactions and 

varieties of hydrogen bonding used in template-based autocatalysis, the following 

examples are given: 

J. Rebek’s Jr. template: the template is constructed by condensation of ester 16 with 

primary amine 17, binding happens via adenosine-imide hydrogen bonding, which is 

effective in chloroform at 1.0 mM and supported by the rigid structure of starting 

materials (Scheme 5):[67] 
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Scheme 5. An example of J. Rebek’s Jr. template.[67] 

 

B. Wang & I. O. Sutherland’s template: the template is constructed by [4+2] Diels-

Alder cycloaddition of 19 and 20, binding happens via formation of three hydrogen 

bonds, which is effective in dichloromethane at 20.0 mM and very specific due to 

encoded binding via base-base-acid / acid-acid-base interaction (Scheme 6):[56] 

 

Scheme 6. An example of B. Wang & I. O. Sutherland’s template.[56] 
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D. Philp template: the template is constructed by 1,3-dipolar cycloaddition, binding 

happens via formation of hydrogen bonds between acylated 2-aminopyridine 22 and 

carboxylic acid 23 bearing dienophile, which is effective in chloroform at 10.0 mM 

(Scheme 7):[62,63] 

 

 

Scheme 7. An example of D. Philp’s template. [62,63] 

 

G. von Kiedrowski’s template: the template is based on a 1-ethyl-3-

(3-dimethylaminopropyl)carbodiimide (EDC) mediated condensation of two peptide 

nucleic acid chains (26 and 27) in aqueous solution at 5.0 mM (Scheme 8):[71] 



Chapter 1. Introduction 

23 
 

 

 

Scheme 8. An example of G. von Kiedrowski’s template.[71] 

Despite the template-based autocatalysis being well-elaborated, there are reactions, 

which yet to be studied for template formation. Moreover, templates working in prebiotic 

conditions are of particular interest since they plausibly played a certain role in the origin 

of life, and therefore, need to be developed further. 
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1.5 Types of autocatalysis: supramolecular autocatalysis 

Another type of autocatalytic reaction is supramolecular autocatalysis, which has never 

been highlighted before as a separate type in the published reviews.[1,9,17,53] In the current 

thesis, supramolecular autocatalysis is emphasized as a unique type of autocatalysis 

because both macroscopic and microscopic parameters play a crucial role in the reaction 

rate amplification.[11,12] Moreover, prebiotic reaction conditions makes supramolecular 

autocatalysis a very prominent tool for studies of the origin of life.[1,9,11,12] 

Unlike all previous examples of autocatalysis, supramolecular autocatalysis includes 

supramolecular polymers, so-called fibers, based on supramolecular monomers bonded 

together by hydrogen bonding.[11,12] Besides temperature and the physicochemical 

properties of the medium, the mechanical properties of such fibers are based on the type 

of intermolecular interaction between monomers and the structure of monomers.[11,12] 

Macroscopic parameters of fibers such as rigidity or flexibility affect the rate of the 

reaction since the formation of monomers happens on the edges of fibers.[83,84] Therefore, 

the ability of fibers to break forming new edges directly affects the rate of the monomer 

formation.[83,84] In certain aspects, this type of autocatalysis is similar to selective 

crystallization, where fibers play the role of crystal seeds. 

Microscopic parameters such as type of bonding, presence or absence of certain groups 

in the peptide chain (Fig. 5) affect the stability of monomers.[83,84] For example, as was 

demonstrated by S. Otto et al., a six-membered cycle (Fig. 5) generates another six-

membered cycle on the edges of fibers.[84-87] However, the strong hydrophobic character 

of the peptide chain (Fig. 5) leads to the formation of small 3, 4, or 5-membered 

macrocycles.[84] Interestingly, systems forming small macrocycles do not demonstrate 

autocatalytic behavior.[84] On the contrary, hydrophilic peptide chains lead to formation 

of bigger macrocycles.[84] Peptide hydrophobicity and its multivalency strictly determine 

properties of such systems and the ability of a certain dynamic combinatorial library to 

form self-replicators. 
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Fig. 5. The example of supramolecular autocatalysis made by S. Otto et al.[84] 

Recently, interesting properties of this system were demonstrated in another paper.[88] It 

was demonstrated how a “parasite” system builds up using a host system capable of self-

replication.[88] Monomers of “parasite” and “host” are based on sulfur-sulfur bridging, 

which plays a crucial role in the case of dynamic systems since S-S bridges can be broken 

and reshuffled under the reaction conditions until they form stable six-membered 

template and fibers.[83,84] The “parasite” process resembles one depicted in Fig. 5 with the 

only difference that “parasite” cannot perform self-replication. Authors compare this 

behavior with parasitic or predatory one, which is often associated with living systems.[88] 

Concluding this type of autocatalysis, it is important to mention that this field is 

rather young yet very promising in terms of elucidation of the origin of life.  

1.6 Types of autocatalysis: physical autocatalysis 

The name of this type of autocatalysis reflects the main idea: amplification of reaction 

rate happens in virtue of a physical effect. Thus, the reaction itself is not autocatalytic in 

terms of chemical events but the reaction demonstrates autocatalytic behavior. This 
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paradox is a beautiful example of how macroscopic parameters of a reaction might be 

more important than the chemical reaction itself. 

Physical autocatalysis was initially discovered by P. L. Luisi et al. in 1990.[89,90] Since that 

time, many scientific groups have come up with different ideas with one common thing, 

namely that physical autocatalysis was performed by micelle formation.[9] One of the most 

recent examples of physical autocatalysis was demonstrated by S. Fletcher et al. (Fig. 6).[91-

93] Authors exploited the Michael-addition of thiol 29 to α,β-unsaturated amides 30 and 

esters 31 to link polar “heads” with non-polar “tails” creating a micelle unit 32 or 33 

respectively (Fig. 6). These units form micelle, which “encapsulate” tails 29 (Fig. 6). In such 

a way, micelle serves as a phase-transfer catalyst, and an increasing amount of micelles 

increases the surface of interaction between heads and tails. This macroscopic process 

demonstrates the rate amplification in an autocatalytic manner.  

 

 

Fig. 6. The example of physical autocatalysis made by S. Fletcher et al.[91-93] 
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One of the most remarkable observations in the autocatalytic formation of micelles is that 

the process resembles the formation of cell membranes. Often, in the literature physical 

autocatalysis is called autopoiesis and is connected with the origin of life.[94,95] 

1.7 Conclusion 

A major part of autocatalytic research is based on receptor-like chemistry, which is limited 

to a few chemical reactions for the synthesis of a template. Organic chemistry counts only 

a limited amount of works made by design. Therefore, the design of a new autocatalytic 

reaction remains a challenging task, which requires a non-trivial approach. This approach 

must include complete awareness of reagent and product properties, and, especially, the 

interaction between them leading to positive feedback on the reaction rate by a product 

formation. This thesis proposes two new autocatalytic design examples (Chapter 2 and 

Chapter 3) and one new reaction type for template-based autocatalysis (Chapter 5). 
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1.8 Thesis outline 

The major focus of this PhD work is on the development of novel autocatalytic reactions 

by design. Our approach makes use of involving Lewis acid (LA) activation to promote 

autocatalytic reactions. In continuation of the LA reactivity study, the dearomatization of 

naphthols enabled by LA is described in the last chapter. 

Chapter 2 describes the investigation of the design of an autocatalytic system based on 

the amplification of the Lewis acidity of the reaction medium. This has been demonstrated 

for the nucleophilic addition of Et2Zn to benzaldehydes in the presence of silicon based 

Lewis acid (TBDMSCl). The design has been studied using various benzaldehydes, and the 

mechanism supported by NMR and Raman spectroscopy has been proposed. 

In chapter 3, an example of the autocatalytic reaction based on tertiary amide reduction 

is described. The catalytic activity of hemiaminal intermediates is studied in auto-, cross- 

and catalytic experiments. Moreover, unexpected autocatalysis driven by full reduction 

products has also been observed and discussed. 

In continuation of chapter 3, chapter 4 describes computational study of tertiary amide 

reduction by borane. As shown in chapter 3, the autocatalytic reduction is triggered by 

hemiaminals initially generated by the background reaction. In chapter 4, molecular 

modeling has been considered to unravel how the initial hemiaminal is generated. 

Concluding the autocatalytic part of the thesis, chapter 5 encloses our attempts to design 

new template-based autocatalysis. The design has been studied in the case of 1-

azaanthracene [4+4] photodimerization driven by light. The dimerization has been 

expected to proceed autocatalytically in the presence of acidic linkers, which have been 

invoked to provide bridging between two units 1-azaanthracene and dimer playing a 

template role. 

Finally, chapter 6 demonstrates an application of LAs in dearomatization reactions. It has 

been found that the AlCl3 activation of naphthols leads to the stabilization of the non-

aromatic tautomer, α,β-unsaturated ketone that has been used as Michael acceptor in 

the Cu(I)-catalyzed addition of organometallic resulting in the corresponding 

dearomatized products, as well as the addition of phosphines and hydrides. 
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