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Abstract 

This thesis describes the development of a novel organocatalytic method for 

the synthesis of chiral allyl- and propargyl- organoboron compounds with high 

enantioselectivity. These organoboron species are versatile building blocks in 

asymmetric synthesis.  

 

We have developed a new efficient homologation method of alkenyl boronic 

acids. This reaction affords enantiomerically enriched trifluoromethylated 

allylboronates. These organoboron species were used in allylboration of 

carbonyl compounds, imines and indole derivatives. The reactions proceeded 

with a remarkably high stereoselectivity to give homoallylic alcohols and 

amines. In addition, the chiral allylboronic acids can be oxidized to the 

corresponding alcohols with retention of the configuration. 

 

Based on the homologation of alkenylboronic acids, a new three-component 

reaction is developed. This reaction involves coupling of alkynyl boronates, 

diazo compounds and ketones in the presence of chiral organocatalysts. This 

coupling proceeds with high selectivity under mild reaction conditions. The 

three-component coupling reaction is based on a homologation-allylboration 

sequence. The process is suitable for synthesis of CF3- and TMS-substituted 

allenols with excellent diastereo- and enantioselectivity. Application of 

aromatic, cyclic and non-cyclic ketones leads to formation of chiral tertiary 

allenols. 

 

We have also studied the effects of boronic acid esters on the outcome of the 

homologation reaction. It was found that a facile transesterification of the 

boronate precursors with the organocatalyst, BINOL derivatives, is a prereq-

uisite for the successful homologation reaction. 
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Populärvetenskaplig sammanfattning 

 

 

Organisk kemi fokuserar på molekyler som huvudsakligen består av kol och 

väte, tillsammans med andra grundämnen som syre, kväve, kisel, svavel och 

bor. I naturen är molekyler kirala. De skiljer från sin spegelbild, såsom ens 

händer (chiros = händer på grekiska). Dessa molekyler finns i två former som 

kallas enantiomerer och uttrycker olika bioaktivitet mot farmaceutiska mål. 

Det är därför viktigt när man skapar ett läkemedel att identifiera och testa var 

och en av enantiomererna med det biologiska målet. Detta kräver att man har 

tillgång till varje separat enantiomer. Det finns olika sätt att göra detta på. Man 

kan syntetisera båda och sedan separera dem; eller skapa en metod för att 

syntetisera endast en av enantiomerererna, vilket kallas asymmetrisk syntes 

(asymmetric synthesis). Asymmetrisk syntes går ut på att skapa en form som 

hjälper till att bilda den önskade enantiomeren. Formen består oftast av en 

katalysator, som även påskyndar reaktionen. Katalysatorn kan innehålla en 

övergångsmetall, eller vara en organokatalysator. Organokatalys är 

användningen av en liten organisk molekyl för att katalysera en 

transformation. År 2021 tilldelades B. List och D.W.C. MacMillan 

Nobelpriset i kemi för utvecklingen av asymmetrisk organokatalys. I denna 

avhandling presenteras utvecklingen av en ny organokatalytisk metod för 

syntes av kirala allyl- och propargyl-organoborföreningar med hög 

enantioselektivitet. BINOL valdes som organokatalysator eftersom det är en 

kiral alkohol som gör omvandlingen stereoselektiv. Dessutom fokuserar detta 

arbete på syntesen av organoborföreningar, eftersom de representerar en av de 

viktigaste byggstenarna för stereoselektiv syntes av komplexa strukturer. Vi 

utnyttjar boratomens egenskap att binda till fler än tre atomer samtidigt, för 

att omorganisera molekylen till en annan genom migrering av substituenterna. 

Denna process, med införandet av en ny bor-kol-bindning följt av en 

migration, kallas för homologering (homologation). Här presenteras vi en ny 

effektiv asymmetrisk homologering av organoborämnen för att bilda kirala 

trifluormetylerade allylboronämnen och propargylboronämnen. Dessa 

används för ytterligare transformationer för att erhålla nya kirala alkoholer.  



iii 

 

Abbreviations 

Abbreviations and acronyms in this work are used in agreement with the 

standards of the American Chemical Society guidelines.§ Additional 

unconventional abbreviations are listed below: 

 

 

 

B2pin2  bis(pinacolato)diboron 

Bdan   1,8-diaminonaphtaleneboron 

BINOL  1,1´-bi-2-naphtol 

Bpin   pinacolatoboron 

HBpin  pinacolborane  

DanH2  1,8-diaminonaphtalene 

Dan   1,8-diaminonaphtalene group 

FDA    food and drug administration 

OCb   carbamate  

PES   potential energy surface 

SFC   supercritical fluid chromatography 

TS   transition state  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
§Coghill, A.M.; Garson, L.R., The ACS style guide. Oxford University Press, 

Inc. and The American Chemical Society, New York ed: 2006; vol 3  
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1. Introduction 

Chiral molecules constitute an important part of therapeutic agents. Indeed, 

chiral drugs represent 57% of  Food and Drug Administration (FDA) approved 

pharmaceuticals in 2020.1 These molecules may exist in two stereoisomers 

called enantiomers, which are mirror images of each other and can express 

different bioactivity towards a pharmaceutical target. According to the 

guidelines of the FDA, the biological effects of both enantiomers have to be 

evaluated for each chiral drug substance.2-3 This was one of the main reasons 

for recent development of many new methods for stereoselective synthesis 

often involving transition metal or organocatalysis. Organoboron compounds 

represent one of the key building blocks for stereoselective synthesis of 

complex structures.4-6 The synthetic utility of these reagents have been 

recognised by two Nobel prizes, H.C. Brown7 in 1979 and A. Suzuki8 in 2010. 

In particular, allyl and propargyl boronates are very important reagents for 

allyl- and allenylboration of carbonyl compounds and imines with high 

stereochemical fidelity.  

1.1 Synthesis and application of allyl boronates 

1.1.1 Synthesis of allyl boronates by transition metal catalysis 

 

Allylic moieties can be introduced to a molecule using allylmetal reagents. 

However, allylic lithium, magnesium, zinc, or copper reagents are not stable 

and easily undergo allylic rearrangement by 1,3-metallotropic shift. Instead, 

allyl boronates are configurationally stable, and therefore 1,3-borotropic shift 

does not occur.9-12 In addition, trivalent boronates are Lewis acidic because of 

the presence of a vacant p orbital.  

 

There are many literature methods available for the synthesis of 

allylboronates.13 For instance, the synthesis of (E)- and (Z)-crotylborane was 

reported by Brown14 and Roush11-12 using lithiated reagents. An alternative 

approach is the Tsuji-Trost type transformation of allylic acetate15 by Pd(0)-

catalysed cross-coupling of bis(pinacolato)diboron (B2pin2). The Szabó group 
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developed mild reactions for the synthesis of allylic boronates using Pd pincer 

complexes; starting from allylic alcohols and diboronic acid16 and later 

expanded to B2pin2
17

 as boron source. Commercially available palladium 

catalyst 3 can also be used for borylation of allylic alcohols, such as 1, with 

B2pin2 (2) to obtain allylboronate species like 4.18 The method is performed 

under mild conditions (Scheme 1).  

 

 
Scheme 1. Pd-catalysed synthesis of allyl boronic ester.18  

 

In recent years, first-row d-block metal (such as Fe, Ni, Cu) catalysis has 

attracted attention for the synthesis of chiral allylboronates19 which was 

previously achieved by using a chiral diol or diamine substituent on the boron 

starting material.11, 20 Instead, Hall and co-workers21 reported a catalytic 

approach using chiral ligands for the stereoinduction. In this elegant study, a 

phosphoramidite ligand is used with a Cu(I) catalyst in presence of EtMgBr. 

Ito and Sawamura22-24 employed Cu(I) catalysis for the reaction of B2pin2 with 

allylic carbonates or acetals to furnish chiral allyl boronates. Subsequently, 

Ito, Sawamura and co-workers25 reported an asymmetric catalytic borylation 

reaction of cyclic 1,3-dienes with B2pin2 using Cu(I) catalyst. The borylcopper 

formed in situ gave access to chiral cyclic homoallyl- and allylboronates with 

high regio- and enantioselectivity. Szabó and Marder and co-workers26 

reported the synthesis of benzyl-, allyl- and allenyl-boronates, starting from 

the corresponding alcohol substrates using B2pin2 as boron source and Cu 

catalysis. In addition, Ritter and co-workers27-28 used Fe and HBpin for the 

regioselective hydroboration of diene substrates producing allyl boron 

compounds with >99:1 (E:Z) ratio. Dehydroxyboration of allylic alcohols 

using Fe catalysis with LiOtBu and B2pin2 to afford (E)-allylboronates can also 

be used.29 Morken and co-workers30 reported Ni-catalysed 1,4-hydroboration 

of 1,3-dienes for the synthesis of (Z)-allylboronates using HBpin as boron 

source and converted the products to allylic alcohols. Allylic boronates can 

also be prepared starting from allylic acetate substrates and B2pin2 in presence 

of the same catalyst.31  

1.1.2 Metal-free methods 

 

As mentioned above a lot of attention has been given to the development of 

selective methods for the synthesis of allylboron compounds using transition 
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metal catalysis (Section 1.1.1). However, only few methods are reported 

without using transition metal catalysts. Fernández, Szabó and co-workers32 

demonstrated that simple bases, such as Cs2CO3, can be used as catalyst for 

the borylation of tertiary alcohols such as 5 with B2pin2 (2), in methanol/THF 

(Scheme 2). The method can be extended to 1,3-dienes using Na2CO3 as 

base.33 Another strategy is the homologation of organoboron compounds 

discussed below (Chapter 1, Section 1.3). 

 

 
Scheme 2. Metal-free borylation of allylic alcohols.32 

1.1.3 Allylboration 

 

The highly selective reactions of allylboronates with carbonyl compounds and 

imines to form homoallylic alcohols and amines are called allylborations 

(Scheme 3). Hoffmann34 reported one of the first examples of an 

enantioselective synthesis of homoallylic alcohols using chiral allylboronic 

esters. Subsequently, Roush and co-workers12, 35 reported the selective 

allylboration of chiral aldehydes and studies of the substituent effects on the 

stereoselectivity. Brown and co-workers14, 36-37 reported the reaction of pinane-

boron derivatives with carbonyl compounds, furnishing homoallylic alcohols 

with high enantioselectivity. The highly selective allylboration reactions are 

supposed to proceed via six-membered Zimmerman-Traxler transition states 

(TS) (Scheme 3).38 Modelling studies by Houk and co-workers confirmed that 

a chair-like six-membered ring TS occurs in the allylboration reactions.39  

 

 
Scheme 3. Zimmerman-Traxler TS for allyboration. 
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The enantioselectivity in allylboration reactions can be induced in two ways. 

Either by using chiral allylboronates or by using chiral catalysts, such as 

BINOL derivatives. BINOL derivatives are a class of important 

organocatalysts for stereoselective synthesis. The catalytic activity and 

selectivity can be tuned by substitution of the 3,3’ or other positions of the 

BINOL molecule.40-41 Schaus and co-workers42 reported the allylboration of 

ketone 10a in the presence of (S)-dibromo-BINOL 11, giving homoallyl 

alcohol 12 with high enantioselectivity (Scheme 4). Mechanistic 

investigations show the importance of the transesterification of the boron 

compound with the BINOL. Addition of iPrOH was used to facilitate the 

esterification of boron.43 Szabó and co-workers44 developed a highly selective 

allylboration, using dibromo-BINOL catalyst 11 in presence of tBuOH, where 

two adjacent quaternary centres are formed simultaneously resulting in chiral 

alcohol 13 (Scheme 4).  

 

 
Scheme 4. Asymmetric allyboration of ketones using organocatalysis.42, 44  

 

With this methodology, asymmetric allylboration of imine45, indole46 or 

isatin47 derivatives can also be carried out. Other organocatalysts have also 

been reported, such as chiral aminophenol derivatives by the Hoveyda 

group,48-50 and chiral phosphoric acid by Chen and co-workers.51-52  

1.2 Propargyl boronates in organic synthesis 

 

Allyl boronates are used extensively for allylboration reactions (Section 

1.1.3). However, the application of propargyl boronates for allenylboration is 

a much less explored process. An obvious reason is that propargyl boron 

compounds are much less accessible than their allylboron analogues. Favre53 

and Brown54-55 reported the first synthesis of propargyl boron compounds. 

Because of the instability of the propargyl boron species, they were converted 

into the corresponding alcohols in situ. Favre53 reported two examples for the 

reaction of propargyl boron compounds with aldehydes to give the 

corresponding allenols. Subsequently, Senanayake and co-workers56 reported 

a scalable approach for the synthesis of a TMS-propargyl boronic ester. This 
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stable propargyl boronate was used for the propargylation of 

trifluoromethylated ketones providing sililated propargyl alcohols with high 

selectivity.57Aggarwal and co-workers58 reported the synthesis of chiral 

propargyl boronic ester 15 using a lithiation-borylation method starting from 

chiral carbamate 14 (Scheme 5). By this method, propargyl boronates were 

obtained with 92-100% e.s. Propargyl boronic esters were reacted in situ to 

afford either the corresponding alcohols such as 16, or allenols.59  

 

 
Scheme 5. Strategies for the synthesis of propargyl boronic esters.58 

1.3 Homologation of organoboronates 

 

Organoboronates can also be obtained by transition metal-free homologation 

reactions.60-65 The first example of asymmetric homologation of alkyl 

boronates was reported by Matteson.66-69 Aggarwal and co-workers70-71 further 

developed the Matteson homologation, using the lithiation-borylation 

approach (an example is shown in Scheme 5). Molander and co-workers63 

reported a homologation approach based on the reaction of organoboronates 

17 and CF3-diazomethane (18). The homologation process in this reaction 

implies that organoboron compound 17 reacts with nucleophile 18 to form 

tetravalent boron species 19 which undergoes 1,2-migration to afford a new 

carbon‒boron bond, affording homologated species 20 (Scheme 6).63 The 

name homologation covers the entire process involving formation of ate-

complex 19 followed by 1,2-borotropic migration. The entire process can be 

regarded as the insertion of a substituted carbene to the C‒B bond. In some 

cases, the ate-complex 19 is not an intermediate in the potential energy surface 

(PES) and thus the carbene insertion to the C‒B bond takes place in a single 

reaction step.72 

 

 
Scheme 6. Concept of homologation of organoboron compounds. 
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Ley and co-workers62 developed the synthesis of α-TMS allyl- and benzyl-

compounds, such as 23, starting from the corresponding boroxine 21 in the 

presence of trimethylsilyldiazomethane (22) (Scheme 7). Flow chemistry 

version of this homologation in the presence of aldehydes gives access to 

homoallylic alcohols, starting from vinyl boronic acids.73 Subsequently, 

extension of this procedure to indolines was also reported.74 

 

 
Scheme 7. Homologation of boroxine with TMS-diazomethane.62 

 

Molander and co-workers reported that the homologation of ethynyl 

trifluoroborate 24 with CF3-diazomethane (18) can be used for the preparation 

of racemic alkyl, allyl, benzyl and propargyl trifluoroborates, such as 25 

(Scheme 8).63  

 

 
Scheme 8. Homologation of trifluoroborate species with CF3-diazomethane.63 
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1.4 Aim of the thesis 

 

Several methods have been reported for the synthesis of allylboron 

compounds. However, relatively few methods are available for the synthesis 

of chiral allylboron species which are very useful for asymmetric allylboration 

of carbonyl compounds, imines and indoles. Moreover, very few methods are 

available for synthesis of propargyl boron compounds, because of their low 

stability. In addition, the widely used pinacol boron (Bpin) species have a 

relatively low reactivity as reagents in allyl- and allenylboration. Usually, 

activation of the allyl- and propargyl-Bpin species with organolithium 

reagents is necessary for reactions with sterically crowded carbonyl species. 

Therefore, we aimed to synthesise chiral allyl- and propargyl- boronates with 

reactive boronate functionalities, such as B(OH)2 groups and employed them 

for asymmetric allylboration of carbonyl compounds, such as ketones. This 

method would be suitable for the synthesis of chiral homoallyl alcohols and 

allenols. 
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2. Allylboronates by asymmetric homologation 

(Paper 1) 

2.1 Concept of the asymmetric homologation  

 

As mentioned in Section 1.3, the racemic homologation of alkenyl boronates 

with diazo compounds has been reported in the literature.63 Our idea, for the 

asymmetric version of this reaction, is based on carbene insertion into alkenyl 

boronate derivatives 26 using CF3-diazomethane 18 as nucleophile and an 

organocatalyst (Cat*) (Figure 1), to afford chiral trifluoromethylated 

allylboron compounds 27. The appropriate catalyst has to be able to easily 

esterify the boron group under mild reaction conditions. Therefore, for the 

homologation reaction we selected BINOL derivatives as catalysts, which 

have previously been used for asymmetric allylboration reactions (Section 

1.1.3, Scheme 4).75  

 

 
Figure 1. Concept of the stereoselective homologation of alkenyl boron 

species. 

2.2 Optimisation of the reaction conditions 

 

In the initial studies, boroxine 28a was used as substrate for the homologation, 

as it was expected to be more reactive than the corresponding boronic acid.62  

In addition, we found that allylboronic acid 27 and its alkyl ester derivatives 

are highly air sensitive due to the easy oxidation of the boron. Therefore, allyl 

diethyl boronate 30a was protected with 1,8-diaminonaphtalene (DanH2) (31), 

to give the air-stable compound 32a, which could then be purified by silica 

gel chromatography and the ee could be determined by SFC method.76  
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Accordingly, the optimal reaction conditions involved the use of boroxine 

28a, an excess of CF3-diazomethane (18) (3 equiv.), BINOL catalyst 29 

(20 mol%) and EtOH (2 equiv.) in DCM for 48 h, at 40 °C in the presence of 

molecular sieves (3 Å). This after protection with DanH2 (31) afforded 32a in 

>95% NMR yield, 69% isolated yield, and 98% ee (Table 1, entry 1). 

 

Table 1. Variation of reaction conditions for the synthesis of 32a.a 

 
 

The use of ethanol appeared to be crucial, as well as molecular sieves 3 Å. 

Without alcohol the NMR yield dropped and very poor selectivity was 

observed (Table 1, entry 2). Without either ethanol or the catalyst, only traces 

of product could be isolated (Table 1, entry 3). This poor yield also implies 

that in order to obtain a racemic mixture of 32a as standard for the 

enantioselectivity determination, a reaction with both (R)- and (S)-I2-BINOL 

had to be carried out. The fact that without molecular sieves the yield dropped 

below 10% shows that the reaction is sensitive to moisture (Table 1, entry 4).  
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Lowering the temperature to r.t. substantially reduced the yield (Table 1, entry 

5). Toluene poorly dissolved the catalyst and was therefore not a suitable 

solvent for the reaction (Table 1, entry 6). Reduction of the catalyst loading 

(Table 1, entry 7), using Br2-BINOL (R)-11 (Table 1, entry 8) or 

(trifluoromethyl)-phenyl substituted BINOL (Table 1, entry 10) led to lower 

yield and ee. However, using 30 mol% of (R)-11 afforded the desired product 

almost as good as using 20 mol% I2-BINOL (Table 1, entry 9). The use of 

unsubstituted BINOL gave the opposite enantiomer in poor yield and 

selectivity (Table 1, entry 11). 

2.3 Scope of the reaction 

 

With the optimal conditions in hand, the substrate scope of the synthesis of 

Dan-protected α-CF3-allylboronic acids was explored. A variety of vinyl 

boronic acids were used and overall, high enantioselectivities (86-99% ee) 

were obtained (Table 2, entries 1-7). The reaction is scalable, as 32a was 

obtained with the exact same enantioselectivity, 98% ee, and 69% yield (Table 

2, entry 1) at a 2 mmol scale as with the 0.1 mmol scale reaction (Table 1, 

entry 1). Chiral boronic acids 32d-g were synthesised using 30 mol% catalyst 

(R)-29 with 50-70% yields (Table 2, entries 4-7). The absolute configuration 

of 32e was determined by X-ray diffraction indicating that the stereogenic 

carbon has (S)-configuration (Figure 2).  
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Table 2. Substrate scope of Dan-protected α-CF3-allyboronic acids.a 

 
 

 
Figure 2. X-ray structure of compound 32e. 
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2.4 Derivatization of chiral allylboronates  

2.4.1 In situ allylboration of aldehydes 

Allylboronate species react with carbonyl compounds and imines with high 

stereoselectivity (Section 1.1.3). Thus, we decided to explore the possibilities 

for one-pot allylboration of aldehydes using the obtained α-CF3-allyboronic 

acids (Section 2.3). 

 

Table 3. Conversion of chiral allylboronate to chiral alcohol via in situ 

allylboration.a 
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Our approach is based on synthesis of the chiral allylboronates followed by in 

situ reaction with aldehydes. With this approach, isolation of the air-sensitive 

allylboronic acids is not necessary. Thus, first the synthesis of the 

allylboronates was achieved using the optimal conditions (Section 2.2). Then, 

the excess of CF3-diazomethane 18 was removed with inert gas flow, and 

aldehyde 7a was added. This reaction mixture was stirred for an additional 4 h 

at 40 °C. This procedure afforded homoallylic alcohols 33a-e with high 

diastereo- and enantioselectivity (Table 3, entries 1-5). Formation a single 

diastereoisomeric product with 75-98% ee of 33a-e was observed. However, 

the above one-pot reaction was not suitable for allylboration of ketones, such 

as 10b (Table 3, entry 6). 

2.4.2 In situ oxidation of allylboronates to alcohols 

 

Boronic acids and boronic esters, including allylboronates, can be readily 

converted to allylic alcohols.77 The first reactions for the oxidation of 

phenylboronic and butylboronic acids to the corresponding alcohols were 

reported using hydrogen peroxide.78 Later, work by Brown and Zweifel using 

hydrogen peroxide in alkaline conditions, showed wide applicability for 

stereoselective oxidation of organoboron compounds with high functional 

group tolerance. Asymmetric hydroboration followed by oxidation of the 

boron was reported by Brown79-80 to obtain chiral aliphatic alcohols. 

 

Table 4. Scope for the synthesis α-CF3-alcohols 34.a 
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We used hydrogen peroxide in the presence of sodium hydroxide for in situ 

oxidation of α-CF3-allylboronates. Using this method, aliphatic allylic 

alcohols 34a (Table 4, entry 1), 34b (Table 4, entry 2) and cinnamyl alcohol 

34c (Table 4, entry 3) were prepared. The chiral trifluoromethyl allylic 

alcohols were formed with high selectivity and acceptable yields with 

retention of the configuration (Table 4, entries 1-3).  

2.4.3 Purification of the allylboronic acids and reaction with ketones and 

imines 

As mentioned in section 2.4.1, allylboration of aldehydes with 30 can be 

performed in situ after homologation of 28. However, this one-pot approach 

cannot be applied for allylboration of ketones and imines because of their 

relatively low reactivity. Allylboration of these species required purified 

samples of 30 or the corresponding allylboronic acid.81 In fact, one of the great 

advantages of the Dan protecting group is that it can be removed by acidic 

hydrolysis without decomposition of the allylboronic acids. Hydrolysis of the 

silica gel purified Bdan-protected allylboronate 32 was performed under inert 

atmosphere using H2SO4. Subsequently, the air-sensitive allylboronic acid 27 

was extracted with toluene under inert conditions (Table 5). The pure boronic 

acid 27 was characterised by NMR and dried over molecular sieves to afford 

boroxine 35. Boroxines, such as 35, are activated for allylboration.81-82 We 

used aromatic 10b and aliphatic ketones 10c-d with various boroxines 

obtained from 32a and 32d (Table 5) affording homoallylic alcohols with 

contiguous stereocenters, of which one was a tertiary alcohol. The reactions 

proceeded with high diastereoselectivity (a single diastereomeric product was 

formed) and 82-98% ee. Interestingly, allylboration of racemic 10d (which 

was used in excess) resulted in 33h with three contiguous stereocenter as a 

single diastereomer, indicating a kinetic resolution process. (Table 5, entry 3) 

Moreover, indole 10e and amino acid derivatives 10f were also suitable 

(Table 5, entries 4-5) substrates, indicating the versatility of the method. The 

corresponding homoallyl amines 33i-j were formed with high 

enantioselectivity (up to 98% ee) and diastereoselectivity (>99:1). 
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Table 5. Selected examples for the valorisation of α-CF3-allyl boronic acids.a 

 

2.5 Proposed catalytic cycle 

 

Based on the above results and literature data65, 75, 82, 83 a plausible catalytic 

cycle is given for the asymmetric homologation of alkenyl boronates in 

Scheme 9. As mentioned above (Section 2.2, Table 1) EtOH is an important 

additive to obtain high yields and ees for the asymmetric homologation. It is 

assumed that boroxine 28 is esterified by ethanol to give the boronic ester 36. 

Diethyl boronate 36 (unlike boroxine 28)62 has a low reactivity towards direct 

homologation with diazo compounds, thus by OEt protection the racemic 
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homologation reaction can be avoided. The achiral boronate 36 may undergo 

transesterification with BINOL derivatives to give chiral boronate 37. It reacts 

with trifluoromethyldiazomethane (18), to give ate-complex 38, which 

undergoes stereoselective 1,2-borotropic migration, resulting in homologated 

product 39. Transesterification with EtOH gives α-CF3-allylboronate 30 and 

BINOL turning over the catalytic cycle. 

 

 
Scheme 9. Proposed mechanism for the stereoselective homologation of 

alkenyl boron species.  

 

According to the above suggested mechanism (Scheme 9) the stereoinduction 

takes place via the formation of ate complex 38 from chiral alkenyl boronate 

37 and CF3-diazo compound 18. The suggested stereoinduction model is given 

in Scheme 10. The boron atom of 37 can be attacked by either the Si-face or 

the Re-face of 18, leading to formation of ate complexes Si-38 and Re-38, 

respectively. Because of the C2-symmetry of the iodo-BINOL ester in Re-38, 

the CF3 group of 18 and the 2-iodo substituents of the BINOL ester are in close 

contact. This type of steric interaction does not occur in Si-38. Therefore, the 

favoured pathway proceeds via formation of Si-38, followed by 
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stereoselective displacement of N2 leading to the major enantiomer (S)-27 

(Scheme 10).  

 

 
Scheme 10. Proposed stereoinduction model for the homologation. 

2.6 Conclusions 

 

Asymmetric homologation of alkylboron species can be achieved using 

BINOL derivatives as organocatalysts. α-CF3-allylboronic acids can be 

prepared from alkenyl boroxines and trifluoromethyldiazomethane. The 

resulting allylboronic acids are oxygen sensitive but can be isolated and 

purified after 1,8-diaminonaphthalene protection. In situ allyboration with 

aldehydes can be accomplished, as well as oxidation to allylic alcohols, both 

with high selectivities and moderate yields. 

 

In addition, allylboration with other substrates can be achieved on hydrolysed 

Dan-protected α-CF3-allylboronic acids. These purified α-CF3-allylboronic 

acids are converted to boroxines under inert atmosphere and react with 

ketones, indoles and imines with very high selectivity. 
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3. Synthesis of chiral allenols via propargyl 

boronates (Paper 2) 

Considering the successful homologation of alkenyl boron compounds, we 

next studied the possibilities of extending the reaction to alkynyl boron species 

40, and their homologation to obtain CF3-propargyl boronates 41 (Figure 3). 

We expected that propargyl boronates are highly reactive towards carbonyl 

substrates, and that their derivatization would open access to chiral allenyl 

compounds.  

 

 
Figure 3. Concept for the synthesis of CF3-propargyl boronates. 

 

However, we found that propargyl boron species 41 and even their protected 

forms have a very low stability under ambient conditions compared to their 

allyl analogues. Although allylboronate 28a did not react with ketone 10b 

(Table 3, entry 6) in situ, we surmised that the more reactive 41 may react with 

ketones 10 in a one-pot sequence and afford chiral allenols 42, which are 

important drug intermediates and natural product motifs (Figure 4).84-88 

 

 
Figure 4. Three-component coupling concept. 
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3.1 Optimisation of the three-component coupling 

3.1.1 Precursor synthesis 

 

In previous studies (Section 2.3) alkenyl boroxines were used as starting 

materials for the homologation reactions. Unfortunately, alkynyl boronic 

acids and boroxines rapidly decompose, therefore we employed alkynyl 

boronic esters 40 as substrates. Alkynyl boronic esters are still air and 

moisture sensitive substances, and they are not commercially available. 

Synthesis of alkynyl boronic esters under inert conditions was reported by the 

groups of Brown89 and Schaus90. The synthesis can be achieved using freshly 

distilled alkyne 43 and triethyl borate 44 in the presence of nBuLi at ‒78 °C 

(Scheme 11). The reaction mixture was quenched with HCl in Et2O and 

filtered through a phase separator. After removal of Et2O, a stock solution of 

40 in DCM or toluene was prepared, which could be stored without 

decomposition for two weeks in the freezer under inert atmosphere. 

 

 
Scheme 11. Alkynyl boronic ester synthesis.a 

3.1.2 Optimisation of the reaction conditions 

 

We attempted to perform the homologation and allenylboration reactions as a 

one-pot sequence. We found that the reaction of alkynyl boronic esters 40a 

(1 equiv.), 18 (3 equiv.), acetophenone 10b (1.5 equiv.) and BINOL catalyst 

(R)-29 (30 mol%) in DCM for 48 h at 40 °C in presence of molecular sieves 

(3 Å) afforded 42a in 71% yield, 98% ee (Table 6, entry 1). Other conditions 

or catalysts led to decrease of the yield and/or the selectivity of the reaction.  

 

First, we studied the effects of the catalysts by varying the amount of (R)-29 

and possibilities to change of the substitution pattern of the BINOL catalyst 

(Table 6, entries 2-6). When I2-BINOL 29 was replaced by its bromo analogue 

(Table 6, entry 2) the yield was decreased but the selectivity was still 

acceptable (92% ee). However, using unsubstituted BINOL both the yield and 

the selectivity was sharply decreased (Table 6, entry 3). Decreasing the 
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catalyst loading also decreased the yield of the reaction (Table 6, entries 4-5). 

Without catalyst, only traces of 42a were detected by 19F NMR (Table 6, 

entry 6). At 50 °C (instead of 30 °C) the yield decreased to 33% (Table 6, 

entry 7). Changing DCM for toluene led to a slight decrease of the yield and 

selectivity (Table 6, entry 8). When iso-propyl boronate was used instead of 

ethyl boronate 40a, the yield dropped to 33% without changing the selectivity 

(Table 6, entry 9). The use of molecular sieves is important to get acceptable 

yields. In the absence of molecular sieves, the yield was only 27% (Table 6, 

entry 10).   

 

Table 6. Optimisation of the three-component reaction for the synthesis of 

CF3-allenols.a  

    

3.2 Scope of the three-component coupling 

 

With optimal conditions in hand, the substrate scope for the synthesis of 

α-CF3-allenols was explored. Reaction of acetophenone 10b and alkynyl 

boronates with various substituents 40a-e provided allenols 42a-e in good 

yield and excellent selectivity, typically 99% ee (Table 7, entries 1-5). The 

metal-free conditions ensure full compatibility with the aromatic bromo- 

substituted ketone 10b. Application of base free conditions offers the 
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opportunity to avoid aldol-type reactions with acetophenone. In addition, 

aliphatic (Table 7, entries 1-2), aryl (Table 7, entries 3-4) and even silyl 

(Table 7, entry 5) substituents in the alkynyl boronates are tolerated. The 

stereoselectivity was also very high, as only a single diastereoisomer was 

formed. The use of 20 mol% catalyst did not influence the enantioselectivity 

but the yield was decreased (Table 7, entries 2 and 4).   

 

Table 7. Scope of CF3-allenols with variation of alkynyl substituent.a 

 
 

Variation of the ketone component provided allenols 42f-s in acceptable to 

good yield, high enantioselectivity and typically only one diastereoisomer 

(Tables 8-9). Ketone 10g with electron donating tBu substituent in the para 

position on the phenyl group provided 42f in 61% yield, 95% ee with 97:3 
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diastereoselectivity (Table 8, entry 1). Interestingly, if a methoxy group was 

used in this same position, as in 10h, water elimination was observed giving 

vinyl allene 42g in poor yield but acceptable selectivity (Table 8, entry 2). 

However, using ketone 10i with a methoxy group at meta on the phenyl ring, 

gave product 42h without water elimination and in 89% ee (Table 8, entry 3).  

 

Table 8. Scope of CF3-allenols with variation of the ketone, first part.a 
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Alkynyl boronates with various substituents 40d and 40e were reacted with 

para- substituted acetophenones 10j-m affording allenols 42i-l with 99% ee 

and in 56-61% (Table 8, entries 4-7). 

 

Allenol 42l could be crystallized, allowing the determination of its absolute 

configuration by X-ray diffraction (Figure 5). The quaternary carbon bearing 

the hydroxyl group has (S)-configuration and the axial chiral part has 

(R)-configuration. On the basis of the structural similarities between the 

substrates and similarities of the reaction conditions, the absolute 

configuration of other species was assigned by analogy to compound 42l. 

 

 
Figure 5. X-ray structure of compound 42l. 

 

Not only methyl ketones but even CH2Br-substituted ketone (such as 10n) 

could be used, providing dibrominated allenols 42m-n in 95% and 99% ee 

respectively (Table 9, entries 1-2). Formation of the corresponding epoxides 

could be avoided by using neutral reaction conditions. A diastereoselectivity 

of 97:3 was observed for allenol 42m. Heteroaromatic ketone 10o gave 42o 

with high enantioselectivity (Table 9, entry 3). Aliphatic ketones 10p, 10q and 

10d reacted in the three-component coupling reaction with similar selectivities 

and yields as the aromatic analogues (Table 9, entries 4-7). Due to the mild 

neutral conditions, condensation reactions of the component could be avoided.  

 

Noticeably, keto ester 10p offered 42p-q in 99% ee and d.r. = 91:9, 96:4, 

respectively (Table 9, entries 4-5). Isopropyl methyl ketone 10q provided 42r, 

with 99% ee as a single diastereomer (Table 9, entry 6). Interestingly, racemic 

2-methyl cyclohexanone 10d offered 42s with three contiguous stereocenters 

in one step (Table 9, entry 7) as a single diastereomer with 99% ee. The high 

selectivity obtained with a racemic ketone suggest a kinetic resolution process.         
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Table 9. Scope of CF3-allenols with variation of the ketone, second part.a 
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The three-component coupling could also be extended to TMS-diazo 

compound 22 in place of CF3-analog 18 (Table 10). Basically, the same 

reaction conditions as for the above reactions allowed to obtain 45a-d with 

acceptable yields and high enantioselectivities (95-98% ee) (Table 10, 

entries 1-4,). The reactions with different acetophenones 10l, 10j and even 

with CH2Br derivative 10n, proceeded smoothly with high selectivity to give 

TMS allenols 45a-c. The aryl substituent of the alkynyl boronate substrate 

could be replaced by alkyl group 40a without significant change of the 

selectivity or the yield (Table 10, entry 4). 

 

Table 10. Expansion of the three-component reaction to TMS-diazo 

compound 22.a  
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Figure 6. Three-component reaction with aldehyde 7a and its reactivity with 

trifluorodiazomethane 18.  

  

When the ketone component 10 was replaced with an aldehyde (such as 7a) 

in the above three-component coupling reaction, a complex reaction mixture 

was formed, containing only traces of the expected allenol product 46a (Figure 

6a). The main product was 47, which was apparently formed by direct 

coupling91 of CF3-diazomethane 18 and aldehyde 7a. Interestingly, this direct 

coupling was not observed in the reaction involving 18 and various ketones 

10. To avoid the direct coupling of 18 and 7, we performed a sequential one-

pot coupling instead of the above reaction conditions applied for ketones. For 

the first step of the reaction (Table 11), the homologation of alkynylboronates 

with 18 was performed without adding the aldehyde component. After the 

homologation was completed, the excess of (volatile) 18 was removed and 

aldehyde 7a was added. The reaction gave the corresponding allenols 46b-c 

with a slightly lower enantioselectivity (78-83% ee) than the corresponding 

ketones. An interesting feature is that the reaction between 18 and aldehydes 

7a did not proceed in the absence of 40a (Figure 6b-c). A possible explanation 

is that 40a is involved as a Lewis acid in the formation of 47 (Figure 6a). 
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Table 11. Reactions with aldehyde substrate.a  

 

3.3 Suggested mechanism for the three-component coupling 

3.3.1 Isolation of propargyl boronate 

 

Our previous studies (Section 2.3) suggested that the three-component 

coupling of alkynyl boronate 40, diazo compound 18 and ketone 10 proceeds 

via a homologation-allenylboration sequence. Indeed, when the reaction of 

40a and 18 was conducted in the absence of ketones the homologation 

product, propargyl boronate was formed (Scheme 12). As mentioned above, 

propargyl boronates are not air-stable because of the easy oxidation of the 

boron atom. However, its Dan-protected form 48 is fairly air-stable, and could 

be isolated and characterized. It was formed with 69% yield and 85% ee, and 

it slowly degrades while exposed to air. We could not produce crystals from 

48 and thus the X-ray structure determination was not possible. Based on our 

previous studies (including X-ray structure determinations) on homologation 

of alkenyl (Section 2.3), alkyl and aryl boronates,92 we tentatively assigned 

the absolute configuration of 48 as (S). 
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Scheme 12. Isolation of Dan-protected α-CF3-propargyl boronate 48. 

3.3.2 Proposed catalytic cycle 

 

Based on our previous model (Section 2.5, Scheme 9),83 we proposed a 

catalytic cycle (Scheme 13), exemplified with the reaction of methyl-ketone 

10, alkynyl boron 40 and diazo compound 18. 

 

 
Scheme 13. Proposed catalytic cycle for the asymmetric homologation and 

allenylation of organoboron species. 

 

The first step is suggested to be transesterification of 40 with organocatalyst 

29 giving intermediate 49.92-93 This can also be confirmed by experimental 

studies. The reaction of equimolar amounts of 29 and 40 was monitored by 
1H NMR. Formation of ethanol indicated transesterification of 40 with 

BINOL derivative 29 in an equilibrium process, forming an intermediate such 

as 49. Chiral boron species 49 may react with 18 to form ate-complex 50. This 

ate-complex is expected63, 92-94 to undergo anti-periplanar 1,2-migration to 

give α-CF3-propargyl boronate 51. In 51 the Lewis acidity of the boron atom 

is increased due to the CF3-substitution, as well as the presence of BINOL 
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ester.82 Therefore, 51 is able to react with ketone 10 to give allenol derivative 

52. Although the reaction of aldehydes with propargyl boronates has been 

described in the literature,57, 95 we reported for the first time a reaction of 

propargyl boronates with ketones to give tertiary allenols. Since aldehydes are 

suggested95 to react via a Zimmerman-Traxler transition state with propargyl 

boronates, we assume a similar TS for the reactions with ketones. Ethanolysis 

of 52 releases the allenol product 53 and catalyst 29. 

3.4 Conclusions for the chiral allenols synthesis via propargyl 

boronate 

 

A three-component coupling reaction was developed, giving access to densely 

functionalised chiral allenols. The method involves organocatalytic 

homologation of alkynyl boronates with diazo compounds to obtain 

α-CF3-propargyl boronates. Subsequently, these boronates react with ketones 

in situ, affording trifluoromethylated allenols with very high 

enantioselectivity and diastereoselectivity. The mild and neutral reaction 

conditions allow a variety of functional groups. Acetophenones and alkyl 

ketones can be employed as reaction components. The procedure was 

extended to synthesis of TMS substituted allenols, and aldehydes can also be 

used after minor change of the reaction conditions. 
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4. Reactivity of organoboronates as a function of the 

substituent effects on the boron atom 

The above methods describe the homologation of alkenyl and alkynyl 

boronates with diazo compounds. As we indicated in the proposed 

mechanisms (Schemes 9 and 13 in Sections 2.5 and 3.3.2), the boronic acid or 

boroxine 17 precursors undergo esterification with the alcohol present in the 

reaction mixture to give 54 (Scheme 14). In the case of alkynyl boronates, 

alkynyl boronic ester 54 was used as precursor. Subsequently 54 is 

transesterified by BINOL derivatives to give chiral boronate 55, which reacts 

with CF3-diazomethane 18 to give ate-complex 56. Then, 56 goes through 

1,2-borotropic migration displacing N2 to afford homologated product 57. 

 

 
Scheme 14. Zoom on the mechanism first steps for the homologation.  

4.1 Esterification and transesterification of organoboron 

species 

 

As Scheme 14 indicates the (trans)esterification processes are essentially 

important for the success of the homologation processes. In addition, turning 

over of the catalyst also requires transesterification/hydrolysis of the 

homologated product 57. We have found that the structure of the boronic ester 

precursors has a very high impact on the reactivity of organoboron complexes, 

particularly on the 54 → 56 steps (Scheme 14). In addition, the structure of 

the esterifying group (OR2) on boron also influences the rate of the 

transesterification reaction. A prerequisite of the asymmetric induction is the 

formation of a chiral boron species via the 54 → 55 process (Scheme 14). In 

this chapter, we report our studies on the structural factors of the boronic 

esters/boronates that influence the outcome of the homologation process.   
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4.1.2 Empty pπ orbital of the boron atom and the electrophilicity  

 

The boronic acids/boronates are isoelectronic with carbocations. Because of 

the presence of an empty pπ orbital, boronic acids can be esterified easier than 

carboxylic acids. Carboxylic acids 58 have to be protonated to form 59 prior 

to the nucleophilic attack by the alcohol (Scheme 15a). The isolobal analogy 

between 59 and 62 is obvious. It also explains why boronic acids can be 

esterified easily without acid catalysis. Boronic acid 62 can be directly 

attacked by the alcohol, followed by formation of the monoester 63, and 

finally the diester 17 (Scheme 15b). The transesterification of 

organoboronates proceeds similarly, but the structure of the alcohol, such as 

steric effects and chelation (bidentate alcohols), have very important effects 

on the outcome of the process. 

 

 
Scheme 15. Comparison between carboxylic acid and boronic acid 

esterification. 

 

The reaction mixture of the homologation reaction of alkenyl boronates 

contains several species that may participate in the esterification processes, 

such as boronic esters, alcohols, BINOL derivatives, and water (Scheme 16). 

The most important ester for asymmetric homologation of alkenyl boron 

compounds is BINOL boronate 37. If formation of BINOL boronate 37 is 

prevented, the homologation reaction does not occur or only traces of racemic 

product forms. Obviously for the design of a successful asymmetric 

homologation reaction, the precursors and additives have been selected 

carefully to avoid difficulties for the formation of BINOL boronate 37. 
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Scheme 16. Examples of esterification reactions in the alkenyl boronates 

homologation reaction mixture.  

4.2 Effects of the structure of the boronic esters on the 

asymmetric homologation 

4.2.1 Formation and reactivity of BINOL boronates 

 

BINOL is a phenol and its derivatives may form strained seven-membered 

rings with alkenyl (or other) boronates.83 Due to the strained structure and 

formation of a phenol ester, these species are not stable. Our attempts to isolate 

BINOL boronates were not successful. On the other hand, BINOL boronates 

are very reactive compounds. According to DFT modelling studies,83 

formation of ate-complexes (such as 56 in Scheme 14) with BINOL boronate 

37 and diazo compound 18 proceeds with an activation barrier of 18.6 

kcal/mol. Conversely, the ate-complex formation involving ethyl ester 36 and 

18 requires a much higher activation energy of 29.6 kcal/mol.83 Formation of 

ate-complexes and eventually the homologation of alkenes from BINOL 

boronate precursors is faster than from other (achiral) boronic acid esters. This 

effect is similar to the chiral ligand acceleration, which is the basic principle 

of many asymmetric transition metal-catalysed reactions. 

4.2.2 Proper choice of the organoboron precursor 

 

In this thesis, different types of organoboron substrates have been used as 

precursors for the homologation reactions. For example, alkenyl boroxines 28 

were used as starting materials for the asymmetric synthesis of 

α-CF3-allylboronates (Chapter 2). Preparation of these species implies 

removal of water of the corresponding boronic acid by molecular sieves under 
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inert atmosphere. In some cases, reflux in a Dean Stark apparatus is needed. 

Recent studies by the Szabó group indicated that diethyl boronates, such as 

36, are also very efficient precursors for asymmetric homologation of alkenyl 

boron species.96 We have found that diethyl boronates (such as 36) are slightly 

more stable  under ambient conditions than boroxines (28) (Figure 7). Diethyl 

boronates (36) can be formed by esterification of the corresponding boronic 

acid with ethanol under reflux.96 Similarly, we employed alkynyl boronic 

esters 40 as substrates (Chapter 3). Their preparations and stability under 

ambient conditions is described in Section 3.1.1.  

 

 
Figure 7. Stability of organoboron precursors for the asymmetric 

homologation. 

 

Handling and preparation of alkenyl boronates 36 is more simple than alkynyl 

boronates 40 and related species. Therefore, we employed alkenyl boronate 

precursors 26a, 28a, 36a, 66a and 68a to study the effects of boronates on the 

outcome of the homologation reactions (Table 12). We monitored by 19F NMR 

the reactions of these substrates with CF3-diazo compound 18 in the presence 

of catalytic amounts of (R)-I2-BINOL (29).   

 

As expected,96 homologation of diethyl ester 36a proceeded with excellent 

yield and gave the corresponding diethyl allylboronate (R1 = OEt) (Table 12, 

entry 1). This reaction was considered as a reference process. Application of 

alkenyl boronic acid 26a or boroxine 28a led to formation of 

CF3-allylboronate in much lower yields (Table 12, entries 2-3). The products 

are boronic acid and boroxine of CF3-allylboronate, which have a low stability 

under the applied reaction conditions (40 °C, 48 h), which may explain the 

poor yield. The homologation reaction was completely shut down, when Bpin 

66a or Bdan 68a derivatives were used as substrates (Table 12, entries 4-5). 
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Table 12. Investigation of the effect of different boronic esters.a  

 
 

The most probable explanation is that pinacol and diaminonaphthalene form 

very stable chelates with boron, which cannot be transesterified by the BINOL 

catalyst 29. This indicates that formation of very stable, chelated 

boronates/boronamides slow down or prevent the BINOL induced 

homologation processes. This hypothesis can be verified by repeating the 

reaction of diethyl ester 36a (Table 12, entry 1) in the presence of various 

additives. In the presence of isopropyl alcohol (69), the yield was unchanged 

(Table 12, entry 6). The most probable explanation is that due to steric reasons, 
iPrOH in the applied concentration is not able to transesterify 36a. Thus, the 

reaction in the presence of iPrOH (Table 12, entry 6) proceeds in the same way 

as in the absence of it (Table 12, entry 1).  
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Addition of ethylene glycol (70) or pinacol (71) led to complete shutdown of 

the homologation of 36a (Table 12, entries 7-8). These alcohols rapidly form 

chelated boronic esters from 36a, which subsequently is unable to 

transesterify with the BINOL catalyst 29.  

 

In the presence of pinacol additive (71) (Table 12, entry 8), the homologation 

reaction was prevented similarly to the reaction with alkenyl-Bpin precursor 

66a (Table 12, entry 4). The failure of the reaction with alkenyl-Bdan 68a 

(Table 12, entry 5) suggests that the homologation of 36a would be stopped 

in the presence of diaminonaphthalene 31. However, the reaction gave 

CF3-allylboronate product (Table 12, entry 9), albeit with lower yield than in 

the additive-free version (Table 12, entry 1). A possible interpretation is that 

formation of 68a and BINOL boronate 37 from diethyl boronate 36a are 

competing reactions. The portion of 36a converted to 68a did not undergo 

homologation (Table 12 entry 5), while the rest was probably transesterified 

to BINOL boronate 37 and eventually gave the homologated allylboronate.            

4.3 Conclusions regarding the transesterification 

 

The boronic acid/boronate precursor of the homologation reactions may 

undergo various and complex esterification processes. BINOL boronates, 

such as 37, have a very high reactivity and its formation is necessary for the 

asymmetric induction.83 The appropriate precursors for the asymmetric 

homologation may easily undergo esterification with BINOL derivatives 

(such as 29). The best precursors according to our studies are simple, aliphatic 

esters of boronic acid (such as diethyl boronate 36a), or boroxines (such as 

28a), which easily form monodentate aliphatic esters. Chelating alcohols 

(such as pinacol) and amines (such as diamino naphthalene) form stable 

boronates or boron-amides, which are not able to transesterify with BINOL 

derivatives (such as 29). Therefore, the presence of these species in the 

reaction mixture prevents or substantially slows down the homologation 

reaction.    
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5. Concluding remarks 

This thesis describes a new concept for synthesis of chiral allyl- and 

propargyl-boronates by asymmetric homologation using organocatalysis. In 

this reaction, alkenyl and alkynyl boronates with CF3- and TMS-diazomethane 

substrates were used in the presence of catalytic amounts of BINOL 

derivatives.  

 

Chiral allylboronates with -CF3- and TMS-groups could be prepared by this 

procedure with high enantioselectivity. These trifluoromethylated compounds 

are useful reagents for stereoselective synthesis, such as allylboration of 

carbonyl compounds, imines and indoles, or oxidation to chiral allylic 

alcohols. 

 

Based on the above concept, a homologation-allenylboration reaction was 

developed. The reaction is based on application of alkynyl boronates, CF3- 

and TMS-diazomethanes and ketones in the presence of catalytic amounts of 

BINOL derivatives. These procedures are suitable for synthesis of CF3- and 

TMS-containing chiral allenols with high enantio- and diastereoselectivity. 

 

The successful and selective homologation reaction requires the application 

of BINOL based organocatalysts. The organoboronate precursors need to form 

a BINOL boronate to get the chiral homologated product with high selectivity 

and yield. Aliphatic esters of organoboronates readily undergo 

transesterification with BINOL to give BINOL boronates. However, chelated 

boronic acids, such as Bpin derivatives, do not undergo formation of BINOL 

boronates, and therefore they cannot be used in homologation reactions. 
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Chapter 2  Participated in the development of the asymmetric 

homologation procedure. Synthesized α-CF3-substituted 

allylboronates. Developed a method for stereoselective 

oxidation to chiral trifluoroethanol derivatives. Contributed to 

the writing of the Supplementary Information. 

 

Chapter 3  Initiated and started the project for development of synthesis of 

chiral α-CF3-propargylboronic acids. Studied the selectivity of 

the reaction and possibilities for isolation, purification and 

characterization of these species. Designed and performed the 

first successful three-component coupling reactions of 

alkynylboronates, CF3-diazomethane and ketones in the 

presence of BINOL catalysts. Participated in optimization and 

extension of the synthetic scope of the reaction and performed 

experiments for understanding the mechanistic aspects. Wrote 

the first version of the paper and made large part of the 

Supporting Information. 

 

Chapter 4  Designed and carried out the studies on the reactivity of 

alkenylboronates depending on the substituents. Selected the 

relevant homologation substrates and reaction conditions given 

in Table 12 and evaluated the results. 
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