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Zusammenfassung 

In der vorliegenden Arbeit werden neun Forschungsprojekte beschrieben. Beim ersten 

Projekt handelt es sich um eine kritische Übersicht über die zurzeit besten Methoden zur 

Durchführung verschiedener asymmetrischer Synthesen katalysiert durch Thioharnstoff-

Derivate. Dieses Kapitel enthält Methoden für so wichtige Reaktionen wie Michael-

Additionen, Desymmetrisierungen, Mannich-Reaktionen, Diels–Alder-Cycloadditionen 

und viele weitere. Somit zeigt dieses Kapitel, daß Thioharnstoff-Derivate wichtige und 

weithin nutzbare Katalysatoren für verschiedene Reaktionen sind. 

Das zweite hier gezeigte Projekt handelt von der Wichtigkeit der Bis(trifluormethyl)-

phenyl-Gruppe, die in vielen Thioharnstoff-Katalysatoren vorhanden ist. Durch extensive 

Untersuchungen mit Methoden wie (Tieftemperatur)-1D- und 2D-NMR-Techniken sowie 

1D- und 2D-IR-Experimente und DFT-Rechnungen konnten wir drei signifikante Wirk-

weisen dieser Gruppe zeigen: Zunächst sind die stark elektronenziehenden CF3-Gruppen 

für die Acidifizierung der Wasserstoff-Atome des Amins wichtig. Dies führt zur Ausbil-

dung stärkerer Wasserstoffbrückenbindungen. Die zweite und dritte Funktion haben den-

selben Ursprung: nicht nur die Wasserstoffe des Amins werden acider sondern auch die 

Protonen in der ortho-Position. In der Konsequenz bildet sich eine Wasserstoffbrücken-

bindung zwischen dem acidifizierten ortho-Proton neben dem Schwefel-Atom und die-

sem Schwefel-Atom aus. Dies erhöht die Rigidität des aromatischen Thioharnstoff-

Derivats. Außerdem kann das zweite ortho-Proton in Wasserstoffbrückenbindungen zu 

Substraten vergleichbar zu den Wasserstoff-Atomen des Amins einbezogen werden. 

Das dritte Projekt handelt von den bevorzugten Konformationen von Evans-

Auxiliar/SnCl4-Komplexen. Hier gelang es uns durch extensive 2D-NMR- und IR-

Studien sowie DFT-Rechnungen zu zeigen, daß das Evans-Auxiliar N-Crotonyl-

oxazolidinon in Lösung eine antiperiplanare, s-cis-konfigurierte Konformation einnimmt. 

Dies steht im Gegensatz zu früheren Diskussionen hierüber. Wenn das Evans-Auxiliar 

durch Zinn(IV)-chlorid komplexiert wird, so bleibt die s-cis-Konfiguration erhalten, wäh-

rend sich die Amid-Bindung um 180° dreht. 

Projekt Nummer vier handelt von mechanistischen Untersuchungen zur Alkoholyse von 

Styroloxiden. In vorherigen Untersuchungen hatten wir herausgefunden, daß Styroloxid 

schneller von Ethanol geöffnet wird in Anwesenheit von 2-Methyl-2-phenyloxiran. Daher 

wollten wir autokatalytische Effekte durch Zugabe von substöchiometrischen Mengen 

von 2-Methyl-2-phenyloxiran oder dem entsprechenden Ethanolyse-Produkt 2-Ethoxy-2-



phenyl-1-propanol zum ursprünglichen Katalysator-System bestehend aus N,N’-Bis[3,5-

bis(trifluormethyl)phenyl]thioharnstoff und Mandelsäure untersuchen. Unsere Experi-

mente zeigen, daß 2-Ethoxy-2-phenyl-1-propanol ein zusätzlicher Katalysator für die 

Ethanolyse von Styroloxiden ist. 

Desweiteren wurden Versuche zur Entwicklung einer organokatalytischen Variante der 

Passerini-Reaktion durchgeführt; die Ergebnisse werden in Kapitel 5 beschrieben. Über-

raschenderweise konnten wir sieben Passerini-Produkte verschiedener Benzaldehyd-

Derivate ohne die Verwendung eines Katalysators sogar bei niedrigen Temperaturen syn-

thetisieren. 

In Kapitel 6 zeigen wir unsere Experimente zur organokatalytischen Synthese von 1,4-

Dioxepinen. Wir konnten sechs 1,4-Dioxepine aus Epoxiden und α,β-ungesättigten Alde-

hyden mit aromatischen sowie aliphatischen Substituenten durch Katalyse mit 2 mol% 

eines Thioharnstoff-Derivats synthestisieren. Die Reaktion mit Methylvinylketon führte 

nicht zur Bildung der gewünschten 1,4-Dioxepine mit allen drei Epoxiden. Leider konn-

ten wir aufgrund ihrer Instabilität keine zufriedenstellende Reinigung der Produkte durch 

verschiedene Methoden erreichen. Sogar die Derivatisierung durch eine Diels–Alder-

Cycloaddition mit Cyclopentadien half nicht bei der Lösung dieses Problems. 

Das siebte Kapitel beschreibt unsere Versuche eine Art „organokatalytische Sharpless-

Dihydroxylierung“ zu entwickeln. Wir verwendeten verschiedene Oxidationsmittel und 

verschiedene Lösungsmittel oder Lösungsmittel-Mischungen sowie einige Katalysatoren 

und Katalysator-Systeme. Leider waren wir bei der Lösung dieser Aufgabe nicht erfolg-

reich. 

Unsere Versuche zur organokatalytischen Synthese von Oxazolidinon-Derivaten werden 

in Kapitel 8 beschrieben. Nur durch Verwendung des sehr reaktiven Chlorsulfonyl-

isocyanats konnten wir die Bildung von Oxazolidinon beobachten. Dies geschieht aller-

dings auch in Abwesenheit eines Katalysators. 

Abschließend beschreibt Kapitel 9 unser Projekt zur Entwicklung einer organo-

katalytischen Prins-Reaktion. Wir führten einige Experimente mit verschiedenen Kataly-

satoren oder Katalysator-Systemen durch. Mit allen waren wir nicht in der Lage einen 

Umsatz zu den gewünschten Produkten zu beobachten. 

 



Summary 

The present thesis describes nine projects performed during doctoral research. The first 

project deals with the critical review of the best methods available at this time for various 

asymmetric syntheses utilizing thiourea-derived catalysts. This chapter contains methods 

for important reactions such as Michael additions, desymmetrizations, Mannich reactions, 

Diels–Alder cycloadditions, and many more. Thus, the chapter proofs thiourea derivatives 

to be important and widely utilizable catalysts in various reactions. 

The second project described herein deals with the importance of the bis(trifluoromethyl)-

phenyl groups in many thiourea-derived catalysts. With extensive studies utilizing meth-

ods such as (low-temperature) 1D- and 2D-NMR techniques as well as 1D- and 2D-IR 

experiments and DFT computations we found three significant modes of action of this 

moiety: At first, acidification of the amine’s hydrogen atoms by the strong electron-

withdrawing CF3 groups is of importance. This leads to stronger hydrogen-bonding abili-

ties. The second and the third function have the same source: not only the amine’s 

hydrogens are acidified but also the protons in the ortho-position. Consequently, a hydro-

gen bond between the acidified ortho-proton next to the sulphur atom and the sulphur 

atom is formed, enhancing rigidity of the aromatic thiourea derivative. Second, the other 

ortho-proton can be involved in hydrogen bonds to substrates akin to the amine’s hydro-

gen atoms. 

The third project deals with the preferred conformations of Evans auxiliary/SnCl4 com-

plexes. Here we were able to show with extensive 2D-NMR and IR studies as well as 

DFT computations that the Evans auxiliary N-crotonyloxazolidinone adopts only an 

antiperiplanar, s-cis configured conformation in solution in contrast to former discussions. 

When complexed by tin(IV) chloride this s-cis configuration remains while the amide 

bond rotates by 180°. 

Project number four is about mechanistic studies on the alcoholysis of styrene oxides. In 

preliminary studies we found that styrene oxide is opened faster by ethanol in the pres-

ence of 2-methyl-2-phenyloxirane. Thus, we wanted to examine autocatalytic effects by 

adding substiochiometric amounts of 2-methyl-2-phenyloxirane or its respective 

ethanolysis product 2-ethoxy-2-phenyl-1-propanol to the original catalyst system consist-

ing of N,N’-bis[3,5-bis(trifluoromethyl)phenyl]thiourea and mandelic acid. Our experi-

ments show that 2-ethoxy-2-phenyl-1-propanol is working as an additional catalyst in the 

ethanolysis of styrene oxide. 



An organocatalytic variant of the Passerini reaction was also attempted; the results are 

described in Chapter 5. We were able to synthesize seven Passerini products of various 

benzaldehyde derivatives, surprisingly, without the utilization of any catalyst even at 

lowered temperatures. 

In Chapter 6 we show our experiments on the organocatalytic synthesis of 1,4-dioxepines. 

We were able to synthesize six 1,4-dioxepines from epoxides and α,β-unsaturated alde-

hydes with aromatic as well as aliphatic substituents catalyzed by 2 mol% of a thiourea 

derivative. The reaction with methyl vinyl ketone did not lead to the formation of the de-

sired 1,4-dioxepines with all three epoxides. Unfortunately, we could not achieve a satis-

fying purification of the products by several methods because of their instability. Even the 

derivatization by a Diels–Alder cycloaddition with cyclopentadiene did not help in solv-

ing this task. 

The seventh chapter describes our attempts to create a kind of “organocatalytic Sharpless 

dihydroxylation”. We tried several oxidizing agents and several solvents or solvent mix-

tures as well as some catalysts and catalyst systems. However, unfortunately, in this task 

we did not succeed. 

Our attempts on the organocatalytic synthesis of oxazolidinone derivatives are described 

in Chapter 8. Only with the utilization of the very reactive chlorosulfonyl isocyanate we 

were able to observe the formation of oxazolidinone but this happens as well in the ab-

sence of any catalyst. 

Finally Chapter 9 lines out our project on the development of an organocatalytic Prins 

reaction. Here, we performed several experiments with various catalysts or catalyst sys-

tems. With all of these we were not able to observe any conversion to the desired prod-

ucts. 

 



Abbreviations and Acronyms 

 

1D   one-dimensional 

2D   two-dimensional 

3D   three-dimensional 

abs.   absolute 

Ac   acyl 

AD   asymmetric dihydroxylation 

anhyd   anhydrous 

All   allyl 

atm.   atmosphere 

BCP   bond critical points 

BINAM  (R)-(+)-binaphthalenediamine 

Bn   benzyl 

br   broad 

Bz   benzoyl 

calcd   calculated 

Cbz   benzyloxycarbonyl 

Conv.   conversion 

COSY   correlated spectroscopy 

m-CPBA  meta-chloroperbenzoic acid 

CSP   chiral stationary phase 

Cy   cyclohexyl 

d   doublet 

DABCO  1,4-diazabicyclo[2.2.2]octane 

DBU   1,8-diazabicyclo[5.4.0]undec-7-ene 

DCE   1,2-dichloroethane 

DCM   dichloromethane 

de   diastereomeric excess 

DFT   density functional theory 

DHPM   dihydropyrimidin-2(1H)-one 

(DHQ)2PHAL  dihydroquinine 1,4-phthalazinediyl diether 

(DHQD)2PHAL dihydroquinidine 1,4-phthalazinediyl diether 



DKR   dynamic kinetic resolution 

DMAP   4-(dimethylamino)pyridine 

dr   diastereomeric ratio 

ee   enantiomeric excess 

equiv.   equivalent(s) 

er   enantiomeric ratio 

ESI   electrospray ionization 

Et   ethyl 

et al.   et alii 

F-SPE   fluorous solid-phase extraction 

FTIR   Fourier transform infrared spectroscopy 

FWHM  full width at half maximum 

GC   gas chromatography 

h   hour(s) 

HF   Hartree-Fock 

HMPA   hexamethylphosphoric acid triamide 

HOESY  heteronuclear Overhauser effect spectroscopy 

HOMO  highest occupied molecular orbital 

HPLC   high-performance liquid chromatography 

HRMS   high resolution mass spectrometry 

HSQC   heteronuclear single quantum coherence 

iBu   isobutyl 

iPr   isopropyl 

IR   infrared 

LUMO   lowest unoccupied molecular orbital 

m   meta 

m   multiplet 

M   molar, mol/L 

MBH   Morita–Baylis–Hillman 

Me   methyl 

mg   milligram(s) 

min   minute(s) 

MOP   2-methoxypropene 

MS   molecular sieve or mass spectrometry 



MVK   methyl vinyl ketone 

NBO   natural bond order 

NCS   N-chlorosuccinimide 

nm   nanometer(s) 

NMR   nuclear magnetic resonance 

NOE   nuclear Overhauser effect 

NOESY  nuclear Overhauser effect spectroscopy 

Ns   p-nitrobenzenesulfonyl (nosyl) 

o   ortho 

OPA   optical parametric amplifier 

p   para 

P2D-IR  polarization-dependent two-dimensional infrared 

PCM   polarizable continuum model 

PE   petroleum ether 

Ph   phenyl 

PMP   N-p-methoxyphenyl 

Pr   propyl 

QTAIM  quantum theory of atoms in molecules 

Ref   reference 

ROESY  rotating-frame nuclear Overhauser effect spectroscopy 

rr   regioisomeric ratio 

rt   room temperature 

s   singlet 

sat.   saturated 

SCRF   self-consistent reaction field 

SDD   Stuttgart/Dresden effective core potential 

SFC   supercritical fluid chromatography 

t   triplet 

TBDMS  tert-butyldimethylsilyl 

TBDPS  tert-butyldiphenylsilyl 

TBME   tert-butyl methyl ether 

t-Bu   tert-butyl 

TCBA   2,4,6-trichlorobenzoic acid 

TEA   triethylamine 



Temp   temperature 

TFA   trifluoroacetic acid 

TFAA   trifluoroacetic anhydride 

THF   tetrahydrofuran 

THP   tetrahydropyran 

TIPS   triisopropylsilyl 

TLC   thin layer chromatography 

TMS   trimethylsilyl 

tR   retention time 

Troc   2,2,2-trichloroethoxycarbonyl 

Ts   p-toluenesulfonyl (tosyl) 

UAHF   united atom Hartree-Fock 

UAKS   united atom Kohn-Sham 

ZPVE   zero-point vibrational energy 
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1 Hydrogen-Bonding Catalysts: Thiourea Catalysis 

 

 

 

 

 

Chapter 1 presents the chapter “Hydrogen-Bonding Catalysts: Thiourea 

Catalysis” published in the book “Asymmetric Organocatalysis Volume 

2: Brønsted Base and Acid Catalysts, and Additional Topics”. This book 

is part of a two-volume work for the Science of Synthesis Reference Library 

by the Georg Thieme Verlag KG, Stuttgart, and was edited by Keiji Maruoka 

(University of Kyoto). This book chapter will serve as an introduction to this 

thesis and is reprinted with the friendly permission of the Georg Thieme 

Verlag KG, Stuttgart, which is gratefully acknowledged. 
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2 Hydrogen-Bonding Thiourea Organocatalysts: The Privileged 

3,5-Bis(trifluoromethyl)phenyl Group 

 

 

 

 

 

The second chapter presents the publication named “Hydrogen-Bonding 

Thiourea Organocatalysts: The Privileged 3,5-Bis(trifluoromethyl)-

phenyl Group”. Herein, we examined complexes between thiourea deriva-

tives and carbonyl compounds revealing the mode of action of thiourea 

organocatalysts bearing bis(triflouromethyl)phenyl groups. This study was 

published in the European Journal of Organic Chemistry. The Supporting 

Information accompanying this publication can be downloaded free of 

charge (see footnote on publication’s first page). The permission to show this 

publication herein was friendly given by the Wiley-VCH Verlag GmbH & 

Co. KGaA, Weinheim, which is gratefully acknowledged. 
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3 Two-Dimensional Infrared Spectroscopy Reveals the Structure 

of an Evans Auxiliary Derivative and Its SnCl4 Lewis Acid Com-

plex 

 

 

 

 

 

In this third chapter the publication “Two-Dimensional Infrared Spectroscopy 

Reveals the Structure of an Evans Auxiliary Derivative and its SnCl4 Lewis 

Acid Complex” is presented. This study was published in Chemistry – A Eu-

ropean Journal. The Supporting Information accompanying this publication 

can be downloaded free of charge (see footnote on publication’s first page). The 

permission to show this publication herein was friendly given by the Wiley-

VCH Verlag GmbH & Co. KGaA, Weinheim, which is gratefully acknowl-

edged. 
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4 Mechanistic Studies on the Organocatalytic Alcoholysis of Sty-

rene Oxides 

Introduction 

The versatility of epoxide openings has led to a widespread utilization of these reactions in 

organic syntheses.
[1-3]

 Typically, the opening of epoxides by nucleophiles is catalyzed by 

Brønsted or Lewis acids. Some examples for this are the use of metal salts such as magnesium 

perchlorate or calcium chloride,
[4]

 iron(III) montmorillonite,
[5]

 a phosphaferrocene,
[6]

 

BF3
.
Et2O,

[7]
 or aluminum triflate,

[8]
 and many more Lewis acids. Some very recent examples 

include titanoniobate nanosheets co-doped with sulfur or iron,
[9]

 palladium nanoparticles,
[10]

 

or a mixture of gallium(III) chloride and polyvinylpyrrolidone.
[11]

 The group around Iranpoor 

performed numerous studies on the alcoholysis of epoxides using, e.g., ceric(IV) ammonium 

nitrate,
[12]

 2,3-dichloro-5,6-dicyano-p-benzoquinone,
[13]

 iron(III) chloride,
[14]

 tris[trinitrato-

cerium(IV)]paraperiodate,
[15]

 TiCl3(OTf) and TiO(TFA)2,
[16]

 or aluminumdodecatungsto- 

phosphate (AlPW12O40).
[17]

 

The first organocatalytic conversion of epoxides was reported in 1985 when Hine et al. 

showed 1,8-biphenylenediol to be a catalyst for the opening of epoxides with nucleo-

philes.
[18-19]

 In 2006, Kleiner and Schreiner were able to develop an organocatalyzed 

aminolysis of epoxides utilizing N,N’-bis[3,5-bis(trifluoromethyl)phenyl]thiourea (1).
[20]

 Fur-

ther studies focused on the alcoholysis of epoxides. In 2008, our group published a 

regioselective alcoholysis of styrene oxides.
[21]

 This reaction was only feasible when cata-

lyzed cooperatively by N,N’-bis[3,5-bis(trifluoromethyl)phenyl]thiourea (1) and mandelic 

acid (2, pKa = 3.41
[22]

). The proposed mechanism involves a ternary complex between 1, 2 

and styrene oxide (Scheme 1). 
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Scheme 1 Proposed mechanism for the regioselective alcoholysis of styrene oxides 

cooperatively catalyzed by 1 and 2 

 

Interestingly, the course of the reaction is not a linear process. There is a moment in which the 

reaction is accelerated. Thus, we started the investigation of the reaction’s mechanism utiliz-

ing styrene oxide (3a) and 2-methyl-2-phenyloxirane (3b) (Scheme 2).
[23]

 

 

 

Scheme 2 Organocatalytic, regioselective ethanolysis of 3a and 3b 

 

Based on these preliminary studies – including the surprising result that styrene oxide (3a) 

had been opened by ethanol within 3 h instead of 22 h in a competition experiment with 3b – 

we extended our studies to the observation of autocatalytic effects. Such effects could not be 

observed by Weil et al. when they added the respective β-alkoxy alcohol to the reaction mix-

ture.
[21]

 

 

Results and Discussion 

In course of the present thesis we repeated the competition experiment done in our prelimi-

nary studies on this reaction. This competition experiment was done to compare the reaction 

times of styrene oxide (3a) and 2-methyl-2-phenyloxirane (3b). Figure 1 shows the simulta-
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neous ethanolysis of 3a and 3b catalyzed by 1 mol% 1 and 1 mol% 2. The opening of styrene 

oxide takes place within 4 h consistent with our previous experiment. The ethanolysis of sty-

rene oxide without 3b needs 22 h until completion. Figure 2 shows a graphical comparison of 

these findings. Thus, the presence of 3b or the corresponding alcohol 2-ethoxy-2-phenyl-1-

propanol (5b) is shown to be promoting the ethanolysis of styrene oxide. 

In the next step, we performed the reaction upon addition of 10 mol% of 3b. Under these con-

ditions, the ethanolysis of styrene oxide took place within 7 h. This confirms 3b or the corre-

sponding alcohol 5b to be a catalyst for this reaction. A graph depicting the course of this 

reaction is shown in Figure 3. 

 

 

Figure 1 Temporary course of the simultaneous ethanolysis of equimolar amounts of styrene 

oxide (3a, blue) and 2-methyl-2-phenyloxirane (3b, red) catalyzed by 1 mol% 1 and 1 mol% 2 

at rt under ambient atmosphere (determined by GC/MS analysis) 
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Figure 2 Comparison of the competition experiment (cf. Figure 1) and the ethanolysis of sty-

rene oxide catalyzed by 1 mol% 1 and 1 mol% 2 at rt under ambient atmosphere (determined 

by GC/MS analysis) 

 

 

Figure 3 Temporary course of the ethanolysis of styrene oxide (3a) catalyzed by 1 mol% 1, 1 

mol% 2, and 10 mol% of 2-methyl-2-phenyloxirane (3b) at rt under ambient atmosphere (de-

termined by GC/MS analysis) 

 

To complete these studies on autocatalysis we examined the opening of styrene oxide with 

ethanol under four different conditions (Figure 4). First of all, we reacted styrene oxide (3a) in 

the presence of 1 mol% 1 and 1 mol% 2 as well as 10 mol% of 2-ethoxy-2-phenyl-1-propanol 

(5b). The GC/MS analysis showed a full conversion of 3a within 10 h. Our next test reaction 

was performed under the presence of 1 mol% 1 and 10 mol% 5b. In this case, no conversion 

was observed within 13 h. In a third experiment we tried the addition of 1 mol% 2 and 10 
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mol% 5b. Under these conditions, a conversion of less than 10% of the epoxide could be ob-

served after 13 h. In the last case, only 10 mol% of 5b were added. As in the second case, no 

conversion was observable within 13 h. Thus, 2-ethoxy-2-phenyl-1-propanol (5b) increases 

the reaction rate of the organocatalyzed ethanolysis of styrene oxide whereas 5a was not ca-

pable to do this at all.
[21]

 

 

 

Figure 4 Temporary course of the ethanolysis of styrene oxide (3a) catalyzed by 1 mol% 1, 1 

mol% 2, and/or 10 mol% 5b at rt under ambient atmosphere (determined by GC/MS analysis) 

[The red line is hidden under the green one] 

 

In a last panel of experiments, we screened three chloroacetic acids with decreasing pKa val-

ues as sole catalysts in the ethanolysis of styrene oxide (Table 1). This was done to find out if 

the acid’s pKa value is an important fact for the epoxide opening. Using monochloroacetic 

(pKa = 2.86)
[24]

 the conversion of styrene oxide (3a) was only 13% after 22.5 h. When we 

utilized dichlororacetic acid (pKa = 1.29)
[24]

 full conversion of 3a could be observed within 24 

h. However, when we tried trichloroacetic acid (pKa = 0.65)
[24]

 a conversion of 80% after 28 h 

was found leading to the assumption that there is an optimal pKa of the acid employed as a 

(co)catalyst in the ethanolysis of styrene oxides. Thus, we propose a mechanism where the 

complexation of mandelic acid (2) by thiourea derivative 1 lowers the acid’s pKa to the range 

where the alcoholysis of the epoxide is catalyzed smoothly. 
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Table 1 Ethanolysis of styrene oxide (3a) with 1 mol% of a chloroacetic acid 

 

Catalyst pKa Time/h Conv./%
a
 

 
2.86 22.5 13 

 
1.29 24 100 

 
0.65 28 80 

a 
GC/MS analysis 

 

Conclusions 

With a series of experiments we were able to show that the presence of 2-ethoxy-2-phenyl-1-

propanol (5b) catalyzes the ethanolysis of styrene oxide (3a). Furthermore, we proposed 

based on our experiments with carboxylic acids that the pKa value of the acid employed seems 

to be important for the reaction. 

 

Experimental Section 

General Remarks 

All chemicals were purchased from Acros Organics, Alfa Aesar, Fluka, Merck, and Sigma 

Aldrich in the highest purity available. Argon (99.99%) was purchased from Messer-

Griesheim. Styrene oxide was distilled in vacuo over a Vigreux column. 2-Methyl-2-

phenyloxirane was synthesized according to the method of Wallace and Battle.
[25]

 Ethanol 

was distilled from sodium/phthalic acid diethyl ester. Distilled chemicals were stored under an 

Argon atmosphere over molecular sieve 3 Å. All reactions were run in oven-dried, single-

necked 10 mL flasks (Schott DURAN
®
) with PTFE-coated magnetic stirring bars. Mandelic 

acid was directly weighed into the reaction flasks; the thiourea derivative was weighed into an 

Eppendorf cup and added to the flask. Liquid chemicals were transferred with 1 mL syringes 

with thin cannulas. The reaction outcome was determined by GC/MS analyses with a 

Quadrupol-MS HP MSD 5971 and a HP 5890A GC equipped with a HP5 crosslinked silica 

GC column (25 m × 0.2 mm, 0.33 micron stationary phase: 5% phenyl and 95% methyl sili-

cone) using helium as carrier gas; temperature program: 60–250 °C (heating rate: 15 °C/min), 
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injector and transfer line 250 °C. Samples were taken directly from the stirred reaction mix-

ture with a 10 μL Hamilton syringe and were injected immediately. 

 

Typical Procedure 

Mandelic acid (2, 1.5 mg, 1 mol%) was weighed into an oven-dried, one-necked 10 mL flask 

followed by addition of 1 (5.2 mg, 1 mol%). Then, the mixture was dissolved in ethanol (4, 

0.7 mL, 12 mmol, 12 equiv.) under stirring at rt. After this, styrene oxide (3a 0.11 mL, 1 

mmol) and 2-methyl-2-phenyloxirane (3b, 13.16 µL, 10 mol%) were added simultaneously. 
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5 An Uncatalyzed Passerini Reaction 

Introduction 

The three-component reaction between an aldehyde, a carboxylic acid and an isocyanide to-

day is called the Passerini reaction.
[1-3]

 The reaction is named after Passerini who published a 

reaction between p-isonitrilazobenzene with acetone, acetic acid and hydrogen peroxide in 

acetone in 1921.
[4-5]

 The mechanism involves a hydrogen-bonding interaction between the 

carbonyl compound and the carboxylic acid (Scheme 1).
[3]

 

 

 

Scheme 1 Mechanism of the Passerini reaction 

 

In 2002, Xia and Ganem published a variant of the Passerini reaction where the carboxylic 

acid had been replaced by zinc(II) triflate; this reaction furnished new heterocycles.
[6]

 Das 

Sarma and Pirrung were able to show that water accelerates Passerini and Ugi reactions.
[7]

 In 

2004, Schreiber and coworkers published a stereocontrolled Passerini reaction catalyzed by 

20 mol% of a tridentate Cu(II) Lewis acid catalyst.
[8]

 They achieved moderate to high ee’s of 

62–98%. Mironov et al. found N-hydroxy succinimide to be an accelerant for Passerini reac-

tions.
[9]

 Ngouansavanh and Zhu published a method for the utilization of alcohols instead of 

aldehydes in the Passerini reaction.
[10]

 They were able to convert the alcohols in the presence 

of o-iodobenzoic acid to the Passerini products. Denmark and Fan found a system consisting 

of silicon tetrachloride and a chiral bisphosphoramide to be an efficient catalyst for 

enantioselective Passerini reactions.
[11]

 Andrade et al. were able to conduct Passerini reactions 

in ionic liquids or polyethylene glycol.
[12]

 In 2008, Wang, Zhu and coworkers identified an 

aluminum(III) salen complex as a catalyst for an enantioselective Passerini reaction.
[13]

 This 

system was leading to ee’s of 63 to >99%. 

Thiourea derivatives are known for their analogy to Lewis acids and for coordinating alde-

hydes or carboxylic acids.
[14-17]

 Hence we reasoned that an organocatalytic variant of the 

Passerini reaction involving hydrogen bonding mimicking Lewis acid catalysis could be fea-

sible. Scheme 2 shows two possible mechanisms for a hypothetic organocatalytic variant of 

the Passerini reaction. 
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Scheme 2 Possible mechanisms for a hypothetic organocatalyzed Passerini reaction 

 

Results and Discussion 

At first, we screened various benzaldehyde derivatives and isocyanides in the Passerini reac-

tion. The first reactions we performed at room temperature. In these cases, the reaction was 

furnishing the products even without any catalyst. Thus, we decided to lower the temperature 

to 0 °C. Even at this lower temperature the products formed without the addition of a catalyst. 

Therefore, we lowered the reaction temperature to –10 °C. Still, precipitation of substances 

without any catalyst could be observed; via NMR spectroscopy these substances could be 

identified – as in the former cases – as the desired products. Interestingly, the reaction of 4-

hydroxybenzaldehyde with cyclohexylisocyanide at 0 °C did not furnish any product. Only 

the starting compounds could be found. 
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Table 1 Passerini reaction of various aldehydes with isocyanides and benzoic acid 

 

R
1
  R

2
  Temperature Product 

Cl 2a 4-OMe-Ph 3a rt 5a 

Cl 2a 2-Naphthyl 3b rt 5b 

Cl 2a n-Bu 3c rt 5c 

Cl 2a Cy 3d rt 5d 

OH 2b Cy 3d rt 5e 

Cl 2a Cy 3d 0 °C 5d 

Br 2c Cy 3d 0 °C 5f 

OH 2b Cy 3d 0 °C -
a
 

Cl 2a Cy 3d –10 °C 5d 

OH 2b Cy 3d –10 °C 5e 

Br 2c Cy 3d –10 °C 5f 

H 2d Cy 3d –10 °C 5g 

a 
Only the substrate 4-hydroxybenzaldehyde (2b) could be observed in the NMR spectrum 

 

Conclusions 

Surprisingly, the Passerini reaction is feasible without any catalyst with most of the starting 

compounds we screened, even at relatively low temperatures. We were able to synthesize sev-

en Passerini products, all of which were isolated and fully characterized via NMR and IR 

spectroscopy as well as HRMS and CHN analysis. 

 

Experimental Section 

General Remarks 

All chemicals were purchased from Acros Organics, Alfa Aesar, Fluka, Merck, and Sigma 

Aldrich in the highest purity available and were used – unless otherwise noted – without fur-

ther purification. DMSO-d6 was purchased from Deutero GmbH and stored over MS 3 Å. 

Argon (99.99%) was purchased from Messer-Griesheim. Benzaldehyde was used after distil-

lation in vacuo. Toluene was distilled from sodium/benzophenone ketyl and stored under an 

Argon atmosphere over molecular sieve 3 Å. Cleaning of glassware and stirring bars was 

done in a laboratory washer with first Extran
©

 (Merck), then phosphoric acid, and last fresh 

water. Drying was done in an oven. All reactions were run in oven-dried 10 mL Schlenk 
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flasks or reaction tubes (Schott DURAN
®
) with PTFE-coated magnetic stirring bars. The 

flasks and tubes – sealed with glass plugs equipped with PTFE thin wall sleeves – were heat-

ed with a heatgun in vacuo, and flushed with Argon (3×). The thiourea derivative, benzoic 

acid, solid isocyanides, and solid aldehydes were weighed into Eppendorf cups and then trans-

ferred into the reaction vessels. Benzaldehyde and liquid isocyanides were transferred with 

Eppendorf pipettes. The reaction outcome was determined by NMR analyses with a Bruker 

Avance II 400 MHz (AV 400) spectrometer using as standard the solvent residual peaks of 

DMSO-d6 [δ(
1
H) = 2.50 ppm; δ(

13
C) = 39.5 ppm]. IR spectra were measured with Bruker 

IFS25 and IFS48 spectrophotometers. HRMS were recorded with a Sectorfield-MS: Finnigan 

MAT 95. ESI-MS was performed with a Bruker MicroTOF. CHN analyses were obtained 

with a Carlo Erba 1106 (balance: Mettler Toledo UMX-2) analyzer. 

 

Typical Procedure 

A reaction tube flushed with Argon and filled with toluene (5 mL) was cooled to 0 °C by a 

cryostat. 4-Bromobenzaldeyde (2c, 1 mmol, 184.9 mg), thiourea derivative 1 (49.7 mg, 0.1 

mmol, 10 mol%), and benzoic acid (4, 134.6 mg, 1.1 mmol, 1.1 equiv.) were weighed into 

Eppendorf cups, and transferred into a reaction tube under positive Argon pressure. Then, 

cyclohexylisocyanide (98%, 3d, 149.2 µL, 1.2 mmol, 1.2 equiv.) was added. The reaction 

mixture was stirred overnight at rt which was leading to precipitation of a colorless solid. The 

solid was filtered off, washed with toluene, and dried in an evacuated desiccator over 

Sicapent
®
 and paraffin. The solid was identified as product 5f by NMR analysis. 

 

α-(Benzoyloxy)-4-chloro-N-(4-methoxyphenyl)benzeneacetamide (5a). New compound. 

Brown solid. 
1
H NMR (400 MHz, DMSO-d6): δ = 8.06 (d, 2H, J = 7.2 

Hz), 7.70 (d, 3H, J = 8.1 Hz), 7.59 (d, 2H, J = 7.8 Hz), 7.54 (d, 3H, J = 

8.8 Hz), 7.47 (d, 2H, J = 9.1 Hz), 6.88 (d, 2H, J = 9.1 Hz), 6.22 (s, 1H), 

3.71 (s, 3H) ppm. 
13

C NMR (100 MHz, DMSO-d6): δ = 134.3 (Cq), 133.8 (Cq), 129.5 (CH), 

129.2 (CH), 129.2 (CH), 128.9 (CH), 128.7 (CH), 128.5 (CH), 120.9 (CH), 113.9 (CH), 55.1 

(Cq) ppm. IR (KBr disc):    = 3443, 3292, 1732, 1666, 1542, 1514, 1249, 708 cm
–1

. HRMS: 

calcd for C22H18ClNO4 [M]
+
 395.0924, found 395.0917. CHN analysis: calcd C 66.75, H, 

4.58, N 3.54; found C 65.72, H 4.65, N 3.88. 
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α-(Benzoyloxy)-4-chloro-N-(2-naphthyl)benzeneacetamide (5b). New compound. Brown 

solid. 
1
H NMR (400 MHz, DMSO-d6): δ = 8.25 (s, 1H), 7.95 (d, 1H, J = 

8.2 Hz), 7.90–7.78 (m, 4H), 7.71 (d, 1H, J = 7.5 Hz), 7.62–7.54 (m, 6H), 

7.53–7.38 (m, 4H), 6.32 (s, 1H) ppm. 
13

C NMR (100 MHz, DMSO-d6): 

δ = 166.5 (Cq), 135.8 (Cq), 130.0 (Cq), 129.5 (CH), 129.3 (CH), 128.9 (CH), 128.8 (CH), 

128.5 (CH), 127.5 (CH), 127.3 (CH), 126.5 (CH), 124.9 (CH), 119.8 (CH), 115.8 (CH), 75.1 

(CH) ppm. IR (KBr disc):    = 3444, 1728, 1666, 1632, 1605, 1272, 1250, 710 cm
–1

. HRMS: 

calcd for C25H18ClNO3 [M]
+
 415.0975, found 415.0969. CHN analysis: calcd C 72.20, H, 

4.36, N 3.37; found C 70.24, H 4.43, N 3.83. 

 

α-(Benzoyloxy)-4-chloro-N-(n-butyl)benzeneacetamide (5c). New compound. Colorless 

solid. 
1
H NMR (400 MHz, DMSO-d6): δ = 8.39 (t, 1H, J = 5.6 Hz), 8.05 

(d, 2H, J = 7.7 Hz), 7.70 (t, 1H, J = 7.4 Hz), 7.61 (d, 2H, J = 8.3 Hz), 7.56 

(t, 2H, J = 7.4 Hz), 7.50 (d, 1H, J = 8.8 Hz) ppm. 
13

C NMR (100 MHz, 

DMSO-d6): δ = 167.5 (Cq), 165.0 (Cq), 135.2 (Cq), 133.9 (Cq), 133.5 (CH), 131.3 (CH), 129.7 

(CH), 129.3 (Cq), 129.2 (CH), 129.0 (CH), 128.9 (CH), 128.7 (CH), 75.1 (CH), 38.4 (CH2), 

31.2 (CH2), 19.5 (CH2), 13.8 (CH3) ppm. IR (KBr disc):    = 3427, 3279, 1726, 1657, 1261 

cm
–1

. HRMS: calcd for C19H20ClNO3 [M]
+
 345.1132, found 345.1119. CHN analysis: calcd 

C 65.99, H, 5.83, N 4.05; found C 64.22, H 5.53, N 3.53. 

 

α-(Benzoyloxy)-4-chloro-N-cyclohexylbenzeneacetamide (5d). Colorless solid. 
1
H NMR 

(400 MHz, DMSO-d6): δ = 8.29 (d, 1H, J = 7.7 Hz), 8.04 (d, 2H, J = 7.7 

Hz), 7.70 (t, 1H, J =7.5 Hz), 7.62 (d, 2H, J =8.6 Hz), 7.56 (t, 2H, J = 7.7 

Hz), 7.50 (d, 2H, J = 8.5 Hz), 6.06 (s, 1H), 3.50 (m, 1H), 1.81–1.47 (m, 

5H), 1.31–1.01 (m, 5H) ppm. 
13

C NMR (100 MHz, DMSO-d6): δ = 166.7 (Cq), 165.0 (Cq), 

135.2 (Cq), 133.9 (CH), 133.4 (Cq), 129.7 (CH), 129.3 (Cq), 129.2 (CH), 129.0 (CH), 128.7 

(CH), 75.0 (CH), 47.9 (CH), 33.4 (CH2), 32.2 (CH2), 25.3 (CH2), 24.6 (CH2), 24.5 (CH2) 

ppm. IR (KBr disc):    = 3443, 3276, 1726, 1655, 1565, 1264, 1118 cm
–1

. HRMS: calcd for 

C21H22ClNO3 [M]
+
 371.1288, found 371.1256. CHN analysis: calcd C 67.83, H, 5.96, N 

3.77; found C 67.06, H 5.84, N 3.64. 

These values are comparable to the ones mentioned by Sotelo et al.
[18]
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α-(Benzoyloxy)-4-hydroxy-N-cyclohexylbenzeneacetamide (5e). New compound. Colorless 

solid. 
1
H NMR (400 MHz, DMSO-d6): δ = 9.58 (s, 1H), 8.11 (d, 1H, J = 8.0 

Hz), 8.01 (d, 2H, J = 8.0 Hz), 7.68 (t, 1H, J = 7.5 Hz), 7.54 (t, 2H, J = 7.7 

Hz), 7.37 (d, 2H, J = 8.7 Hz), 6.78 (d, 2H, J = 8.8 Hz), 5.94 (s, 1H), 3.50 (br 

s, 1H), 1.81–1.45 (m, 5H), 1.33–0.99 (m, 5H) ppm. 
13

C NMR (100 MHz, DMSO-d6): δ = 

187.0 (Cq), 167.1 (Cq), 165.1 (Cq), 165.0 (Cq), 157.7 (Cq), 133.5 (CH), 129.4 (CH), 129.3 

(CH), 128.8 (CH), 128.7 (CH), 126.3 (CH), 115.1 (CH), 75.4 (CH), 47.6 (CH), 32.2 (CH2), 

32.0 (CH2), 25.1 (CH2), 24.5 (CH2), 24.4 (CH2) ppm. IR (KBr disc):    = 3373, 3312, 2933, 

1723, 1662, 1615, 1599, 1548, 1517, 1451, 1260, 1174, 1109, 1095, 1070, 711 cm
–1

. HRMS 

(ESI, positive mode): calcd for C21H23NaNO4 [M+Na]
+
 376.1519, found 376.1525. CHN 

analysis: calcd C 71.37, H, 6.56, N 3.96; found C 67.89, H 6.92, N 3.88. 

 

α-(Benzoyloxy)-4-bromo-N-cyclohexylbenzeneacetamide (5f). New compound. Colorless 

solid. 
1
H NMR (400 MHz, DMSO-d6): δ = 8.27 (d, 1H, J = 7.9 Hz), 8.03 

(d, 2H, J = 7.7 Hz), 7.69 (t, 1H, J = 7.4 Hz), 7.63 (d, 2H, J = 8.4 Hz), 7.58–

7.50 (m, 4H), 6.04 (s, 1H), 3.53–3.44 (m, 1H), 1.80–1.46 (m, 5H), 1.29–

1.02 (m, 5H) ppm. 
13

C NMR (100 MHz, DMSO-d6): δ = 166.6 (Cq), 165.0 (Cq), 135.6 (Cq), 

133.9 (CH), 131.6 (CH), 129.6 (CH), 129.5 (CH), 129.3 (Cq), 129.0 (CH), 122.0 (Cq), 75.0 

(CH), 47.9 (CH), 32.4 (CH2), 32.2 (CH2), 25.3 (CH2), 24.6 (CH2), 24.5 (CH2) ppm. IR (KBr 

disc):    = 3443, 3287, 2934, 1726, 1657, 1561, 1265, 1119 cm
–1

. HRMS: calcd for 

C21H22BrNO3 [M]
+
 415.0783, found 415.0769. CHN analysis: calcd C 60.59, H, 5.33, N 

3.36; found C 60.52, H 5.28, N 3.38. 

 

α-(Benzoyloxy)-N-cyclohexylbenzeneacetamide (5g). New compound. Colorless solid. 
1
H 

NMR (400 MHz, DMSO-d6): δ = 8.37–8.21 (m, 1H), 8.16–8.00 (m, 2H), 

7.78–7.53 (m, 5H), 7.52–7.4 (m, 3H), 6.05 (s, 1H), 3.51 (br s, 1H), 1.88–

1.47 (m, 5H), 1.37–1.02 (m, 5H) ppm. 
13

C NMR (100 MHz, DMSO-d6): δ 

= 166.8 (Cq), 164.9 (Cq), 136.0 (Cq), 133.6 (CH), 129.4 (CH), 129.2 (Cq), 128.8 (CH), 128.5 

(CH), 128.4 (CH), 127.1 (CH), 75.5 (CH), 47.7 (CH), 32.2 (CH2), 32.0 (CH2), 25.1 (CH2), 

24.4 (CH2), 24.3 (CH2) ppm. IR (KBr disc):    = 3423, 1657, 1026, 1000 cm
–1

. HRMS: calcd 

for C21H23NO3 [M]
+
 337.1678, found 337.1653. CHN analysis: calcd C 74.75, H, 6.87, N 

4.15; found C 73.30, H 6.73, N 4.16. 
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NMR Spectra 
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6 Organocatalytic Synthesis of 1,4-Dioxepines 

Introduction 

In our group efforts were made towards an organocatalytic method for the synthesis of 1,3-

dioxolane derivatives from epoxides and aldehydes.
[1-4]

 In 2012, the Wang group revealed that 

the Lewis acid-catalyzed version utilizing α,β-saturated aldehydes can furnish 1,4-dioxepine 

derivatives (Scheme 1).
[5]

 The 1,4-dioxepine core is present in some substances like 

derquantel, used against parasites in animals,
[6]

 and (±)-marcfortine B, used for the same pur-

pose as anthelmintic substance
[7]

 (Scheme 2). 

 

 

Scheme 1 Lewis acid-catalyzed synthesis of 1,4-dioxepines 

 

 

Scheme 2 Structures of derquantel and (±)-marcfortine B 

 

It was reasoned in our group that it could be possible to develop an organocatalyzed variant of 

this [4+3] cycloaddition, and the first examinations dealing with this reaction led to positive 

results utilizing 12 equivalents of cinnamaldehyde and 5 mol% of N,N’-bis[3,5-

bis(trifluoromethyl)phenyl]thiourea (3).
[8]

 Scheme 3 shows a mechanistic proposal for the 

organocatalytic variant according to the Lewis acid-catalyzed version. 
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Scheme 3 Mechanistic proposal for the organocatalytic synthesis of 1,4-dioxepines 

 

Results and Discussion 

We started with the optimization of the reaction conditions. For this purpose, we performed 

five experiments with amounts of thiourea 3 varying from 1 mol% to 5 mol%. These experi-

ments showed 2 mol% to be sufficient for catalyzing the reaction within 24 h at room temper-

ature (Figure 2). 

In the next step, we performed six experiments varying the equivalents of aldehyde; we used 

2, 4, 6, 8, 10, and 12 equivalents. With 2 mol% of 3 and 10 equivalents of aldehyde we 

achieved full conversion after 24 hours at room temperature (Figure 2). 
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Figure 1 Results of the optimization of catalyst loading 

 

 

 

Figure 2 Results of the optimization of aldehyde equivalents 
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After having optimized the reaction conditions, we focused on the scope of the reaction. Here, 

we examined two α,β-unsaturated aldehydes and a ketone – crotonaldehyde (1a) as the ali-

phatic, cinnamaldehyde (1b) as the aromatic aldehyde variant, and methyl vinyl ketone (1c) – 

as well as three epoxides – the aromatic, monosubstituted styrene oxide (2a), the 1,1-

disubstituted, aliphatic isobutylene oxide (2b), and the aliphatic, 1,2-disubstituted cyclohex-

ene oxide (2c). With this selection of substrates we wanted to examine the influence of substi-

tution pattern and the substituent’s nature. 

Table 1 summarizes our results. The reaction of styrene oxide (2a) with aldehyde 1a led to 

full conversion within the given reaction time of 24 h. Almost the same result could be ob-

served with aldehyde 1b. Interestingly, this finding is in contrast to Wang et al. They reported 

that the utilization of aliphatic α,β-unsaturated aldehydes did not work with their variant may-

be due to the “higher reactivity of these enolizable aldehydes”.
[5]

 In both cases, we could ob-

serve two diastereomers via GC/MS analysis with cis- and anti-standing methyl and phenyl 

group or two phenyl groups, respectively. The reaction with ketone 1c did not lead to any 

conversion within 24 h. 

In case of isobutylene oxide (2b) full conversion with aldehyde 1a as well as with 1b could be 

observed within 24 h via GC/MS analysis. According to our finding in the first experiments 

with epoxides 2a, no conversion of 2b could be observed in the reaction with methyl vinyl 

ketone (1c). 

In a last series of experiments we observed the reaction between cyclohexene oxide (2c) with 

these two aldehydes and this ketone. The conversion of 2c in the experiments with 1a and 1b 

were far lower than in the cases where epoxides 2a and 2b were used instead. The reaction of 

2c with 1c showed – as in the reactions with this ketone before – no conversion at all. 

We think these results are due to the epoxides’ corresponding ionic structures (Scheme 1). 

The positive charge in styrene oxide is placed in a benzylic position. This leads to stabiliza-

tion by mesomerization. The positive charges in the isobutylene and cyclohexene oxide 

mesomers are stabilized by C–H-hyperconjugation effects. The positive charge in isobutylene 

oxide is stabilized by three, the one in cyclohexene oxide by “only” two of these effects. Be-

cause of this the reaction of cyclohexene oxide with the utilized aldehydes is far slower than 

with styrene or isobutylene oxide. 
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Table 1 Organocatalytic synthesis of 1,4-dioxepines 

 

R
1
 R

2
 R

3
 R

4
  R

5
 R

6
 R

7
 R

8
  Product 

Me H H H 1a H H H Ph 2a 4a 

Me H H H 1a H H Me Me 2b 4b 

Me H H H 1a H -(CH2)4- H 2c 4c 

Ph H H H 1b H H H Ph 2a 4d 

Ph H H H 1b H H Me Me 2b 4e 

Ph H H H 1b H -(CH2)4- H 2c 4f 

H H H Me 1c H H H Ph 2a - 

H H H Me 1c H H Me Me 2b - 

H H H Me 1c H -(CH2)4- H 2c - 

 

 

Scheme 1 Ionic structures of the epoxides 

and visualization of the hyperconjugation effect 

 

Conclusions 

Out of nine desired products we were able to synthesize six 1,4-dioxepine derivatives. Unfor-

tunately, we were not capable of satisfyingly purify these products. 

 

Experimental Section 

General Remarks 

All chemicals were purchased from Acros Organics, Alfa Aesar, Fluka, Merck, and Sigma 

Aldrich in the highest purity available and were used – in case of liquids – after distillation 

over 5, 10, or 20 cm Vigreux columns (in vacuo if needed). Distilled chemicals were stored 
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under an argon atmosphere over MS 3 Å. CDCl3 was purchased from Deutero GmbH and 

stored over MS 3 Å. Glassware and stirring bars were cleaned in a laboratory washer with 

first Extran
©

 (Merck), then phosphoric acid, and last fresh water. Glassware was then dried in 

an oven at 120 °C. All reactions were run in 10 mL single-necked flasks (Schott DURAN
®
) 

with PTFE-coated magnetic stirring bars. The flasks were sealed with plastic plugs. Thiourea 

derivative 3 was directly weighed into the reaction flasks. Liquid chemicals were transferred 

with 1 mL or 5 mL syringes, respectively, with thin cannulas. The reaction outcome was de-

termined by GC/MS analyses with a Quadrupol-MS HP MSD 5971 and a HP 5890A GC 

equipped with a HP5 crosslinked silica GC column (25 m × 0.2 mm, 0.33 micron stationary 

phase: 5% phenyl and 95% methyl silicone) using helium as carrier gas; temperature program: 

60–250 °C (heating rate: 15 °C/min), injector and transfer line 250 °C. Samples were taken 

directly from the stirred reaction mixture with a 10 μL Hamilton syringe and were injected 

immediately. 
1
H NMR and 

13
C NMR spectra were recorded with Bruker Avance II (AV 400) 

or Bruker Avance III (600 MHz) spectrometers using CDCl3 as a solvent and the solvent re-

sidual peaks [δ(
1
H) = 7.26 ppm], δ(

13
C) = 77.0 ppm] as well as TMS [δ(

1
H) = 0.00 ppm], 

δ(
13

C) = 77.0 ppm] as standard. 

 

Typical Procedure 

Thiourea derivative 3 (20.1 mg, 0.02 mmol, 2 mol%) was weighed directly into a 10 mL one-

necked flask. Then crotonaldehyde (1a, 1.6 mL, 10 mmol, 10 equiv.) and styrene oxide (2a, 

0.24 mL, 1 mmol) were added under stirring at rt. The resulting colorless solution was al-

lowed to be stirred for 24 h. Then the solution was objected to GC/MS analysis. 

 

Attempts towards Purification 

First of all, we tried the purification via column chromatography on silica gel using ethyl ace-

tate/n-pentane 1:5 as described by Wang et al. As this turned out not to be working, we tried 

column chromatography on neutral aluminum oxide. Again, we could not receive the desired 

product with a satisfying purity. We then focused on preparative TLC. Here, we were not able 

to separate the several fractions akin to the experiments with column chromatography. We 

tried to distill the reaction solutions to remove the excess component. This was leading to 

decomposition. In the next step, we objected the reaction solutions to HPLC. We were able to 

separate one product quite well. The four other products had been decomposed before the 

separation could be started. In the next step, we tried column chromatography again, but this 

time with longer and thinner columns. Also, this was not leading to properly purified prod-
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ucts. Then, we tried to use a gradient (ethyl acetate/n-pentane 1:30 → 1:25 → 1:20 → 1:15 → 

1:10 → 1:5, each time ca. 100 mL) to elute the products. In these cases the yields were very 

low and sometimes the products had been decomposed before analytics could be run. The idea 

of performing preparative GC was rejected because of the products’ instability. As ultima 

ratio, we tried the derivatization of these enol ether-like products via a Diels–Alder 

cycloaddition. This made the situation worse. We added 10.5 equivalents of freshly cracked 

cyclopentadiene, because not only the desired product but the remaining 9 equivalents of α,β-

unsaturated aldehyde were supposed to react with the diene as well. Via GC/MS analysis we 

could observe the dimer of cyclopentadiene, two adducts of crotonaldehyde with 

cyclopentadiene and styrene oxide. The desired dioxepine–diene-adduct could not be ob-

served. So we made TLC analysis of the reaction mixture in six different eluents. We were 

not able to find any spot clearly assigned to the desired adduct. 

 

(Z)-5-Methyl-2-phenyl-3,5-dihydro-2H-1,4-dioxepine (4a). New compound. Rf = 14.73 min 

and 14.86 min (two diastereomers). Molecular weight calcd for C12H14O2 190.24, 

found 190. 

 

 

(Z)-2,2,5-Trimethyl-3,5-dihydro-2H-1,4-dioxepine (4b). New compound. Rf = 7.85 min. 

Molecular weight calcd for C8H14O2 142.20, found 142. 

 

 

(Z)-2-Methyl-5a,6,7,8,9,9a-hexahydro-2H-benzo[b][1,4]dioxepine (4c). New compound. Rf 

= 12.67 min. Molecular weight calcd for C10H16O2 168.23, found 168. 

 

 

(Z)-2,5-Diphenyl-3,5-dihydro-2H-1,4-dioxepine (4d). New compound. Rf = 21.07 min and 

21.58 min (two diastereomers). Molecular weight calcd for C17H16O2 252.31, 

found 193. 

 

 

(Z)-2,2-Dimethyl-5-phenyl-3,5-dihydro-2H-1,4-dioxepine (4e). Rf = 15.56 min. Molecular 

weight calcd for C13H16O2 204.26, found 204. 
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(Z)-2-Phenyl-5a,6,7,8,9,9a-hexahydro-2H-benzo[b][1,4]dioxepine (4f). New compound. Rf 

= 18.89 min. Molecular weight calcd for C15H18O2 230.30, found 231. 
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Chromatograms and Mass Spectra 
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7 Attempts towards the Bishydroxylation of Alkenes via Epoxide 

Intermediates 

Introduction 

Over a period of 20 years, the group around Sharpless developed an asymmetric 

dihydroxylation of alkenes (Scheme 1).
[1]

 First, they utilized tert-butyl hydrogen peroxide as 

the oxidant in an alkaline solution instead of metal chlorates or hydrogen peroxide.
[2]

 In the 

next step, they found out that diethylammonium acetate can be used in acetone for base-

sensitive substrates.
[3]

 The improvement of this reaction went on with the utilization of cin-

chona alkaloids as chiral ligands
[4-5]

 and the slow addition of the olefin.
[6-7]

 Their studies con-

cluded with the development of new ligands.
[8-10]

 In the year 2001, Sharpless was awarded the 

Nobel Prize in Chemistry – together with Knowles and Noyori – "for his work on chirally 

catalysed oxidation reactions".
[11-12]

 

 

 

Scheme 1 The asymmetric dihydroxylation developed by Sharpless et al.
[1]

 

 

The aim of the project described in this chapter was to develop a kind of “organocatalytic 

Sharpless dihydroxylation”. With the concept of the cooperative alcoholysis of styrene oxi-

des
[13]

 (vide supra) in mind, we reasoned that to achieve this goal it should be possible to first 

oxidize an alkene to the respective epoxide. This epoxides could subsequently be opened by 

water under catalysis with a (chiral) thiourea derivative, and – if necessary – mandelic acid 

(Scheme 2). 
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Scheme 2 Hypothesis for an “organocatalytic Sharpless dihydroxylation” 

 

The opening of epoxides by water is a well-known reaction.
[14-17]

 The miscibility of epoxides 

with water is very good.
[18]

 Vilotijevic et al. as well as Wang et al. described water-promoted 

hydrolyses of epoxides.
[17, 19]

 

 

Results and Discussion 

The catalysts or catalytic systems we utilized consisted of mandelic acid (1), phenylglyoxylic 

acid (2), and N,N’-bis[3,5-bis(trifluoromethyl)phenyl]thiourea (3) (Scheme 3). 

 

 

Scheme 3 Catalysts utilized in the attempted conversions shown below 

 

In the first experiments we tried tert-butyl hydroperoxide as the oxidant. As solvents we chose 

various substances or substance mixtures such as water or a water/THF mixture (Table 1). In 

all cases a conversion to the respective vicinal diol could not be observed; however, in some 

cases considerable amounts of cyclohexene oxide and traces of styrene oxide were detected 

via GC/MS analysis. 
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Table 1 Conditions for the attempted bishydroxylation utilizing tert-butylhydroperoxide as 

the oxidant 

 

R
1
 R

2
 Catalyst(s) Solvent Time 

-(CH2)4- 1
b
 H2O

f
 6 d 

-(CH2)4- 1
b
 H2O/THF (1:1 Vol)

f
 5 d 

-(CH2)4- 1
b
 H2O/DCM (1:1 Vol)

g
 25 h 

Ph H 1
b
 H2O

f
 6 d 

Ph H 1
b
 H2O/THF (1:1 Vol)

f
 5 d 

Ph H 1
b
 H2O/DCM (1:1 Vol)

g
 26 h 

Ph H 1 + 3
c
 H2O

h
 7 d 

Ph H 1
a, d, e

 abs. DCM
g
 7 d 

Ph H 2
b, d

 abs. DCM
g
 19 h 

a 
1.0 equiv. 

b 
10 mol% 

c 
1 mol% 

d 
1.0 equiv. t-BuOOH 

e 
5 mol% 

f 
2 mL 

g 
1 mL 

h 
12 equiv. 

 

Thus, we tried in the next step to use m-CPBA as the oxidant; as solvent we chose water. In 

all five cases shown in Table 2 the respective diol 6b could be observed via GC/MS analysis, 

even without any catalyst. We suggest these results are due to m-chlorobenzoic acid being 

present due to reduction of m-CPBA. This acid is strong enough (pKa = 3.83)
[20]

 to catalyze 

the conversion of the intermediate epoxides to the respective diol with water in contrast to 

tert-butanol (pKa = 17.0)
[20]

. In 5 mL of water, the reaction shows a conversion of only 79% 

even after 65 h. We believe this is due to the 2.5-fold higher dilution decreasing the likeliness 

of reactive collisions between the reactants. 

Thus, in a third series of experiments, we utilized hydrogen peroxide (9) as an oxidant in wa-

ter. The results are summarized in Table 3. As in the experiments with tert-butyl hydrogen 

peroxide the desired product could not be observed via GC/MS analyses; however, in a few 

examples we detected benzaldehyde in our reaction mixtures. 
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Table 2 Results for the attempted dihydroxylation utilizing m-CPBA as the oxidant 

 

Catalyst Time/h Conv./%
b
 Product 

1 20 100 6b 

2 21,5 100 6b 

- 21 100 6b 

- 22,5 100 6b 

-
a
 65 79 6b 

                                             a 
5 mL H2O 

b 
GC/MS analysis 

 

Table 3 Conditions and results of the attempted dihydroxylation of alkenes utilizing hydrogen 

peroxide as the oxidant 

 

R
1
 R

2
 Catalyst(s) Temperature Time 

Ph H 2 rt 22 h 

-(CH2)4- 2 rt 7 d 

Ph H 2 50 °C 6 d 

-(CH2)4- 2 50 °C 6 d 

Ph H 2 + 3
a
 rt 6 d 

-(CH2)4- 2 + 3
a
 rt 6 d 

Ph H 2 + 3
a
 50 °C 7 d 

-(CH2)4- 2 + 3
a
 50 °C 7 d 

                         a 
1.5 equiv. of H2O2 

 

The forth oxidant we tried was oxone. Again, a conversion of styrene to the respective vicinal 

diol was not observable (Table 4). 
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Table 4 Conditions and results of the attempted dihydroxylation of alkenes utilizing oxone as 

the oxidant 

 

Catalyst(s) Temperature Time/d 

1 + 3 rt 6 

1 rt 6 

3 rt 6 

1 + 3 50 °C 5 

1 50 °C 5 

3 50 °C 5 

2 + 3 rt 8 

2 rt 8 

3 rt 8 

2 + 3 50 °C 5 

2 50 °C 5 

3 50 °C 5 

                                   a 
GC/MS analysis 

 

Conclusions 

An “organocatalytic Sharpless dihydroxylation” could not be developed. Four different oxi-

dants were tried to make the reaction feasible in an “organocatalytic mode” without any suc-

cess. Nevertheless, the reaction was feasible utilizing m-CPBA as the oxidant but without any 

catalyst differing from the respective m-chlorobenzoic acid built in the course of the reaction. 

 

Experimental Section 

General Remarks 

All chemicals were purchased from Acros Organics, Alfa Aesar, Fluka, Merck, and Sigma 

Aldrich in the highest purity available and were used – in case of liquids – after distillation in 

vacuo over Vigreux columns, or without further purification in case of solid chemicals. Dis-

tilled chemicals were stored under an argon atmosphere. All reactions were run in 10 mL sin-

gle-necked flasks (Schott DURAN
®
) with PTFE-coated magnetic stirring bars. The flasks 

were sealed with glass plugs equipped with PTFE thin wall sleeves. The thiourea derivative, 
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mandelic acid, phenylglyoxylic acid, and oxone were directly weighed into the reaction 

flasks. Liquid chemicals were transferred with 1 mL syringes with thin cannulas. The reaction 

outcome was determined by GC/MS analyses with a Quadrupol-MS HP MSD 5971 and a HP 

5890A GC equipped with a HP5 crosslinked silica GC column (25 m × 0.2 mm, 0.33 micron 

stationary phase: 5% phenyl and 95% methyl silicone) using helium as carrier gas; tempera-

ture program: 60–250 °C (heating rate: 15 °C/min), injector and transfer line 250 °C. Samples 

were taken directly from the stirred reaction mixture with a 10 μL Hamilton syringe and were 

injected immediately. 
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8 Attempts towards the Synthesis of Oxazolidinones via the 

Organocatalytic Opening of Epoxides with Isocyanates 

Introduction 

As already mentioned in Chapter 4, epoxides are very useful substrates in organic transfor-

mations.
[1-3]

 The opening of epoxides with isocyanates is a long-known reaction; it leads to 

oxazolidinone derivatives.
[4-9]

 Some oxazolidinone derivatives have antimicrobial 

properties.
[10-12]

 Thus, synthesizing oxazolidinone derivatives is of some interest. Especially 

an asymmetric variant would be important for the synthesis of chiral oxazolidinone deriva-

tives such as Evans auxiliaries. Unsurprisingly, this epoxide opening reaction is usually cata-

lyzed by Lewis acids. Catalysts reported thus far include tetraphenylstibium iodide,
[13]

 lantha-

nide salts,
[14]

 or lithiumbromide/tributyl-phosphonium oxide
[15]

 – to mention just a few exam-

ples. In 2008, Janssen and coworkers published a synthesis of enantiopure oxazolidinones 

through the opening of epoxides with isocyanates which was catalyzed by halohydrin 

dehalogenase.
[16]

 Encouraged by this enzyme-catalyzed epoxide opening, we envisioned that 

an organocatalyzed oxazolidinone synthesis utilizing thiourea derivatives could be feasible. 

 

Results and Discussion 

Scheme 1 summarizes the catalysts we utilized in trying the oxazolidinone synthesis. Addi-

tionally to thiourea catalyst 1 and mandelic acid (2), we tried triethylamine (3), pyridine (4), 

phosphoric acid (5) and phenylglyoxylic acid (6). 

 

 

Scheme 1 Catalysts used in our attempts to synthesize oxazolidinones 

 

We tried to run the reaction with thiourea catalyst 1, catalysts 1 and mandelic acid (2), 1 in 

addition with triethylamine (3), 1 and pyridine (4), as well as with the catalysts 3, 4, and 5 

alone. The reactions were done in DCM or in toluene. Furthermore, we tried four different 

temperatures between 0 and 50 °C; additionally, in two cases we worked under Argon atmos-
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phere. In all these cases a conversion to the respective oxazolidinone derivative could not be 

observed via GC/MS analysis even after several days (Table 1). 

 

Table 1 Attempted conversion of various epoxides with ethyl isocyanate and different cata-

lysts/catalyst systems as well as various conditions 

 

R
1
 Catalyst(s) Conditions Time/d 

H 1 DCM, rt 12 

H 1 DCM, 30 °C 9 

H 1 DCM, Ar atm., rt 7 

H 1 + 2 DCM, rt 5 

H 1 + 2 DCM, Ar atm., 30 °C 4 

H 1 + 3 DCM, rt 3 

H 3 DCM, rt 3 

H 1 + 4 DCM, rt 3 

H 4 DCM, rt 3 

H 1 + 2 toluene, 50 °C 2 

H 1 + 2 DCM, 0 °C 3 

H 1 + 3 toluene, Ar atm., 50 °C  2 

H 5 DCM, rt 10 

H 5 toluene, 50 °C 6 

H 1 toluene, 50 °C 3 

H 1 + 4 toluene, 50 °C 3 

Me 1 DCM, rt 7 

 

In the next step, we changed ethyl isocyanate to phenyl isocyanate. Again, we tried various 

catalysts under various conditions. We tried catalyst 1, catalyst 1 in addition to mandelic acid 

(2), catalyst 1 in addition to phenylglyoxylic acid (6), only 2 or only 5. The reaction was done 

at rt as well as 50 °C; as solvents we used DCM or toluene. In three cases, we worked under 

an Argon atmosphere. Even after several days, we were not able to detect any desired prod-

ucts by GC/MS analysis (Table 2). 
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Table 2 Attempted conversion of various epoxides with phenyl isocyanate and different cata-

lysts/catalyst systems as well as various conditions 

 

R
1
 Catalyst(s) Conditions Time/d 

H 1 DCM, Ar atm., rt 4 

H 1 + 6 DCM, Ar atm., rt 2 

H 1 + 6 toluene, Ar atm., 50 °C 2 

H 5 DCM, rt 5 

H 5 toluene, 50 °C 6 

H 1 toluene, 50 °C 3 

Me 1 DCM, rt 14 

Me 1 toluene, 50 °C 6 

Me 1 + 2 DCM, rt 6 

Me 2 DCM, rt 6 

 

To finish this project, we made a last attempt using chlorosulfonyl isocyanate, a very reactive 

isocyanate, in addition to styrene oxide (Table 3). After three days in case of DCM or around 

23 h in THF at rt, a conversion to the desired product could be seen; but this happens to be the 

case even without any catalyst. 

 

Table 3 Attempted conversion of styrene oxide with chlorosulfonyl isocyanate 

 

Solvent Time 

DCM 3 d 

THF 22 h 45 min 

 

Conclusions 

We did not succeed in synthesizing oxazolidinone derivatives in an organocatalyzed manner. 
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Experimental Section 

General Remarks 

All chemicals were purchased from Acros Organics, Alfa Aesar, Fluka, Merck, and Sigma 

Aldrich in the highest purity available and were used – in case of liquids – after distillation in 

vacuo over Vigreux columns, or without further purification in case of solid chemicals. DCM 

was distilled from CaH2, toluene from sodium/benzophenone. Distilled chemicals were stored 

under an argon atmosphere. All reactions were run in 10 mL single-necked or two-necked 

flasks (Schott DURAN
®

) with PTFE-coated magnetic stirring bars. The flasks were sealed 

with glass plugs equipped with PTFE thin wall sleeves. Solid chemicals were directly 

weighed into the reaction flasks. Liquid chemicals were transferred with 1 mL syringes with 

thin cannulas or Eppendorf pipets. The reaction outcome was determined by GC/MS analyses 

with a Quadrupol-MS HP MSD 5971 and a HP 5890A GC equipped with a HP5 crosslinked 

silica GC column (25 m × 0.2 mm, 0.33 micron stationary phase: 5% phenyl and 95% methyl 

silicone) using helium as carrier gas; temperature program: 60–250 °C (heating rate: 15 

°C/min), injector and transfer line 250 °C. Samples were taken directly from the stirred reac-

tion mixture with a 10 μL Hamilton syringe and were injected immediately. 

 

Typical Procedure 

1 (49.8 mg, 0.1 mmol, 10 mol%) was weighed directly into a 10 mL one-necked flask fol-

lowed by addition of 2 mL of DCM. Afterwards, styrene oxide (7a, 0.11 mL, 1 mmol) and 

ethyl isocyanate (8, 79.2 µL, 1 mmol, 1 equiv.) were added. The then clear and colorless solu-

tion was allowed to stir for the above mentioned time at rt. 
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9 Attempts towards an Organocatalyzed Prins Reaction 

Introduction 

In 1919, Prins published his findings “over de condensatie van formaldehyd met eenige 

onverzadigde verbindingen” (about the condensation of formaldehyde with some unsaturated 

compounds).
[1-2]

 He reacted formaldehyde with styrene, anethol, isosafrol and some terpenes 

in the presence of acidic acid. Thus, the Prins reaction is a carbon–carbon bond forming reac-

tion between an alkene and an aldehyde or ketone; it is typically catalyzed by Brønsted or 

Lewis acids.
[3-4]

 Which product is formed is dependent on the reaction conditions. The for-

mation of α,β-unsaturated alcohols, alcohols with nucleophilic substituents in the γ-position as 

well as the formation of acetals is possible (Scheme 1).
[4]

 The Prins reaction can be catalyzed 

by Lewis acids
[5]

; Brønsted acidic ionic liquids have been applied as catalysts as well.
[6]

 The 

Prins reaction and the Prins cyclization are important tools for the synthesis of natural prod-

ucts like Beraprost
[4]

 (used against pulmonary arterial hypertension),
[7]

 Leucascandrolide A (a 

substance with antifungal and cytotoxic properties)
[8]

 core,
[4]

 or Chatancin
[4]

 (a platelet acti-

vating factor antagonist).
[9]

 In 2012, Fache and coworkers published a solvent- and metal-free 

method for the Prins cyclization.
[10]

 

 

 

Scheme 1 The possible products formed in a Prins reaction 

 

Because of thiourea derivatives being weak Brønsted acids and acting akin to Lewis acids,
[11]

 

we envisioned that an organocatalyzed method utilizing thiourea derivatives should be possi-

ble to build γ-substituted alcohols or acetals (Scheme 2). 
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Scheme 2 Hypothetic Mechanism for an Organocatalyzed Prins Reaction 

 

Results and Discussion 

First, we tried to convert benzaldehyde (1a) with styrene (2a) and ethanol (3) to the respective 

product 5a under catalysis with N,N’-bis-3,5[bis(trifluoromethyl)phenyl]thiourea (4). The 

GC/MS analysis showed only educts. Therefore, we chose to utilize better nucleophiles such 

as amines. We tried a reaction between 1a, 2a, and isopropylamine (6a). This was just leading 

to the formation of imine 7a. In the next step, we envisioned that we had to make the reaction 

between aldehyde and alkene faster. Thus, we changed from styrene (2a) to 

cyclohexylvinylether (2b) – thinking the oxygen would make it a better nucleophile. But 

again, with vinylether 2b and aniline (6b) in hand, we only saw the respective imine 7b as a 

product via GC/MS analysis (Scheme 3). 
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Scheme 3 Attempted Prins reactions catalyzed by thiourea derivative 4 

 

After we saw that thiourea derivative 4 alone would not be working as a catalyst we thought 

to use the cooperative catalysis system of 4 with mandelic acid (8) created in our group.
[12]

 

First, we tried a reaction between p-chlorobenzaldehyde (1c), vinyl ether 2b and ethanol (3). 

The GC/MS analysis only showed the substrates. In the next step, we replaced the nucleophile 

ethanol by aniline (6b). In this case, the respective imine 7c, cyclohexanol (9) and the sub-

strates could be observed via GC/MS analysis. Finally, we thought to try the acetal formation 

of 2b with 1c. However, only the substrates could be detected with GC/MS analysis (Scheme 

4). 
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Scheme 4 Attempted Prins reactions catalyzed by thiourea derivative 4 and mandelic acid (8) 

 

In 2011, a thiourea–silicon Lewis acid was developed in our group.
[13]

 Scheme 5 shows the 

formation of this novel Lewis acid. We envisioned that the Prins reaction could be feasible 

with this Lewis acid. Thus, we tried to convert vinyl ether 2b with aldehyde 1c to the respec-

tive acetal. Again, only cyclohexanol (9) and the substrates were observable via GC/MS anal-

ysis (Scheme 6). 

 

 

Scheme 5 Formation of thiourea–silicon Lewis acid 13 
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Scheme 6 Attempted Prins reactions catalyzed by thiourea derivative 4 and silicon tetrachlo-

ride (11) 

 

Next, we thought to get away from thiourea derivatives and to come to a chiral phosphoric 

acid (CPA). We tried Akiyama’s CPA, developed in 2005,
[14]

 bearing 

bis(trifluoromethyl)phenyl groups like the thiourea derivative utilized in the first experiments. 

Again, we tried to convert aldehyde 1b with vinyl ether 2b and ethanol (3). GC/MS analysis 

identified cyclohexanol (9), the substrates, and an unknown compound. Next, we tried the 

acetal formation between 2b and 1c. Cyclohexanol (9), the substrates, and an unidentified 

compound could be observed via GC/MS analysis. Hence, the reaction mixture was purified 

by column chromatography, and the isolated compounds were analyzed by NMR and IR spec-

troscopy. We could identify p-chlorobenzyl alcohol as a product, however, it is not identical 

with the unknown compound seen by GC/MS analysis (Scheme 7). 

Finally, we tried to utilize a catalyst system consisting of thiourea derivative 4 and 

trietylamine (17), and a bifunctional thiourea derivative – Takemoto’s catalyst developed in 

2003
[15]

 – bearing both a bis(trifluoromethyl)phenyl as well as a chiral dimethylated 

cycloheyldiamine moiety. With both catalysts/catalyst systems we tried the identical reactions 

– the conversion of aldehydes 1c with 2b and aniline (6b) and the acetal formation of 2b with 

1c. In case of catalyst system 4/17 we observed in the first reaction the respective imine 7c 

and the substrates via GC/MS analysis. The GC/MS as well as the NMR analysis of the acetal 

formation’s reaction mixture revealed only the starting compounds (Scheme 8). 
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Scheme 7 Attempted Prins reactions catalyzed by chiral phosphoric acid 15 

 

 

Scheme 8 Attempted Prins reactions catalyzed by thiourea derivative 4 and triethylamine (17) 

 

With Takemoto’s thiourea derivative as a catalyst we could observe the imine 7c, the sub-

strates, and an unknown compound by GC/MS analysis in the first reaction. In case of the 

acetal formation only the substrates could be found by GC/MS as well as NMR analysis 

(Scheme 9). 
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Scheme 9 Attempted Prins reactions catalyzed by thiourea derivative 18 

 

Conclusions 

An organocatalytic Prins reaction is not feasible with the catalysts and catalyst systems we 

tried. 

 

Experimental Section 

General Remarks 

All chemicals were purchased from Acros Organics, Alfa Aesar, Fluka, Merck, and Sigma 

Aldrich in the highest purity available and were used – in case of liquids – after distillation in 

vacuo over Vigreux columns, or without further purification in case of solid chemicals. Dis-

tilled chemicals were stored under an argon atmosphere. Cleaning of glassware and stirring 

bars was done in a laboratory washer with first Extran
©

 (Merck), then phosphoric acid, and 

last fresh water. Drying was done in an oven. All reactions were run in 10 mL single-necked 

flasks (Schott DURAN
®

) with PTFE-coated magnetic stirring bars. The flasks were sealed 

with glass plugs equipped with PTFE thin wall sleeves. The thiourea derivative, mandelic 

acid, the chiral phosphoric acid, and solid aldehydes were directly weighed into the reaction 

flasks. Liquid aldehydes, alkenes, and alcohols or amines, respectively, were transferred with 

1 mL syringes with thin cannulas. The reaction outcome was determined by GC/MS analyses 

with a Quadrupol-MS HP MSD 5972 and a HP 5890 GC equipped with a HP5 crosslinked 

silica GC column (23 m × 0.2 mm, 0.5 micron stationary phase: 5% phenyl and 95% methyl 

silicone) using helium as carrier gas; temperature program: 60–250 °C (heating rate: 15 

°C/min), injector and transfer line 250 °C. Samples were taken directly from the stirred reac-

tion mixture with a 10 μL Hamilton syringe and were injected immediately. 
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Typical Procedure 

4-Chlorobenzaldeyde (1c, 140.9 mg, 1 mmol), thiourea derivative 4 (50.3 mg, 0.1 mmol, 10 

mol%), and (R)-(–)-mandelic acid (8, 15.2 mg, 0.1 mmol, 10 mol%) were weighed into a 10 

mL one-necked flask at rt followed by addition of toluene (5 mL). Then, cyclohexylvinylether 

(2b, 0.16 mL, 1.1 mmol, 1.1 equiv.) and aniline (6b, 0.10 mL, 1.1 mmol, 1.1 equiv.) were 

added via syringe. The reaction mixture was stirred overnight at rt. 
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10 Outlook 

Building up a connection between the NMR titrations as well as the IR studies (Chapter 2) 

and the mechanistic studies on the alcoholysis of styrene oxides (Chapter 4) described in this 

thesis can be considered as the first step to advance further examinations. Observation of the 

complexation between thiourea derivative 1 and mandelic acid (2) as well as 2-methyl-2-

phenyloxirane (3) or the respective β-alcoxy alcohols 4 (Figure 1) could enlighten the remark-

able temporary progress of the epoxide ring-opening by alcohols. A ternary complex built of 

thiourea derivative 1, madelic acid (2) and styrene oxide(s) was proposed as an important part 

in the reaction mechanism.
[1]

 

 

 

Figure 1 Substances for further NMR and IR complexation studies 

 

We learned that with NMR titration experiments and IR studies it is possible to observe a 

complexation between thiourea derivatives and carbonyl compounds. If we transfer this find-

ing to the alcoholysis of styrene oxides it could be possible to observe a complexation be-

tween these three substances and thus provide a proof for the existence of the proposed ter-

nary complex. Furthermore the IR studies described in Chapter 2 could be developed further 

into a rapid method of screening for libraries of organocatalysts.
[2]

 This method can deliver 

data on the activity of the possible catalyst very quickly just by the “degree of complexation”, 

i.e., the amount of complexed species, observed via IR spectroscopy. The more complexed 

species can be observed, the more likely is the catalyst to be a highly active organocatalyst. 

In case of the Passerini reaction – which worked even at lowered temperatures of –10 °C – 

one could lower the temperature even further to, e.g., –78 °C. If the reaction would not work 

without a catalyst but works with one at this temperature it would be possible to keep an eye 

on the creation of an asymmetric variant of this reaction. The utilization of a chiral or 

bifunctional thiourea derivative or a chiral phosphoric acid, for instance, could furnish 

enantiomerically enriched products then. 

The next step in the synthesis of 1,4-dioxepines also is the development of a diastereo- and 

enantioselective version of this reaction. Possible catalysts for these conversions could be 

chiral and/or bifunctional thiourea derivatives. Because of the reaction’s hypothetic mecha-

nism the Nagasawa catalyst
[3]

 appears as a promising choice for this system. The Nagasawa 
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catalyst incorporates two thiourea moieties thus giving the possibility of complexing two sub-

stances at once. This brings the two substances nearer together and provides the attack of the 

anion by one site (Scheme 1). 

 

 

Scheme 1 The Nagasawa catalyst as a choice for the asymmetric synthesis of 1,4-dioxepines 

 

However, the purification of these 1,4-dioxepine derivatives will remain a challenging task. 

To avoid decomposition of the substances it would be maybe helpful to silanize all glassware 

utilized in this reaction. This could prevent decomposition of the products by protons attached 

to the glassware walls.
[4]

 

 

To follow these studies up will widen and deepen the understanding of thiourea 

organocatalysts’ mode of action as well as pave the way for the creation of organocatalyzed 

reactions and novel organocatalysts. 
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