
 

 

 University of Groningen

Chemo-enzymatic routes to enantiopure haloalcohols and epoxides
Haak, Robert M.

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2008

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Haak, R. M. (2008). Chemo-enzymatic routes to enantiopure haloalcohols and epoxides. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 14-02-2023

https://research.rug.nl/en/publications/c24b44f3-2b41-4fa7-9787-5ab756154e52


   

 
 
 
 
 
 
 

Chemo-Enzymatic Routes to Enantiopure Haloalcohols and Epoxides 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Robert M. Haak 
 



 

 

 

 

 

 

 
  Franse pagina.doc 

 

 

 

 

 

 

 

 

 

 

 

The work described in this thesis has been 
carried out at the Stratingh Institute for 
Chemistry, University of Groningen, the 
Netherlands. 

 

 

The research described in this thesis was part of 
the program Integration of Biosynthesis and 
Organic Synthesis (IBOS), with financial support 
from the Netherlands Organization for Scientific 
Research (NWO), the Ministry of Ecomic 
Affairs, Royal DSM N.V. and N.V. Organon. 

 

Cover design by Robert M. Haak and Thomas C. Pijper, photograph taken by Alex 
Nikada. 

 

Printed by PrintPartners Ipskamp BV, Enschede, the Netherlands 

 

ISBN: 978-90-367-3525-4 (printed version) 

  978-90-367-3526-1 (digital version) 



   

 
 

RIJKSUNIVERSITEIT GRONINGEN 
 
 
 
 

Chemo-Enzymatic Routes to Enantiopure Haloalcohols and Epoxides 
 
 
 
 

Proefschrift 
 
 
 
 

ter verkrijging van het doctoraat in de  
Wiskunde en Natuurwetenschappen 
aan de Rijksuniversiteit Groningen 

op gezag van de 
Rector Magnificus, dr. F. Zwarts, 
in het openbaar te verdedigen op 

maandag 15 september 2008 
om 13.15 uur 

 
 
 
 

door 
 
 
 
 

Robert Maurits Haak 
 

geboren op 26 juli 1979 
te Delfzijl 



 

 

 

 

 

 

 
  Titelblad.doc 

Promotores :    Prof. dr. B.L. Feringa 

      Prof. dr. J.G. de Vries 

      Prof. dr. ir. A.J. Minnaard 

 

 

Beoordelingscommissie : Prof. dr. J.B.F.N. Engberts 

      Prof. dr. D.B. Janssen 

      Prof. dr. F.P.J.T. Rutjes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISBN: 978-90-367-3525-4 (printed version) 

  978-90-367-3526-1 (digital version) 



 

 

 

  5 

 

 

 

 
Table of contents.doc 

Table of contents 

Table of contents 

Preface................................................................................................................................ 9 
 
Chapter 1: General introduction ..................................................................................... 13 
1.1 Process intensification ..................................................................................................14 
1.2 Stereochemistry and enantiomers ................................................................................14 
1.3 Catalysis .........................................................................................................................17 
 1.3.1 Enzyme catalysis .................................................................................................19 
 1.3.2 Cascade catalysis..................................................................................................20 
1.4 Kinetic resolution..........................................................................................................21 
 1.4.1 Dynamic kinetic resolution ................................................................................23 
1.5 Enantioselective synthesis of epoxides.........................................................................26 
1.6 Combination of bio- and chemocatalysis.....................................................................28 
1.7 Notes and references .....................................................................................................31 
 
Chapter 2: Epoxidation of olefins in a centrifugal contact separator .............................. 39 
2.1 Importance of process intensification – the CCS.........................................................40 
 2.1.1 Existing biphasic epoxidation reactions .............................................................42 
2.2 Exploring epoxidation reactions for use in a CCS .......................................................44 
 2.2.1 Manganese-catalyzed epoxidation reactions .....................................................44 
 2.2.2 MTO-catalyzed epoxidation of pinenes .............................................................46 
2.3 Biphasic iron-catalyzed epoxidation of olefins............................................................46 
2.4 Epoxidation of olefins catalyzed by Fe/phen and Fe/bipy complexes ........................50 
2.5 Tungsten-catalyzed epoxidation of cyclooctene in the CCS.......................................57 
2.6 Conclusions and outlook...............................................................................................60 
2.7 Experimental section.....................................................................................................62 
 2.7.1 General remarks ..................................................................................................62 
 2.7.2 Biphasic manganese-catalyzed epoxidation of styrene .....................................62 
 2.7.3 Biphasic MTO-catalyzed epoxidation of pinene................................................63 
 2.7.4 Iron-catalyzed epoxidation of olefins in a two-phase system...........................63 
 2.7.5 Epoxidation of olefins catalyzed by Fe/phen and Fe/bipy complexes ..............64 
 2.7.6 NaZnPOM-catalyzed epoxidation of cyclooctene.............................................65 
2.8 Notes and references .....................................................................................................67 
 



 

 

 

6 

 

 

 

 
  Table of contents.doc 

Table of contents 

 

Chapter 3: Enantiopure chloroalcohols via enzymatic kinetic resolution...................... 71 
3.1 Introduction to haloalcohol dehalogenases .................................................................72 
3.2 Diene monoepoxides, chloroalcohols, and their synthesis .........................................73 
3.3 Enzymatic nucleophilic ring opening of vinyloxiranes ..............................................75 
3.4 Enzymatic ring closure of chloroalcohols to epoxides ................................................77 
 3.4.1 Kinetic resolution of 3.1 – 3.7 on analytical scale .............................................77 
 3.4.2 Kinetic resolution on preparative scale..............................................................81 
3.5 Hydrolysis of epoxides during enzymatic kinetic resolution......................................83 
 3.5.1 The role of hydrolysis in HheC-catalyzed enzymatic kinetic resolution.........84 
 3.5.2 Trapping of epoxide to prevent hydrolysis ........................................................86 
3.6 Limitations of this methodology ..................................................................................87 
3.7 Conclusions ...................................................................................................................89 
3.8 Experimental section.....................................................................................................90 
 3.8.1 General remarks ..................................................................................................90 
 3.8.2 Synthesis of substrates 3.1 – 3.7..........................................................................90 
 3.8.3 Production and purification of the enzyme.......................................................96 
 3.8.4 General procedure for enzymatic kinetic resolution on analytical scale .........97 
 3.8.5 General procedure for enzymatic kinetic resolution on preparative scale.......97 
 3.8.6 Determination of absolute configuration...........................................................98 
3.9 Notes and references .....................................................................................................99 
 
Chapter 4: A new approach to the dynamic kinetic resolution of haloalcohols........... 103 
4.1 Introduction to dynamic kinetic resolution ..............................................................104 
4.2 Results and discussion.................................................................................................109 
 4.2.1 Substrates...........................................................................................................109 
 4.2.2 Enzymes.............................................................................................................110 
 4.2.3 Racemization catalysts ......................................................................................114 
 4.2.4 Dynamic kinetic resolution experiments.........................................................117 
4.3 Conclusions and outlook.............................................................................................129 
4.4 Experimental section...................................................................................................130 
 4.4.1 General remarks ................................................................................................130 
 4.4.2 Synthesis of haloalcohols 4.3 ............................................................................130 
 4.4.3 Synthesis of racemic products 4.4 ....................................................................137 
 4.4.4 Production and overexpression of enzymes E1 – E5.......................................140 
 4.4.5 Kinetic resolution of 4.3l using E1 – E5...........................................................141 
 4.4.6 Synthesis of catalysts 4.8a – 4.8c ......................................................................141 
 4.4.7 General procedure for the dynamic kinetic resolution of compounds 4.3.....142 
 4.4.8 Dynamic kinetic resolution of 4.3 on preparative scale ..................................143 
4.5 Notes and references ...................................................................................................143 



 

 

 

  7 

 

 

 

 
Table of contents.doc 

Table of contents 

Chapter 5: Synthetic applications of enantiopure chloroalcohols ................................ 147 
5.1 Introduction ................................................................................................................148 
5.2 Achmatowicz rearrangement of 2-chloro-1-(furan-2-yl)ethanol ............................148 
5.3 Ireland-Claisen rearrangement of (E)-1-chloro-4-phenylbut-3-en-2-yl  
 propionate ..................................................................................................................150 
5.4 Johnson orthoester rearrangement of (E)-1-chloro-4-phenylbut-3-en-2-ol ...........154 
5.5 Suggestions for further research.................................................................................157 
5.6 Conclusions .................................................................................................................158 
5.7 Experimental section...................................................................................................158 
 5.7.1 General remarks ................................................................................................158 
 5.7.2 Achmatowicz rearrangement ...........................................................................159 
 5.7.3 Ireland-Claisen rearrangement ........................................................................160 
 5.7.4 Johnson orthoester rearrangement...................................................................162 
 5.7.5 Further research................................................................................................163 
5.8 Notes and references ...................................................................................................164 
 
Chapter 6 Enantiopure alcohols as amplifiers of 2D chirality....................................... 167 
6.1 Introduction ................................................................................................................168 
6.2 Synthesis of chiral solvents.........................................................................................171 
6.3 Control of enantioselective 2D self-assembly using chiral solvents .........................172 
6.4 Conclusions and outlook.............................................................................................176 
6.5 Experimental part........................................................................................................177 
 6.5.1 General remarks ................................................................................................177 
 6.5.2 Synthesis of chiral solvents...............................................................................178 
 6.5.3 Scanning tunneling microscopy (STM)............................................................179 
6.6 Notes and references ...................................................................................................179 
 
Samenvatting ................................................................................................................. 183 
 
Dankwoord .................................................................................................................... 193 



 

 

 

8 

 

 

 

 
  Table of contents.doc 

Table of contents 

 

 


