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The great tragedy of Science: 

The slaying of a beautiful hypothesis 

by an ugly fact. 

 

Thomas Henry Huxley (1825-1895) 

 

 

 

 



        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



        

Publications  

 

Sawatzky, E.; Al-Momani, E.; Kobayashi, R.; Higuchi, T.; Samnick, S.; Decker, M. A Novel Way to 

Radiolabel Human Butyrylcholinesterase for Positron Emission Tomography through Irreversible Transfer of 

the Radiolabelled Moiety. ChemMedChem  2016, 11, 1540-1550. (cf. Appendix 1) 

 

Sawatzky, E.; Wehle, S.; Kling, B.; Wendrich, J.; Bringmann, G.; Sotriffer, C. A.; Heilmann, J.; Decker, M. 

Discovery of Highly Selective and Nanomolar Carbamate-Based Butyrylcholinesterase Inhibitors by Rational 

Investigation into Their Inhibition Mode. J. Med. Chem. 2016, 59, 2067-2082. (cf. Appendix 2) 

 

Dolles, D.; Nimczick, M.; Scheiner, M.; Ramler, J.; Stadtmüller, P.; Sawatzky, E.; Drakopoulos, A.; Sotriffer, 

C.; Wittmann, H.-J.; Strasser, A.; Decker, M. Aminobenzimidazoles and Structural Isomers as Templates for 

Dual-Acting Butyrylcholinesterase Inhibitors and hCB2R Ligands to Combat Neurodegenerative Disorders. 

ChemMedChem 2016, 11,1270-1283. 

 

Darras, F. H.; Kling, B.; Sawatzky, E.; Heilmann, J.; Decker, M. Cyclic Acyl Guanidines Bearing Carbamate 

Moieties Allow Potent and Dirigible Cholinesterase Inhibition of either Acetyl- or Butyrylcholinesterase.  

Bioorg. Med. Chem. 2014, 22, 5020-5034. 

 

Sawatzky, E.; Bukowczan, J.; Decker, M. Investigation into Selective Debenzylation and Ring Cleavage of 

Quinazoline Based Heterocycles. Tetrahedron Lett. 2014, 55, 2973-2976. (cf. Appendix 3) 

 

Sawatzky, E.; Drakopoulos, A.; Rölz, M.; Sotriffer, C. A.; Engels, B.; Decker, M.
 
Experimental and Theoretical 

Investigations into the Stability of Cyclic Aminals. Beilstein J. Org Chem., Accepted. (cf. Appendix 4) 

 

 

 

 

 

 



        

Copyrights 

 

Parts of this work have been published previously and are reproduced, adapted and/or modified with permission 

from: 

 

Sawatzky, E.; Al-Momani, E.; Kobayashi, R.; Higuchi, T.; Samnick, S.; Decker, M. A Novel Way to Radiolabel 

Human Butyrylcholinesterase for Positron Emission Tomography through Irreversible Transfer of the 

Radiolabelled Moiety. ChemMedChem  2016, 11, 1540-1550. Copyright (2016) John Wiley and Sons. 

http://onlinelibrary.wiley.com/doi/10.1002/cmdc.201600223/abstract 

 

Sawatzky, E.; Wehle, S.; Kling, B.; Wendrich, J.; Bringmann, G.; Sotriffer, C. A.; Heilmann, J.; Decker, M. 

Discovery of Highly Selective and Nanomolar Carbamate-Based Butyrylcholinesterase Inhibitors by Rational 

Investigation into Their Inhibition Mode. J. Med. Chem. 2016, 59, 2067-2082. Copyright (2016) American 

Chemical Society. 

http://pubs.acs.org/doi/abs/10.1021/acs.jmedchem.5b01674 

 

Sawatzky, E.; Bukowczan, J.; Decker, M. Investigation into Selective Debenzylation and Ring Cleavage of 

Quinazoline Based Heterocycles. Tetrahedron Lett. 2014, 55, 2973-2976. Copyright (2014) Elsevier. 

http://www.sciencedirect.com/science/article/pii/S0040403914005413 

 

Sawatzky, E.; Drakopoulos, A.; Rölz, M.; Sotriffer, C. A.; Engels, B.; Decker, M.
 
Experimental and Theoretical 

Investigations into the Stability of Cyclic Aminals. Beilstein J. Org Chem., Accepted. Copyright (2016) is 

retained by the authors according to the terms of Beilstein Journal of Organic Chemistry 

https://www.beilstein-journals.org/bjoc/home/home.htm 

https://www.beilstein-journals.org/bjoc/about/aboutJournal.htm 

and the Creative Commons Attribution License 

https://creativecommons.org/licenses/by/4.0/legalcode 

 

 

 

 

 



        

Documentation of Authorship 

All individual contributions for each author to the publications reprinted in this thesis as well as unpublished 

manuscripts are listed below: 

 

 

Chapter 3 

(Appendix 1) 

Sawatzky, E. (1); Al-Momani, E. (2); Kobayashi , R. (3); Higuchi, T. (4); Samnick,
 
S. (5); 

Decker, M. (6) A Novel Way to Radiolabel Human Butyrylcholinesterase for Positron Emission 

Tomography through Irreversible Transfer of the Radiolabeled Moiety. ChemMedChem 2016, 11, 

1540-1550. 

Author 1 2 3 4 5 6 Jeßberger, S. Högger, P. 

Study design/concept development x     x   

Synthesis of intermediates and precursors  x        

Analytical characterization of intermediates and 

precursors 
x        

IC50 determination of reference compounds on 

hBChE and hAChE 
x        

Time and concentration dependent inhibition of 

reference compounds on hBChE 
x        

Plasma stability test of reference compounds x      x x 

Radiosynthesis of radiotracers  x   x    

Purification and formulation of radiotracers  x   x    

Ex vivo Autoradiography experiments   x x     

Manuscript writing and correction x     x   

Supervision of Edgar Sawatzky      x   

 

Chapter 4 

(Appendix 2) 

Sawatzky, E. (1); Wehle, S. (2); Kling, B. (3); Wendrich, J. (4); Bringmann, G. (5); Sotriffer, C. 

A. (6); Heilmann, J. (7); Decker, M. (8) Discovery of Highly Selective and Nanomolar 

Carbamate-Based Butyrylcholinesterase Inhibitors by Rational Investigation into Their Inhibition 

Mode. J. Med. Chem. 2016, 59, 2067-2082. 

Author 1 2 3 4 5 6 7 8       

Study design/concept development x       x       

Synthesis of intermediates and test compounds  x              

Analytical characterization of intermediates and 

test compounds 

x              

Enzyme inhibition determination of test 

compounds on eqBChE, hBChE and hAChE 

x              

Time and concentration dependent inhibition of 

reference compounds on hBChE and eqBChE 
x              

Computational studies/Moleculat modeling 

studies 
 x    x         

Sequence comparison of AChE and BChE  x    x         

ORAC Assay   x    x        

Neurotoxicity and –protection of test compounds 

on murine HT-22 cell line 
  x    x        

Enantiomeric resolution of the most active 

compound 
   x x          

Manuscript writing x x    x  x       

Manuscript correction x x   x x  x       

Supervision of Edgar Sawatzky        x       



        

 

 

 

Chapter 5 

 

Sawatzky, E. (1); Decker, M. (2) Dual Addressing of Butyrylcholinesterase by Targeting the 

Catalytic Active Site (CAS) and the Peripheral Anionic Site (PAS). Unpublished. 

Author 1 2             

Study design/concept development x x             

Synthesis of intermediates and test compounds  x              

Analytical characterization of intermediates and 

test compounds 

x              

Enzyme inhibition determination of test 

compounds on eqBChE 

x              

Supervision of Edgar Sawatzky  x             

Chapter 6 

(Appendix 3) 

Sawatzky, E. (1); Bukowczan, J. (2); Decker, M. (3) Investigation into Selective Debenzylation 

and Ring Cleavage of Quinazoline Based Heterocycles. Tetrahedron Lett. 2014, 55, 2973-2976. 

Author 1 2 3            

Study design/concept development x  x            

Synthesis of intermediates and compounds  x x             

Analytical characterization of intermediates and 

compounds 

x              

Evaluation of reduction conditions x x             

Manuscript writing x  x            

Manuscript correction x  x            

Supervision of Edgar Sawatzky   x            

Chapter 7 

(Appendix 4) 

Sawatzky, E. (1); Drakopoulos, A. (2); Rölz, M. (3); Sotriffer, C. A. (4); Engels, B. (5); Decker, 

M. (6)
 
Experimental and Theoretical Investigations into the Stability of Cyclic Aminals. Beilstein 

J. Org Chem., Accepted. 

Author 1 2 3 4 5 6         

Study design/concept development x     x         

Synthesis of intermediates and test compounds  x  x            

Analytical characterization of intermediates and 

test compounds 
x  x            

Conducting calibration lines of test compounds 

on HPLC 
x              

pH-dependent hydrolysis experiments of test 

compounds 
x              

condensation experiments of test compounds x              

MoKa calculations of test compounds  x  x           

Quantum mechanics calculations of test 

compounds 
 x   x          

Conformational search of test compounds  x  x           

Molecular mechanics ring strain comparison of 

test compounds 
 x  x x          

Manuscript writing x x    x         

Manuscript correction x x  x x x         

Supervision of Edgar Sawatzky      x         



        

Declaration of Copyrights and Author Contributions 

 

All published manuscripts used in this cumulative thesis are reprinted and modified with a copyright permission 

of the respective publishers (cf. Copyrights). Used parts are designated by a credit line and a respective link to 

the publishers homepage (cf. Appendix and Copyrights). 

 

All individual contributions of each co-author are listed in the previously shown tables (cf. Documentation of 

Authorship). 

 

 

 

 

 

 

Prof. Dr. Michael Decker Würzburg, 2016  

   

   

   

 

Edgar Sawatzky Würzburg, 2016  

 

 

 

 

 

 

 



        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



        

Acknowledgement 

 

I gratefully acknowledge my supervisor Professor Michael Decker who gave me the possibility to work in his 

group on this challenging and interesting topic, for the freedom he gave me to explore new areas on my own 

without any limitations, and for the kind intellectual and social support during the course of this thesis.  

 

I also want to thank my current and former colleagues Doctor Xinyu Chen, Simon Schramm, Luca Agnetta, 

Martin Nimczick, Doctor Guozheng Huang, Sarah Wehle, Dominik Dolles, Doctor Fouad Darras, Matthias 

Hoffmann, Antonius Drakopoulos and Patricia Stadtmüller for the nice time in- and outside the lab. 

 

I would like to acknowledge all of my cooperation partners who played an impacting role in realizing all of the 

experiments that were necessary for the successful accomplishment of this work: 

 

Professor Takahiro Higuchi and Ryohei Kobayashi from the Center of Inner Medicine at University Hospital in 

Würzburg for the ex vivo autoradiography experiments. 

Professor Samuel Samnick and especially Doctor Ehab Al-Momani from the Center of Inner Medicine at 

University Hospital in Würzburg who have put some work in the synthesis of BChE-radiotracers. 

Professor Petra Högger and Doctor Steffen Jeßberger from the Institute of Pharmacy and Food Chemistry at 

Julius Maximilian University Würzburg for providing human blood plasma samples and for the support in 

conducting the plasma stability analysis.  

Professor A. Christoph Sotriffer and Sarah Wehle from the Institute of Pharmacy and Food Chemistry at Julius 

Maximilian University Würzburg for the docking studies and the development of a binding model in BChE. 

Professor Jörg Heilmann and Doctor Beata Kling from the Institute of Pharmacy at University of Regensburg 

for realizing the neurotoxicity and –protectivity assays as well as for performing the ORAC assay.  

Professor. Gerhard Bringmann and Jan Wendrich from the Institute of Organic Chemsitry at Julius Maximilian 

University Würzburg for the rapid support at the enantiomeric separation. 

Doctor Oksana Lockridge from the Medical Center at University of Nebraska for providing purified human 

butyrylcholinesterase.  

Professor Bernd Engels from Institute of Physical und Theoretical Chemistry at Julius Maximilian University 

Würzburg as well as Professor Christoph A. Sotriffer and Antonios Drakopoulos from the Institute of Pharmacy 

and Food Chemistry at Julius Maximilian University Würzburg for the quantum mechanics calculations and the 

computational studies on the aminal system.  

 

Further, I want to thank the technical support team, Georg Walter, Matthias Völker and Karl Vollmuth, as well 

as the ladies from the secretary, Lieselotte Möhler and Christine Ebner, for their helpful nature to solve all the 

technical and bureaucratic daily problems.  



        

A special thanks goes to Doctor Curd Schollmayer who has become a good friend over time and who supported 

all the NMR-analysis.   

 

I also want to acknowledge my colleagues from the practical course Patrick Nagl, Doctor Florian Seufert, 

Regina Messerer, Antonio Ferraro, Doctor Katja Heinig, Christiane Theiss and Doctor Oliver Wahl for the good 

time we had in supervising students. 

 

A big thanks goes also to all those people that were involved in the correction of this work.  

 

Finally, I want to thank my family and my girlfriend who always gave me the mental power for this work to go 

on and not to give up. 

 

 

 

 

 

 

 

 

 



Ph.D. Thesis      i 

Table of Contents 

Table of contents i 

1. .....  Introduction 1 

 ........ 1.1     Ageing and Diseases 1 

 ........ 1.2     Alzheimer’s Disease 2 

 ........          1.2.1     Amyloid-β Hypothesis 3 

 ........          1.2.2     Tau-Protein Hypothesis 5 

 ........          1.2.3     Oxidative Stress 6 

 ........          1.2.4     Cholinergic Hypothesis 7 

 ........ 1.3     Butyrylcholinesterase 11 

 ........          1.3.1     Involvement in the Cholinergic System during AD Pathogenesis 11 

 ........          1.3.2     Association with Various Diseases 12 

 ........ 1.4     References 13 

2. .....  Scope and Objective 25 

 ........ 2.1     References 27 

3. .....  A Novel Way to Radiolabel Human Butyrylcholinesterase for PET through Irreversible Transfer of 

the Radiolabeled Moiety 29 

 ........ 3.1     Introduction 30 

 ........ 3.2     Design and Development of PET Radiotracers 32 

 ........ 3.3     Enzyme Inhibition and Kinetic Studies 35 

 ........ 3.4     Plasma Stability Analyzes 36 

 ........ 3.5     Ex vivo Autoradiography 37 

 ........ 3.6     Conclusion 38 

 ........ 3.7     References 39 

4. .....  Discovery of Highly Selective and Nanomolar Carbamate-Based Butyrylcholinesterase Inhibitors by 

Rational Investigation into Their Inhibition Mode 45 

 ........ 4.1     Introduction 46 



Ph.D. Thesis      ii 

 ........ 4.2     Compound Design and Synthesis 47 

 ........ 4.3     Enzyme Inhibition and SAR 50 

 ........ 4.4     Kinetic Investigations 53 

 ........ 4.5     Binding Model of Tetrahydroquinazoline Based Carbamates 55 

 ........ 4.6     Neuroprotection and -toxicity 57 

 ........ 4.7     Conclusion 59 

 ........ 4.8     References 59 

5. .....  Dual Addressing of Butyrylcholinesterase by Targeting the Catalytic Active Site (CAS) and the 

Peripheral Anionic Site (PAS) 63 

 ........ 5.1     Introduction 64 

 ........ 5.2     Compound Design and Synthesis 66 

 ........ 5.3     Enzyme Inhibition 69 

 ........ 5.4     Conclusion 70 

 ........ 5.5     Experimental Section 71 

 ........ 5.6     References 81 

6. .....  Investigation into Selective Debenzylation and Ring Cleavage of Quinazoline based Heterocycles 87 

 ........ 6.1     Introduction 88 

 ........ 6.2     Reduction of Tetrahydroquinazolines and Dihydroquinazolinones 90 

 ........ 6.3     Conclusion 93 

 ........ 6.4     References 93 

7. ..... Experimental and Theoretical Investigation into the Stability of Cyclic Aminals 97 

 ........ 7.1     Introduction 98 

 ........ 7.2     Compound Design and Synthesis 99 

 ........ 7.3     pH-Stability Test 101 

 ........ 7.4     Computational Studies and Discussion 103 

 ........ 7.5     Conclusion 106 

 ........ 7.6     References 107 

8. ..... Summary and Outlook 109 



Ph.D. Thesis      iii 

9. ..... Zusammenfassung und Ausblick 113 

10. ... Abbreviations 117 

11. ... Appendix 121 

 

 

 

 

 

 

 

 



  

Ph.D. Thesis    



 Introduction 

Ph.D. Thesis   1 

1. Introduction 

1.1 Ageing and Diseases 

Until the mid of the 20th century, human mortality in developed countries and industrial nations was often 

caused by infectious diseases with bacterial, viral or fungal pathogens. Although infectious diseases still exist 

today, several developments in the medical sector, e.g. vaccination agents or antibiotics, enabled the preventive 

and curative treatment of these diseases; and in part led to the (almost) entire extinction of several infectious 

diseases like pox, measles or polio.  

However, the challenge in drug development, especially in industrial nations, has a new focus. Continuous 

improvements in the medical sector as well as the increasing general prosperity in developed countries have 

caused a vast prolongation of life expectance. In consequence of this demographic change, diseases associated 

with ageing have become one of the major burdens of the modern society in nowadays. Within the top 10 causes 

of death reported by the World Health Organization (WHO) in 2012,[1] age related diseases (when excluding 

cancer as an age related disease) were stated to be the main reasons for mortality in developed countries; with 

disorders of the cardiovascular system like ischemic heart diseases (ranking 1) and hypertension (ranking 9), 

stroke (ranking 2), Alzheimer’s disease and other forms of dementia (ranking 4), and diabetes mellitus (ranking 

8). In addition, age-related non-lethal diseases, like those affecting the locomotory system (e.g. rheumatism, 

osteoarthritis or osteoporosis) or disorders of the sensory organs (e.g. deafness or blindness) are a vast 

economical problem causing immense costs for the health care system. Accordingly, the treatment of such 

diseases has become a hot topic in different interdisciplinary research fields in the last decades. Although 

symptomatic treatments are partially achieved to some degree, a curative therapy often fails in the majority of 

cases as the underlying causes are still not yet thoroughly clarified regarding the complex and multi factorial 

characteristics of age related diseases. Due to this lack of knowledge on the initial pathophysological changes, 

there is a strong requirement for basic research on the pathogenesis of these diseases in order to understand the 

triggering, pivotal and preliminary biochemical alterations of disorders. Only such information can help to 

realize a curative treatment and therefore to increase life quality during aging. 
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1.2  Alzheimer’s Disease 

Alzheimer’s disease (AD) was reported for the first time in literature in 1907 by the German psychiatrist and 

neuropathologist Alois Alzheimer.[2] Alzheimer described the clinical patient Auguste Deter to suffer on several 

psychic symptoms including disorientation, distinct mood changes and loss of her memories. After her death, 

postmortem studies revealed the deposition of neurofibrilliar bundles as well as senile plaques in her brain 

(Figure 1.1) which were unknown until this date.  

 

 

Figure 1.1. Photomicrograph of a temporal cortex postmortem section of a patient with AD indicating the occurrence of senile plaques 

(black arrow) and neurofibrillary tangles (red arrow). Reproduced with permission from ref. [3], Copyright John Wiley and Sons.  

 

Today, AD is known to be the most common form of dementia (50-75% of all known types of dementia[4]) with 

aging as the major risk factor.[5-7] In fact, the incidence rate for dementia increases exponentially with age, with 

the most pronounced increase occurring through the 7th and 8th decades of life.[5] Regarding the general 

increased prosperity in society in the last few decades and in consequence the resulting longer life expectance, it 

is not surprising, that the World Alzheimer’s Report estimated the prevalence of dementia to triple from 46.8 

million cases in 2015 to 131.5 million cases in 2050 (Figure 1.2).[8] And further, the world wide societal costs 

of dementia are estimated to have reached already 818 billion dollars and will dramatically multiply in the 

future.[8]   
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Figure 1.2. The growth in numbers of people with dementia (millions) in high income (HIC) and low and middle income countries 

(LMIC).[8] 

  

Although the impact of AD is dramatically increasing and several interdisciplinary research fields have 

intensively focused on the biochemical mechanisms in the development of AD, cure of AD is still impossible to 

date. Nevertheless, the pathogenesis of AD is mainly determined by specific biochemical changes, including the 

formation of amyloid-β plaques, the hyperphosphorylation of τ-proteins and their aggregation into neurotoxic 

fibrillary tangles, oxidative stress caused cell death, neuroinflammations and the synaptic failure due to the 

imbalance of several neurotransmitter like acetylcholine (ACh) or glutamate.[9-11] The most important 

biochemical changes as well as their therapeutic consequences will be discussed in the following sections. 

 

 

1.2.1  Amyloid-β Hypothesis 

Since Alois Alzheimer observed in his studies the disposition of neurotic plaques in AD patient’s brain, their 

molecular decomposition and especially their biochemical synthesis have been widely investigated and led to 

the development to one of the most important theories for the pathogenesis of AD, the amyloid-β (Aβ) cascade 

hypothesis.[9,11-16]  

The amyloid precursor protein (APP) is an integral type I transmembrane protein of neuronal cells with a single 

transmembrane domain, a large extracellular ectodomain, and a short cytoplasmic tail.[17] The physiological 

function of APP is not yet completely understood but it is known to be involved in the cell adhesion and to have 
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with distinct types of plasma membrane bound receptors.[9,26] Furthermore, several studies showed that Aβ-

oligomers can release Ca2+ from the endoplasmic reticulum causing mitochondrial dysfunction and 

mitochondrial induced apoptosis.[27-29] 

In the course of AD, the Aβ-cascade hypothesis offers a diversity of feasible therapeutic approaches to reduce 

the levels of Aβ: 1) Down regulation of APP processing by inhibiting the function of β-secretease or γ-

secretease, 2) reduction of the APP biosynthesis on the RNA site, 3) increasing the clearance rate of Aβ, e.g. by 

antibodies, or 4) interruption of the Aβ-induced signal pathways.[10,12,15] To date, numerous experimental 

therapeutics have been developed targeting all possibilities of Aβ-oligomer formation and their 

pathophysological roles in Aβ, but none of them have passed phase 3 clinical trials due to their little clinical 

benefits.[12,30]  

 

 

1.2.2  Tau-Protein Hypothesis 

Tau (τ) proteins are microtubule associated proteins (MAP). These proteins are localized in the axons of 

neuronal cells and regulate microtubules assembly to stabilize the cytoskeleton, facilitate axonal transport (e.g. 

of organelles) and mediate cell signaling.[31-33] The function of τ-proteins is mainly regulated through their 

phosphorylation (the largest isoforms has 79 putative phosphorylation sites) by a large set of kinases such as tau 

protein kinase I (GSK3), tau protein kinase II (cdk5), MAP kinase (p38), protein kinase C (PKC), etc..[31] In the 

healthy neuron, τ-proteins are only little phosphorylated as several phosphatases are balancing this system by 

dephosphorylation. However, during AD this equilibrium is interrupted resulting in the hyperphosphorylation of 

τ-proteins (Figure 1.4).[32,34] 

At the current state, there is an increasing evidence, that hyperphosphorylation of τ-proteins triggers a 

conformational change resulting in the detachment of τ-proteins from the microtubules.[35,36] Consequently, the 

integrity of microtubules is impaired followed by a breakdown of intracellular axon transport in neurons.[34] And 

further, soluble hyperphsophorylated τ-proteins aggregate in the neuronal intracellular space to form filaments 

and insoluble neurofibrillary tangles (NFT) which both are causing neuronal dysfunction with successive 

neuronal cell death.[37-39]   

Thorough description in literature regarding pathophysological changes associated with tau-proteins enables 

different therapeutic approaches to prevent τ-protein mediated toxicity: 1) Modulating the τ-protein 

phosphorylation by inhibiting specific kinases or by increasing the phosphatase activity, 2) inhibition of 

τ-protein aggregation into toxic oligomers and NFTs, 3) down regulation of τ-protein expression, or 4) 
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stabilizing of the microtubules.[40,41] However, similar to Aβ-treatment strategies, none of the drug candidates 

targeting τ-protein pathology were approved to date.  

 

 

Figure 1.4. Hyperphosphorylation of τ-proteins is triggering the formation of neurofibrillary tangles. Reproduced with permission from 

ref. [9], Copyright Massachusetts Medical Society.  

 

 

1.2.3  Oxidative Stress 

In a healthy biological system, the formation of reactive oxygen species (ROS) and reactive nitrogen species 

(RNS) is mainly intracellular induced by complexes I and III of the electron transport chain of mitochondria 

during metabolism. Not only, but also exogenous sources like UV-light or ionizing irradiations as well as 
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several endogenous factors are in part responsible for an increased oxidative stress burden.[42,43] Under normal 

physiological conditions, the ROS production is balanced by an intricate antioxidant defense system including 

the enzymatic scavengers superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and 

peroxiredoxins, as well as several low molecular weight ROS scavengers like glutathione or ascorbate.[42,43] 

Nevertheless, certain physiological levels of ROS are recognized to regulate cell signaling in terms of 

propagation of cytokine mediated proinflammatory signals, growth-stimulation or induction of apoptosis.[44-46]  

During AD, ROS-regulation is disturbed by a defect of mitochondria, in particular a dysfunction of 

cytochrome-c oxidase in complex IV of the electron transport chain. These defects trigger the release of ROS 

and might further reduce the energy resources. In consequence, free ROS can oxidize and/or peroxidize 

physiologic important proteins of several cell compartments, thus causing dysfunction and cell damage through 

toxic oxidation products.[47,48] Beyond the physical damage due to high ROS levels, several signal cascades were 

activated by oxidative stress inducing cell apoptosis.[49,50] Interestingly, oxidative stress was also reported to be 

induced by low concentrations of Aβ,
[51-53] probably as a result of Aβ's ability to reduce physiological occurring 

CuII and FeIII into CuI and FeII, respectively, which in turn are the source for ROS formation due to their redox 

potential.[54,55] Therefore, increased oxidative stress might be directly correlated to the pathogenic APP 

processing in the course of AD.  

Nevertheless, although the involvement of oxidative stress in the pathogenesis of AD is well accepted today, 

increased cellular damage through ROS is not necessarily a disease inducing cause. Instead, it is normally the 

result of aging and therefore this process can takes place independently or even much earlier as the first 

pathological symptoms correlated with AD. It should therefore be noted, that this process is not a rapid 

development, rather more a continuous progress in the pathological altered as well as the healthy physiological 

system. 

 

 

1.2.4 Cholinergic Hypothesis 

The cholinergic system is one of the major signal transduction pathways in the central nervous system (CNS), 

comprising a stimulating function which is essential for cognition abilities, e.g. by encoding new memories or 

by modulating learning processes.[56-58] Signaling of this system is mediated through the neurotransmitter 

acetylcholine (ACh), which is biosynthesized in the cytosol of specific neurons, the so called cholinergic 

neurons, where choline acetyltransferase (ChAT) transfers an acyl group from acetyl-CoA onto choline. During 

neuronal signaling, ACh is released from vehicles of the presynaptic neuron into the synaptic cleft, where it 

binds onto two classes of postsynaptic receptors, the muscarinic receptors (mAChR) and the nicotinic receptor 

(nAChR), both named after their selective agonists muscarine and nicotine, respectively. (Figure 1.5)  
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mAChR are G protein-coupled receptors (GPCRs) which are divided into two groups depending on their 

downstream signal cascades after activation. Binding of ACh to either M1, M3 or M5-mAChR activates 

phospholipase C (PLC), which in turn hydrolyses phosphoinositol-1,4,5-biphosphate (PIP2) into two second 

messengers inositol-1,4,5-triphosphate (IP3) and diacylglycerol (DAG).[59] These second messengers cause 

Ca2+-influx from the extracellular space as well as Ca2+-release from the endoplasmic reticulum into the cytosol 

thereby triggering a broad spectra of actions depending on the cell type and the muscarinic receptor 

subtype.[59-61] Binding of ACh to either M2 or M4-mAChR activates inward rectifying K+-channels and induces 

inhibition of the adenyl cyclase (AC) which regulates the molecular amounts of the second messenger cAMP. In 

general, binding of ACh at the mAChR in the CNS, especially at the M1-subtype which is the predominant form 

in the brain, induces the modulation of neurotransmitter release into the cortex and hippocampus as well as the 

reorganization of functional connectivity.[59,62]  

 

 

Figure 1.5. Signal pathways of the cholinergic system. 
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On the other hand, activation of the ligand-gated ionotropic nAChR by ACh induces increased cytoplasmic 

Ca2+-levels over three mechanisms: 1) Direct influx of Ca2+ through the nAChR, 2) indirect Ca2+-influx by 

voltage dependent calcium channels (VDCCs) and 3) release of Ca2+ from the endoplasmic reticulum. These 

nAChR induced signals are reported to cause the release of several neurotransmitters at the presynaptic neuron 

and a fast excitatory signal transmission at the postsynaptic neuron.[63,64]  

To regulate ACh-mediated neurotransmission, ACh is decomposed in the synaptic cleft into choline and acetate 

by acetylcholinesterase (AChE). AChE can occur in a monomeric, dimeric and tetrameric soluble form, but in 

the CNS a hydrophobic tetramer (70-90%) anchored to the plasma membrane of pre- and post-synaptic neurons 

is predominant.[65,66] It is quite remarkably, that AChE is reported to have a hydrolysis rate of more than 10000 

molecules of ACh per second and per molecule of AChE, which is close to the diffusion limitation of ACh to 

AChE’s active site.[67] Therefore, ACh-mediated signaling in the cholinergic system - including its release, its 

interactions with the mAChR and the nAChR as well as its cleavage by AChE - is a process which takes place 

in a few milliseconds.  

Pathological alterations in the cholinergic system linked to neuronal disorders led to the development of the 

cholinergic hypothesis in the early 80s.[68-71] This theory states the impairment of cognitive abilities, in terms of 

memory loss and reduced learning abilities, to be the result of a disruption of the cholinergic system in distinct 

brain areas. By using muscarinic antagonis, like scopolamine,[72] or nicotinic antagonist,[73,74] several 

experiments could support this hypothesis as suppression of ACh-mediated signal transduction through these 

signal pathways causes memory deficits. Historically, the first indication for AD development as a consequence 

of impairments of the cholinergic system was attributed to a significantly reduced activity of ChAT in specific 

brain areas of AD patients.[75-77] Although deficits in ChAT activity might well cause a cognitive decline, 

different reports disproved a causal correlation between a reduced ChAT-activity as the triggering event for AD 

pathogenesis as no physiological alterations in ChAT levels were found at early stages of AD or during mild 

cognitive impairment (MCI).[78,79] Also a reduced activity of the vesicular acetylcholine transporter (VAChT) or 

cell death of cholinergic neurons were investigated regarding their involvement in the development of AD. 

Similar to ChAT, pathological changes of these biomarkers were only found in progressed AD but none of them 

was proven to be a triggering event for an impaired cholinergic signal transmission.[68,69,78] Interestingly, several 

clinical studies indicated, that even if cholinergic neurons are maintained in early stages of AD, a reduced cell 

volume and alterations in the cell morphology of these neurons are observed while several non-AD associated 

biomarkers were up regulated.[80-82] It might be well possible, that there is an underlying event in the cholinergic 

system which induces impairments in the neuronal integrity and in consequence triggers AD pathogenesis. 

Nevertheless, such an event is not yet found to date. 

In summary, although the impairment of the cholinergic system is well accepted for the decline in memory and 

learning abilities during AD, the initial biochemical alterations of this system are still unknown. Nevertheless, 

ay abnormal cell morphology of cholinergic neurons as well as several biochemical indicators strongly suggest a 
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shift of biochemical processes which might impair the neuronal integrity and in turn lead to a dysfunction of the 

cholinergic system in early AD. 

However, it is doubtless proven that during the course of AD cholinergic neurons, especially those of the basal 

forebrain (most important brain region for ACh biosynthesis), undergo a selective degeneration, and in 

consequence patients suffer from ACh deficits and cognitive impairments.[83-85] Based on these findings, 

therapeutic approaches were followed up in which ACh deficits were counteracted either by supporting 

cholinergic signaling with suitable mAChR and nAChR agonists  or by increasing the available amount of ACh 

to a normal level. Although it is clear, that such approaches are only symptomatic and cannot cure AD, to date 

three out of the four approved drugs for AD treatment focus on increasing brain ACh levels by inhibiting AChE: 

 

1) Donepezil (Aricept®) is marketed in the USA since 1996 and was approved by the US Food and Drug 

Administration (FDA) in 2006 as a selective and reversible AChE inhibitor for 

the treatment of mild and moderate dementia. Today, Donepezil is the best-

selling drug for AD treatment due to its effectiveness to improve cognitive 

impairments of AD patients compared to placebo groups.[86]  

 

 2) Rivastigmine (Exelon®) was initially approved in 2000 for the treatment of mild to moderate AD and later 

for the syptomatic treatment of Parkinsons’s disease in 2006. Rivastigmine is a 

non-selective pseudo-irreversible cholinesterase inhibitor for both, AChE as well 

as for butyrylcholinesterase (BChE). It transfers its carbamate moiety directly 

onto the enzymes active site providing pseudo-irreversible inhibition of the target enzyme. In a second step, the 

transferred carbamate moiety is hydrolyzed off thus releasing the intact enzyme. 

 

3) Galantamine (Reminyl®) is a naturally occuring alkaloid which was first isolated by Bulgarian 

pharmacologists from the flowers and bulbs of the wild Caucasian snow-drop Galanthus 

nivalis.[87] In 2001 galantamine was approved by the FDA for the treatment of mild and 

moderate AD due to its ability to selectively inhibit AChE. In addition to its inhibitory 

potency, galantamine was reported to act as an allosteric modulator of the nAChR by 

potentiating the agonistic response of neurons.[88]  

 

Although AD patients benefit from a symptomatic treatment with AChE inhibitors during mild to moderate AD, 

clinical studies in severe AD are controversy.[86] In fact, in progressed AD inhibition of AChE as therapeutic 
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strategy is highly questionable, as the AChE concentration is drastically decreased by 90%[89,90] making AChE 

probably impractical as physiological target. 

In summary, the cholinergic hypothesis was the first theory stateing a causal correlation between the progress of 

AD and impairments of the cholinergic system. Although distinct biological changes in the cholinergic system 

were observed, none of them could be proven to be a triggering event for the development of AD so far. 

Nevertheless, an improved cholinergic signal transmission through increased ACh levels in the brain can well 

be considered as a therapeutic strategy. It is clear, that such a strategy can act only symptomatically; but on the 

other hand, clinical studies revealed a positive effect against early cognitive declines by increasing ACh levels. 

More important, in the preclinical phase of AD the cholinergic system might already be impaired as indicated 

by several biomarkers, but unfortunately, a fundamental cause for this pre-pathological and clinical changes is 

not yet found. Therefore, the research on this system is still in progress.  

 

 

1.3 Butyrylcholinesterase 

1.3.1 Involvement in the Cholinergic System during AD Pathogenesis 

Butyrylcholinesterase (BChE) is a functional and structural isoforms of AChE which’s exact physiological 

function is unknown to date. Nevertheless, BChE is found to be one of the major detoxification agents in human 

plasma by cleaving the ester or carbamate moieties of xenobiotics.[91] Furthermore, it is described to have aryl 

acylamidase and peptidase activities.[92,93]  

In the non-pathological human brain, BChE occurs mainly in endothelial and glia cells of the amygdala and the 

hippocampal formation[94,95] where it has only a minor function (10-20%) in regulation of the cholinergic system 

by hydrolyzing ACh.[96,97] However, in the course of AD, BChE levels of different brain areas are described to 

be significantly increased up to 90%[96] with a remarkable increase of the BChE:AChE ratio from 0.6 to as high 

as 11.[96,97] To date, some theories state that BChE can adopt the function of AChE in later stages of AD, when 

the amount of AChE is dramatically reduced (cf. Chapter 1.2.4), to regulate cholinergic signal transmission in 

the brain. This hypothesis is supported by several AChE -/- knock out animal models showing survival of the 

test subjects even in the absence of AChE as BChE takes over AChE’s function.[98-101] Nevertheless, such 

animals suffer on a general massive cholinergic hyper activation with up to 60 fold increased ACh levels 

compared to AChE +/+ subjects, which in consequence causes a delay in the postnatal development, tremor and 

an overall high mortality.[98,100] Moreover, selective inhibition of BChE in the AChE -/- model further increased 

the high ACh levels in the brain and led to severe cholinergic symptoms with successive death. Such results 

were not observed in wild type mice containing AChE and BChE as AChE was still able to cleave ACh.[98,101,102] 
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These reports clearly indicate a function of BChE in the regulation of the neuronal cholinergic system when 

AChE levels are reduced or in the absence of AChE. In fact, in a study using wild type mice treated with a 

selective BChE inhibitor, an enhanced synaptic connectivity and improved cognitive performances was 

determined, probably due to increased ACh levels.[103] And furthermore, studies with -/- BChE knockout mice 

revealed augmented learning capacities and lowered vulnerability to Aß toxicity compared to wild type 

mice.[104] Although animal models are not necessarily transferable to human subjects due to different species 

dependent systemic effects, a positive effect in cognitive abilities in both models was proven in the absence of 

BChE. Therefore, BChE might well be considered as a clinical target in the course of AD as it might take over 

AChE’s function in the regulation of cholinergic signal transmission. Indeed, clinical studies comparing the 

effect of the two approved drugs donepezil (only AChE inhibition) and rivastigmine (AChE and BChE 

inhibition), revealed a greater benefit in daily living and global function for rivastigmine in those patients 

having the BChE allele due to the dual inhibition of AChE and BChE.[105,106]  

Besides BChE’s potential involvement in cholinergic signaling, neurofibrillary tangles as well as amyloid β-

plaques were found to be colocalized with BChE supporting the potential involvement for BChE in plaque 

formation.[107-112] However, the relationship between BChE and the occurrence of plaques is not yet fully 

understood to date. Literature is controversy at this point: While BChE inhibition and BChE knockout mice 

were reported to feature a lower Aβ burden,[103,110] Diamant et al. described BChE to attenuate Aβ fibril 

formation.[113] 

In summary, the function of BChE in the course of AD is not yet determined to date, but it is found to be 

remarkably increased in AD patient’s brain. Several animal studies showed, that BChE might adopt the function 

of AChE and therefore becomes responsible for the regulation of cholinergic signal transmission. Furthermore, 

inhibition of BChE has shown to increase ACh brain levels. These observations suggest that BChE targeting 

might become a therapeutic strategy in the symptomatic treatment of AD. Nevertheless, before such a therapy 

can be realized, basic research on BChE’s involvement in the cholinergic system during AD and its role in 

plaque formation has to be further carried on to understand the underlying biochemical processes. 

 

 

1.3.2 Association with Various Diseases 

In recent years, an increasing number of reports revealed the association of BChE with a set of diseases, all 

connected to each other over the metabolic syndrome. A brief description of these diseases will be given in the 

following: 
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Obesity: Several clinical studies linked obesity and a high body mass index (BMI) to an increased activity of all 

molecular forms of serum BChE compared to none obese patients.[114-117] In contrast, losing weight as well as 

physical exercises lead to a significant reduction of BChE serum levels.[118,119] It is not clear, whether BChE is 

the initiator for obesity or if its increased expression is a result of a physiological shift during obesity. However, 

BChE knockout mice fed with a 11% fat diet were found to increase body weight up to 30% whereas in wild 

type mice the body weight remained constant on such a diet.[120-122] The authors contributed this effect to the 

involvement of BChE in the lipid and fat-metabolism. More interestingly, Chen et al.
[121] was able to 

demonstrate a restored resistance against high fat diet induced obesity when BChE was transferred into BChE 

knockout mice by an adeno-associated virus vector. Therefore, literature remains controversy on the role of 

BChE as protector or inducer for obesity.  

Diseases of the cardiovascular system: Risk factors of the cardiovascular system are biochemical attributed to 

increased cholesterol, triglycerides and serum lipid levels. Although the role of BChE for the development in 

cardiovascular diseases is not investigated to date, BChE levels are reported to proceed inverse to mortality 

caused by cardiovascular events.[123-126] Therefore, a reduced BChE activity might be considered as a non-

specific risk factor for cardiovascular caused mortality. 

Diabetes mellitus type 2: Several studies reported the correlation of BChE with hyperglycemia, insulin 

resistance and an altered lipoprotein metabolism in hypertriglyceridemia.[114,127-129] These biomarkers are all 

reported to be risk factors and indicators of diabetes mellitus type 2. In consequence, BChE might also serve as 

an indicator during the diagnosis of diabetes. Nevertheless, due to little available reports in literature, the role of 

BChE in diabetes mellitus is widely unknown in the pathological development of this disease.  
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2. Scope and Objective 

Regarding the relevance of butyrylcholinesterase (BChE) in diseases associated with this enzyme (cf. 

introduction Chapter 1.3) and especially its putative involvement in the progress of AD, the development of 

selective BChE inhibitors can help to enable new medication strategies and to determine the role of BChE with 

pathophysological alterations in these diseases.  

Decker et al.
[1,2] used the natural occurring indoloalkaloid dehydroevodiamine (DHED) from the Chinese herb 

evodia rutaecarpa as a lead structure for the design of selective cholinesterase inhibitors. DHED has been 

described as a moderately active cholinesterase (ChE) inhibitor[3], and replacement of its indole moiety by a 

smaller phenyl system provided benzodehydroevodiamine with a high selectivity towards AChE compared to 

the non-selective DHED (Scheme 2.1). Interestingly, reduction of the quinazolinonium core in 

benzodehydroevodiamine into its corresponding tetrahydroquinazoline 1 gave a reversed selectivity towards 

BChE. In the following years, several investigations used the tetrahydroquinazoline template 1 for the synthesis 

of potent BChE as well as AChE inhibitors.[4-8] Darras et al.
[4] as well as Huang et al.

[5] adopted the concept of 

(pseudo-)irreversible inhibition (concept will be explained later), which is known for many ChE inhibitors 

including the approved drug Rivastigmine (Exelon®), and incorporated diverse carbamate moieties into the 

tetrahydroquinazoline scaffold. Both investigations showed that a heptyl-residue at the carbamate site 

(compound 2 and 3) led to a high selectivity and affinity on BChE with IC50-values in the two digit nanomolar 

range.  

 

 

Scheme 2.1. Development of tetrahydroquinazoline based BChE inhibitors 2 and 3 from DHED. 

 

Regarding the previously described studies, the current semi-cumulative work progresses on the development of 

tetrahydroquinazoline derived carbamate based BChE inhibitors with focus on two general parts. (Some 

chapters are only briefly summarized but can be found in a full version in the respective appendix.)  
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The first part extends the basic comprehension of the molecular, pharmacological and biological properties of 

tetrahydroquinazoline based BChE inhibitors:  

1) Methods were developed in which the positron emission tomography (PET) radioisotopes 11C and 
18F were introduced into the carbamate moiety of inhibitor 2. The resulting radiotracers can be used 

to determine the pharmacokinetic profile of tetrahydroquinazoline derived inhibitors, to map the 

BChE distribution in vivo and to enable investigations of the pathophysological mechanisms in 

diseases associated with alterations in BChE levels and distribution (Chapter 3, Appendix 1). 

2) A library of different tetrahydroquinazoline based carbamates was systematically designed, 

synthesized and analyzed to determine the structure activity relationship (SAR) between BChE and 

tetrahydroquinazoline based inhibitors. Using this data, a binding model for such inhibitors within 

the active site of BChE was postulated to assist the rational design of new BChE selective inhibitors 

(Chapter 4, Appendix 2). 

3) Targeting of a second peripheral binding pocket in BChE was exploratively investigated to enable 

the design of new inhibitors with advanced properties (Chapter 5). 

 

The second part of this work is set apart from the biological activity of tetrahydroquinazolines and focuses on 

the chemical and physical properties of this scaffold. In literature, the tetrahydroquinazoline core is fairly well 

documented in terms of its synthesis[4,5,9-14] as well as its selective oxidation towards quinazolinones, 

3,4-dihydroquinazolines and quinazolines.[9,13,15-17] To supplement the known reaction properties of the 

tetrahydroquinazoline system two approaches were followed up: 

1) Regarding the well described oxidations of tetrahydroquinazolines, several reductive conditions 

were applied onto this scaffold to extend the knowledge on the reaction behavior of 

tetrahydroquinazolines (Chapter 6, Appendix 3). 

2) The stability of the aminal core of the tetrahydroquinazoline system towards hydrolysis was 

systematically investigated in dependency of the pH-value. Literature is lacking to a large degree of 

such information which are important e.g. to prevent degradation of compounds by applying the 

wrong conditions during biological studies, reaction set up or work up (Chapter 7, Appendix 4). 

 

 

 

 



Scope and Objective 

Ph.D. Thesis   27 

2.1  References  

[1] Decker, M. Novel Inhibitors of Acetyl- and Butyrylcholinesterase Derived from the Alkaloids 

Dehydroevodiamine and Rutaecarpine. Eur. J. Med. Chem. 2005, 40, 305-313. 

[2] Decker, M.; Krauth, F.; Lehmann, J. Novel Tricyclic Quinazolinimines and Related Tetracyclic Nitrogen 

Bridgehead Compounds as Cholinesterase Inhibitors with Selectivity Towards Butyrylcholinesterase. Bioorg. 

Med. Chem. 2006, 14, 1966-1977. 

[3] Park, C. H.; Kim, S.-H.; Choi, W.; Lee, Y.-L.; Kim, J. S.; Kang, S. S.; Suh, Y.-H. Novel Anticholinesterase 

and Antiamnesic Activities of Dehydroevodiamine, a Constituent of Evodia Rutaecarpa. Planta Med. 1996, 62, 

405-409. 

[4] Darras, F. H.; Kling, B.; Heilmann J.; Decker, M. Neuroprotective Tri- and Tetracyclic BChE Inhibitors 

Releasing Reversible Inhibitors upon Carbamate Transfer. ACS Med. Chem. Lett. 2012, 3, 914-919. 

[5] Huang, G.; Kling, B.; Darras, F. H.; Heilmann, J.; Decker, M. Identification of a Neuroprotective and 

Selective Butyrylcholinesterase Inhibitor Derived from the Natural Alkaloid Evodiamine. Eur. J. Med.Chem. 

2014, 81, 15-21. 

[6] Darras, F. H.; Pockes, S.; Huang, G.; Wehle, S.; Strasser, A.; Wittmann, H.-J.; Nimczick, M.; Sotriffer, C. 

A.; Decker, M. Synthesis, Biological Evaluation, and Computational Studies of Tri- and Tetracyclic Nitrogen-

Bridgehead Compounds as Potent Dual-Acting AChE Inhibitors and hH3 Receptor Antagonists. ACS Chem. 

Neurosci. 2014, 5, 225-242. 

[7] Darras, F. H.; Wehle, S.; Huang, G.; Sotriffer, C. A.; Decker, M. Amine Substitution of Quinazolinones 

Leads to Selective Nanomolar AChE Inhibitors with ‘Inverted’ Binding Mode. Bioorg. Med. Chem. 2014, 22, 

4867-4881. 

[8] Decker, M. Homobivalent Quinazolinimines as Novel Nanomolar Inhibitors of Cholinesterases with 

Dirigible Selectivity Toward Butyrylcholinesterase. J. Med. Chem. 2006, 49, 5411-5413. 

[9] Richers, M. T.; Deb, I.; Platonova, A. Y.; Zhang, C.; Seidel, D. fFacile Access to Ring-Fused Aminals via 

Direct α-Amination of Secondary Amines with o-Aminobenzaldehydes: Synthesis of Vasicine, Deoxyvasicine, 

Deoxyvasicinone, Mackinazolinone, and Ruteacarpine. Synthesis 2013, 45, 1730-1748. 

[10] Dieckmann, A.; Richers, M. T.; Platonova, A. Y.; Zhang, C.; Seidel, D.; Houk, K. N. Metal-Free α-

Amination of Secondary Amines: Computational and Experimental Evidence for Azaquinone Methide and 

Azomethine Ylide Intermediates. J. Org. Chem. 2013, 78, 4132-4144. 



Scope and Objective 

Ph.D. Thesis   28 

[11] Zhang, C.; De, C. K.; Mal, R.; Seidel, D. α-Amination of Nitrogen Heterocycles: Ring-Fused Aminals. J. 

Am. Chem. Soc. 2008, 130, 416-417. 

[12] Sinkkonen, J.; Zelenin, K. N.; Potapov, A.-K. A.; Lagoda, I. V.; Alekseyev, V. V.; Pihlaja, K. Ring-Chain 

Tautomerism in 2-Substituted 1,2,3,4-Tetrahydroquinazolines A 1H, 13C and 15N NMR Study. Tetrahedron 

2003, 59, 1939-1950. 

[13] Fan, X.; Li, B.; Guo, S.; Wang, Y.; Zhang, X. Synthesis of Quinazolines and Tetrahydroquinazolines: 

Copper-Catalyzed Tandem Reactions of 2-Bromobenzyl Bromides with Aldehydes and Aqueous Ammonia or 

Amines. Chem. Asian J. 2014, 9, 739-743. 

[14] Schiedler, D. A.; Vellucci, J. K.; Beaudry, C. M. Formation of Carbon-Carbon Bonds Using Aminal 

Radicals. Org. Lett. 2012, 14, 6092-6095. 

[15] Richers, M. T.; Zhao, C.; Seidel, D. Selective Copper(II) Acetate and Potassium Iodide Catalyzed 

Oxidation of Aminals to Dihydroquinazoline and Quinazolinone Alkaloids. Beilstein J. Org. Chem. 2013, 9, 

1194-1201. 

[16] Han, B.; Yang, X.-L.; Wang, C.; Bai, Y.-W.; Pan, T.-C.; Chen, X.; Yu, W. CuCl/DABCO/4-HO-TEMPO-

Catalyzed Aerobic Oxidative Synthesis of 2-Substituted Quinazolines and 4H-3,1-Benzoxazines. J. Org. Chem. 

2012, 77, 1136-1142. 

[17] Maheswari, C. U.; Kumar, G. S.; Venkateshwar, M.; Kumar, R. A.; Kantam, M. L.; Reddy, K. R. Highly 

Efficient One-Pot Synthesis of 2-Substituted Quinazolines and 4H-Benzo[d][1,3]oxazines via Cross 

Dehydrogenative Coupling using Sodium Hypochlorite. Adv. Synth. Catal. 2010, 352, 341-346. 

 

 

 

 

 

 

 

 

 



Carbamate based PET-Radiotracer to Visualize BChE 

Ph.D. Thesis   29 

3. A Novel Way to Radiolabel Human Butyrylcholinesterase 

for PET through Irreversible Transfer of the Radiolabeled 

Moiety
[1] 
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3.1  Introduction 

The clinical diagnosis of AD is challenging as it requires the proper distinction between pathophysological 

changes caused by AD and those caused by other neurodegenerative disorders, e.g. Parkinson’s disease, or 

during the process of aging itself. Therefore, radiotracers applicable in positron emission spectroscopy (PET) 

can be used as a simple non-invasive tool to detect abnormal levels as well as unusual distribution of specific 

biological markers to ensure correct AD diagnosis. A typical biomarker is the occurrence of neurotoxic amyloid 

β-plaques in the brain; often described as the neuropathological hallmark of AD. Therefore, the development of 

suitable radiotracers for plaque visualization has continuously proceeded[2,3] resulting into three tracers 

([18F]Florbetapir (Amyvid; 2012), [18F]Flutemetamol (Vizamyl; 2013) and [18F]Florbetaben (Neuraceq; 2014), 

cf. Figure 3.1 ) approved by the US Food and Drug Administration (FDA) for AD diagnosis.[4,5] However, 

results with these tracers have to be carefully rated as amyloid β-plaque formation is common in AD but can 

also occur in healthy subjects.[6-9] 

 

Figure 3.1. Structures of several prominent 11C-labeled and 18F-labeled PET radiotracers for imaging of different biological targets in 

Alzheimer’s disease pathology. Radioisotopes are highlighted in red.[10,11] 
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Regarding the complex multifactorial nature of AD (cf. Chapter 1.2), besides amyloid β-plaques diverse 

proteins, receptors and enzymes are described in literature as potential target for PET tracer development to 

determine pathological changes associated with AD.[10,11] Some of the most prominent tracers are summarized in 

Figure 3.1. Also imaging of ChE is possible for AD diagnosis: In progressed AD the AChE concentration is 

known to be lost up to 90%[12-15] due to neuronal cell death. Therefore, selective PET tracers were developed to 

visualize these reduced AChE levels to assist AD diagnosis and to investigate the pathophysological role of 

AChE in the brain.[16] For this purpose, two general strategies have been pursued using substrate- or ligand-type 

radiotracers.[1] Substrate-type radiotracers (Figure 3.2a) are penetrating the brain and are hydrolyzed by AChE. 

The resulting radioactive metabolites cannot pass the blood brain barrier (BBB) because of their polar character, 

and in consequence radioactivity is accumulating in AChE rich brain regions (principle of metabolic 

trapping).[17-22] Ligand-type radio tracers are reversibly binding AChE inhibitors which are modified to 

incorporate a suitable radioisotope to non-covalently label the enzyme (Figure 3.2b).[16,23-28] Besides the 

described general types of radiotracers, a few irreversibly acting ChE inhibitors were reported that transfer a 

radiolabeled group covalently onto the enzyme thus labeling it irreversibly (Figure 1c).[29-31]  

 

 

Figure 3.2. Radiotracers developed for ChE visualization: (a) Substrates for AChE and BChE using the principle of metabolic trapping, 

(b) reversible AChE inhibitors and (c) irreversible AChE inhibitors.[1] 
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However, in contrast to the decrease of AChE, the levels of some molecular forms of BChE are reported to be 

significantly increased up to 30-60%[32] and 40-90%[33] (values are reported in dependency of literature source) 

in several brain areas during AD resulting in a drastic increase of the BChE:AChE ratio, e.g. in cortical regions 

from 0.6 to as high as 11.[12,13,32,33] Furthermore, neurofibrillary tangles as well as amyloid β-plaques often were 

found to be colocalized with BChE[34-38] supporting the potential involvement of BChE in plaque formation and 

its role for decreased cognitive performance associated with plaques.[39-41]  

Regarding the distinct pathological changes of increased BChE levels and its colocalization in neurotoxic 

plaques during AD, it is quite remarkable that there is little attention on BChE as a physiological marker for AD 

diagnosis. To date, only a few selective substrate-type tracers (Figure 3.2a) have been developed for BChE 

imaging.[36,42-45] To overcome the lack of such BChE tracer, this chapter will describe the development of 

selective carbamate based BChE inhibitors as suitable PET tracer by the introduction of 18F and 11C as possible 

radionuclids. These tracers might offer new possibilities for AD diagnosis and can help to investigate 

pathophysological changes, expression levels and locations of BChE to understand the molecular mechanisms 

in AD and diseases associated with this enzyme (cf. Chapter 1.3).[1] 

 

 

3.2  Design and Development of PET Radiotracers 

For the design of new PET tracers, the highly potent BChE inhibitor 1 (Figure 3.3) was chosen because of its 

good affinity and selectivity on BChE over AChE.[46] In contrast to the typically applied concepts of ChE 

radiotracers (Figure 3.2a and b), the irreversible labeling approach reported for fatty acid amide hydrolase 

(FAAH)[47-50] and monoacylglycerol lipase (MAGL)[51,52] was adopted and incorporation of the radio isotopes 

was performed at the carbamate site.[1] The resulting tracer can transfer its radio labeled moiety covalently onto 

BChE under release of the tetrahydroquinazoline carrier scaffold 2 thus BChE radio labeling occurs directly and 

permanently at the enzymes active site (Figure 3.3).  

 

Figure 3.3. Covalent labeling of BChE with the irreversible inhibitor 1 by carbamate transfer.[1] 
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In general, the direct introduction of a radioisotope in the last reaction step during synthesis is desirable to 

prevent time dependent decay of the radioisotope as well as undesired side reactions.[1] Therefore, for 18F-

introduction at the carbamate site of inhibitor 1, precursor 9 was synthesized bearing an iodine leaving group 

which can easily be replaced by 18F (Scheme 3.1a): For this purpose, amino alcohol 4 was synthesized via a 

Gabriel synthesis from 7-bromoheptan-1-ol. Further activation of 4 with 4-nitrophenyl chloroformate gave 

intermediate 5 which was coupled with the phenolic tetrahydroquinazoline 2 (synthesis described in 

literature[53]) to yield carbamate 6. Although the activation of the alcohol moiety in 6 with p-toluenesulfonyl 

chloride towards compound 7 failed in an initial attempt, precursor 8 and the unlabeled fluorinated compound 9 

(necessary as reference compound to identify [
18

F]9 during HPLC purification) could easily be synthesized 

directly from carbamate 6.  

 

 

Scheme 3.1. Reagents and conditions: (i) DMF, 3 h, 120 °C; (ii) H2N-NH2·H2O, EtOH, 5 h, reflux; (iii) Et3N, DCM, 2 h, rt; (iv) NaH, 

THF, 1 h, rt; (v) DAST, DCM, 6 h, rt; (vi) PPh3, I2, THF, 2 h, rt, (vii) TsCl, DCM.[1] 

 

Unfortunately, the direct 18F-labeling of precursor 8 towards radiotracer [18
F]9 failed (Scheme 3.1b). Sadovski 

et al.
[49] reported similar difficulties for the synthesis of [18F]DOPP (cf. Figure 3.1) as the carbamate moiety 

undergoes a fast E1cb elimination due to the basic labeling conditions. Therefore, the synthesis strategy was 
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altered and precursor 11 was smoothly synthesized starting with amino alcohol 4 (Scheme 3.2a). In a four step 

reaction sequence 1) precursor 11 was radiolabeled with 18F-, 2) Boc-deprotected under acidic conditions, 3) 

activated with 4-nitrophenyl chloroformate towards [18
F]12 and 4) coupled with phenol 2 to obtain the desired 

radiotracer [18
F]9 in a radiochemical yield of 17-22% (n = 5, corrected decay) and a radiochemical purity of 

>98% after purification by reversed phase HPLC (Scheme 3.2b).[1]  

 

 

Scheme 3.2. Reagents and conditions: (i) (tBoc)2O, K2CO3, MeOH/H2O, 4 h, rt; (ii) TsCl, Et3N, K2CO3, DCM, 3 d, rt; (iii) [18F]F-, 

Kryptofix 222, K2CO3, 10 min, 90 °C; (iv) TFA, 10 min, rt; (v) Et3N, CH3CN, 4-NO2-Ph-O(C=O)Cl, 90 °C, 7 min; (vi) 10 min, 90 °C.[1] 

Introduction of 11C into an aliphatic carbamate is even more challenging regarding the little possibilities to 

incorporate the radioisotope without altering the chemical structure. Wilson and coworkers[48,54,55] developed a 

method to incorporate 11C at the carbonyl carbon in carbamate and urea based derivatives by applying 11CO2, 

2-tert-butylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-diazaphosphorine (BEMP) and POCl3 in three 

reaction steps. Although this method is well described, a different approach was performed to avoid multiple 

steps with the radioisotope: Precursor 14 was synthesized in two steps using triphenylphosphine and 

heptylamine (Scheme 3.3). When treating a mixture of precursor 14 and tetracyclic phenol 2 in the presence of 

DBU with 11CO2, followed by heating to 60 °C for 6 min, the desired radiotracer [11
C]1 was obtained in only 

one reaction step with a radiochemical yield of 30-36% (n = 4, corrected decay) and a radiochemical purity of 

98% after purification by reversed phase HPLC (Scheme 3.3).[1]  

 

Scheme 3.3. Reagents and conditions: (i) I2, Et2O, 1 h, rt; (ii) CH3(CH2)6NH2, DCM, 5 h, rt; (iii) 1) DBU, 11CO2, THF, 10 min, -78 °C; 

2) 6 min, 60 °C. 
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3.3  Enzyme Inhibition and Kinetic Studies 

To prove irreversibility of radiolabelling by carbamate transfer of the described radiotracer, kinetic 

investigations were performed with the non-labeled analogues 1 (synthesis described by Darras et al.
[46]) and 9. 

Initial determination of IC50-values for both compounds revealed inhibition of hBChE in the low nanomolar 

range with a high selectivity over hAChE (Table 3.1). However, carbamate based pseudo-irreversible inhibitors 

are known to undergo a three step kinetic process (Table 3.1): In an initial step, the inhibitor (I) binds reversibly 

to the enzyme (E) forming an enzyme-inhibitor-complex (EI) described in equilibrium by the constant KC. In 

the second step, the carbamate moiety is transferred covalently onto the enzyme (E-C) thus inhibiting the 

enzyme irreversibly with k3 as the carbamoylation rate constant. Finally, the carbamate moiety is hydrolyzed off 

over time while recovering the intact enzyme (E) and k4 as the decarbamoylation rate constant (A detailed 

description of this study as well as the calculation of the kinetic parameters can be found in Appendix 1
[1]

 and 

Appendix 2
[56]).  

 

Table 3.1. Inhibition and kinetic data on human AChE and BChE for compound 9 and 1. Experiments were 

performed in triplicate.[1] 

 

 
IC50(hAChE) 

[µM] 

(pIC50 ±SEM) 

IC50(hBChE) 

[nM] 

(pIC50 ±SEM) 

KC(hBChE)  

±SEM [nM] 

k3(hBChE)  

±SEM [min
-1

] 

k4(hBChE)  

±SEM [h
-1

] 

 

3.6 
(5.44 ± 0.05) 

5.2 
(8.28 ± 0.02) 

24.3 ± 19.3 0.78 ± 0.48 0.81 ± 0.04 

 

3.8 
(5.42 ± 0.02) 

6.4 
(8.19 ± 0.02) 

28.5 ± 17.2 0.66 ± 0.32 0.62 ± 0.04 
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Carbamate transfer onto the enzyme is a comparable slow reaction, thus enzyme inhibition by carbamate based 

inhibitors is time dependent. Compounds 1 and 9 caused such a time dependent inhibition (Figure 3.4a and 

3.4b) with high affinity (KC-values in Table 3.1) on hBChE and a high carbamoylation rate constant (k3-values 

in Table 3.1). Also decarbamoylation experiments (Figure 3.4c and 3.4d) were performed and revealed a slow 

recovery of the enzyme with a half-life time of the carbamoylated enzyme (E-C) of approximately 1 h before 

cleavage of the carbamate moiety. Therefore, carbamoylation kinetics as well as decarbamoylation kinetics 

proved carbamate transfer of the reference compounds 1 and 9 onto the enzyme showing that radiotracers [11
C]1 

and [18
F]9 act irreversibly. 
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Figure 3.4. Time dependent inhibition of hBChE by different concentrations of (a) compound 9 and (b) compound 1. Recovery of 

hBChE activity after inhibition with (c) compound 9 and 1000fold dilution and (d) with compound 1 and 1000fold dilution. Experiments 

were performed in triplicate (means±SD).[1] 

 

3.4  Plasma Stability Analyzes 

Plasma stability is an important factor for PET tracer development, especially as BChE is one of the major 

detoxification enzymes in human plasma.[57] Therefore, plasma stability analyses on human pooled plasma 

samples were carried out with the non-labeled reference compounds 1 and 9. Only slow degradation of both 
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compounds was observed (blue and black in Figure 3.5) with less than 50% decomposition even after 2 h;[1] and 

also preinhibition of BChE with a high tacrine concentration (50 µM) led to similar results (yellow and purple in 

Figure 3.5). Only when precipitating the plasma proteins beforehand, no degradation of compound 9 was 

observed (red in Figure 3.5). These results show:  

1) Plasma stability of the test compounds is sufficient high for PET investigations. 

2) The test compounds are not only cleaved by BChE as preinhibition of BChE with tacrine did not 

alter their cleavage. 

3) Degradation is enzyme mediated as no cleavage of the test compounds was observed when 

removing the plasma proteins beforehand. 
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Figure 3.5. Time-dependent plasma stability of compounds 9 (black) and 1 (blue) and stability after pretreatment with a tacrine 

concentration of 50 µM (9 yellow; 1 purple). Stability of compound 9 was also measured when proteins had been precipitated beforehand 

(red). Experiments were performed in triplicate (means±SEM). [1] 

 

 

3.5  Ex vivo Autoradiography 

To show specific binding of the developed radiotracer, ex vivo brain-autoradiography experiments with healthy 

mouse brain slices were performed using [
18

F]9  (Figure 3.6). When applying radio tracer [
18

F]9 onto brain 

tissue, good binding of the radio tracer was observed in all brain areas (Figure 3.6a). Pre-blocking of BChE 

with the known selective BChE inhibitor ethopropazine followed by the addition of [18
F]9 caused only little 

binding of the radiotracer onto the tissue samples, thus proving that binding of [18
F]9 on brain tissue is selective 

for BChE. 
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Figure 3.6. Autoradiography of [18F]9 on a 

Intensity (arbitrary unit) is given in percentag
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4.1  Introduction 

In the last decades, the majority of designed ChE inhibitors mainly focused on AChE as target or the non-

selective inhibition of AChE as well as BChE; resulting into a comparable rare number of reports for BChE 

inhibitors. With regard to the increasing relevance of BChE in different diseases (cf. Chapter 3.1), there is a 

strong requirement for selective and highly potent inhibitors of BChE a) to investigate its physiological function 

in the described diseases and b) to offer new therapeutic approaches. The design of these inhibitors is 

challenging as hBChE and hAChE share an identity of approximately 49% and a similarity of 66%.[1] Although 

several structural features between both enzymes are highly conserved, there are notably differences in the 

available space for binding of substrates or inhibitors. Especially the replacement of bulky aromatic residues at 

the entrance of the gorge as well as the replacement of aromatic residues at the acyl binding pocket in AChE 

against smaller aliphatic residues in BChE allows BChE to bind significant larger substrates and inhibitors.[2,3] 

However, targeting of BChE is often achieved by addressing the catalytic active site (CAS) with carbamate 

based inhibitors. These inhibitors transfer their carbamate moiety onto the serine of the catalytic triade thus 

deactivating the enzyme pseudo-irreversibly. In this context, the term “pseudo” indicates a slow reactivation of 

the enzyme through hydrolysis of the carbamate moiety over time. Carbamate based inhibitors normally consist 

of a carrier scaffold and a respective carbamate moiety. The carrier scaffold binds near the active site of the 

enzyme and guides the carbamate moiety into a favorable position to enable carbamate transfer onto the serine 

of the CAS. This scaffold is not necessarily involved in enzyme inhibition to a significant extent but it is 

essential for the affinity of the whole inhibitor to the enzyme. Enzyme inhibition itself is majorly mediated 

through transfer of the carbamate moiety onto the CAS (Figure 4.1 a).  

In literature, the development of such carbamate based ChE inhibitors is often limited to modifications of the 

carbamate moiety (Figure 4.1 c)[4-7] and there is only little information available on the structure activity 

relationships (SARs) between a modified carrier scaffold and the enzyme (Figure 4.1 b).[8-11] This is quite 

remarkable, as the rational design of new inhibitors requires extended knowledge about the binding mode of the 

carrier scaffold next to the CAS in the preliminary step before inhibition itself can take place. Only a well bound 

carrier scaffold at the correct position within the enzyme allows carbamate transfer and therefore is the pivotal 

source of enzyme inhibition. To overcome the lack of knowledge onto the binding mode of the carrier scaffold 

of carbamate based inhibitors, this chapter focuses on the development of a suitable binding model for 

tetrahydroquinazoline derived carbamates. 
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Figure 4.1. (a) Schematic description of BChE inhibition by carbamate based inhibitors. For details of the single steps see the main 

text. (b) Previously described carbamate-based structures investigated as ChE inhibitors by altering the carrier scaffold[8-11] and (c) by 

altering the carbamate moiety.[4-7] Carrier scaffolds are shown in black, carbamate moieties in green.[1] 

 

 

4.2  Compound Design and Synthesis  

Previous studies have found the carbamate based tetrahydroquinazoline 1 to be a highly potent BChE inhibitor 

in the nanomolar range with an excellent selectivity on eqBChE over eeAChE.[12] Similar to other carbamate 

based inhibitors (cf. Chapter 4.1), the tetrahydroquinazoline scaffold binds close to the CAS to enable transfer 

of the carbamate moiety onto the active site of the enzyme, thus inhibiting BChE pseudo-irreversibly 

(Figure 4.2). Additionally, this mode of action leads to the release of the tetrahydroquinazoline carrier 

scaffold 2, which acts as neuroprotectant and prevents oxidative-stress-induced cell death due to the radical 

scavenging properties of its para-aminophenol moiety. 

 

Figure 4.2. Pseudo-irreversible inhibition of BChE by carbamate based inhibitor 1 under release of tetrahydroquinazoline scaffold 2 

which acts as neuroprotectant. 
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However, a detailed binding mode of inhibitor 1 and related tetrahydroquinazoline based carbamates[4,12,13] on 

BChE is not available to date. To investigate the interactions between such inhibitors with BChE systematically, 

SAR studies on the tetrahydroquinazoline scaffold are necessary with regard to the impacting importance of the 

scaffold for inhibitor binding at the enzyme (cf. Figure 4.1 a). Therefore, to conduct SARs studies and to enable 

the design of diverse tetrahydroquinazoline carrier scaffolds, the rigid ring structure of lead compound 1 was 

“opened” to give access to compound series 3 and 4 which can easily be modified at the aryl site (series 3) as 

well as at the aliphatic nitrogen (series 4) of the carrier scaffold (Figure 4.3).  

 

 

Figure 4.3. “Opening” of the ring structure of lead compound 1 to give compound series 3 and 4.  

 

The synthesis of both series was performed as shown in Scheme 4.1. Briefly, 6-hydroxy isatoic anhydride 5 was 

obtained quantitatively from 3-hydroxy anthranilic acid and triphosgene, followed by the selective N-

methylation towards compound 6.[14] Nucleophile substitution with free amines or their corresponding 

hydrochlorides was performed to give amides 7a-d which were further cyclized with benzaldehyde or 

substituted benzaldehyde derivatives to yield 1,2-dihydroquinazolinones 8a-u and 9a-c. Reduction of 

1,2-dihydroquinazolinones 8a-u and 9a-c with LiAlH4 towards tetrahydroquinazolines 10a-u and 11a-c, and 

successive introduction of the carbamate moiety gave the desired target compound series 3a-u and 4a-c. The 

substitution pattern of these compounds will be discussed later (Chapter 4.3) as their synthesis and SAR 

investigations were performed in parallel. 
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Scheme 4.1. Synthesis of aryl and N-alkyl substituted target compounds 3a-u and 4a-c. For substitution pattern of R1 and R2 see 

Table 4.1 in Chapter 4.3. Reagents and conditions: (i) CO(OCCl3)2, THF, 70 °C, 3.5 h; (ii) MeI, DIPEA, DMAc, 40 °C, 24 h; (iii) 

R1-NH2 or MeNH3Cl and Et3N, DMF, 40-120 °C, 4-5 h; (iv) R2-PhCHO, AcOH, 70 °C, 1-3 h; (v) LiAlH4, THF, reflux, 1-3 h; 

(vi) (4-NO2)PhO(C=O)NH-nHept, NaH, THF, rt, 2 h or n-Hept-NCO, Et3N, rt, 6 h for 3o,p.[1] 

 

To investigate the influence of a bicyclic aromatic system onto the binding behavior of the carrier scaffold at the 

enzyme, also quinazoline 17 was synthesized (Scheme 4.2). Starting with 5-hydroxy-2-nitrobenzaldehyde, 

O-benzyl protection towards compound 12 and successive reduction of the nitro moiety gave compound 13. 

After the formation of amide 14 by using benzoyl chloride, quinazoline 15 was synthesized applying aqueous 

ammonia in a sealed tube under microwave irradiation.[15] Finally, removal of the benzyl protection group and 

introduction of the carbamate moiety gave the desired target compound 17. 
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Scheme 4.2. Reagents and conditions: (i) BnBr, K2CO3, DMF, 40 °C, 24 h; (ii) Fe, HCl, EtOH/H2O, reflux, 1 h; (iii) Ph(C=O)Cl, Et3N, 

DCM, rt, 4 h; (iv) conc. NH3, i-PrOH, MW, 90 °C, 6 h; (v) Pd/C, H2, MeOH, 50 °C, 3 h; (vi) (4-NO2)PhO(C=O)NH-n-Hept, NaH, THF, 

rt, 2 h.[1] 
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4.3  Enzyme Inhibition and SAR 

To investigate the potency of the synthesized compounds in dependency of their carrier scaffolds, the 

unsubstituted target compound 3a (cf. Table 4.1 at the end of this chapter) was initially synthesized as reference 

compound for further scaffold development. This compound showed good inhibition of BChE 

(IC50(eqBChE) = 106 nM) and, similar to the lead structure 1, no pronounced inhibition of hAChE. 

Interestingly, it’s simple phenolic tetrahydroquinazoline analog 10a showed a ~400-fold decrease in potency 

towards BChE (IC50(BChE) = 39.9 µM). This results support the general concept described for carbamate based 

inhibitors (Figure 4.1) as the carrier scaffold 10a is supposed to play part only for inhibitor binding but is not 

the intrinsic source of enzyme inhibition. As all phenolic carrier scaffolds of series 10 and 11 (left columns in 

Table 4.1) feature a similar behavior in terms of BChE inhibition, only the carbamate based inhibitor series 3 

and 4 (right columns of Table 4.1) will be discussed in the following paragraphs.  

To explore the space available at the tetrahydroquinazoline binding site and to find more potent inhibitors, 

different approaches were realized for alteration of the substitution pattern of the aromatic residue (compound 

series 3): 

1) Topliss decision tree:[16,17] The topliss decision tree advices the systematic modification of the steric, 

hydrophobic and electronic properties of a compound by introduction of different substitution pattern 

into an aromatic system with the aim to improve the affinity to a biological target. This approach led to 

the synthesis of compounds 3b-k; and also compound 3l (4-CF3) was synthesized although not being 

advised by the classical topliss tree. 

2) Bioisosterism:[18.19] Bioisosters are expected to improve different physical properties of a compound 

while maintaining its biologic activity. Therefore, replacement of the whole phenyl residue with different 

bioisosteric heterocycles was performed resulting in the synthesis of compounds 3m-r. 

3) Sterical influence: To investigate the influence of sterical demanding groups, compounds 3s,t (naphthyl 

residues) as well as the disubstituted compound 3u (2,6-dichloro) were synthesized.  

 

Interestingly, the majority of the introduced groups within compound series 3 showed no significant differences 

in inhibition compared to the reference compound 3a; and in most cases the affinity towards BChE was slightly 

decreased. Only non-polar compounds with a comparable size or a smaller residue than the phenyl system 

improved the affinity of these inhibitors (4-F group in 3k with IC50(eqBChE) = 44 nM; thiophene residues in 3o 

and 3p with IC50(eqBChE) = 22 nM and 14 nM; furryl residue in 3q with IC50(eqBChE) = 83 nM; pyrrolyl 

residue in 3r with IC50(eqBChE) = 23 nM). Also compounds with larger site groups at the nitrogen showed 

improved potency towards BChE (IC50(eqBChE) = 21 nM (4a), 40 nM (4b) and 34 nM (4c)) revealing available 

space close to the tertiary nitrogen at the binding site of BChE. In contrast, only three compounds showed little 

inhibition of BChE in the micro molar range: The 1-naphthyl substituted compound 3s (IC50(eqBChE) = 
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36.2 µM), the 4-CF3 bearing compound 3l (IC50(eqBChE) = 2.7 µM) and also the planar compound 17 

(IC50(eqBChE) = 1.8 µM). Beyond the mentioned decrease in affinity, it is remarkable that the IC50-curves of 

these three compounds showed Hill slopes around 0.5 compared to all the other inhibitors with Hill slopes ≥ 1. 

These differences are exemplarily shown in Figure 4.4 for the most potent compound 3p and the 4-CF3 

compound 3l. 
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Figure 4.4. IC50-curves of thiophene 3p (green) and the 4-CF3 compound 3l (blue) with significant differences in their Hill slopes 

(means ± SD). 

 

Even if the differences in potency (expressed by IC50 values) can support SAR investigations and are a useful 

first indication for the establishment of a plausible binding model of the tetrahydroquinazoline carrier scaffold, 

the inhibition mode of pseudo-irreversible inhibitors is much more complex. Therefore, a more detailed view 

into the kinetic mode of action of these inhibitors will be discussed in Chapter 4.4.[1]  
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Table 4.1. Cholinesterase inhibition of the synthesized test compounds.a [1] 

 

Moiety X =  

H 

IC50 [µM] or % inhibition X =  

(C=O)NH-nHept 

IC50 [µM] or % inhibition 

 
eqBChE hAChE eqBChE hAChE 

R1 = Me; R2 =       

H 10a 39.9 327.0 3a 0.106 4%d 

4-Cl-Ph- 10b 13.8 235.6 3b 0.115 24%d 

3-Cl-Ph- 10c 2.1 242.4 3c 0.096 39%d 

2-Cl-Ph- 10d 56.0 60%b 3d 0.474 48%e 

4-Me-Ph- 10e 22.6 109.9 3e 0.231 9%d 

3-Me-Ph- 10f 17.4 437.0 3f 0.199 27%d 

2-Me-Ph- 10g 92.4 143.4 3g 0.251 18%e 

4-MeO-Ph- 10h 39.5 103.8 3h 0.875 14%d 

3-MeO-Ph- 10i 7.8 61%b 3i 0.208 10%d 

2-MeO-Ph- 10j 9.9 192.8 3j 0.238 47%e 

4-F-Ph- 10k 58.9 143.4 3k 0.044 1.61 

4-CF3-Ph- 10l 64.6 ndc 
3l 2.7 59%d 

4-pyridyl- 10m 2.1 242.4 3m 0.723 16%d 

3-pyridyl- 10n 70.7 61%b 3n 0.565 18%d 

3-thiophenyl- 10o 193.7 52%b 3o 0.022 13%d 

2-thiophenyl 10p 63.2 225.8 3p 0.014 

0.013* 

0%d 

3-furyl- 10q 196.1 341.7 3q 0.083 12%d 

3-pyrrolyl- 10r 15.3 115.9 3r 0.023 0.852 

1-naphthyl- 10s 2.8 341.7 3s 36.2 8%e 

2-naphthyl- 10t 16.5 9%c 3t 0.374 5%e 

2,6-dichloro 10u 7.1 13.5 3u 0.531 33%e 

 

R2 = Ph; R1 =  

      

i-Pr- 11a 55.8 253.0 4a 0.021 33%d 

n-Pr- 11b 22.8 279.3 4b 0.040 46%d 

benzyl- 11c 14.8 16%c 4c 0.034 17%e 

 16 98.1 20%b 17 1.8 22%d 

 
 physostigmine 0.078 0.032 

aExperiments were performed in triplicate at AChE from human erythrocytes and BChE from equine serum. Phenols were pre-incubated 
for 4.5 min and carbamates for 30 min. b-e % Inhibition at a concentration of b500 µM; c50 µM; d100 µM; e10 µM. * Values determined at 
human BChE. 
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4.4  Kinetic Investigations 

Carbamate based pseudo-irreversible inhibitors are known to undergo a three step kinetic (Figure 4.5): In an 

initial step, the inhibitor (I) binds reversibly to the enzyme (E) forming an enzyme-inhibitor-complex (EI) 

described in equilibrium by the constant KC. In the second step, the carbamate moiety is transferred covalently 

onto the enzyme thus inhibiting the enzyme irreversibly (E-C) with k3 as the carbamoylation rate constant. 

Finally, the carbamate moiety is hydrolyzed over time while recovering the intact enzyme (E) and k4 as the 

decarbamoylation rate constant.  

 

 

Figure 4.5. Kinetic model of pseudo-irreversible inhibitors. For description of the single steps see the main text.[1] 

 

To investigate the influence of the tetrahydroquinazoline carrier scaffold for binding onto BChE (first step in 

Figure 4.5) and therefore to postulate a suitable binding model for this class of compounds, time-dependent 

studies are necessary to determine the KC-values (Table 4.2). These values quantify the reversible interactions 

of the test compounds before inhibition through enzyme-carbamoylation takes place. As the heptyl-carbamate 

moiety was kept for all compounds constant, differences in the KC-values are attributed to differences of the 

substitution patterns of the carrier scaffold due to altered interactions between the enzyme and the 

tetrahydroquinazoline system.  

The kinetic studies revealed: 

1) The affinity (KC-values in Table 4.2) of the test compounds showed a similar trend when compared 

to the IC50-values (Table 4.1). 

2) Most compounds showed a comparable carbamoylation rate constant (k3-values) between 0.13 and 

0.24 min-1 with exceptions for the 4-CF3 compound 3l and the naphthyl compound 3s. It can be 

assumed, that a similar carbamoylation rate constant has its origin in the same orientation of the 

carbamate moiety with respect to the serine of the CAS supporting a conserved binding mode for 

these inhibitors.[1] 
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Table 4.2. Kinetic values for carbamoylation and decarbamoylation on eqBChE for selected compounds. 

Experiments were performed in triplicate (means±SEM )[1] 

 

KC±SEM k3±SEM k3/KC±SEM k4±SEM 

[nM] [min
-1

] [µM
-1

min
-1

] [h
-1

] 

 

R
1
 R

2
 

  

 

 

3a Me Ph- 226.2 ± 82.8 0.13 ± 0.04 0.57 ± 0.27 0.14 ± 0.003 

3p Me 2-thiophenyl- 

14.3 ± 6.2 

19.7 ±  0.9* 

0.14 ± 0.04 

0.32 ± 0.01* 

9.79 ± 5.08 

16.24 ± 0.64* 

0.14 ± 0.003 

3k Me 4-F-Ph- 24.5 ± 12.7 0.14 ± 0.04 5.71 ± 3.38 

 

3c Me 3-Cl-Ph- 227.3 ± 120.5 0.16 ± 0.05 0.7 ± 0.43 

 

3h Me 4-MeO-Ph- 1203.6 ± 118.7 0.24 ± 0.01 0.2 ± 0.02 

 

3i Me 3-MeO-Ph-  622 ± 234.5 0.18 ± 0.05 0.29 ± 0.14 

 

3l Me 4-CF3-Ph- 756.5 ± 251.7** 0.05 ± 0.01** 0.07 ± 0.03** 

 

3s Me 1-naphthyl- 15.6 ± 17.6** 0.03 ± 0.002* 1.92 ± 2.17** 

 

3u Me 2,6-Cl-Ph 4118 ± 1204 0.23 ± 0.063 0.06 ± 0.02 

 

4a i-Pr Ph- 185.8 ± 115.1 0.16 ± 0.07 0.86 ± 0.65 

 

        17 

 

1057.9 ± 577.7** 0.14 ± 0.06* 0.13 ± 0.09** 

 

      physostigmine 

 

280.3 ± 130.0 0.3 ± 0.1 0.3 ± 0.1 0.25 ± 0.01 

* Values measured for human BChE. 

** Values are calculated under the assumption of a pseudo-irreversible inhibition. They have to be carefully rated as the inhibition mode 
might be different from those of other inhibitors. 

 

Interestingly, the time and concentration dependent inhibition curves for inhibitors 3l, 3s and 17 showed 

remarkable differences in their shape compared to the other inhibitors. This is exemplarily shown for the most 

active compound 3p (Figure 4.6 a) and the 4-CF3 compound 3l (Figure 4.6 b). While 3p showed a clear 

separation of its concentration-dependent inhibition curves over time, the 4-CF3 compound 3l showed even after 
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40 min bundling of all curves at different inhibitor concentrations. Although the underlying reason for the 

altered kinetics of these three compounds remains unclear, this result supports the hypothesis of a different 

binding mode for 3l, 3s and 17.  
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Figure 4.6. Time dependent inhibition of BChE (a) by compound 3p and (b) by the 4-CF3 compound 3l at different inhibitor 

concentrations. Experiments were performed in triplicate (means±SD). 

 

A detailed description of this study as well as the calculation of the kinetic parameters can be found in 

Appendix 2. 

 

 

4.5  Binding Model of Tetrahydroquinazoline Based Carbamates 

Regarding the obtained results for the IC50-values (chapter 4.3) and the kinetic investigations (chapter 4.4), 

several requirements for a reasonable binding model of the inhibitors described have to be considered:  

1) Kinetic studies have shown that enzyme inhibition is time dependent indicating a pseudo-

irreversible reaction mechanism. Therefore, the carbamate moiety of a non-covalently and 

reversibly bound inhibitor has to be in a close position and in a correct orientation to the serine of 

the CAS to enable carbamate transfer. 

2) Non-polar compounds with a small residue at the aromatic site are preferred compared to those with 

polar groups and increased size. 

3) Most of the inhibitors undergo a general conserved binding mode indicated by similar 

carbamoylation rate constants (k3) only differing in their affinity (Kc).  

4) Compounds 3l, 3s and 17 showed significant differences compared to the other test compounds 

regarding their low IC50-values in the micro molar range, the shape of the IC50-curves (Figure 4.4), 



SAR for Tetrahydroquinazoline based BChE Inhibitors 

Ph.D. Thesis   56 

the shape of the time-dependent curves (Figure 4.6) as well as low k3 values. Taking these data 

together, it can be assumed that these inhibitors adhere to a different binding mode or act as slow 

reversible binding inhibitors and should not fit into a proposed binding model. 

Considering these requirements, docking studies were conducted (for details see Appendix 2) to reveal a 

binding model for the inhibitors described: Ser198 of the CAS was found to be in close proximity to the 

carbonyl carbon of the carbamate moiety offering the possibility for carbamate transfer onto this residue and in 

consequence for pseudo-irreversible inhibition. The aromatic residues (with their different substituent pattern) 

are positioned in a side cavity next to the CAS but showed no further interactions to residues of the enzyme. 

This binding mode was found to be conserved for almost all inhibitors and is exemplarily shown for the two   

aaa 

 

 

Figure 4.7 (a) Representation of the preferred binding mode of 3p as R-enantiomer (light green) and (b) S-enantiomer (light blue) at 

BChE’s binding site. (c) Representation of the binding mode of 3l (dark brown) in the R-enantiomeric form when forced to an analogous 

binding mode as the most active compound 3p (d) and of the S-enantiomer (light brown). Residues of the acyl pocket are shown in 

green, the oxyanion hole in yellow, the CAS in orange, the choline binding site (Trp82) in turquoise, and parts of the side cavity in pink. 

Distances in Å are given in italics.[1]  
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enantiomers of the thophene 3p in Figure 4.7a and b. Interestingly, although an explanation for the altered 

affinity of the described inhibitors cannot be revealed with this binding model as no distinct interactions of the 

aromatic residues were found, the exceptions 3l (4-CF3) and 17 (planar system) did not fit to it. When forcing 

these inhibitors into a comparable binding mode like the most active compound 3p, several unfavorable sterical 

interactions can be observed indicating that this binding mode is unlikely for these compounds. These 

observations are exemplarily shown in Figure 4.7 c and d for the two enantiomers of 3l whose CF3-group leads 

to clashes with residues of the enzyme (distances are less than 3 Å). 

Taken together, the proposed model describes the reversible binding mode of the tetrahydroquinazoline scaffold 

in relation to different substitution patterns. Furthermore, this model supports the hypothesis that compounds 

with irregular kinetics (3l, 3s and 17) do not fit into the described side cavity due to sterical interactions between 

the aromatic residues of the inhibitors with the enzyme; at least for compounds 3l and 17. Therefore, the model 

can explain in part the influence of the tetrahydroquinazoline carrier scaffold for binding of the whole inhibitor 

before inhibition through carbamate transfer occurs. 

 

 

4.6  Neuroprotection and –toxicity 

Due to the pseudo-irreversible inhibition mechanism of the described inhibitors, the tetrahydroquinazoline 

carrier scaffold is released after the carbamate transfer (cf. Figure 4.2). This carrier scaffold can act as a 

neuroprotectant due to the radical scavenging properties of its para-aminophenol moiety and therefore prevents 

oxidative stress induced cell death. To prove this concept, murine hippocampal HT-22 cells were used to 

determine the self-toxicity and the neuroprotective abilities against oxidative stress of several carbamate based 

inhibitors (series 3 and 4) as well as their phenolic analogs (series 10 and 11) (Figure 4.8).  

All carbamates (series 3 and 4) showed only little self-toxicity up to a concentration of 25 µM while 

maintaining the cell viability above 50% and also their corresponding phenols (series 10 and 11) did not reduce 

cell viability significantly up to a concentration of 5 µM (Figure 4.8a). When inducing oxidative stress through 

addition of a high concentration of glutamate (Figure 4.8b), the phenolic compounds effectively counteracted 

oxycytosis at a concentration of 5 µM while maintaining the cell viability. Cell death at higher concentrations 

was found to proceed parallel to the self-toxicity of these compounds and therefore oxidative stress can be 

excluded as the source for decreased cell viability at higher concentrations. 

Interestingly, also the carbamate based compounds (series 3 and 4) where able to prevent oxidative stress 

induced cell death as all compounds maintained cell viability to a significant extent at concentrations above 

5 µM. This is quite remarkable, as neuroprotective abilities are observable already for the carbamate based 
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compounds and hydrolysis to the corresponding phenols is not obligatory necessary for neuroprotection.[1] It 

might be possible that the benzyl positions can act as radical scavengers as it is known that benzyl radicals are 

highly stable structures.  
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Figure 4.8 (a) Neurotoxicity tests for target compounds on HT-22 cells. (b) Neuroprotection tests against glutamate induced oxidative 

stress for target compounds on HT-22 cells.[1]  
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4.7  Conclusion 

Pseudo-irreversible ChE inhibitors consist of a carrier scaffold and a carbamate moiety. The carrier scaffold 

binds near the CAS and guides the carbamate moiety into a close position to enable carbamate transfer onto the 

CAS thus inhibiting the enzyme. Therefore, information about the binding mode of the carrier scaffold is 

essential for the design of new inhibitors as only a well bound carrier scaffold in the correct orientation to the 

CAS offers the possibility for pronounced pseudo-irreversible inhibition. To investigate the influence of 

tetrahydroquinazoline based carrier scaffolds for binding on BChE, carbamate based inhibitors of the series 3 

and 4 were synthesized by applying different rational approaches such as the topliss decision tree or 

bioisosterism. Kinetic investigations revealed that the compounds synthesized inhibit BChE pseudo-irreversibly 

through carbamate transfer while binding in a conserved manner with some exceptions (3l, 3s and 17). Based on 

these data a plausible binding model was postulated explaining the influence of the carrier scaffold for binding 

at BChE’s active site just before carbamate transfer takes place. Additionally, these compounds feature 

neuroprotective properties and prevent oxidative stress induced cell death in their carbamate form as well as 

after the release of the tetrahydroquinazoline carrier scaffold. 

The detailed results of this chapter as well as experimental data were previously published[1] and can be found in 

Appendix 2. 
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5. Dual Addressing of Butyrylcholinesterase by Targeting the 

Catalytic Active Site (CAS) and the Peripheral Anionic Site 

(PAS)
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5.1  Introduction 

As discussed before in Chapter 4, hBChE and hAChE share an identity of 49% and a similarity of 66%,[1] 

making selective targeting of these enzymes challenging. Nevertheless, BChE offers specific differences in its 

structure:[2-4] In contrast to AChE which is forged by 14 aromatic residues, in BChE six of them are replaced 

against aliphatic hydrophobic amino acid residues.[5,6] BChE features a catalytic active site (CAS) consisting a 

catalytical triade (Ser198, His438, Glu325), which is buried at the end of a 20 Å deep gorge (cf. Figure 5.1). 

The catalytic triade is flanked by a large acyl binding pocket (Leu286, Val288) where the acyl part of substrates 

binds and by an anionic site (Trp82), also called the choline binding site, that interacts with positively charged 

substrates by cation-π interactions. Especially the wide acyl pocket in BChE allows binding of bulky substrates 

and inhibitors compared to AChE and therefore can be exploited for the design of selective BChE inhibitors. At 

the entrance of the hydrophobic gorge a peripheral anionic site (PAS) is located (Asp70, Tyr332) which is 

connect by an Ω-loop to the choline binding site. The peripheral site is necessary for initial binding of 

substrates[7] and in the case of AChE it was found to promote amyloid-β aggregation.[8,9]  

 

 

Figure 5.1. Schematic description of BChE’s binding sites. 
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While for AChE numerous inhibitors are known addressing the different subsides of the enzyme,[10-25] the 

number of selective BChE inhibitors is comparable small in literature. Highly potent and selective targeting of 

BChE often is contributed to inhibitors binding at the CAS (Figure 5.2a);[26-27] in most cases with carbamates 

but also with organophosphates or reversibly acting inhibitors like ethopropazine. Further, targeting the CAS 

and additional binding to amino acid residues at the PAS or at the gorge is described for bivalent compounds 

like homo- and heterobivalent tacrine dimers (Figure 5.2b).[2,5,28-30] Carolan et al.
[31] and Lin et al.

[32] combined 

these two concepts and developed pseudo-irreversible carbamate based inhibitors (Figure 5.2c) which interact 

with their carrier scaffold (for description of the binding concept of carbamates cf. Chapter 4) with residues at 

the PAS and in addition can transfer the carbamate moiety onto the serine of the catalytic triade at the CAS. 

Carolan et al. proved with enzyme mutant studies that inhibitors binding at the CAS which additional interact 

with residues of the PAS, like Asp70 or Tyr332, are the source for a significantly increased BChE inhibition 

leading to inhibition values from the nanomolar range to those in the picomolar range.[31]  

 

Figure 5.2. Selective high affinity inhibitors for BChE targeting (a) the CAS,[26,27] (b) the CAS and PAS/gorge with reversible 

inhibitors[2,5,28-29] and (c) the CAS and PAS with carbamates.[31,32] 
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However, structural features of BChE’s PAS are not yet fully explored, especially due to the little number of 

available crystal structures with inhibitors binding to this site.[2,33] Therefore, the current chapter focuses on the 

development of carbamate based inhibitors targeting the CAS and the PAS at the same time. These inhibitors 

can help to identify further amino acid residues within the PAS which can be exploited to gain affinity when 

designing new compounds.  

 

 

5.2  Compound Design and Synthesis  

To identify a compound which is dual targeting the CAS and the PAS, the tetrahydroquinazoline template was 

chosen for the synthesis of carbamate based inhibitors as it plays only a minor part in inhibition of BChE itself 

(cf. Chapter 4). In contrast to the carbamates shown in Figure 5.2c
 which are targeting the PAS with their 

carrier scaffold, the herein planned compounds are modified at the carbamate residue to further explore the 

possibilities of targeting different binding sites of BChE, especially the PAS, with suitable chemical motifs 

(Figure 5.3). Therefore, the concept of enzyme inhibition described in Chapter 4 can be expanded as follows: 

The tetrahydroquinazoline template binds to a subsite close to the catalytic triade guiding the carbamate moiety 

into a favorable position to enable carbamate transfer onto the enzyme’s catalytic triade thus deactivating the 

enzyme pseudo-irreversibly (cf. Chapter 4). In addition, the transferred carbamate moiety is connected via a 

       a 

Figure 5.3. Carbamate based inhibition of BChE by targeting the CAS and the PAS concomitantly. The tetrahydroquinazoline scaffold 

is shown in black, the carbamate moiety in green, the linker in blue and the PAS binding moiety in purple. For description of the single 

steps see the main text. 
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linker to aa second pharmacophore targeting the PAS at the same time. This additional interaction can help to 

improve the affinity of carbamate based compounds and is expected to have inhibitory potency even after time 

dependent hydrolysis of the carbamate moiety from the serine as it plugs the entrance of the gorge preventing 

entry of substrate and in consequence leads to BChE inhibition (Figure 5.3). 

The discovery of an additional binding site with such compounds has to be performed in several steps. The first 

step is the exploration of a suitable linker length to bridge the distance between the CAS and the PAS to enable 

bivalent binding of the carbamate residue. For such an investigation, a phthalimide moiety was chosen as PAS 

binder as it is described in literature for the case of AChE to interact with amino acid residues at the PAS and 

the gorge.[20,34-36] For this purpose, inhibitors of the structure 5 with a functionalized carbamate chain are 

desirable (Scheme 5.1): Starting with dibromo alkanes and potassium phthalimide the alkylated compounds 1a 

and 1b were synthesized in moderate yields, followed by the substitution of the second bromine atom using 

sodium azide towards 2a and 2b. Unfortunately, the reduction of the azide group in the presence of the 

phthalimide moiety was unsuccessful by hydrogenation with Pd/C,[37,38] or under Staudinger conditions using 

PPh3.
[39,40] Interestingly, although reduction of an azide group in presence of the phthalimide moiety is claimed 

in literature[37,38] to work well, Villemin et al.
[41] reported similar difficulties for such a reaction. 

 

 

Scheme 5.1. Reagents and conditions: (i) DMF, 120 °C, 5 h; (ii) NaN3, DMF, rt, 6 h. 

 

Therefore, the compound design strategy was altered and a simple unsubstituted phenyl system was chosen as 

an alternative group for PAS binding (Scheme 5.2a and b). Starting with dibromoalkanes and phenol, 

compounds 6a-c were synthesized. Substitution of the bromine atom by an azide group toward compounds 7a-c, 

successfully followed by reduction with LiAlH4 gave amines 8a-c. Finally, activation of these amines with 4-
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nitrophenyl chloroformate and coupling with the phenolic tetrahydroquinazoline 4 (synthesis described in 

literature[42]) gave the desired target compounds 10 a-c with different linker lengths between the carbamate 

moiety and the supposed PAS binding phenyl system. In addition, also compound 11 (Scheme 5.2b) with one 

methylene unit between the mentioned residues was synthesized although it might be expected that only one 

linking atom is significantly too short to reach the PAS with the phenyl system while targeting the CAS with the 

carbamate moiety. 

 

 

Scheme 5.2. Reagents and conditions: (i) DMF, K2CO3, rt, 24 h; (ii) NaN3, DMF, rt, 6 h; (iii) LiAlH4, THF, rt, 2 h; (iv) Et3N, DCM, rt, 

4 h; (v) NaH, DCM, rt, 3 h; (vi) Et3N, DCM, rt, 5 h. 

 

Besides, also the possibility of a more polar linker was investigated to improve the solubility of the test 

compounds. Therefore, the PEG-chain bearing compound 15 (Scheme 5.3) was synthesized: Starting with 1-

bromo-2-(2-ethoxyethoxy)ethane a Gabriel synthesis was performed to give amine 13 in two steps. Activation 

of 13 with 4-nitrophenyl chloroformate gave compound 14 which was finally used to introduce the PEG-chain 

into compound 4 yielding the desired target compound 15. 
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Scheme 5.3. Reagents and conditions: (i) DMF, 120 °C, 3 h; (ii) H2N-NH2·H2O, EtOH, reflux, 4h; (iii) Et3N, THF, rt, 4 h; (iv) NaH, 

THF, rt, 1h. 

 

 

5.3  Enzyme Inhibition 

To indicate binding of the synthesized target compounds to the PAS while inhibiting the CAS, IC50-values were 

determined on BChE with the previously described heptyl carbamate 16 as reference compound[43] (Table 5.1). 

Interestingly, while compound 11 with only one atom as spacer between the carbamate moiety as CAS binding 

residue and the phenyl system as PAS binder showed almost 10 fold decrease in inhibition compared to the 

heptyl reference compound, all compounds of series 10 with 4 to 8 spacer atoms (counting oxygen and carbons) 

showed nearly identical inhibition of BChE as reference compound 16. In contrast, the polar PEG-chain bearing 

compound 15 was the least active compound with ~60 fold decrease in inhibition; still being a very potent 

inhibitor. 

These results indicate: 

1) A polar carbamate group (15) as well as large groups connected via a short linker to the carbamate 

moiety (11) might not be able to interact with the unpolar acyl binding pocket due unfavorable 

electrostatic repulsion or steric interactions and might impede carbamoylation and BChE inhibition. 

2) Extending the length of the linker (10a-c) eradicates unfavorable interactions between the PAS 

binding part of the compound and the acyl binding pocket resulting in similar inhibition compared 

to a heptyl carbamate moiety. 

3) No additional PAS interactions could be identified so far as no changes in BChE inhibition within 

compound series 10 was detected. 
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Table 5.1. Cholinesterase inhibition of the synthesized test compounds.a 

 

Compound R =  
IC50(eqBChE) [nM]  

(pIC50 ±SEM) 

16
b 

 

14.8 

(7.83 ± 0.03) 

11 
 

129.7 

(6.89 ± 0.03) 

10a 
 

12.3 

(7.91 ± 0.05) 

10b 
 

23.6 

(7.63 ± 0.02) 

10c 
 

13.2 

(7.88 ± 0.02) 

15 
 

929.9 

(6.03 ± 0.04) 

aExperiments were performed in triplicate with BChE from equine serum and 30 min of pre-incubation time. 

                                   bCompound resynthesized as described in Ref[44]. 

 

 

5.4  Conclusion 

Dual-targeting of AChE’s CAS and the PAS is well described in literature. Although the existence and the role 

of the PAS in BChE is discussed controversially, several investigations[28,31,44] have indicated such a binding site 

that might be exploited additionally for the design of new inhibitors. However, inhibitors targeting the CAS and 

the PAS have been rarely described for BChE (cf. Figure 5.2); but those compounds, that have adopted the 

concept of dual targeting BChE, are the most potent and selective BChE inhibitors to date with inhibition values 

in the picomolar range. The current chapter describes the modification of previously reported 

tetrahydroquinazoline based carbamates targeting the CAS of BChE[1,43] to find an additional interaction site 

with residues of the PAS. In an initial step, the linker length was investigated which is necessary to bridge the 

distance between the CAS and the PAS. Interestingly, no pronounced differences in inhibition between linker 

lengths of 4 to 8 atoms were found, proving an empty, large space in BChE for carbamate groups. This space 

might be exploited for further modifications, e.g. longer linker or other functional groups as PAS binder.  
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Due to limitations in time, the current project could not be finished and therefore only the basic ideas and the 

initial syntheses are presented. Nevertheless, to successfully proceed the development of dual CAS-PAS binding 

inhibitors, this project has to progress in three steps: 

1) The linker length has to be further investigated, as to the current state no changes in BChE inhibition 

were found. These changes might be an increase or decrease in inhibition while it is not known if the 

phenyl ring as PAS binder leads to favorable or unfavorable interactions with residues of the PAS. 

2) When a suitable linker length is found, the PAS binding moiety has to be systematically altered to find 

the best fitting moiety to the PAS. Therefore, it might be helpful to introduce moieties which are known 

to interact with AChE’s PAS like the mentioned phthalimide moiety due to the high similarity of AChE 

and BChE. 

3) Binding of these inhibitors at BChE’s PAS has to be proven. Macdonald et al.
[44] showed that a 

combination of mutant studies altered at BChE’s PAS and competition studies with inhibitors known to 

bind to the PAS can help to determine if binding of the herein described compounds occurs specific at 

the PAS. Using these techniques and additional docking experiments might help to predict a suitable 

binding model. 

 

 

5.5  Experimental Section 

Chemistry. 

General. 

Common reagents and solvents were obtained from commercial suppliers and used without any further 

purification. Tetrahydrofurane (THF) was distilled from sodium/benzophenone under argon atmosphere. 

Reaction progress was monitored using analytical thin layer chromatography (TLC) on precoated silica gel 

GF254 plates (Macherey-Nagel GmbH & Co. KG)  and spots were detected under UV light (254 nm) or through 

staining with iodine. Nuclear magnetic resonance spectra were performed with a Bruker AV-400 NMR 

instrument (Bruker, Karlsruhe, Germany) in DMSO-d6 or CDCl3. Chemical shifts are expressed in ppm relative 

to CDCl3 or DMSO-d6 (7.26/2.50 and 77.16/39.52 ppm for 1H and 13C NMR, respectively).  Melting points 

were determined in open capillaries on a Büchi B-540 without any further correction. For purity of target 

compounds, analytic HPLC was performed on a system from Shimadzu equipped with a DGU-20A3R 

controller, LC20AB liquid chromatograph, and a SPD-20A UV/Vis detector. Stationary phase was a Synergi 4U 

fusion-RP (150 x 4.6 mm) column (Phenomenex, Aschaffenburg, Germany). As mobile phase, water (phase A) 

and MeOH (phase B) were used with 1 mL/min: conc. B: 5% → 90% from 0 to 8 min; 90% from 8 to 13 min; 
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90% → 5% from 13 to 15 min; 5% from 15 to 18 min. ESI mass spectral data were acquired on a Simadzu 

LCMS-2020. 

 

2-(5-Bromopentyl)isoindoline-1,3-dione 1a: 1,5-Dibromopentan (731 µL, 5.40 mmol, 2 equiv.) was dissolved in 

dry DMF (40 mL) and treated with potassium phthalate (500 mg, 2.70 mmol, 1 equiv.). The mixture was stirred 

for 5 h at 120 °C.  Then, the precipitated solid was filtered and the filtrate was diluted with water (30 mL). The 

aqueous phase was extracted with ethyl acetate (3 x 50 mL). The combined organic layer was washed with brine 

(30 mL) and dried over Na2SO4. After removal of the solvent under reduced pressure, the residue was purified 

by column chromatography (petroleum ether:EtOAc = 9:1) to yield 2-(5-bromopentyl)isoindoline-1,3-dione 1a 

(514 mg, 64%) as clear oil; 1H NMR (400 MHz, CDCl3): δ = 7.86 (dd, J = 5.5, 3.0 Hz, 2H), 7.73 (dd, J = 5.5, 

3.0 Hz, 2H), 3.72 (t, J = 7.2 Hz, 2H), 3.42 (t, J = 6.8 Hz, 2H), 2.00 - 1.88 (m, 2H), 1.80 - 1.68 (m, 2H), 1.58 - 

1.45 (m, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ =  168.4 (2C), 133.9 (2C), 132.1 (2C), 123.2 (2C), 37.7, 

33.4, 32.2, 27.7, 25.4 ppm. 

 

2-(6-Bromohexyl)isoindoline-1,3-dione 1b: 1,6-Dibromohexan (831 µL, 5.40 mmol, 2 equiv.) was dissolved in 

dry DMF (40 mL) and treated with potassium phthalate (500 mg, 2.70 mmol, 1 equiv.). The mixture was stirred 

for 5 h at 120 °C.  Then, the precipitated solid was filtered and the filtrate was diluted with water (30 mL). The 

aqueous phase was extracted with ethyl acetate (3 x 50 mL). The combined organic layer was washed with brine 

(30 mL) and dried over Na2SO4. After removal of the solvent under reduced pressure, the residue was purified 

by column chromatography (petroleum ether:EtOAc = 9:1) to yield 2-(6-bromohexyl)isoindoline-1,3-dione 1b 

(524 mg, 63%) as clear oil; 1H NMR (400 MHz, CDCl3): δ = 7.86 (dd, J = 5.5, 3.0 Hz, 2H), 7.73 (dd, J = 5.5, 

3.0 Hz, 2H), 3.76 - 3.65 (m, 2H), 3.41 (t, J = 6.8 Hz, 2H), 1.94 - 1.82 (m, 2H), 1.72 (p, J = 7.4 Hz, 2H), 1.54 - 

1.46 (m, 2H), 1.46 - 1.32 (m, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ =  168.4 (2C), 133.9 (2C), 132.2 (2C), 

123.2 (2C), 37.8, 33.7, 32.6, 28.4, 27.7, 26.0 ppm. 

 

2-(5-Azidopentyl)isoindoline-1,3-dione 2a: Referring to literature[39], 2-(5-bromopentyl)isoindoline-1,3-dione 

1a (500 mg, 1.69 mmol, 1 equiv.) was dissolved in dry DMF (40 mL) and treated with sodium azide (138 mg, 

2.12 mmol, 1.25 equiv.) under argon atmosphere. The mixture was stirred for 5 h at room temperature. Then the 

mixture was diluted with water (30 mL) and extracted with ethyl acetate (2 x 50 mL). The organic phase was 

washed with water (3 x 30 mL), dried over Na2SO4 and the solvent was removed under reduced pressure to 

yield 2-(5-azidopentyl)isoindoline-1,3-dione 2a (339 mg, 78%) as yellow oil; 1H NMR (400 MHz, CDCl3): δ = 

7.84 (dd, J = 5.5, 3.0 Hz, 2H), 7.71 (dd, J = 5.5, 3.0 Hz, 2H), 3.74 - 3.61 (m, 2H), 3.26 (t, J = 6.9 Hz, 2H), 1.77 - 
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1.68 (m, 2H), 1.68 - 1.59 (m, 2H), 1.48 - 1.35 (m, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ = 168.4 (2C), 

133.9 (2C), 132.1 (2C), 123.2 (2C), 51.2, 37.7, 28.4, 28.1, 24.0 ppm. 

 

2-(6-Azidohexyl)isoindoline-1,3-dione 2b: Referring to literature[38], 2-(5-bromohexyl)isoindoline-1,3-dione 1b 

(500 mg, 1.62 mmol, 1 equiv.) was dissolved in dry DMF (40 mL) and treated with sodium azide (132 mg, 2.03 

mmol, 1.25 equiv.) under argon atmosphere. The mixture was stirred for 5 h at room temperature. Then the 

mixture was diluted with water (30 mL) and extracted with ethyl acetate (2 x 50 mL). The organic phase was 

washed with water (3 x 30 mL), dried over Na2SO4 and the solvent was removed under reduced pressure to 

yield 2-(6-azidohexyl)isoindoline-1,3-dione 2b (399 mg, 91%) as yellow oil; 1H NMR (400 MHz, CDCl3): δ = 

7.84 (dd, J = 5.5, 3.0 Hz, 2H), 7.70 (dd, J = 5.5, 3.0 Hz, 2H), 3.77 - 3.56 (m, 2H), 3.25 (t, J = 6.9 Hz, 2H), 1.74 - 

1.65 (m, 2H), 1.63 - 1.54 (m, 2H), 1.48 - 1.30 (m, 4H) ppm. 13C NMR (101 MHz, CDCl3): δ = 168.4 (2C), 

133.9 (2C), 132.2 (2C), 123.2 (2C), 51.3, 37.8, 28.7, 28.4, 26.4, 26.3 ppm. 

 

(3-Bromopropoxy)benzene 6a: Referring to literature[45], 1,3-dibromopropan (1.08 mL, 10.64 mmol, 2 equiv.), 

phenol (500 mg, 5.32 mmol, 1 equiv.) and potassium carbonate (734 mg, 5.32 mmol, 1 equiv.) in dry DMF 

(40 mL) were stirred for 24 h.  Then, the precipitated solid was filtered and the filtrate was diluted with water 

(100 mL). The aqueous phase was extracted with ethyl acetate (3 x 50 mL). The combined organic layer was 

washed with brine (30 mL) and dried over Na2SO4. After removal of the solvent under reduced pressure, the 

residue was purified by column chromatography (cyclohexane 1 L, then cyclohexane:EtOAc = 10:1) to yield (3-

bromopropoxy)benzene 6a (534 mg, 47%) as clear liquid; 1H NMR (400 MHz, CDCl3): δ = 7.33 - 7.26 (m, 2H), 

7.00 - 6.90 (m, 3H), 4.12 (t, J = 5.8 Hz, 2H), 3.62 (t, J = 6.5 Hz, 2H), 2.38 - 2.30 (m, 2H) ppm. 13C NMR (101 

MHz, CDCl3): δ =  158.7, 129.5 (2C), 121.0, 114.6 (2C), 65.2, 32.4, 30.1 ppm. 

 

((5-Bromopentyl)oxy)benzene 6b: Referring to literature[45], 1,5-dibromopentan (1.44 mL, 10.64 mmol, 

2 equiv.), phenol (500 mg, 5.32 mmol, 1 equiv.) and potassium carbonate (734 mg, 5.32 mmol, 1 equiv.) in dry 

DMF (40 mL) were stirred for 24 h.  Then, the precipitated solid was filtered and the filtrate was diluted with 

water (100 mL). The aqueous phase was extracted with ethyl acetate (3 x 50 mL). The combined organic layer 

was washed with brine (30 mL) and dried over Na2SO4. After removal of the solvent under reduced pressure, 

the residue was purified by column chromatography (cyclohexane 1 L, then cyclohexane:EtOAc = 10:1) to yield 

((5-bromopentyl)oxy)benzene 6b (646 mg, 50%) as clear liquid; 1H NMR (400 MHz, CDCl3): δ = 7.24 - 7.16 

(m, 2H), 6.89 - 6.78 (m, 3H), 3.90 (t, J = 6.3 Hz, 2H), 3.36 (t, J = 6.8 Hz, 2H), 1.91 - 1.82 (m, 2H), 1.80 - 1.70 

(m, 2H), 1.61 - 1.50 (m, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ = 159.0, 129.5 (2C), 120.6, 114.5 (2C), 67.5, 

33.6, 32.5, 28.5, 24.9 ppm. 
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((7-Bromoheptyl)oxy)benzene 6c: Referring to literature[45], 1,7-dibromoheptan (1.91 mL, 10.64 mmol, 

2 equiv.), phenol (500 mg, 5.32 mmol, 1 equiv.) and potassium carbonate (734 mg, 5.32 mmol, 1 equiv.) in dry 

DMF (40 mL) were stirred for 24 h.  Then, the precipitated solid was filtered and the filtrate was diluted with 

water (100 mL). The aqueous phase was extracted with ethyl acetate (3 x 50 mL). The combined organic layer 

was washed with brine (30 mL) and dried over Na2SO4. After removal of the solvent under reduced pressure, 

the residue was purified by column chromatography (cyclohexane 1 L, then cyclohexane:EtOAc = 10:1) to yield 

((7-bromoheptyl)oxy)benzene 6c (1028 mg, 71%) as clear liquid; 1H NMR (400 MHz, CDCl3): δ = 7.34 - 7.27 

(m, 2H), 6.99 - 6.90 (m, 3H), 3.99 (t, J = 6.5 Hz, 2H), 3.45 (t, J = 6.8 Hz, 2H), 1.95 - 1.87 (m, 2H), 1.87 - 1.77 

(m, 2H), 1.57 - 1.37 (m, 6H) ppm. 13C NMR (101 MHz, CDCl3): δ = 159.1, 129.4 (2C), 120.5, 114.5 (2C), 67.7, 

33.9, 32.7, 29.2, 28.5, 28.1, 25.9 ppm. 

 

(3-Azidopropoxy)benzene 7a: Referring to literature[46], (3-bromopropoxy)benzene 6a (500 mg, 2.34 mmol, 

1 equiv.) and sodium azide (190 mg, 2.92 mmol, 1.25 equiv.) in dry DMF (20 mL) were stirred for 6 h.  The 

solution was diluted with water (100 mL) and extracted with ethyl acetate (3 x 20 mL). The combined organic 

layer was washed with water (3 x 50 mL) and brine (50 mL). The organic phase was dried over Na2SO4 and the 

solvent was removed under reduced pressure to yield (3-azidopropoxy)benzene 7a (389 mg, 94%) as yellow oil; 
1H NMR (400 MHz, CDCl3): δ = 7.33 - 7.26 (m, 2H), 6.99 - 6.88 (m, 3H), 4.06 (t, J = 5.9 Hz, 2H), 3.53 (t, J = 

6.7 Hz, 2H), 2.11 - 2.00 (m, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ =  158.7, 129.5 (2C), 120.9 (2C), 114.5, 

64.4, 48.3, 28.8 ppm. 

 

((5-Azidopentyl)oxy)benzene 7b: Referring to literature[46], ((5-bromopentyl)oxy)benzene 6b (600 mg, 

2.47 mmol, 1 equiv.) and sodium azide (201 mg, 3.09 mmol, 1.25 equiv.) in dry DMF (20 mL) were stirred for 

6 h.  The solution was diluted with water (100 mL) and extracted with ethyl acetate (3 x 20 mL). The combined 

organic layer was washed with water (3 x 50 mL) and brine (50 mL). The organic phase was dried over Na2SO4 

and the solvent was removed under reduced pressure to yield ((5-azidopentyl)oxy)benzene 7b (471 mg, 93%) as 

clear oil; 1H NMR (400 MHz, CDCl3): δ = 7.32 - 7.23 (m, 2H), 6.97 - 6.87 (m, 3H), 3.98 (t, J = 6.3 Hz, 2H), 

3.31 (t, J = 6.8 Hz, 2H), 1.89 - 1.77 (m, 2H), 1.73 - 1.63 (m, 2H), 1.63 - 1.53 (m, 2H) ppm. 13C NMR (101 MHz, 

CDCl3): δ =  159.0, 129.5 (2C), 120.6, 114.5 (2C), 67.4, 51.4, 28.9, 28.7, 23.4 ppm. 

 

((7-Azidoheptyl)oxy)benzene 7c: Referring to literature[46], ((7-bromoheptyl)oxy)benzene 6c (980 mg, 

3.62 mmol, 1 equiv.) and sodium azide (294 mg, 4.52 mmol, 1.25 equiv.) in dry DMF (20 mL) were stirred for 

6 h.  The solution was diluted with water (100 mL) and extracted with ethyl acetate (3 x 20 mL). The combined 
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organic layer was washed with water (3 x 50 mL) and brine (50 mL). The organic phase was dried over Na2SO4 

and the solvent was removed under reduced pressure to yield ((7-azidoheptyl)oxy)benzene 7c (807 mg, 96%) as 

clear oil; 1H NMR (400 MHz, CDCl3): δ = 7.33 - 7.22 (m, 2H), 6.98 - 6.81 (m, 3H), 3.96 (t, J = 6.5 Hz, 2H), 

3.27 (t, J = 6.9 Hz, 2H), 1.85 - 1.74 (m, 2H), 1.68 - 1.56 (m, 2H), 1.56 - 1.34 (m, 6H) ppm. 13C NMR (101 MHz, 

CDCl3): δ = 159.1, 129.4 (2C), 120.5, 114.5 (2C), 67.7, 51.5, 29.2, 28.9, 28.8, 26.7, 26.0 ppm. 

 

3-Phenoxypropan-1-amine 8a: In modification to literature[46], (3-azidopropoxy)benzene 7a (370 mg, 

2.09 mmol, 1 equiv.) was dissolved in dry THF (20 mL) and treated portion wise with LiAlH4 (318 mg, 8.36 

mmol, 4 equiv.) under ice cooling. Then, the mixture was stirred for 2 h at room temperature. The reaction 

mixture was quenched with water (50 mL) and ethyl acetate (50 mL) was added. The phases were separated and 

the aqueous phase was back extracted with ethyl acetate (2 x 30 mL). The combined organic layer was dried 

over Na2SO4 and the solvent was removed under reduced pressure to yield 3-phenoxypropan-1-amine 8a (288 

mg, 91%) as yellow oil; 1H NMR (400 MHz, CDCl3): δ = 7.32 - 7.24 (m, 2H), 6.97 - 6.87 (m, 3H), 4.06 (t, J = 

6.1 Hz, 2H), 2.92 (t, J = 6.8 Hz, 2H), 1.97 - 1.89 (m, 2H), 1.28 (br, NH2) ppm. 13C NMR (101 MHz, CDCl3): δ 

=  159.0, 129.4 (2C), 120.6, 114.5 (2C), 65.8, 39.3, 33.1 ppm. ESI-MS: m/z calc.: 151.10, found: 152.1 [M+H]+. 

 

5-Phenoxypentan-1-amine 8b: In modification to literature[46], ((5-azidopentyl)oxy)benzene 7b (450 mg, 

2.16 mmol, 1 equiv.) was dissolved in dry THF (20 mL) and treated portion wise with LiAlH4 (334 mg, 8.78 

mmol, 4 equiv.) under ice cooling. Then, the mixture was stirred for 2 h at room temperature. The reaction 

mixture was quenched with water (50 mL) and ethyl acetate (50 mL) was added. The phases were separated and 

the aqueous phase was back extracted with ethyl acetate (2 x 30 mL). The combined organic layer was dried 

over Na2SO4 and the solvent was removed under reduced pressure to yield 5-phenoxypentan-1-amine 8b (378 

mg, 96%) as clear oil; 1H NMR (400 MHz, CDCl3): δ = 7.18 - 7.09 (m, 2H), 6.82 - 6.77 (m, 1H), 6.77 - 6.72 (m, 

2H), 3.83 (t, J = 6.5 Hz, 2H), 2.59 (t, J = 6.7 Hz, 2H), 1.74 - 1.63 (m, 2H), 1.42 - 1.33 (m, 2H), 1.04 (br, NH2) 

ppm. 13C NMR (101 MHz, CDCl3): δ =  159.1, 129.4 (2C), 120.5, 114.5 (2C), 67.7, 42.2, 33.6, 29.2, 23.4 ppm. 

ESI-MS: m/z calc.: 179.13, found: 180.1 [M+H]+. 

 

7-Phenoxyheptan-1-amine 8c: In modification to literature[46], ((7-azidoheptyl)oxy)benzene 7c (780 mg, 

3.35 mmol, 1 equiv.) was dissolved in dry THF (20 mL) and treated portion wise with LiAlH4 (509 mg, 13.39 

mmol, 4 equiv.) under ice cooling. Then, the mixture was stirred for 2 h at room temperature. The reaction 

mixture was quenched with water (50 mL) and ethyl acetate (50 mL) was added. The phases were separated and 

the aqueous phase was back extracted with ethyl acetate (2 x 30 mL). The combined organic layer was dried 

over Na2SO4 and the solvent was removed under reduced pressure to yield 7-phenoxyheptan-1-amine 8c 
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(591 mg, 85%) as white solid; 1H NMR (400 MHz, CDCl3): δ = 7.24 - 7.15 (m, 2H), 6.88 - 6.78 (m, 3H), 3.88 

(t, J = 6.5 Hz, 2H), 2.65 - 2.55 (m, 2H), 1.75 - 1.67 (m, 2H), 1.47 - 1.34 (m, 4H), 1.34 - 1.22 (m, 4H), 1.15 - 

0.99 (br, NH2) ppm. 13C NMR (101 MHz, CDCl3): δ =  159.1, 129.4 (2C), 120.5, 114.5 (2C), 67.8, 42.3, 33.8, 

29.3(2C), 26.8, 26.1 ppm. ESI-MS: m/z calc.: 207.16, found: 208.1 [M+H]+. 

 

4-Nitrophenyl (3-phenoxypropyl)carbamate 9a: 3-Phenoxypropan-1-amine 8a (270 mg, 1.79 mmol, 1 equiv.) in 

DCM (10 mL) was added drop wise into a mixture of 4-nitrophenyl chloroformate (395 mg, 1.97 mmol, 

1.1 equiv.) and triethylamine (272 µL, 1.97 mmol, 1.1 equiv.) in DCM (20 mL). The mixture was stirred for 4 h. 

Then, the mixture was diluted with DCM (50 mL) and washed with water (3 x 50 mL) and brine (30 mL). The 

organic layer was dried over Na2SO4 and the solvent was removed under reduced pressure. The crude residue 

was purified by column chromatography (petroleum ether:EtOAc = 5:1) to obtain 4-nitrophenyl (3-

phenoxypropyl)carbamate 9a (275 mg, 49%) as white solid; mp: 90-94 °C. 1H NMR (400 MHz, CDCl3): δ = 

8.21 - 8.11 (m, 2H), 7.29 - 7.20 (m, 4H), 6.95 - 6.88 (m, 1H), 6.88 - 6.83 (m, 2H), 5.43 (br, NH), 4.04 (t, J = 5.7 

Hz, 2H), 3.46 (dd, J = 12.5, 6.3 Hz, 2H), 2.03 (dt, J = 11.9, 6.1 Hz, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ = 

158.5, 156.0, 153.2, 144.8, 129.6 (2C), 125.1 (2C), 122.0 (2C), 121.2, 114.5 (2C), 66.0, 39.4, 29.0 ppm. ESI-

MS: m/z calc.: 316.11, found: 317.0 [M+H]+. 

 

4-Nitrophenyl (5-phenoxypentyl)carbamate 9b: 5-Phenoxypentan-1-amine 8b (350 mg, 1.96 mmol, 1 equiv.) in 

DCM (10 mL) was added drop wise into a mixture of 4-nitrophenyl chloroformate (432 mg, 2.15 mmol, 

1.1 equiv.) and triethylamine (298 µL, 2.15 mmol, 1.1 equiv.) in DCM (20 mL). The mixture was stirred for 4 h. 

Then, the mixture was diluted with DCM (50 mL) and washed with water (3 x 50 mL) and brine (30 mL). The 

organic layer was dried over Na2SO4 and the solvent was removed under reduced pressure. The crude residue 

was purified by column chromatography (petroleum ether:EtOAc = 5:1) to obtain 4-nitrophenyl (5-

phenoxypentyl)carbamate 9b (291 mg, 43%) as white solid; mp: 92-94 °C. 1H NMR (400 MHz, CDCl3): δ = 

8.11 - 8.04 (m, 2H), 7.20 - 7.09 (m, 4H), 6.83 - 6.77 (m, 1H), 6.77 - 6.72 (m, 2H), 5.03 (s, NH), 3.83 (t, J = 

6.2 Hz, 2H), 3.18 (dd, J = 13.1, 6.8 Hz, 2H), 1.75 - 1.63 (m, 2H), 1.59 - 1.49 (m, 2H), 1.49 - 1.36 (m, 2H) ppm. 
13C NMR (101 MHz, CDCl3): δ = 159.0, 156.0, 153.1, 144.7, 129.5 (2C), 125.1 (2C), 121.9 (2C), 120.7, 114.5 

(2C), 67.4, 41.3, 29. 5, 28.9, 23.4 ppm. ESI-MS: m/z calc.: 344.14, found: 345.1 [M+H]+. 

 

4-Nitrophenyl (7-phenoxyheptyl)carbamate 9c: 7-Phenoxyheptan-1-amine 8c (570 mg, 2.75 mmol, 1 equiv.) in 

DCM (15 mL) was added drop wise into a mixture of 4-nitrophenyl chloroformate (609 mg, 3.03 mmol, 

1.1 equiv.) and triethylamine (419 µL, 2.15 mmol, 1.1 equiv.) in DCM (20 mL). The mixture was stirred for 4 h. 

Then, the mixture was diluted with DCM (50 mL) and washed with water (3 x 50 mL) and brine (30 mL). The 
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organic layer was dried over Na2SO4 and the solvent was removed under reduced pressure. The crude residue 

was purified by column chromatography (petroleum ether:DCM = 1:2) to obtain 4-nitrophenyl (7-

phenoxyheptyl)carbamate 9c (721 mg, 71%) as white solid; mp: 99-120 °C. 1H NMR (400 MHz, CDCl3): δ = 

8.32 - 8.22 (m, 2H), 7.38 - 7.25 (m, 4H), 6.99 - 6.93 (m, 1H), 6.93 - 6.87 (m, 2H), 5.11 (s, NH), 3.99 (t, J = 

6.4 Hz, 2H), 3.32 (dd, J = 13.3, 7.0 Hz, 2H), 1.88 - 1.75 (m, 2H), 1.69 - 1.58 (m, 2H), 1.57 - 1.47 (m, 2H), 1.47 

- 1.38 (m, 4H) ppm. 13C NMR (101 MHz, CDCl3): δ = 159.1, 156.0, 153.1, 144.7, 129.4 (2C), 125.1 (2C), 121.9 

(2C), 120.6, 114.5 (2C), 67.7, 41.4, 29.7, 29.2, 29.0, 26.6, 26.0 ppm. ESI-MS: m/z calc.: 372.17, found: 373.1 

[M+H]+. 

 

13-Methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazolin-10-yl (3-phenoxypropyl) carbamate 10a: 

13-Methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazolin-10-ol 4 (120 mg, 0.45 mmol, 1 equiv.) in 

DCM (5 mL) was treated with NaH in parafine oil (60 wt%, 22 mg, 0.54 mmol, 1.2 equiv.) followed by 

4-nitrophenyl (3-phenoxypropyl)carbamate 9a (171 mg, 0.54 mmol, 1.2 equiv.). The mixture was stirred for 3 h 

and then diluted with DCM (30 mL). The organic phase was washed with water (30 mL), brine (30 mL) and 

dried over Na2SO4. The solvent was removed under reduced pressure and the crude residue was purified by 

column chromatography (petroleum ether:EtOAc = 1:1) to obtain 13-methyl-5,8,13,13a-tetrahydro-6H-

isoquinolino[1,2-b]quinazolin-10-yl (3-phenoxypropyl) carbamate 10a (127 mg, 64%) as clear oil; 1H NMR 

(400 MHz, CDCl3): δ = 7.72 (t, J = 5.6 Hz, NH), 7.37 - 7.16 (m, 6H), 6.93 (dd, J = 15.8, 8.1 Hz, 4H), 6.83 (dd, 

J = 8.7, 2.5 Hz, 1H), 6.75 (d, J = 2.4 Hz, 1H), 4.78 (s, 1H), 4.03 (t, J = 6.2 Hz, 2H), 3.90 (d, J = 15.8 Hz, 1H), 

3.84 (d, J = 15.9 Hz, 1H), 3.22 (dt, J = 8.3, 4.1 Hz, 2H), 3.18 (dd, J = 10.9, 5.4 Hz, 1H), 3.03 - 2.92 (m, 1H), 

2.78 (dt, J = 16.3, 4.7 Hz, 1H), 2.67 (ddd, J = 13.5, 8.7, 4.9 Hz, 1H), 2.50 (s, 3H), 1.97 - 1.87 (m, 2H) ppm. 
13C NMR (101 MHz, CDCl3): δ = 159.0, 155.3, 145.5, 144.7, 136.4, 134.4, 129.9 (2C), 129.2, 128.7, 127.8, 

126.1, 125.8, 121.0, 120.8, 120.2, 120.0, 114.9 (2C), 76.2, 65.4, 55.6, 47.6, 38.2, 38.0, 29.5, 28.3 ppm. ESI-MS: 

m/z calc.: 443.22, found: 444.3 [M+H]+. HPLC: 96%. 

 

13-Methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazolin-10-yl (5-phenoxypentyl) carbamate 10b: 

13-Methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazolin-10-ol 4 (120 mg, 0.45 mmol, 1 equiv.) in 

DCM (5 mL) was treated with NaH in parafine oil (60 wt%, 22 mg, 0.54 mmol, 1.2 equiv.) followed by 

4-nitrophenyl (5-phenoxypentyl)carbamate 9b (186 mg, 0.54 mmol, 1.2 equiv.). The mixture was stirred for 3 h 

and then diluted with DCM (30 mL). The organic phase was washed with water (30 mL), brine (30 mL) and 

dried over Na2SO4. The solvent was removed under reduced pressure and the crude residue was purified by 

column chromatography (petroleum ether:EtOAc = 1:1) to obtain 13-methyl-5,8,13,13a-tetrahydro-6H-

isoquinolino[1,2-b]quinazolin-10-yl (5-phenoxypentyl) carbamate 10b (138 mg, 65%) as clear oil; 1H NMR 

(400 MHz, CDCl3): δ = 7.64 (t, J = 5.7 Hz, NH), 7.37 - 7.31 (m, 1H), 7.31 - 7.22 (m, 4H), 7.21 - 7.15 (m, 1H), 
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6.97 - 6.87 (m, 4H), 6.83 (dd, J = 8.7, 2.7 Hz, 1H), 6.74 (d, J = 2.6 Hz, 1H), 4.77 (s, 1H), 3.97 (t, J = 6.4 Hz, 

2H), 3.90 (d, J = 15.8 Hz, 1H), 3.84 (d, J = 15.9 Hz, 1H), 3.23 - 3.13 (m, 1H), 3.08 (q, J = 6.5 Hz, 2H), 3.04 - 

2.93 (m, 1H), 2.78 (dt, J = 16.3, 4.7 Hz, 1H), 2.66 (ddd, J = 11.2, 8.9, 4.9 Hz, 1H), 2.50 (s, 3H), 1.80 - 1.67 (m, 

2H), 1.60 - 1.40 (m, 4H) ppm. 13C NMR (101 MHz, CDCl3): δ = 159.1, 155.3, 145.5, 144.7, 136.4, 134.4, 129.9 

(2C), 129.2, 128.7, 127.8, 126.1, 125.8, 120.8, 120.8, 120.2, 120.0, 114.9 (2C), 76.2, 67.7, 55.6, 47.6, 40.8, 

38.3, 29.5, 28.9, 28.3, 23.3 ppm. ESI-MS: m/z calc.: 471.25, found: 472.3 [M+H]+. HPLC: 95%. 

 

13-Methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazolin-10-yl (7-phenoxyheptyl) carbamate 10c: 

13-Methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazolin-10-ol 4 (120 mg, 0.45 mmol, 1 equiv.) in 

DCM (5 mL) was treated with NaH in parafine oil (60 wt%, 22 mg, 0.54 mmol, 1.2 equiv.) followed by 

4-nitrophenyl (7-phenoxyheptyl)carbamate 9c (201 mg, 0.54 mmol, 1.2 equiv.). The mixture was stirred for 3 h 

and then diluted with DCM (30 mL). The organic phase was washed with water (30 mL), brine (30 mL) and 

dried over Na2SO4. The solvent was removed under reduced pressure and the crude residue was purified by 

column chromatography (petroleum ether:EtOAc = 1:1) to obtain 13-methyl-5,8,13,13a-tetrahydro-6H-

isoquinolino[1,2-b]quinazolin-10-yl (7-phenoxyheptyl)carbamate 10c (158 mg, 70%) as clear oil; 1H NMR (400 

MHz, CDCl3): δ = 7.61 (t, J = 5.6 Hz, NH), 7.38 - 7.31 (m, 1H), 7.31 - 7.22 (m, 4H), 7.22 - 7.15 (m, 1H), 6.96 - 

6.88 (m, 4H), 6.83 (dd, J = 8.7, 2.4 Hz, 1H), 6.74 (d, J = 2.3 Hz, 1H), 4.77 (s, CH), 3.96 (t, J = 6.5 Hz, 2H), 3.90 

(d, J = 15.9 Hz, 1H), 3.84 (d, J = 15.9 Hz, 1H), 3.22 - 3.11 (m, 1H), 3.05 (dd, J = 12.9, 6.7 Hz, 2H), 3.01 - 2.91 

(m, 1H), 2.78 (dt, J = 16.2, 4.5 Hz, 1H), 2.72 - 2.61 (m, 1H), 2.50 (s, 3H), 1.80 - 1.65 (m, 2H), 1.56 - 1.26 (m, 

8H) ppm. 13C NMR (101 MHz, CDCl3): δ = 159.1, 155.3, 145.5, 144.7, 136.4, 134.4, 129.9 (2C), 129.2, 128.7, 

127.8, 126.1, 125.8, 120.8, 120.8, 120.3, 120.0, 114.9 (2C), 76.2, 67.7, 55.6, 47.6, 40.9, 38.3, 29.7, 29.1, 28.9, 

28.3, 26.7, 26.0 ppm. ESI-MS: m/z calc.: 499.28, found: 500.3 [M+H]+. HPLC: 97% 

 

13-Methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazolin-10-yl benzylcarbamate 11: A mixture of 

13-methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazolin-10-ol 4 (120 mg, 0.45 mmol, 1 equiv.), 

triethylamine  (67 µL, 0.54 mmol, 1.2 equiv.) and benzyl isocyanate (99 µL, 0.54 mmol, 1.2 equiv.) in DCM 

(15 mL) was stirred for 5 h at room temperature. The reaction mixture was diluted with DCM (35 mL), washed 

with water (2 x 20 mL) and brine (20 mL) and finally dried over Na2SO4. After purification with column 

chromatography (petroleum ether:EtOAc = 1:1) 13-methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-

b]quinazolin-10-yl benzylcarbamate 11 (126 mg, 70%) was isolated; 1H NMR (400 MHz, DMSO-d6): δ = 8.19 

(t, J = 6.1 Hz, 1H), 7.40 - 7.16 (m, 9H), 6.92 (d, J = 8.8 Hz, 1H), 6.86 (dd, J = 8.7, 2.6 Hz, 1H), 6.78 (d, J = 2.4 

Hz, 1H), 4.78 (s, 1H), 4.27 (d, J = 6.1 Hz, 2H), 3.92 (d, J = 15.9 Hz, 1H), 3.85 (d, J = 15.9 Hz, 1H), 3.23 - 3.13 

(m, 1H), 3.05 - 2.91 (m, 1H), 2.78 (dt, J = 16.3, 4.7 Hz, 1H), 2.73 - 2.62 (m, 1H), 2.50 (s, 3H) ppm. 13C NMR 

(101 MHz, DMSO-d6): δ = 155.6, 145.6, 144.6, 139.9, 136.4, 134.4, 129.2, 128.8 (2C), 128.7, 127.8, 127.6 
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(2C), 127.4, 126.1, 125.8, 120.8, 120.1, 120.1, 76.1, 55.6, 47.5, 44.4, 38.2, 28.3 ppm. ESI-MS: m/z calc.: 

399.19, found: 400.2 [M+H]+. HPLC: 98%. 

 

2-(2-(2-Ethoxyethoxy)ethyl)isoindoline-1,3-dione 12: 1-Bromo-2-(2-ethoxyethoxy)ethane (770 µL, 4.97 mmol, 

1 equiv.) was dissolved in dry DMF (15 mL) and treated with potassium phthalate (966 mg, 5.22 mmol, 

1.05 equiv.). The mixture was stirred for 3 h at 120 °C.  Then, the precipitated solid was filtered and the filtrate 

was diluted with water (30 mL). The aqueous phase was extracted with ethyl acetate (3 x 50 mL). The combined 

organic layer was washed with brine (30 mL) and dried over Na2SO4. After removal of the solvent under 

reduced pressure, the residue was purified by column chromatography (petroleum ether:EtOAc = 1:1) to yield 

2-(2-(2-ethoxyethoxy)ethyl)isoindoline-1,3-dione 12 (1046 mg, 80%) as clear oil; 1H NMR (400 MHz, CDCl3): 

δ = 7.89 - 7.81 (m, 2H), 7.75 - 7.69 (m, 2H), 3.92 (t, J = 5.9 Hz, 2H), 3.76 (dd, J = 7.5, 4.2 Hz, 2H), 3.68 - 3.61 

(m, 2H), 3.55 (dd, J = 5.7, 3.8 Hz, 2H), 3.47 (q, J = 7.0 Hz, 2H), 1.14 (t, J = 7.0 Hz, 3H) ppm. 13C NMR 

(101 MHz, CDCl3): δ =  168.2 (2C), 133.9 (2C), 132.2 (2C), 123.2 (2C), 70.1, 69.8, 67.9, 66.6, 37.2, 15.1 ppm. 

ESI-MS: m/z calc.: 263.12, found: 286.2 [M+Na]+. 

 

2-(2-Ethoxyethoxy)ethanamine 13: 2-(2-(2-Ethoxyethoxy)ethyl)isoindoline-1,3-dione 12 (3130 mg, 11.9 mmol, 

1 equiv.) was dissolved in ethanol (50 mL) and treated with hydrazine hydrate (1.13 mL, 23.8 mmol, 2 equiv.). 

The mixture was refluxed for 4 h during which a white precipitate has formed. The reaction mixture was filtered 

and the filtrate was evaporated to dryness. The resulting residue was suspended in diethyl ether (300 mL) and 

filtered again. The filtration cake was washed with diethyl ether (3 x 100 mL) and the combined filtrates were 

evaporated to dryness to obtain 2-(2-ethoxyethoxy)ethanamine 13 (1402 mg, 88%) as pale yellow liquid; 1H 

NMR (400 MHz, DMSO-d6): δ = 3.52 - 3.46 (m, 4H), 3.43 (q, J = 7.0 Hz, 2H), 3.37 (t, J = 5.8 Hz, 2H), 2.95 

(br, NH2), 2.66 (t, J = 5.8 Hz, 2H), 1.10 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ =  73.3, 

70.1, 69.7, 66.0, 41.7, 15.6 ppm. ESI-MS: m/z calc.: 133.11, found: 134.3 [M+H]+. 

 

4-Nitrophenyl 2-(2-ethoxyethoxy)ethylcarbamate 14: 4-Nitrophenyl chloroformate (4.25 g, 21.05 mmol, 

2 equiv.) was dissolved in dry THF (30 mL) and treated with triethylamine (2.9 mL, 21.05 mmol, 2 equiv.). 

Then, 2-(2-ethoxyethoxy)ethanamine 13  (1.4 g, 10.52 mmol, 1 equiv.) in dry THF (10 mL) was added drop 

wise over 30 min and the reaction mixture was stirred for 4 h  at room temperature. The mixture was diluted 

with ethyl acetate (50 mL), washed with 1 M HCl-solution (3 x 10 mL) and washed with brine (10 mL). Then, 

the organic layer was dried over Na2SO4, followed by the removal of the solvent under reduced pressure. The 

crude product was purified by column chromatography (DCM:MeOH = 15:1) to yield 4-nitrophenyl 2-(2-

ethoxyethoxy)ethylcarbamate 14 (1328 mg, 42%) as yellow oil; 1H NMR (400 MHz, CDCl3): δ = 8.30 - 8.22 
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(m, 2H), 7.38 - 7.29 (m, 2H), 3.72 - 3.66 (m, 4H), 3.66 - 3.62 (m, 2H), 3.59 (q, J = 7.0 Hz, 2H), 3.51 (dd, J = 

10.6, 5.1 Hz, 2H), 1.27 (t, J = 7.0 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3): δ =  156.0, 153.2, 144.7, 125.1 

(2C), 122.0 (2C), 70.4, 69.8, 69.6, 66.8, 41.1, 15.1 ppm. ESI-MS: m/z calc.: 298.12, found: 321.2 [M+Na]+. 

 

13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-yl-2-(2-ethoxyethoxy)-ethyl carbamate 

15: A solution of 13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol 4 (200 mg, 

0.75 mmol, 1 equiv.) in dry THF (5 mL) was treated with NaH in parafine oil (60%, 36 mg, 0,9 mmol, 

1.2 equiv.). The mixture was stirred until the formation of gas stopped. Then, 4-nitrophenyl 2-(2-

ethoxyethoxy)ethylcarbamate 14 (269 mg, 0.90 mmol, 1.2 equiv.) was added and the mixture was stirred for 

1 h. The mixture was diluted with ethyl acetate (20 mL) and washed with water (10 mL) and brine (10 mL). The 

organic phase was dried over Na2SO4 and concentrated in vacuum to dryness. The crude product was purified 

by column chromatography (petroleum ether: EtOAc = 1:5) to yield 13-methyl-6,8,13,13a-tetrahydro-5H-

isoquinolino[1,2-b]quinazolin-10-yl-2-(2-ethoxyethoxy)-ethyl carbamate 15 (178 mg, 56%) as yellow oil; 1H-

NMR (400 MHz, DMSO-d6): δ = 7.64 (t, J = 5.6 Hz, 1H), 7.38 - 7.30 (m, 1H), 7.28 - 7.21 (m, 2H), 7.21 - 7.12 

(m, 1H), 6.91 (d, J = 8.8 Hz, 1H), 6.83 (dd, J = 8.7, 2.5 Hz, 1H), 6.75 (d, J = 2.4 Hz, 1H), 4.78 (s, 1H), 3.91 (d, 

J = 15.8 Hz, 1H), 3.85 (d, J = 15.9 Hz, 1H), 3.57 - 3.52 (m, 2H), 3.52 - 3.41 (m, 6H), 3.25 - 3.14 (m, 3H), 3.05 - 

2.91 (m, 1H), 2.78 (dt, J = 16.3, 4.6 Hz, 1H), 2.67 (ddd, J = 13.4, 8.9, 4.9 Hz, 1H), 2.50 (s, 3H), 1.12 (t, J = 7.0 

Hz, 3H) ppm. 13C-NMR (101 MHz, DMSO-d6): δ = 155.4, 145.5, 144.6, 136.4, 134.4, 129.2, 128.7, 127.8, 

126.1, 125.8, 120.7, 120.2, 120.0, 76.2, 70.1, 69.7, 69.4, 66.0, 55.6, 47.6, 40.8, 38.2, 28.3, 15.6 ppm. ESI-MS: 

m/z calc.: 425.23, found: 426.3 [M+H]+. HPLC: 97%. 

 

Enzyme Inhibition.  

BChE (E.C.3.1.1.8, from equine serum) was purchased from Sigma Aldrich (Steinheim, Germany). DTNB 

(Ellman’s reagent), BTC iodide was obtained from Fluka (Buchs, Switzerland). The stock solutions of the test 

compounds were prepared in ethanol with a concentration of 33.3 mM (1 mM in assay) and step wise diluted 

with ethanol to a concentration of 33.3 nM (1 nM in assay). For assay buffer preparation, 3.12 g of potassium 

dihydrogen phosphate were dissolved in 500 mL of water and adjusted with a NaOH-solution (0.2 M)  to pH = 

8.0. Enzyme solutions were prepared with buffer to give 2.5 units/mL and stabilized with 2 mg albumin bovine 

(SERVA, Heidelberg, Germany) per mL of enzyme solution. 396 mg of DTNB were dissolved in 100 mL of 

buffer to give a 10 mM solution (0.3 mM in assay). BTC solution was prepared in buffer with a concentration of 

75 mM (452 µM in assay). The assay was performed at 25 °C as described in the following: Into a cuvette 

containing 1.5 mL of buffer, 50 µL BChE solution, 50 µL of DTNB solution, the test compound solution (50 

µL) was added and the mixture was mixed. The mixture was incubated for 30 min, before 10 µL of BTC was 

added. The mixture was incubated for further 2.5 min before the absorption at 412 nm was determined with a 
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Shimadzu UVmini-1240 spectrophotometer. To measure full enzyme activity, the compound solution was 

replaced by ethanol. Each compound concentration was tested three times. The enzyme activity in percentage 

was plotted against the logarithm of the compound concentrations from which the IC50 values were calculated 

by using the software GraphPad Prism 4.0.[1] 
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6. Investigation into Selective Debenzylation and Ring 

Cleavage of Quinazoline based Heterocycles
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6.1  Introduction 

In literature the quinazolinone moiety has gained the status of a “privileged structure” due to its occurrence in 

various synthetic and non-synthetic compounds for numerous applications in medicinal chemistry.[2,3]  This 

structure is known as a common element in several natural products[4,5] (Figure 6.1a), and has been widely used 

for the development of therapeutic agents acting as anticonvulsants,[6] in the treatment of cancer,[7,8] as 

cholinesterase inhibitors for Alzheimer’s disease treatment,[9-12] vasodilators,[13] anti-inflammatory agents,[14] as 

retrograde transport inhibitor for Shiga toxin treatment[15] or as ligands for the serotonin receptor 7 (5-HT7 

receptor),[16] the thyroid stimulating hormone (TSH) receptor[17] as well as the histamine H3 receptor[18,19]  

(Figure 6.1b).[1]  

 

 

Figure 6.1. Molecules bearing a quinazoline derived core: (a) Several naturally occurring alkaloids and (b) examples of synthetic 

experimental therapeutics with related chemical structures.[1] 

 

One important class of compounds derived from the quinazolinone core are tetrahydroquinazolines. The 

synthesis of tetrahydroquinazolines is well described by condensation of diamines with aldehydes or ketones 

yielding bicyclic structures,[20-22] by the direct α-amination of ortho-aminobenzaldehydes,[23-25] or by the 

reduction of the corresponding dihydroquinazolinones.[9,26,27] (Scheme 6.1)[28]  
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Scheme 6.1. Synthetic approaches for the formation of the tetrahydroquinazoline moiety. Dashed lines indicate cyclized and non-

cyclized compounds.[28] 

 

And also oxidative conditions applied onto the tetrahydroquinazoline core are thoroughly investigated yielding 

(Scheme 6.2)[28] 

1) 3,4-dihydroquinazolines like the partially unsaturated alkaloids vasicine or deoxyvasicine,[23,29] 

2) quinazolinones like the naturally occurring alkaloids deoxyvasicinone, mackinazolinone or 

rutaecarpine,[23,29] 

3) and aromatic quinazolines.[21,30,31] 

 

 

Scheme 6.2. Oxidation reactions of tetrahydroquinazolines. Dashed lines indicate cyclized and non-cyclized compounds.[28] 
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Regarding the well described synthesis of tetrahydroquinazolines (Scheme 6.1) and their selective oxidation 

into related structures (Scheme 6.2), it is quite remarkable that the reactivity of this system is not yet completely 

explored. Especially for this work, information about the reactivity are of high importance as the 

tetrahydroquinazoline scaffold was used in the previous chapters as a template for the design of selective BChE 

inhibitors (Chapter 3-5). Therefore, knowledge about the reactivity of the tetrahydroquinazoline system is of 

impacting interest to prevent undesired side reactions when chemically altering this scaffold. Such information 

can help to plan and optimize new synthetic routes for the design of new inhibitors based on the 

tetrahydroquinazoline template and are the source of a successful synthesis. To further explore and extend the 

knowledge of the chemical reactivity of the tetrahydroquinazoline core beyond the thoroughly known 

oxidations, the current chapter focuses on reductive conditions applied onto the tetrahydroquinazoline system by 

using typical reduction reagents. 

 

 

6.2  Reduction of Tetrahydroquinazolines and Dihydroquinazolinones 

Starting point of this investigation was the synthesis of dihydroquinazolinone 1 (Scheme 6.3): 5-Hydroxy 

anthranilic acid and triphosgene were used to synthesize isatoic anhydride derivative 2, followed by the 

methylation towards dihydroquinazolinone 3. In a two step one pot synthesis, compound 3 was first benzylated 

using BnBr and then fused with 3,4-dihydroisoquinoline towards compound 1 in moderate yield. Interestingly, 

fusion of compound 3 and 3,4-dihydroisoquinoline without prior benzyl protection is also possible, but was 

reported to give a yield of only 23%.[9]  

 

 

Scheme 6.3. Reagents and conditions: (i) CO(OCCl3)2,THF, 3.5 h, 70 °C; (ii) MeI, DIPEA, DMAc, 24 h, 40 °C; (iii) BnBr, K2CO3, 

DMF, 3.5 h, 40 °C; (iv) DMF, 5 h, 120 °C. 

 

To synthesize tetrahydroquinazoline 5, which was used (Chapter 3-5) as a template for carbamate based 

inhibitors, dihydroquinazolinone 1 was debenzylated using Pd/C and H2 in methanol towards compound 4, 

followed by the reduction with LiAlH4 to the tetracyclic tetrahydroquinazoline 5 (Scheme 6.4, Table 6.1, 

reaction pathway a, followed by b). Interestingly, changing the reaction sequence did not give access to 
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compound 5 but yielded the non-cyclized compound 7 via tetrahydroquinazoline 6 (reaction pathway b followed 

by a). This is quite remarkable, as LiAlH4 as a strong reduction agent does only reduce the amide bonds of 

dihydroquinazolinones 4 and 1 but did not further affect the tetrahydroquinazoline core of the isolated 

tetrahydroquinazolines 5 and 6 indicated by high yields (>90%). In contrast, comparable mild hydrogenation 

conditions using Pd/C as catalyst resulted for the case of tetrahydroquinazolines 5 and 6 the opening of the 

tetrahydroquinazoline core yielding compound 7 (reaction pathway a for 6 and c for 5). However, to find a 

synthesis strategy in which the OBn protection group of 6 can be removed without affecting the 

tetrahydroquinazoline core to access the deprotected compound 5, different conditions were investigated. The 

influence of solvent and catalyst for a hydrogenation was systematically altered. Using Pd/C as catalyst and 

methanol, ethanol or acetic acid as solvent caused removal of the OBn protection group in all cases but also 

opened the tetrahydroquinazoline core yielding compound 7 (pathways a, d, e). Interestingly, using Pd/C as 

catalyst and THF as solvent (pathway f) or PtO2 as catalyst and methanol as solvent (pathway g) did not remove 

the OBn protection group but selectively opened the tetrahydroquinazoline system towards compound 8. Similar 

results were also found when applying NaBH4 or BH3 as reduction agents onto compound 6 (pathways h and i). 

Opening of the tetrahydroquinazoline core yielding compounds 7 and 8 under different conditions might result 

from the underlying benzyl position character of the C-N bond within the tetrahydroquinazoline system 

explaining the increased sensitivity of this bond, especially when applying typical debenzylation conditions 

 

Scheme 6.4. Reaction pathways during reduction reactions of dihydroquinazolinone 1 and tetrahydroquinazoline 6 towards different 

products.[1] 
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like hydrogenation with Pd/C or PtO2. In addition, the cyclic structure might cause tension making the whole 

system striving to a lower energy through opening of the structure which might further explain the weak C-N 

bond character compared to the C-O character of the benzyl protection group. However, selective OBn 

deprotection of tetrahydroquinazoline 6 without opening the cyclic structure was possible when using AlCl3 as 

Lewis acid (pathway j) or under reflux conditions in concentrated acid (pathway k) to yield the tetracyclic 

compound 5. 

 

Table 6.1. Applied reduction conditions via Scheme 6.4.[1] 

Pathway 
Starting- 

material 
Product Conditions 

Yield 

   /% 

a 1 4 H2, Pd/C, methanol, 50°C 100 

a 8 7 H2, Pd/C, methanol, 50°C 49 

a 6 7 H2, Pd/C, methanol, 50°C 44 

b 4 5 LiAlH4, THF, reflux 98 

b 1 6 LiAlH4, THF, reflux 93 

c 5 7 H2, Pd/C, methanol, rt 28 

d 6 7 H2, Pd/C, acetic acid, 50°C 14 

e 6 7 H2, Pd/C, ethanol, 50°C 37 

f 6 8 H2, Pd/C, THF, rt 93 

g 6 8 H2, PtO2, methanol, 50°C 80 

h 6 8 BH3·THF, THF, reflux 42 

h 1 8 BH3·THF, THF, reflux 47 

i 1 - NaBH4, ethanol, reflux - 

i 6 8 NaBH4, ethanol, reflux 60 

j 6 5 AlCl3, PhNMe2 CH2Cl2, rt 65 

k 6 5 conc. HCl, reflux 80 

l 1 - NaCNBH3, acetic acid, 50°C - 

m 1 9 LiAlH4, THF, rt 19 
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6.3  Conclusion 

Tetrahydroquinazolines are an important class of compounds due to their potential use as precursors for the 

synthesis of several natural occurring alkaloids. The syntheses of tetrahydroquinazolines as well as their 

oxidations are well documented in literature but to date knowledge about the reactivity of this system is not yet 

fully explored. Therefore, tetrahydroquinazoline 6 as well as its precursor dihydroquinazolinone 1 were 

synthesized and systematically exposed to different reduction conditions. These experiments revealed a high 

sensitivity of the tetrahydroquinazoline core towards several reduction agents resulting in the opening of the 

cyclic core. In conclusion, knowledge of the chemical reactivity, including reduction and oxidation conditions, 

of the tetrahydroquinazoline core is essential for the design of compounds derived from this template and can 

help to prevent undesired side reactions during synthesis. 

The detailed results of this chapter as well as experimental data were previously published[1] and can be found in 

Appendix 3. 
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7. Experimental and Theoretical Investigation into the 

Stability of Cyclic Aminals
[1] 
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7.1  Introduction 

In literature, the aminal-system is a common structure motive in various compounds, e. g. in the naturally 

occurring alkaloids tetraponerine T1 to T8 from the venom of the New Guinean ant tetraponera sp.,[2,3]  in 

ligands of ruthenium based catalysts for metathesis,[4] in imidazolidines acting as anti-protozoan and -bacterial 

agents,[5,6] in Tröger’s base derivatives applied in diverse research fields[7-15] or ChE inhibitors based on the 

scaffold of the naturally occurring alkaloid physostigmine from the calabar bean physostigma venenosum 

(Figure 7.1a).[16,17] And also the tetrahydroquinazoline system used in the previous chapters as template for the 

design of BChE inhibitors contains the aminal moiety (Figure 7.1b).[1] 
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Figure 7.1. (a) Compounds described in literature containing an aminal core for various applications.[1] (b) Compounds designed in this 

work containing an animal core. The aminal structure is highlighted in red. 

 

However, similar to O,O-acetals the aminal system is known to be sensitive to acidic hydrolysis in aqueous 

media. This is of special importance for compounds that are exposed to an acidic environment, e. g. orally 

applied drugs which are in direct contact with gastric acid. Although this fact seems obvious, there is only little 

information available describing the hydrolysis of the aminal system in detail.[18,19] Considering the 

tetrahydroquinazoline based inhibitors synthesized in the previous chapters (Chapter 3-5, Figure 7.1b), the 

current chapter focus on a systematic report determining the influence of the pH-value on hydrolysis of the 
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aminal structure within the tetrahydroquinazoline system in dependency of different parameters. This 

information is not only of importance for medicinal applications, it will also help to optimize reaction- or 

workup-conditions during synthesis to prevent degradation of compounds bearing an aminal system. Therefore, 

the current chapter represents a further extension on the exploration of the physical and chemical properties of 

tetrahydroquinazolines described in Chapter 6. 

  

 

7.2  Compound Design and Synthesis  

With regard to compound design, tetrahydroquinazolines of the general structure 1 were chosen bearing 

different substitution pattern at the 1-N and 3-N nitrogen atoms as well as the aromatic residue in position 2 of 

the tetrahydroquinazoline system (Scheme 7.1) to investigate their hydrolysis into the two respective fragments 

2 and 3. For this purpose, two residues were always kept constant while altering the third one. As substituents 

for both the 1-N and 3-N nitrogen atoms iPr, nPr, Me-, and Ph-residues were chosen, respectively, to investigate 

the effect of decreasing electron density at the nitrogen sites onto the stability of the aminal core; and at the 

same time the iPr- and Ph-residue served as bulkier substituents for investigations into steric effects. Similar to 

the 1-N and 3-N nitrogen atoms, 4-tBu, 4-Me-, 4-F- and 4-CF3-groups were incorporated into the aromatic site 

to investigate the influence of decreasing electron density at this position. These substituents were chosen as 

they provide only inductive effects onto the aromatic system and no pronounced mesomeric effects. Also a 

disubstituted 2,6-dichloro compound was chosen to study the influence of steric interactions at this site of the 

structure.[1] 

 

 

Scheme 7.1: Hydrolysis of the aminal core of tetrahydroquinazolines 1 into the corresponding diamines 2 and aldehydes 3.[1] 

 

The synthesis of tetrahydroquinazolines substituted at the phenyl ring as well as at the 3-N nitrogen atom was 

achieved in 4 steps (Scheme 7.2). Briefly, isatoic anhydride was methylated in good yield using MeI towards 

compound 4, followed by formation of amides 5a-d using the corresponding amines or their salts. Cyclization 
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towards dihydroquinazolinones 6a-f and 7a-c was performed using benzaldehyde derivatives under acidic 

conditions in moderate to excellent yields. The tetrahydroquinazoline target compounds 8a-f and 9a-c were 

finally obtained by reduction of 6a-f and 7a-c with LiAlH4.
[1]  

 

 

Scheme 7.2. Reagents and conditions: (i) MeI, DMAc, rt, 24h; (ii) R1-NH2 or MeNH3Cl and Et3N, DMF, 40-120 °C, 3-6 h; (iii) AcOH, 

70 °C, 1-4 h; (iv) LiAlH4, THF, 70 °C, 1-3 h.[1]  

 

Because direct alkylation of isatoic anhydride in the first reaction step with different alkyl halides failed, the 

reaction strategy was changed to access compounds with different substitution patterns at the N-1 position 

(Scheme 7.3). For this purpose, amide 10 was synthesized using isatoic anhydride and methyl-ammonium 

hydrochloride (Scheme 7.3a) followed by the cyclization under acidic conditions with benzaldehyde to yield 

dihydroquinazolinone 11. Unfortunately, introduction of substituents at the N-1 nitrogen in 11 by applying alkyl 

haildes was only successful when using n-PrBr and the strong non-nucleophilic base tBuOK to give compound 

12a and failed in the case of i-PrI. However, target compound 13a was finally obtained by reduction of 

dihydroquinazolinone 12a with LiAlH4.  

Since the synthesis of 12b failed by applying i-PrI onto compound 11, a second synthetic pathway was pursued 

to alter the substituents at the N-1 nitrogen atom of the tetrahydroquinazoline core (Scheme 7.3b): Anthranilic 

acid was alkylated by reductive amination with acetone and NaBH4 in two steps to yield the i-Pr substituted 

derivative 14. Derivative 14 and the commercially available N-phenyl anthranilic acid were used to synthesize 

amides 15a,b under standard conditions, successively followed by the cyclization with benzaldehyde towards 
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dihydroquinazolinones 12b,c. Tetrahydroquinazolines 13b,c were finally obtained by reduction of 12b,c with 

LiAlH4.
[1] 

 

 

Scheme 7.3. Reagents and conditions: (i) MeNH3Cl, Et3N, DMF, 70 °C, 3 h; (ii) AcOH, 70 °C, 4 h; (iii) nPrBr, tBuOK, 110°C, 16 h; 

(iv) LiAlH4, THF, 70 °C, 2-3 h; (v) 1) (CH3)2CO, MeOH, 80 °C, 5h; 2) NaBH4, rt, 3 h; (vi) MeNH3Cl, Et3N, EDCI, HOBt, DMF, 70 °C, 

8-14 h.[1] 

 

 

7.3  pH-Stability Test 

All compounds synthesized were exposed to phosphate buffered aqueous systems with defined pH-values 

between pH = 2 and pH = 12 for 1 h to investigate hydrolysis of the aminal core. After hydrolysis subsequent 

reversed phase HPLC analyses were performed to determine the ratio of intact tetrahydroquinazoline 1 and the 

corresponding aldehyde 3 (cf. Scheme 7.1) as cleavage product by using calibration lines (a detailed description 

can be found in Appendix 4). The results of this study are summarized in Figure 7.2 a-c. 
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Figure 7.2. Stability test of the aminal core toward hydrolysis in dependency of different substitution pattern at (a) the phenyl residue, 

(b) the N-1 position and (c) the N-3 position. Each experiment was performed in triplicate (means+SD).[1] 
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7.4  Computational Studies and Discussion 

Compounds of series 8 as well as compounds 9a,c and compound 13a showed the same tendency for their pH  

dependent hydrolysis: All of the aforementioned compounds are stable in basic and neutral conditions until 

pH = 6 while they slowly start to decompose at pH = 4 and 5. At pH = 3 these compounds are hydrolyzed to 

more than 50% while being completely cleaved at pH = 2. Interestingly, there are three compounds (9b and 

13b,c) providing an accelerated hydrolysis rate with compound 13b as the least stable compound which 

completely decomposes at pH = 5 and which is even significantly hydrolyzed at pH = 7. The results obtained for 

the stability test lead to two fundamental questions: 1) Why does an increasing acidic environment drastically 

increase the hydrolysis rate? 2) Why do some compounds (9b and 13b,c) decompose even faster compared to 

most of the others?  

Initially, the protonation pattern of the test compounds was predicted using the empirical algorithm of MoKa 

and density functional theory (DFT) energy calculations (cf. Appendix 4). Protonation of all compounds was 

determined to occur at the aliphatic N-3 nitrogen with exception of compound 9c. Prediction of the protonation 

pattern is necessary for ongoing calculation due to the fact that hydrolysis takes place in acidic media and 

therefore compounds are expected to be protonated. However, to explore the influence of the pH-value on 

hydrolysis of the test compounds, DFT single point energy calculations for the hydrolysis of compound 8a and 

the least stable compound 13b were carried out. Therefore, the absolute energy of the neutral compounds 8a and 

13b as well as the N-3 protonated compounds 8a’ and 13b’ (-‘- indicates N-3 protonation in the following) were 

predicted in water including NH4
+ as proton donor and one molecule water for stoichiometrical reasons. The 

obtained data revealed, that hydrolysis of compound 8a’ (II in Figure 7.3a) into its respective protonated 

diamine and aldehyde (III in Figure 7.3a) is exothermic with -6.7 kcal/mol while the hydrolysis of the neutral 

form of 8a (I in Figure 7.3a) into the neutral fragments (IV in Figure 7.3a) is an endothermic reaction with 

3.1 kcal/mol. Therefore, it might be expected, that the hydrolysis of tetrahydroquinazoline 8a is favored in 

acidic media and in contrast its formation is favored in neutral or basic conditions. Indeed, data from literature 

indicated that the synthesis of tetrahydroquinazolines takes place in organic solvent[20-22] as well as in non-acidic 

aqueous media.[23] Therefore, the condensation of the respective diamine with benzaldehyde towards compound 

8a was experimentally investigated in water, acetonitrile and a 1:1 mixture of both. Interestingly, complete 

formation of 8a was observed in all cases proving reversibility of the reaction. In consequence, the hydrolysis of 

tetrahydroquinazolines can be shifted to their condensation by changing the reaction conditions from an acidic 

to a basic environment. Furthermore, for the case of the least stable compound 13b the exothermicity of the 

reaction of the protonated tetrahydroquinazoline 13b’ (II in Figure 7.3b) into its fragments (III in Figure 7.3b) 

increased to -11 kcal/mol, explaining the increased hydrolysis rate of this compound in acidic media compared 

to compound 8a’. More interestingly, the hydrolysis of the neutral tetrahydroquinazoline 13b (I in Figure 7.3b) 

into its neutral fragments (IV in Figure 7.3b) was predicted to be exothermic with -4.9 kcal/mol indicating the 

hydrolysis to take place even in a neutral environment. These observations are in agreement with the described 
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stability experiments of compound 13b, which was found to degrade in neutral environment at pH = 7 (cf. 

Figure 7.2b).[1]  

 

 
Figure 7.3. Differences in energy along the reaction coordinate for the hydrolysis of (a) compound 8a and (b) compound 13b in 

water.[1] 

 

In summary, computational studies and experimentally data proved that basic reaction conditions shift the 

equilibrium towards the formation of tetrahydroquinazolines of the general structure 1, while acidic conditions 

induces the hydrolysis of the protonated tetrahydroquinazolines 1’ (Scheme 7.4).  
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Scheme 7.4: Reaction equilibrium between tetrahydroquinazoline 1, the corresponding diamine 2 and aldehyde 3 in basic or neutral 

media as well as the protonated tetrahydroquinazoline 1’ and the corresponding diamine 2’ and aldehyde 3 in acidic media.[1] 

 

To determine the influence of different substitution patterns for an accelerated hydrolysis rate of compounds 9b 

and 13b,c a systematic conformational search was executed for all of the test compounds to determine 

differences in the minimum energy conformation of both, their neutral and protonated forms. However, no 

correlation was found as 9b and 13b,c as well as all of the other compounds were found to share the same two 

sorts of minimum energy conformers. Therefore, differences in the conformation were excluded as possible 

reason for an increased instability of the mentioned compounds (for details cf. Appendix 4). Further energy 

differences caused by conformational energy of the tetrahydroquinazoline core were investigated. For this 

purpose, the minimum energy conformers of 9b and 13b,c were kept frozen and the substituents at the nitrogen 

atoms were replaced by simple methyl groups giving a comparable structure like the one of compound 8a. 

Subsequently, energy calculations using Molecular Mechanics (MM) revealed that this modified compounds 

showed in all cases a higher potential energy compared to compound 8a (Table 7.1, for details cf. Appendix 4).  

 

Table 7.1. Calculated differences in potential energy (U) of the mutated compounds compared to compound 8a 

in water and gas phase with MM. Differences were calculated by ∆U = U(Cpd_mod) – U(8a).[1] 

 

∆U [kcal/mol] 

9b_mod 

water 

9b_mod  

gas 

13b_mod 

water 

13b_mod 

gas 

13c_mod 

water 

13c_mod 

gas 

neutral 2.09 3.74 3.05 3.09 5.27 4.90 

protonated 2.46 0.74 3.5 3.6 5.22 5.84 
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Due to the fact, that this modified compounds share the same substitution pattern as compound 8a the energy 

differences have to be contributed to the conformational energy of the aminal core, e. g. strain within the 

tetrahydroquinazoline system, strain in the respective angles or other geometric effects. Repetto et al.
[24] 

reported a similar trend for the hydrolysis of cyclic geminal ethers. Sterical demanding groups were found to 

drastically accelerate the hydrolysis of geminal ethers through reduction of the activation barrier. These results 

support the herein reported data and therefore sterical demanding groups might cause an increase of 

conformational enegry of the tetrahydroquinazoline system which in consequence accelerate the hydrolysis of 

these compounds.  

A detailed description of all computational analyzes can be found in Appendix 4. 

 

 

7.5  Conclusion 

The aminal system is a common moiety of diverse synthetic and naturally occurring compounds with various 

applications. This moiety can degrade in an acidic environment through hydrolysis but no systematic 

investigation had been carried out to determine this effect. The current chapter described the synthesis of the 

aminal bearing tetrahydroquinazolines of the general structure 1 which were modified at both nitrogen atoms as 

well as at the aromatic site with different substituents. These compounds were exposed to phosphate buffered 

systems with defined pH-values and a clear relationship between an increased hydrolysis rate and an increasing 

acidic environment was found. Interestingly, this reaction was predicted to be reversible and indeed experiments 

could prove that the formation of tetrahydroquinazoline 8a from the respective diamine and aldehyde takes 

place in a neutral environment. Furthermore, computational studies suggested an increased conformational 

energy to increase the sensitivity of some compounds towards hydrolysis which is consistent with the 

experimental data. In conclusion, the herein described sensitivity towards hydrolysis of tetrahydroquinazolines 

is important to prevent degradation of such compounds in acidic media during reactions or reaction work up. 

The detailed results of this chapter as well as experimental data will be published soon and can be found in 

Appendix 4. 
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Figure 8.3. Structure of tetrahydroquinazoline based carbamates targeting the CAS and the PAS (left) and cartoon showing BChE’s 

structural features (right). 

 

4) Investigation into Selective Debenzylation and Ring Cleavage of Quinazoline based Heterocycles:
 

The tetrahydroquinazoline system is well investigated in terms of its synthesis and its selective oxidation. To 

explore the reactivity of this system, tetrahydroquinazoline 5, which was used as precursor for the design of 

BChE-inhibitors, was exposed to common reduction agents. These experiments revealed a high sensitivity of 

the tetrahydroquinazoline core towards several reduction conditions resulting into compounds 6-9 (Figure 8.4). 

Knowledge about the chemical reactivity of tetrahydroquinazolines is essential for the design of compounds 

derived from this template and can help to prevent undesired site reactions during synthesis. 

 

 

Figure 8.4. Reduction of tetrahydroquinazoline 5 towards compound 6-9 in dependency of different reduction conditions. 
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5) Experimental and Theoretical Investigation into the Stability of Cyclic Aminals: Tetrahydroquinazolines are 

known to degrade in acidic media through hydrolysis of their aminal system; but literature is lacking of a 

systematic investigation into this behavior. Therefore, compounds of the general structure 10 were synthesized 

and exposed to phosphate buffered systems with defined pH-values (Figure 8.5). A clear increase of the 

hydrolysis rate of the aminal system was determined in dependency of an increasing acidic media. 

Computational studies predicted and experimental studies proved that hydrolysis of 10 only takes place in an 

acidic environment while the condensation of tetrahydroquinazoline 10 is preferred in neutral or basic aqueous 

media.  

 

 
Figure 8.5. Reaction equilibrium between tetrahydroquinazoline 10, the corresponding diamine 11 and aldehyde 12 in basic or neutral 

media as well as the protonated tetrahydroquinazoline 11 and the corresponding diamine 11’ and aldehyde 12 in acidic media. 

 

 

In conclusion, the tetrahydroquinazoline system is an interesting template in terms of its chemical reactivity as 

well as for its use for the design of pseudo-irreversible BChE inhibitors. Nevertheless, regarding the overall aim 

to investigate BChE’s role in the pathogenesis of AD, future in vivo studies have to show  

a) if it is possible to map BChE with the described PET-radiotracers in AD patient’s brain. Successful 

radiolabelling of BChE can serve as a diagnostic tool for AD diagnosis and help to determine pathological 

changes of BChE occurrence. 

b) if inhibition of BChE with the described inhibitors can be used as a therapeutic strategy in the symptomatic 

treatment of AD.  
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Abbildung 9.3. Chemische Struktur Tetrahydrochinazolin basierter Inhibitoren, welche die CAS und PAS adressieren (links) und 

schematische Darstellung der verschiedenen Bindestellen der BChE (rechts). 

 

 

4) Untersuchungen zur selektiven Debenzylierung und Ringspaltung von Chinazolin basierten Heterozyklen: 

Das Tetrahydrochinazolinsystem ist in der Literatur ausgiebig hinsichtlich seiner Synthese und selektiven 

Oxidation beschrieben worden. Um den Einfluss reduktiver Bedingungen auf dieses System zu untersuchen, 

wurde Tetrahydrochinazolin 5 (Vorstufe der in dieser Arbeit hergestellten Inhibitoren) gezielt mit verschiedenen 

Reduktionsmitteln umgesetzt, wobei Verbindungen 6-9 (Abbildung 9.4) selektiv erhalten werden konnten. 

Informationen über die Reaktivität des Tetrahydrochinazolinsystems sind unumgänglich bei der Entwicklung 

neuer Verbindungen auf Grundlage dieses Systems, um Nebenreaktionen zu vermeiden.  

 

Abbildung 9.4. Reduktion von Tetrahydrochinazolin 5 zu Verbindung 6-9 in Abhängigkeit des verwendeten Reduktionsmittels. 
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5) Experimentelle und Theoretische Untersuchungen zur Stabilität zyklischer Aminale: 

Tetrahydrochinazoline weisen ein Aminalsystem auf, welches im sauren Milieu hydrolytisch gespalten werden 

kann. Um die Stabilität dieses Systems systematisch zu untersuchen, wurden Tetrahydrochinazoline mit der 

generellen Struktur 10 synthetisiert und in einem wässrigen Phosphat-gepuffertem System mit definiertem pH-

Wert inkubiert (Abbildung 9.5). Bei diesen Untersuchungen konnte ein klarer Zusammenhang zwischen einem 

sinkendem pH-Wert und einer beschleunigten Zersetzung der Testsubstanzen beobachtet werden. Außerdem 

konnte mittels quantenmechanischen Berechnungen und weiteren Experimenten gezeigt werden, dass diese 

Reaktion im alkalischen oder neutralem Milieu reversibel ist und die Kondensation der Tetrahydroquinazolin 

Derivate 10 aus den jeweiligen Benzaldehyden 12 und Diaminen 11 unter solchen Bedingungen bevorzugt wird. 

 
Abbildung 9.5. Gleichgewichtsreaktion der Hydrolyse von Tetrahydrochinazolin 10 in das entsprechende Diamin 11 und Benzaldehyd 

12 im basischem bzw. neutralem Milieu (oben) und im sauren Milieu (unten).  

 

Tetrahydrochinazoline sind interessante Verbindungen hinsichtlich ihrer chemischen und physikalischen 

Eigenschaften, und darüber hinaus als Grundgerüst bei der Entwicklung von selektiven BChE Inhibitoren. Im 

Hinblick auf die Ausgangsfragestellung, der Funktion der BChE in der Pathogenese bei der Alzheimer-

Erkrankung, sind jedoch noch weitere in vivo Studien notwendig, um 

 

a) zu beweisen, dass die Visualisierung der BChE-Verteilung im Gehirn mittels der beschriebenen PET-

Radiotracer möglich ist und  

b) zu zeigen, ob die Inhibition der BChE mit den hier gezeigten Verbindungen ein therapeutischer Ansatzpunkt 

bei der symptomatischen Behandlung der Alzheimer-Erkrankung sein könnte.  
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10. Abbreviations 

 

Å  - Angström 

Aß  -  Amyloid beta 

AC  -  Adenylyl cyclase 

ACh  -  Acetylcholine 

AChE  -  Acetylcholinesterase 

AD  -  Alzheimer ’s disease 

AICD  -  APP intracellular domain 

APP  -  Amyloid precursor protein  

ATC  - Acetlythiocholine 

BACE-1 -  Beta-site amyloid precursor protein cleaving enzyme 1 

BBB  - Blood brain barrier 

BChE  - Butyrylcholinesterase 

BEMP              - 2-t-Butylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-diazaphosphorine  

BMI  -  Body mass index  

BTC  - Butyrylthiocholine 

Calc.  - Calculated 

cAMP   -  cyclic adenosine monophosphate 

CAS  - Catalytic active site 

CAT  -  Catalase 

Cdk 5   - Cyclin-dependent kinase 5 or tau protein kinase II 

ChAT  -  Choline acetyltransferase 

ChE   -  Cholinesterase 

CNS  -  Central nervous system 

CoA  -  Coenzyme A 

DAG  -  Diacylglycerol 

DAST  - Diethylaminosulfur trifluoride 

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

DCM  - Dichlormethane 

DFT  - Density functional theory 

DHED  -  Dehydroevodiamine 

DIPEA  - N,N-Diisopropylethylamine 

DMAc  - Dimethylacetamide 

DMF  - Dimethylformamide 

DMSO  - Dimethylsulfoxide 
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DTNB  - 5,5'-Dithiobis-(2-nitrobenzoic acid) 

eeAChE - Acetylcholinesterase from Electrophorus electricus 

 EI  - Enzyme-inhibitor complex 

eqBChE - Butyrylcholinesterase from equine serum 

ESI-MS - Electrospray ionization-mass spectrometry 

E-C  - Carbamoylated enzyme 

FAAH  - Fatty acid amide hydrolase 

FBSAChE - Acetylcholinesterase from fetal bovine serum 

FDA  -  U.S. Food and Drug Administration 

GSK 3  -  Glycogen synthase kinase 3 or tau protein kinase I 

GPCR  -  G-Protein coupled receptor 

GPx  -  Glutathione peroxidase 

hAChE  - humane Acetylcholinesterase  

hBChE  - humane Butyrylcholinesterase 

HIC  -  High income countries 

HPLC  - High-performance liquid chromatography 

I  - Inhibitor 

IC50  -  Inhibitory concentration 50 

Iso-OMPA - Tetra(monoisopropyl)pyrophosphortetramide 

IP3  -  Inositol-1,4,5-triphosphate 

LIC  -  Low income countries 

mAChE  - Acetylcholinesterase from mice 

mAChR -  Muscarinic acetylcholine receptor  

MAGL  - Monoacylglycerol lipase 

MAP  -  Microtubule associated protein 

MCI  -  Mild cognitive impairment 

MM  - Molecular mechanics 

mp   - Melting point 

MW  - Microwave 

nAChR  -  Nicotinic acetylcholine receptor  

NMDAR -  N-Methyl-D-aspartate receptor 

NFT  -  Neurofibrillary tangles 

NMR  - Nuclear magnetic resonance spectroscopy 

PAS  - Peripheral anionic site 

PEG  - Polyethylene glycol 

PET  -  Positron emission tomography  

PIP2  - Phosphoinositol-1,4,5-biphosphate 
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PKC  - Protein kinase C 

RNA  - Ribonucleic acid 

RNS  - Reactive nitrogen species 

ROS  - Reactive oxygen species 

RP  - Reversed phase 

rt  - Room temperature 

SAR  - Structure activity relationships 

SEM  - Standard error of the means 

SD  - Standard deviation 

SOD  - Superoxide dismutase 

TFA  - Trifluoroacetic acid 

THF  - Tetrahydrofurane 

TLC  - Thin-layer chromatography 

TsCl  - 4-Toluenesulfonyl chloride 

TSH  - Thyroid stimulating hormone 

τ-protein - tau-protein 

UV  - Ultraviolet  

VAChT - Vesicular acetylcholine transporter 

Vis  - Visible 

VDCC  - Voltage dependent calcium channels 

WHO  - World Health Organization 
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11. Appendix 

 

Appendix 1: A Novel Way to Radiolabel Human Butyrylcholinesterase for Positron Emission Tomography 

through Irreversible Transfer of the Radiolabeled Moiety. 

 

Sawatzky, E.; Al-Momani, E.; Kobayashi, R.; Higuchi, T.; Samnick, S.; Decker, M. A Novel Way to Radiolabel 

Human Butyrylcholinesterase for Positron Emission Tomography through Irreversible Transfer of the 

Radiolabelled Moiety. ChemMedChem  2016, 11, 1540-1550. Copyright (2016) John Wiley and Sons. 
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Appendix 2: Discovery of Highly Selective and Nanomolar Carbamate-Based Butyrylcholinesterase Inhibitors 

by Rational Investigation into Their Inhibition Mode. 
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A Novel Way To Radiolabel Human Butyrylcholinesterase
for Positron Emission Tomography through Irreversible
Transfer of the Radiolabeled Moiety

Edgar Sawatzky,[a] Ehab Al-Momani,[b] Ryohei Kobayashi,[b] Takahiro Higuchi,[b]

Samuel Samnick,[b] and Michael Decker*[a]

Introduction

The decline of memory and cognitive abilities during Alzheim-

er’s disease (AD) and other neurodegenerative disorders, such

as Parkinson’s disease (PD) or dementia with Lewy bodies, is

strongly attributed to pathological changes in the cholinergic

system with decreased levels of the neurotransmitter acetyl-

choline (ACh).[1] In AD, progressive loss of cholinergic neurons

is responsible for this deficit. Consequently, acetylcholinester-

ase (AChE) inhibitors, that is, compounds inhibiting the

enzyme responsible for inactivation of ACh, were developed to

increase the levels of ACh and, therefore, to improve cognitive

abilities. Unfortunately, in advanced AD the level of AChE dra-

matically drops by 90%,[2] which makes this enzyme inefficient

as a therapeutic target in later stages of the disease. In con-

trast, the level of its isoenzyme butyrylcholinesterase (BChE) is

significantly increased by approximately 30% during later

stages of AD.[2, 3] Although the physiological role of BChE has

not yet been fully investigated, BChE can compensate the loss

of neuronal AChE in progressed AD and, therefore, takes over

the function of AChE. Several studies have shown a positive

correlation between BChE inactivation and improved cogni-

tion.[4] Therefore, inhibition of BChE might well constitute

a therapeutic target for clinical use in progressed AD when

AChE inhibitors fail. Interestingly, BChE was also found to be

colocalized with neurotoxic amyloid b-plaques[5] in the brains

of AD patients and might promote amyloid b-toxicity.[4c–e, 6] In-

creased levels of BChE in cortical brain regions and especially

its occurrence with amyloid b-plaques might, therefore, be

a suitable marker to enable AD diagnostics. Besides its poten-

tial role in AD pathogenesis, BChE is known to be involved in

1) serum metabolism in context with the detoxification of nat-

urally occurring and pharmacologically active compounds by

ester or carbamate cleavage,[7] 2) obesity,[8] 3) diabetes mellitus

type 2,[8b,9] and 4) cardiovascular risk factors.[10] Accordingly, to

investigate the role of BChE in these research fields the devel-

opment of highly potent and selective positron emission to-

mography (PET) radiotracers is highly desirable to visualize

BChE in vivo. Such a tracer might be used as a diagnostic tool

in AD to determine unusual BChE distribution and help to in-

vestigate pathophysiological changes, expression levels, and

location of BChE to understand the molecular mechanisms in

the diseases mentioned.

Several cholinesterase (ChE) PET radiotracers have been de-

scribed in the literature mainly focusing on brain and/or pe-

ripheral AChE as target.[11] Thereby, two main strategies have

been pursued by using substrate- or ligand-type radiotracers.

Substrate-type radiotracers pass the blood–brain barrier (BBB)

and are hydrolyzed by AChE within the brain. The resulting ra-

dioactive metabolites have low BBB permeability, and thus, ra-

dioactivity accumulates in brain regions in which AChE is local-

ized. This method allows quantification of AChE distribution

and gives additional information about the catalytic activity of

AChE in different brain areas. Examples of such tracers are

[11C]MP4P, [11C]MP4A, and [18F]FEtP4A (Figure 1A).[12] Besides

these substrate-type radiotracers, several reversibly binding

The enzyme butyrylcholinesterase (BChE) is known to be in-

volved in the detoxification of xenobiotics in blood plasma

and is associated with the progress of neurodegenerative dis-

orders, diabetes type 2, obesity, and diseases of the cardiovas-

cular system. In the present study, we developed carbamate-

based inhibitors serving as positron emission tomography

(PET) radiotracers with 18F and 11C as radioisotopes to visualize

BChE distribution. These inhibitors are radiolabeled at the car-

bamate site and transfer this moiety onto BChE, which thus re-

sults in covalent and permanent radiolabeling of the enzyme.

There are no comparable radiotracers for cholinesterases de-

scribed to date. By ex vivo autoradiography experiments on

mice brain slices and kinetic investigations, selective and cova-

lent transfer of the radiolabeled carbamate moiety onto BChE

was proven. These tracers might provide high resolution of

BChE distribution in vivo to enable investigations into the

pathophysiological mechanisms of diseases associated with al-

terations in BChE occurrence.
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AChE inhibitors (Figure 1B) were developed as ligand-type ra-

diotracers for enzyme labeling.[13] Beyond the mentioned two

major radiotracer concepts for ChE labeling, to our knowledge

only two irreversibly acting ChE inhibitors have been devel-

oped ([11C]physostigmine and an AChE-selective 18F-labeled or-

ganophosphate) that can transfer the radioisotope covalently

onto the enzyme, which thus results in irreversible labeling

(Figure 1C).[14] However, [11C]physostigmine lacks selectivity for

either ChE, and organophosphates are well known to be

highly toxic nerve agents, which putatively limits their use.

Although the concept of irreversible labeling is well docu-

mented for various biological targets {e.g. , imaging of mono-

amine oxidase (MAO) with [11C]deprenyl, [11C]deprenyl-D2, or

[18F]fluororasasagiline-D2;[15] different carbamate-based inhibi-

tors for monoacylglycerol lipase (MAGL) imaging;[16] and carba-

mate-based inhibitors such as [11C]CURB and [18F]DOPP for

fatty acid amide hydrolase (FAAH) visualization[17]}, currently

only little attention has been focused on such tracers for ChE

imaging.

As possible limitations for the application of irreversible radi-

otracers in PET, two issues are often considered: 1) the often-

complex mechanism of enzyme inactivation as well as difficul-

ties in the exact determination of in vivo kinetics and distribu-

tion and 2) such inhibitors might reflect the plasma delivery

rate of the radiotracer into the tissue (flow limitation) rather

than the regional enzyme distribution.[18] The latter issue also

applies to both reversibly binding competitive PET tracers of

high affinity and substrate-type radiotracers, as delivery limita-

tions into the tissue and quick hydrolysis of the substrate are

limiting factors for radiotracers. This is exemplarily the case for

the widely used radiosubstrate [11C]MP4A.[11a,19] On the other

hand, Fowler and others have demonstrated for MAO imaging

that suicide PET radiotracers can well quantify and map the

physiological distribution of a target enzyme.[20]

Regarding the increasing relevance of BChE for treatment

and diagnosis of the diseases mentioned above, it is remark-

able that for BChE only a few selective tracers—and all of

them of the substrate type—have been reported (Fig-

ure 1A).[5c, 21] To overcome the lack of suitable BChE radiotrac-

ers, in the present study we developed a selective and highly

potent BChE inhibitor incorporating either 11C or 18F as a radioi-

sotope. These tracers might be used in PET studies to investi-

gate the role of BChE and are, to our knowledge, the first radi-

otracers reported for BChE of the inhibitor type. The starting

point of our investigation was a tetracyclic carbamate that we

found in previous studies to be a promising candidate because

of its excellent inhibitory potency and selectivity toward BChE

over AChE (Figure 2).[22] For PET tracer development, the irre-

versible labeling approach reported for FAAH and MAGL was

adopted,[16,17] and incorporation of the radioisotopes was per-

formed at the carbamate site to achieve covalent transfer of

the radioisotope onto the enzyme (Figure 2). For these tracers,

the in vitro kinetics of enzyme inhibition were determined in

detail, and a first ex vivo autoradiography experiment was per-

formed showing selective binding of the tracers on tissue

BChE.

Results and Discussion

Most efficient 18F labeling is achieved by direct introduction of
18F¢ into a suitable precursor in the last or one of the last reac-

tion steps. This prevents complicated reaction processing with

the radioisotope and gives access to higher radiochemical

yields, as time-dependent decay of the radioisotope and unde-

sired side reactions are minimized. Therefore, precursor 7 was

synthesized in five steps (Scheme 1A): Starting with 7-bromo-

heptan-1-ol, a Gabriel synthesis was applied to yield 7-amino-

heptan-1-ol (2) in two steps via phthalimide 1. Amino alcohol

Figure 1. Radiotracers developed for ChE visualization: A) substrates for AChE and BChE by using the principle of metabolic trapping, B) reversible AChE inhib-
itors, and C) irreversible AChE inhibitors.
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2 was then activated with 4-nitrophenyl chloroformate toward

carbamate 3, followed by coupling with tetracyclic phenol 4

(synthesis of 4 was described recently[23]) to give carbamate 5.

Initial introduction of a suitable leaving group by applying p-

toluenesulfonyl (Ts) chloride toward compound 6 failed, as the

nucleophilic character of the aliphatic nitrogen atom in the tet-

rahydroquinazoline core led to unfavorable side reactions that

resulted in complete degradation. Therefore, an iodine leaving

group was introduced by applying triphenylphosphine and el-

ementary iodine to yield compound 7. Besides, the use of the

fluorination reagent diethylaminosulfur trifluoride (DAST) yield-

ed unlabeled (“cold”) fluorinated compound 8, which was an

indispensable compound as a reference for the radiolabeling

process.

Unfortunately, direct 18F labeling toward [18F]8 failed with

precursor 7 (Scheme 1B), as the carbamate moiety itself de-

graded under the applied labeling conditions. Similar behavior

was previously reported for the FAAH radiotracer [18F]DOPP,[24]

for which the carbamate moiety underwent fast E1cB elimina-

tion into the corresponding phenol and isocyanate during la-

beling.

Therefore, we adopted and modified the protocol reported

by Sadovski et al.[24] and synthesized precursor 10 smoothly via

intermediate 9 from amino alcohol 2 (Scheme 2A). In a four-

step reaction sequence, precursor 10 was first radiolabeled

with 18F¢ , then tert-butoxycarbonyl (Boc)-deprotected under

acidic conditions, then activated with 4-nitrophenyl chlorofor-

mate toward [18F]11, and finally coupled with phenol 4 toward

Figure 2. Covalent labeling of BChE with an irreversible inhibitor by carbamate transfer.

Scheme 1. Reagents and conditions : a) DMF, 3 h, 120 8C; b) H2NNH2·H2O, EtOH, 5 h, reflux; c) Et3N, CH2Cl2, 2 h, RT; d) NaH, THF, RT, 1 h; e) DAST, CH2Cl2, 6 h, RT;
f) PPh3, I2, THF, 2 h, RT, g) TsCl, CH2Cl2.
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desired radiotracer [18F]8 in a radiochemical yield of 18–22%

(n=5, corrected decay) and a radiochemical purity of >98%

after purification by reversed-phase HPLC (Scheme 2B). The

specific activity after radiosynthesis was determined to be

400 MBqmmol¢1. The identity of [18F]8 was confirmed by HPLC

through co-injection of [18F]8 with unlabeled analogue 8. Nota-

bly, Sadovski et al.[24] reported a protocol for labeling that pre-

vents activation of the labeled precursor toward [18F]11 by

using an activated phenol, but for the heterocycles applied

herein, the synthesis of such a phenol was not successful (see

the Supporting Information).

Besides introducing 18F into the carbamate residue, incorpo-

ration of 11C as a common alternative radioisotope for PET was

investigated. Regarding the limited possibilities for radioiso-

tope introduction into an aliphatic, chemically nonfunctional-

ized chain, a method was chosen in which labeling occurs di-

rectly at the carbonyl carbon atom of the carbamate moiety.

Wilson and co-workers developed a method that easily allows

the formation of 11C-labeled carbamate and urea derivatives by

using 11CO2, 2-tert-butylimino-2-diethylamino-1,3-dimethylper-

hydro-1,3,2-diazaphosphorine (BEMP) and POCl3 in a three-step

reaction sequence.[17d,25] Although in our case this method led

to satisfying results in terms of carbamate formation upon ap-

plying nonradioactive CO2 (data not shown), we chose to de-

velop a simpler method to avoid this multistep sequence with

radioactive intermediates. Therefore, an approach reported for

aromatic triphenylphosphinimines[26] was modified, and heptyl-

phosphinimine hydrochloride (13) was synthesized in two

steps (Scheme 3). Upon treating a mixture of precursor 13 and

tetracyclic phenol 4 in the presence of 1,8-diazabicy-

clo[5.4.0]undec-7-ene (DBU) with 11CO2, followed by heating to

60 8C for 6 min, desired radiotracer [11C]14 was obtained in

a good radiochemical yield of 30–36% (n=4, corrected decay)

and a radiochemical purity of 98% after purification by re-

versed-phase HPLC (Scheme 3). The identity of [11C]14 was con-

firmed by HPLC through co-injection with unlabeled analogue

14 (synthesis described previously[22b]). This method allows

easy access to carbamates labeled at the carbonyl carbon

atom by using 11CO2 in only one reaction step.

To prove carbamate transfer and therefore irreversibility of

radiolabeling of BChE, in vitro enzyme kinetic investigations for

unlabeled reference compounds 8 and 14 were performed.

First, IC50 values for human AChE and BChE (hAChE and hBChE)

were determined after 30 min, and both compounds showed

inhibition of hBChE in the single-digit nanomolar range with

a 600- to 700-fold selectivity for hBChE over hAChE (Table 1).

Time-dependent evaluation of the carbamoylation process

was also necessary, as carbamate-mediated enzyme inhibition

is known to undergo a three-step kinetic process (see equation

in Table 1):[22a] The inhibitor 1) binds reversibly to the enzyme

(E) thus to form a EI complex quantified in equilibrium by KC,

2) the carbamate group is transferred covalently onto the

enzyme to form the irreversibly inhibited enzyme E¢C under

release of the phenolic carrier (R) with k3 as the carbamoylation

rate constant, and 3) E¢C is slowly hydrolyzed under reactiva-

tion of E and k4 as decarbamoylation constant. Transferring the

carbamate moiety onto the enzyme is a comparably slow

chemical reaction (in terms of enzymatic catalysis), and there-

fore, carbamate-mediated enzyme inhibition is time depen-

dent. Knowing the exact kinetic profile of in vitro enzyme in-

hibition is a prerequisite before studying in vivo (pharmaco)ki-

netics, especially because carbamate-based inhibitors do not

necessarily act irreversibly.[27] Therefore, careful kinetic monitor-

ing of the inhibition mechanism was performed. Compounds 8

and 14 caused time-dependent inhibition (Figure 3A,B) and

showed a high affinity in the nanomolar range on hBChE (KC

Scheme 2. Reagents and conditions : a) (Boc)2O, K2CO3, MeOH/H2O, 4 h, RT; b) TsCl, Et3N, K2CO3, CH2Cl2, 3 d, RT; c) Kryptofix 222, K2CO3, 10 min, 90 8C; d) TFA,
10 min, RT; e) Et3N, MeCN, 4-NO2-C6H4-O(C=O)Cl, 90 8C, 7 min; f) 7 min, 90 8C.

Scheme 3. Reagents and conditions : a) I2, Et2O, RT, 1 h; b) CH3(CH2)6NH2, CH2Cl2, RT, 5 h; c) 1. DBU, 11CO2, THF, 10 min, ¢78 8C; 2. 60 8C, 6 min.
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values are presented in Table 1) in addition to a high carba-

moylation rate of the enzyme (k3 values). Also, the decarba-

moylation rate constant (k4) was determined in dilution experi-

ments: both derivatives were incubated with the enzyme for

1 h to completely inhibit the enzyme before 1000-fold dilution

to an inhibitor concentration at which no further enzyme in-

hibition occurs. Recovery of enzyme activity was determined

after certain time points. For reversible inhibitors, enzyme re-

covery occurs immediately after dilution and only irreversible

inhibitors show slow first-order enzyme recovery kinetics, as in-

hibition occurs covalently and therefore is independent of the

inhibitor concentration of the assay media after dilution. Com-

pounds 8 and 14 caused slow regeneration of enzyme activity

after dilution (Scheme 3C,D), which revealed the high stability

of the carbamoylated enzyme E¢C with a decarbamoylation

half-life of approximately 1 h (calculated from k4). Carbamoyla-

tion (KC and k3) as well as decarbamoylation kinetics (k4)

proved irreversible transfer of the carbamate moiety, which

makes these compounds suitable for further PET investigations.

Kinetic data for the single steps are reported in Table 1.

For in vivo evaluations, metabolic stability in plasma is of

special importance for radiotracers targeting BChE, as it is one

of the major detoxification enzymes in human plasma hydro-

lyzing xenobiotic substrates by cleaving carbamate or ester

bonds.[7c] Therefore, the stability of unlabeled reference com-

pounds 8 and 14 was investigated in vitro by using human

pooled plasma samples. Only slow degradation of both com-

pounds was observed with less than 50% decomposition even

after 2 h (blue and black lines in Figure 4). Given that the com-

pounds are supposed to be cleaved by BChE over time, the

stability analysis was repeated with plasma samples pre-incu-

bated for 1 h with a high concentration of the known unselec-

tive ChE inhibitor tacrine. Tacrine inhibits both AChE and BChE

and, therefore, prevents ChE-mediated degradation of the test

compounds. Surprisingly, no differences were detected in sta-

bility (purple and yellow lines in Figure 4) relative to the non-

Table 1. Inhibition and kinetic data on human AChE and BChE for compounds 8 and 14.

Compd IC50(hAChE) [mm] IC50(hBChE) [nm] KC(hBChE)�SEM [nm] k3(hBChE)�SEM [min¢1] k4(hBChE)�SEM [h¢1]
(pIC50�SEM) (pIC50�SEM)

8 3.6 5.2 24.3�19.3 0.78�0.48 0.81�0.04
(5.44�0.05) (8.28�0.02)

14 3.8 6.4 28.5�17.2 0.66�0.32 0.62�0.04
(5.42�0.02) (8.19�0.02)

Figure 3. Time-dependent inhibition of hBChE by different concentrations of A) compound 8 and B) compound 14. Recovery of hBChE activity after inhibition
with C) compound 8 and 1000-fold dilution and D) with compound 14 and 1000-fold dilution. Each experiment was performed in triplicate (mean�SD).
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pre-incubated samples. Subsequently, the plasma proteins

were first precipitated, and the remaining solution was used to

incubate compound 8 without proteins to investigate whether

degradation of the compounds was enzyme mediated or if the

compounds were chemically unstable in the buffered solution

(red line in Figure 4). HPLC showed no decomposition in buffer

solution; thus, it was concluded that compounds 8 and 14

were cleaved enzymatically and were stable in aqueous media.

This is in agreement with the literature, as in addition to BChE,

paraoxonase and albumin are also known as plasma proteins

with esterase activity. Therefore, cleavage of compounds 8 and

14 in human plasma might be catalyzed by such mecha-

nisms.[7c]

Finally, binding of [18F]8 was investigated by ex vivo brain

autoradiography with healthy mouse brain slices. Accumula-

tion of high radioactivity in all relevant brain areas was found,

which proved good binding of [18F]8 to brain tissue (Fig-

ure 5A).[6] In parallel, inhibition experiments were performed

on brain slices after pre-incubation with ethopropazine hydro-

chloride, known as a selective BChE inhibitor, to confirm the

specificity of [18F]8 binding (Figure 5B). Ethopropazine selec-

tively blocks the active site of BChE and prevents any binding

of other BChE inhibitors or substrates. As expected, in this

blocking experiment only little binding of [18F]8 was found on

the tissue relative to that on the control slices, which suggests

specific binding of [18F]8 to BChE.[6]

Conclusions

In summary, butyrylcholinesterase (BChE) constitutes an

enzyme with high relevance for Alzheimer’s disease diagnos-

tics. To investigate its role in AD, we developed the first selec-

tive BChE inhibitors acting as potential positron emission to-

mography (PET) radiotracers to image human BChE after label-

ing with the positron emitters 18F and 11C. These radiotracers

were labeled at the carbamate site, which thus made covalent

and direct labeling of the enzyme through carbamate transfer

possible. By applying kinetic investigations and decarbamoyla-

tion experiments of the reference compounds, 13-methyl-

6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-yl 7-

fluoroheptylcarbamate (8) and carbonyltetrahydro-13-methyl-

5H-isoquinolino[1,2-b]quinazolin-10-yl heptylcarbamate (14),

we showed that carbamate transfer onto the enzyme rapidly

took place and proved irreversible transfer of the carbamate

moiety, thus offering the possibility for covalent and irreversi-

ble labeling upon using [18F]8 and [11C]14. To our knowledge,

no comparable BChE radiotracers have been developed to

date. The herein described radiotracers showed high stability

in human plasma with less than 50% degradation after 2 h,

and preliminary autoradiography experiments on mice brain

slices combined with blocking studies by using the known

BChE-selective inhibitor ethopropazine revealed rapid and se-

lective binding of the tracers on BChE at the brain. Taking

these results together, the concept of irreversible labeling was

applied for a carbamate-based BChE inhibitor, and the first

ex vivo and in vitro studies showed promising results for fur-

ther studies. Of course, in vivo studies are now necessary to

evaluate the distribution, stability, and pharmacokinetics of the

developed tracer in a suitable mouse model.

We consider the strategy of irreversible labeling for radioi-

maging to be a promising approach. Although the concept

has already been applied on several targets, for example,

monoamine oxidase imaging, many more irreversible inhibitors

are known[28] that might be turned into suitable irreversible

PET radiotracers by the chemical and biological methods de-

scribed herein, which would thereby enable the investigation

of more biological targets.

Experimental Section

Chemistry

Common reagents and solvents were obtained from commercial
suppliers and were used without any further purification. Tetrahy-
drofuran (THF) was distilled from sodium/benzophenone under an
argon atmosphere. Reaction progress was monitored by using ana-
lytical thin-layer chromatography (TLC) on precoated silica gel
GF254 plates (Macherey–Nagel GmbH & Co. KG, Dìren, Germany),
and spots were detected under UV light (l=254 nm) or by stain-
ing with iodine. Nuclear magnetic resonance spectra were per-

Figure 4. Time-dependent plasma stability of compounds 8 (black) and 14

(blue) and stability after pretreatment with a tacrine concentration of 50 mm

(8, yellow; 14, purple). Stability of compound 8 was also measured when
proteins had been precipitated beforehand (red). Each experiment was per-
formed in triplicate (mean�SEM).

Figure 5. Autoradiography of [18F]8 on a healthy mouse brain A) without
and B) with ethopropazine hydrochloride pre-incubation. Intensity (arbitrary
unit) is given in percentage of the maximum tracer activity.
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formed with a Bruker AV-400 NMR instrument (Bruker, Karlsruhe,
Germany) in [D6]DMSO or CDCl3. Chemical shifts are expressed in
ppm relative to CHCl3/DMSO (d=7.26/2.50 and 77.16/39.52 ppm
for 1H and 13C NMR, respectively). Melting points were determined
in open capillaries with a Bìchi B-540 without any further correc-
tion. For purity and reaction analyzes, analytical HPLC analysis was
performed with a system from Shimadzu equipped with a DGU-
20A3R controller, LC20AB liquid chromatograph, and a SPD-20A
UV/Vis detector. Stationary phase was a Synergi 4 mm fusion-RP
(150Õ4.6 mm) column (Phenomenex, Aschaffenburg, Germany). As
mobile phase, H2O (phase A) and MeOH (phase B) were used with
1 mLmin¢1 (conc. B: 5!90% from 0 to 8 min; 90% from 8 to
13 min; 90!5% from 13 to 15 min; 5% from 15 to 18 min). ESI
mass spectral data were acquired with a Shimadzu LCMS-2020.

2-(7-Hydroxyheptyl)isoindoline-1,3-dione (1): 7-Dibromoheptan-
1-ol (1 g, 5.13 mmol, 1 equiv) was dissolved in dry DMF (20 mL)
and treated with potassium phthalate (996 mg, 5.38 mmol,
1.05 equiv). The mixture was stirred at 120 8C for 3 h. Then, the pre-
cipitated solid was filtered off, and the filtrate was diluted with
H2O (30 mL). The aqueous phase was extracted with ethyl acetate
(3Õ50 mL). The combined organic layers were washed with brine
(30 mL) and dried (Na2SO4). After removal of the solvent under re-
duced pressure, the residue was purified by column chromatogra-
phy (petroleum ether/EtOAc 1:1) to yield 1 (960 mg, 72%) as
a clear oil that crystallized over time; mp: 56–60 8C. 1H NMR
(400 MHz, CDCl3): d=7.87–7.79 (m, 2H), 7.73–7.65 (m, 2H), 3.69–
3.64 (m, 2H), 3.62 (t, J=6.6 Hz, 2H), 1.72–1.62 (m, 2H), 1.59–1.50
(m, 2H), 1.42 (s, OH), 1.39–1.30 ppm (m, 6H); 13C NMR (101 MHz,
CDCl3): d=168.5, 133.9 (2C), 132.2 (2C), 123.2, 62.9, 38.0, 32.6,
28.9, 28.5, 26.8, 25.6 ppm; MS (ESI): m/z : 262.2 [M+H]+ .

7-Aminoheptan-1-ol (2): 2-(7-Hydroxyheptyl)isoindoline-1,3-dione
(1; 2.05 g, 7.85 mmol, 1 equiv) was dissolved in EtOH (30 mL) and
treated with hydrazine hydrate (1.57 g, 31 mmol, 4 equiv). The mix-
ture was heated at reflux for 4 h, during which a white precipitate
formed. The mixture was filtered, and the filtrate was evaporated
to dryness. The resulting residue was suspended in diethyl ether
(100 mL) and filtered again. The filtration cake was washed with di-
ethyl ether (3Õ100 mL), and the combined filtrate was evaporated
to dryness to obtain 2 (953 mg, 93%) as a pale-yellow solid; mp:
43–47 8C. 1H NMR (400 MHz, CDCl3): d=3.55 (t, J=6.6 Hz, 2H), 2.61
(t, J=7.0 Hz, 2H), 1.74 (br, 3H), 1.54–1.45 (m, 2H), 1.42–1.34 (m,
2H), 1.32–1.22 ppm (m, 6H); 13C NMR (101 MHz, CDCl3): d=62.7,
42.1, 33.6, 32.8, 29.2, 26.8, 25.8 ppm; MS (ESI): m/z : 132.3 [M+H]+ .

4-Nitrophenyl 7-hydroxyheptylcarbamate (3): 4-Nitrophenyl
chloroformate (505 mg, 2.50 mmol, 1.1 equiv) was dissolved in
CH2Cl2 (30 mL) and treated with triethylamine (346 mL, 2.50 mmol,
1.1 equiv). Then, a solution of 7-aminoheptan-1-ol (2 ; 298 mg,
2.27 mmol, 1 equiv) in CH2Cl2 (20 mL) was added dropwise over
30 min, and the mixture was stirred for 4 h at RT. The mixture was
then diluted with CH2Cl2 (30 mL), washed with 1m HCl solution
(3Õ10 mL), and washed with brine (10 mL). Then, the organic layer
was dried (Na2SO4), which was followed by removal of the solvent
under reduced pressure. The crude product was purified by
column chromatography (petroleum ether/EtOAc 1:1) to yield 3

(673 mg, 91%) as a white solid; mp: 75–77 8C. 1H NMR (400 MHz,
CDCl3): d=8.28–8.20 (m, 2H), 7.36–7.27 (m, 2H), 5.13 (s, NH), 3.68–
3.61 (m, 2H), 3.28 (dd, J=13.3, 7.0 Hz, 2H), 1.67–1.51 (m, 4H),
1.45–1.33 (m, 6H), 1.30 ppm (s, OH); 13C NMR (101 MHz, CDCl3): d=
156.0, 153.1, 144.7, 125.1 (2C), 121.9 (2C), 62.9, 41.4, 32.6, 29.6,
29.0, 26.6, 25.6 ppm; MS (ESI): m/z : 297.2 [M+H]+ .

13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazo-

lin-10-yl 7-hydroxyheptylcarbamate (5): A solution of 13-methyl-
6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol (4 ;
445 mg, 1.5 mmol, 1 equiv) in dry THF (5 mL) was treated with NaH
in paraffin oil (60%, 66 mg, 1,65 mmol, 1.1 equiv). The mixture was
stirred until the formation of gas stopped. Then, 4-nitrophenyl 7-
hydroxyheptylcarbamate (3 ; 400 mg, 1.5 mmol, 1 equiv) was
added, and the mixture was stirred for 1 h. The mixture was dilut-
ed with ethyl acetate (20 mL) and washed with H2O (10 mL) and
brine (10 mL). The organic phase was dried (Na2SO4) and concen-
trated to dryness. The crude product was purified by column chro-
matography (100% EtOAc) to yield 5 (416 mg, 68%) as a pale-
yellow oil. 1H NMR (400 MHz, [D6]DMSO): d=7.60 (t, J=5.6 Hz, NH),
7.38–7.32 (m, 1H), 7.27–7.22 (m, 2H), 7.20–7.15 (m, 1H), 6.91 (d,
J=8.8 Hz, 1H), 6.83 (dd, J=8.7, 2.6 Hz, 1H), 6.75 (d, J=2.5 Hz, 1H),
4.77 (s, 1H), 4.34 (t, J=5.1 Hz, OH), 3.96–3.80 (m, 2H), 3.40 (dd, J=
11.5, 6.4 Hz, 2H), 3.23–3.14 (m, 1H), 3.03 (dt, J=10.8, 5.4 Hz, 2H),
2.97 (dd, J=15.2, 6.7 Hz, 1H), 2.78 (dt, J=16.2, 4.5 Hz, 1H), 2.72–
2.62 (m, 1H), 2.50 (s, 3H), 1.50–1.37 (m, 4H), 1.34–1.25 ppm (m,
6H); 13C NMR (101 MHz, [D6]DMSO): d=154.8, 145.0, 144.3, 135.9,
133.9, 128.7, 128.2, 127.3, 125.6, 125.3, 120.3, 119.8, 119.5, 75.7,
60.7, 55.2, 47.1, 40.4, 37.8, 32.5, 29.2, 28.6, 27.8, 26.3, 25.4 ppm; MS
(ESI): m/z : 424.3 [M+H]+ .

13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazo-

lin-10-yl 7-iodoheptylcarbamate (7): A solution of iodine (125 mg,
0.49 mmol, 2 equiv) in CH2Cl2 (2 mL) was added dropwise to a solu-
tion of triphenylphosphane (129 mg, 0.49 mmol, 2 equiv) in CH2Cl2
(2 mL). Then, a solution of imidazole (24 mg, 0.34 mmol, 1.4 equiv)
and 13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazo-
lin-10-yl 7-hydroxyheptylcarbamate (5 ; 100 mg, 0.25 mmol,
1 equiv) in CH2Cl2 (5 mL) was added dropwise. The mixture was
stirred at room temperature for 2 h. The mixture was then washed
with H2O (5 mL) and brine (5 mL) and dried (Na2SO4), and the sol-
vent was removed under reduced pressure. The crude product was
purified by column chromatography (petroleum ether/EtOAc 2:1)
to yield 7 (80 mg, 61%) as a yellow oil. 1H NMR (400 MHz,
[D6]DMSO): d=7.61 (t, J=5.6 Hz, NH), 7.38–7.32 (m, 1H), 7.27–7.21
(m, 2H), 7.21–7.14 (m, 1H), 6.91 (d, J=8.8 Hz, 1H), 6.83 (dd, J=8.7,
2.6 Hz, 1H), 6.75 (d, J=2.6 Hz, 1H), 4.77 (s, 1H), 3.95–3.79 (m, 2H),
3.27 (t, J=6.7 Hz, 2H), 3.22–3.15 (m, 1H), 3.04 (dd, J=12.9, 6.7 Hz,
2H), 3.01–2.93 (m, 1H), 2.78 (dt, J=16.3, 4.6 Hz, 1H), 2.71–2.62 (m,
1H), 2.50 (s, 3H), 1.81–1.70 (m, 2H), 1.53–1.42 (m, 2H), 1.39–
1.22 ppm (m, 6H); 13C NMR (101 MHz, [D6]DMSO): d=154.8, 145.0,
144.2, 135.9, 133.9, 128.7, 128.2, 127.3, 125.6, 125.3, 120.3, 119.8,
119.5, 75.7, 55.2, 47.1, 40.4, 37.8, 32.8, 29.8, 29.1, 27.8, 27.5, 26.1,
9.0 ppm; MS (ESI): m/z : 534.3 [M+H]+ .

13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazo-

lin-10-yl 7-fluoroheptylcarbamate (8): A solution of 13-methyl-
6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-yl 7-hy-
droxyheptylcarbamate (5 ; 100 mg, 0.24 mmol, 1 equiv) in CH2Cl2
(3 mL) was cooled to 0 8C and then diethylaminosulfur trifluoride
(65 mL, 0.49 mmol, 2 equiv) was added dropwise over a period of
5 min. The mixture was allowed to reach RT and was then stirred
for another 6 h. The mixture was diluted with a saturated solution
of NaHCO3 (10 mL). The layers were separated, and the aqueous
phase was extracted with CH2Cl2 (3Õ15 mL). The combined organic
layer was dried (Na2SO4), and the solvent was removed under re-
duced pressure. The crude product was purified by column chro-
matography (petroleum ether/EtOAc 1:1) to yield 8 (12 mg, 12%)
as a yellow solid; mp: 92–95 8C. 1H NMR (400 MHz, [D6]DMSO): d=
7.60 (t, J=5.7 Hz, NH), 7.38–7.31 (m, 1H), 7.26–7.20 (m, 2H), 7.19–
7.15 (m, 1H), 6.90 (d, J=8.8 Hz, 1H), 6.82 (dd, J=8.7, 2.7 Hz, 1H),
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6.74 (d, J=2.6 Hz, 1H), 4.76 (s, 1H), 4.49 (t, J=6.1 Hz, 1H), 4.37 (t,
J=6.1 Hz, 1H), 3.89 (d, J=15.8 Hz, 1H), 3.84 (d, J=15.9 Hz, 1H),
3.21–3.14 (m, 1H), 3.03 (dd, J=13.0, 6.7 Hz, 2H), 3.00–2.92 (m, 1H),
2.77 (dt, J=16.3, 4.7 Hz, 1H), 2.66 (ddd, J=11.2, 8.8, 4.9 Hz, 1H),
1.70–1.55 (m, 2H), 1.51–1.41 (m, 2H), 1.38–1.26 ppm (m, 6H);
13C NMR (101 MHz, [D6]DMSO): d=155.3, 145.5, 144.7, 136.4, 134.4,
129.2, 128.7, 127.8, 126.1, 125.8, 120.8, 120.2, 120.0, 84.3 (d, J=
161.7 Hz), 76.2, 55.6, 47.6, 40.9, 38.3, 30.2 (d, J=19.1 Hz), 29.6, 28.7,
28.3, 26.6, 25.1 ppm (d, J=5.4 Hz). MS (ESI): m/z : 426.3 [M+H]+ .

tert-Butyl 7-hydroxyheptylcarbamate (9): A mixture of 7-amino-
heptan-1-ol (2 ; 460 mg, 3.51 mmol, 1 equiv), di-tert-butyl dicarbon-
ate (0.9 mL, 4.21 mmol, 1.2 equiv), and K2CO3 (581 mg, 4.21 mmol,
1.2 equiv) in MeOH/H2O (1:1, 25 mL) was stirred for 4 h. Then, the
organic solvent was removed under reduced pressure, and the
aqueous phase was diluted with H2O (25 mL) and extracted with
ethyl acetate (3Õ35 mL). The combined organic phase was washed
with H2O (25 mL) and brine (25 mL), dried (Na2SO4), and concen-
trated under reduced pressure to obtain 9 (653 mg, 81%) as
a clear oil. 1H NMR (400 MHz, CDCl3): d=4.50 (br, NH), 3.63 (t, J=
6.6 Hz, 2H), 3.10 (td, J=12.9, 6.4 Hz, 2H), 1.60–1.46 (m, 4H), 1.44 (s,
9H), 1.32 ppm (d, J=9.2 Hz, 7H); 13C NMR (101 MHz, CDCl3): d=
156.2, 77.4, 63.1, 40.7, 32.8, 30.1, 29.1, 28.6 (3C), 26.9, 25.8 ppm;
MS (ESI): m/z : 254.2 [M+Na]+ .

7-(tert-Butoxycarbonylamino)heptyl-p-tolyl sulfate (10): A mix-
ture of tert-butyl 7-hydroxyheptylcarbamate (9 ; 310 mg,
1.34 mmol, 1 equiv), K2CO3 (370 mg, 2.68 mmol, 2 equiv), triethyla-
mine (18 mL, 0.14 mmol, 0.1 equiv) and p-toluenesulfonyl chloride
(280 mg, 1.48 mmol, 1.1 equiv) in CH2Cl2 (10 mL) was stirred for
3 days at ambient temperature. Then, H2O (30 mL) was added, and
the mixture was extracted with ethyl acetate (3Õ30 mL). The com-
bined organic layer was washed with brine (30 mL), dried (Na2SO4),
and concentrated under reduced pressure. The crude product was
purified by column chromatography (petroleum ether/EtOAc 5:1)
to obtain 10 (296 mg, 57%) as a clear oil. 1H NMR (400 MHz,
CDCl3): d=7.85–7.71 (m, 2H), 7.39–7.29 (m, 2H), 4.48 (br, NH), 4.01
(t, J=6.5 Hz, 2H), 3.07 (dd, J=13.1, 6.5 Hz, 2H), 2.44 (s, 3H), 1.69–
1.58 (m, 2H), 1.43 (s, 9H), 1.42–1.14 ppm (m, 8H); 13C NMR
(101 MHz, CDCl3): d=156.1, 144.8, 133.4, 129.9 (2C), 128.0 (2C),
79.2, 70.7, 40.6, 30.1, 28.9, 28.7, 28.6 (3C), 26.7, 25.4, 21.8 ppm; MS
(ESI): m/z : 408.3 [M+Na]+ .

Diiodotriphenylphosphane (12): Solid iodine (1.07 g, 4.2 mmol,
1.1equiv) was added to a solution of triphenylphosphine (1 g,
3.82 mmol, 1 equiv) in diethyl ether (100 mL). The mixture was
stirred for 1 h. The precipitated solid was filtered off and washed
with diethyl ether (3Õ20 mL). The solid was then dried in vacuo to
afford 12 (1.97 g, 100%) as a yellow-brown solid; mp: decomposi-
tion. 1H NMR (400 MHz, CDCl3): d=7.80–7.74 (m, 3H), 7.70–
7.55 ppm (m, 12H); 13C NMR (101 MHz, CDCl3): d=134.8 (d, J=
2.9 Hz, 3C), 132.8 (d, J=11.5 Hz, 6C), 129.7 ppm (d, J=13.4 Hz, 6C).

N-Heptyl-1,1,1-triphenylphosphanimine hydrochloride (13): A
mixture of heptylamine (143 mL, 0.97 mmol 1 equiv) and triethyla-
mine (268 mL, 1.94 mmol 2 equiv) in CH2Cl2 (30 mL) was added
dropwise to a solution of diiodotriphenylphosphane (12 ; 500 mg,
0.97 mmol, 1 equiv) in CH2Cl2 (50 mL) under ice cooling. After com-
plete addition, the mixture was allowed to reach room tempera-
ture and was stirred for another 5 h. The solution was then washed
with brine (30 mL), dried (Na2SO4), and concentrated under re-
duced pressure. The crude product was purified by column chro-
matography (CH2Cl2/MeOH 19:1) to yield 13 (233 mg, 58%) as
a brown oil. 1H NMR (400 MHz, CDCl3): d=7.83–7.74 (m, 6H), 7.74–
7.66 (m, 3H), 7.62–7.54 (m, 6H), 7.04 (dt, J=15.9, 7.1 Hz, N+H),

3.02–2.90 (m, 2H), 1.64–1.54 (m, 2H), 1.16–0.98 (m, 8H), 0.75 ppm
(t, J=7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3): d=134.8 (d, J=

2.9 Hz, 3C), 133.8 (d, J=11.0 Hz, 6C), 129.9 (d, J=13.1 Hz, 6C),
121.5 (d, J=102.8 Hz, 3C), 42.5(d, J=2.8 Hz), 31.6, 31.4 (d, J=

5.9 Hz), 28.6, 26.6, 22.5, 14.0 ppm; MS (ESI): m/z : 376.2 [M+H]+ .

Radiochemistry

All chemicals and solvents were purchased commercially from Al-
drich and were used directly without further purification. [18F]F¢

and [11C]CO2 were produced on the PETtrace cyclotron (GE Medical
Systems, Uppsala) at the interdisciplinary PET center of the Univer-
sity of Wìrzburg. [18F]Fluoride was produced by a 18O(p,n)18F reac-
tion by irradiating 95% enriched [18O]H2O (3.0 mL) with protons
(16.5 MeV), whereas [11C]CO2 was produced according to the
14N(p,a)11C nuclear reaction by irradiation of nitrogen gas contain-
ing 1% oxygen with a proton beam (16.5 MeV). Automatic synthe-
sis module TRACERlab (FX-M, GE) was used for trapping the 11CO2

radioactivity and the following radiosynthesis, whereas radio fluori-
nation was performed manually. Purification and analyses of the ra-
dioactive mixtures were performed by high-performance liquid
chromatography (HPLC) with a Shimadzu system (Shimadzu, Duis-
burg, Germany) equipped with a UV detector (l=220 and 254 nm)
and a g-detector for radioactivity. The HPLC-purified radiotracers
were diluted with injectable saline for further evaluation.

13-Methyl-5,8,13,13a-tetrahydro-6H-isoquinolino[1,2-b]quinazo-

lin-10-yl (7-[18F]fluoroheptyl)carbamate {[18F]8}: [18F]Fluoride was
separated from enriched [18O]H2O by solid-phase extraction (SPE)
using an anion-exchange cartridge (Sep-Pak Accell QMA light) and
was then eluted with a solution of potassium carbonate
(10 mgmL¢1, 400 mL) into a 5 mL conical vial containing a solution
of kryptofix (12 mg) in dry MeCN (0.7 mL). The mixture was dried
by the addition of dry MeCN (2Õ700 mL) under argon flow at 90 8C.
To the dried [18F]fluoride, tosylate precursor 10 (4 mg) in MeCN
(600 mL) was added, and the mixture was heated at 90 8C for
10 min in the sealed vial. The mixture was cooled for 2 min, diluted
with H2O (2 mL) and injected into the HPLC system with a Synergi
4 mm Fusion-RP80 C18 column (Phenomenex, 10Õ250 mm) and
a mobile phase of MeCN/H2O (50:50 v/v) at 4 mLmin¢1 (tR=
12.4 min). The collected product was diluted with H2O (20 mL) and
purified by SPE using a C18 cartridge (Sep-Pak Plus C18, Waters).
After washing with H2O (5 mL) and drying with argon, the radiola-
beled precursor was eluted with MeCN, followed by addition of tri-
fluoroacetic acid (TFA, 500 mL) at room temperature for 10 min.
After evaporation of TFA, a solution of 4-nitrophenyl chloroformate
(3 mg) in MeCN (200 mL) was added, which was followed by Et3N
(15 mL), and the mixture was heated at 90 8C for 7 min. Afterward,
a solution of phenol 4 (5 mg) in MeCN (100 mL) was added, and
heating was continued for another 10 min. Purification was per-
formed by radio-HPLC with a Synergi 4 mm Fusion-RP80 C18

column (Phenomenex, 10Õ250 mm) and a mobile phase of 80:20
v/v MeOH/H2O at 4 mLmin¢1. The collected product was evaporat-
ed and formulated in 10% v/v EtOH in saline. The identity and radi-
ochemical purity (98%) of the radiotracer were confirmed by co-in-
jection with the corresponding standard by using reversed-phase
HPLC with a Synergi 4 mm Fusion-RP80 C18 column (Phenomenex,
4.6Õ150 mm) and a mobile phase of 80:20 v/v MeOH/H2O at
1 mLmin¢1 (tR=10.6 min). Radiochemical yield: 17–22% (n=5).

[11C-Carbonyl]tetrahydro-13-methyl-5H-isoquinolino[1,2-b]quina-

zolin-10-yl heptylcarbamate {[11C]14}: 11CO2 was dispensed in
a stream of He into a target vial charged with n-heptyl-1,1,1-tri-
phenyl-phosphanimine hydrochloride (13, 5 mg), DBU (4 mg), and
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phenol 4 (3.6 mg) in anhydrous THF (100 mL) at ¢78 8C for 5 min.
After 11CO2 trapping, the mixture was heated at 60 8C for 10 min.
Afterward, the solution was cooled to 40 8C and diluted with HPLC
eluent (800 mL). The quenched mixture was purified by reversed-
phase HPLC with a Synergi 4 mm Fusion-RP80 C18 column (Phe-
nomenex, 10Õ250 mm) and a mobile phase of 80:20 v/v MeOH/
H2O at 4 mLmin¢1. The desired product was collected, evaporated,
and formulated in 10% v/v EtOH in saline. The identity and radio-
chemical purity (98%) of the radiotracer were verified by co-injec-
tion with the corresponding standard by using reversed-phase
HPLC with a Synergi 4 mm Fusion-RP80 C18 column (Phenomenex,
4.6Õ150 mm) and a mobile phase of 80:20 v/v MeOH/H2O at
1 mLmin¢1 (tR=10.4 min). Radiochemical yield: 30–36% (n=4).

Enzyme inhibition

Enzyme inhibition and kinetics were investigated as recently de-
scribed in detail.[22] AChE (EC 3.1.1.7, from human erythrocytes) was
purchased from Sigma–Aldrich (Steinheim, Germany) and BChE
(EC 3.1.1.8, from human serum) was kindly donated by Dr. Oksana
Lockridge (University of Nebraska Medical Center). DTNB (Ellman’s
reagent) and ATC and BTC iodides were obtained from Fluka
(Buchs, Switzerland). The stock solutions of the test compounds
were prepared in EtOH with a concentration of 3.33Õ10¢2

m (1 mm
in assay) and were stepwise diluted with EtOH to a concentration
at 3.33Õ10¢8

m (1 nm in assay). For assay buffer preparation, potas-
sium dihydrogen phosphate (3.12 g) was dissolved in H2O (500 mL)
and adjusted with a NaOH solution (0.2m) to pH 8.0. Enzyme solu-
tions were prepared with buffer to give 2.5 unitsmL¢1. DTNB
(0.396 g) was dissolved in buffer (100 mL) to give a 0.01m solution
(0.3 mm in assay). ATC and BTC solutions were prepared in buffer
with a concentration of 0.075m (452 mm in assay).

The assay was performed at 25 8C as described in the following: A
cuvette containing buffer (1.5 mL), the respective enzyme solution
(50 mL), and DTNB solution (50 mL) was mixed with the test com-
pound solution (50 mL). The mixture was incubated for 30 min,
before ATC or BTC (depending on the enzyme, 10 mL) was added.
The mixture was incubated for another 2.5 min before the absorp-
tion at l=412 nm was determined with a Shimadzu UVmini-1240
spectrophotometer. To measure full enzyme activity, the com-
pound solution was replaced by EtOH. Each compound concentra-
tion was tested three times. The enzyme activity in percentage
was plotted against the logarithm of the compound concentra-
tions, from which the IC50 values were calculated by GraphPad
Prism 5 Software.

Enzyme kinetics

Carbamoylation kinetics were investigated by following the proto-
col above by using the method described by Hosie et al. and
Feaster et al.[29] The enzyme was pre-incubated for 5, 10, 20, 30,
and 40 min of different inhibitor concentrations before addition of
the substrate. Plotting the enzyme activity in percentage as a func-
tion of time for each inhibitor concentration gave nonlinear time-
dependent inhibition curves, from which the apparent first-order
constant kobs was determined according to Equation (1):

A ¼ A0e
¢kobs t þ A1 ð1Þ

in which A is the activity of the enzyme at a specific time t, A0 is
the activity at t=0, A1 is the activity at t=1, and kobs represents

the apparent first-order rate constant. By double reciprocal plotting
of kobs

¢1 against [I]¢1, KC and k3 can be obtained from Equation (2):

1
kobs

¼
Kc

k3
 

1

I½ ¤
þ

1
k3

ð2Þ

Decarbamoylation kinetics were measured by incubating the
enzyme with an inhibitor concentration that fully inhibited the
enzyme for 1 h. This mixture was then diluted 1:1000 with assay
buffer to prevent further enzyme inhibition. The assay was per-
formed as described in the enzyme inhibition protocol at different
time points after the dilution to determine recovery of enzyme ac-
tivity. Uninhibited enzyme was treated by the same procedure to
access control values for enzyme activity after dilution. Plotting the
enzyme activity against different time points after dilution gave an
exponential first-order kinetics, from which k4 was calculated by
Equation (3):

A ¼ 1¢ ek4 t
¨ ¦

  1¢ A0ð Þ þ A0 ð3Þ

in which A is the activity of the enzyme at a specific time t and A0

is the activity at t=0. All kinetic values were determined by using
GraphPad Prism 5 Software.

Plasma stability

Compounds 8 (50 mm) and 14 (5 mm) were dissolved in human
pooled plasma (n=3) and placed at 37 8C with 5% CO2 in an incu-
bator (Thermo Scientific) while shaking with 100 rpm (Unimax
1010 Schìttler, Heidolph, Schwalbach, Germany). Samples of 1 mL
were taken after t=0, 15, 30, 45, 60, 90, 120, and 240 min and
were treated with ice-cold MeCN (1 mL). Precipitated proteins were
removed by centrifugation (Microfuge 22R centrifuge, Beckman
Coulter GmbH, Krefeld, Germany) with 8000 g for 10 min at 4 8C.
The obtained clear solution was directly analyzed by reversed-
phase HPLC (see the General section), and signal areas for com-
pounds 8 and 14 were compared with the signal area at t=0 min
to investigate degradation of the compounds. To determine
whether degradation of the compounds was ChE mediated,
plasma samples were pre-incubated for 1 h with tacrine (50 mm)
before the addition of the compounds. The samples were then
treated as described above. To determine whether degradation of
the compounds was enzymatic mediated, proteins were precipitat-
ed, and the remaining solution was used to determine the stability
of 8 (50 mm). Each experiment was repeated three times. GraphPad
Prism 5 Software was used to evaluate the data obtained.

Ex vivo autoradiography

The ex vivo tissue binding assay was conducted by using tissue
slices of a healthy mouse brain (male, BALB/c). The frozen brain
sample was sectioned in a cryostat at transverse 20 mm thickness
and dried overnight at ¢20 8C. After 30 min of pre-incubation with
assay media containing 150 mm NaCl, 5 mm EDTA, 0.1 mm bacitra-
cin, and 50 mm Na2HPO4 at room temperature, tissue sections
were incubated for 30 min with the assay media containing [18F]8
(cold mass dose=301 nm, calculated from specific activity). To see
the binding specificity, one section was incubated with the butyryl-
cholinesterase inhibitor ethopropazine hydrochloride (60 mm) in
assay media, and as control another section was incubated without
inhibitor. The sections were rinsed in water, dried under cool air

ChemMedChem 2016, 11, 1540 – 1550 www.chemmedchem.org Ó 2016 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim1548

Full Papers

http://www.chemmedchem.org


stream, and finally exposed to a phosphor imaging plate for 3 h.
Using a digital autoradiography system (CR 35 bio, Raytest), the
binding distribution of the 18F-labeled tracer was visualized as a dig-
italized image.
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18
F-labelling approach reported by Sadovski et al. 

1) Development of precursors 

In the original protocol for 
18

F-labelling reported by Sadovski et al.,
[1]

 an N-Boc protected 

precursor was labeled and fused with an activated phenol to yield the carbamate based 

radiotracer in three steps (Scheme S1A). To synthesize radiotracer [
18

F]8 following this 

approach, precursor 10 and  an activated phenol of the general structure 15 were necessary 

(Scheme S1B).  
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Scheme S1. (A) Approach reported by Sadovski et al.
[1]

. (B) Retrosynthesis of [
18

F]8 using the 

reported approach. 

The synthesis of 10 was performed smoothly as described in the main text of the manuscript. 

Unfortunately, the activation of phenol 4 with nitrophenyl chloroformate as well as with 

triphosgene towards compound 16 and 18 failed (Scheme S2). In general we observed, that 

strong electrophiles applied on phenol 4 always caused degradation of the reaction mixture 

resulting in failure of the reaction (compare compound 6 in the main text); probably as a 

result of the high reactivity of the tertiary nitrogen in the tetrahydroquinazoline system. Only 

activation with CDI towards 17 was conducted successfully without any degradation. As a 

common method to further increase the leaving group character of the imidazole moiety in 

compound 17, selective N-methylation of the aromatic nitrogen is described in literature.
[2]

 

Interestingly, such an methylation did not yield the expected compound 19 rather than 

compound 20 being methylated at the tertiary nitrogen of the tetrahydroquinazoline core as 



S3 

 

revealed by 2D-NMR. This finding supports the hypothesis for the high reactivity of the 

tertiary nitrogen which causes problems when applying strong electrophiles. 
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Scheme S2. Reagents and conditions: (i) CDI, CH3CN/H2O, 1 h, rt, (ii) CH3I, CH3CN, 24 h, rt. 

 

However, fusing compound 17 with a simple heptylamine in test reactions did not yield 

carbamate 14 but resulted in the release of 4 under the conditions applied (Scheme S3). 

Therefore we did not follow up the original protocol reported by Sadovski et al.
[1]

 

(Scheme S1A) as the synthesis of a suitable activated phenol with the general structure 15 

(Scheme S1B) was not achieved.  
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 Scheme S3. Test reactions for carbamate formation using the activated phenol 17. 
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2) Syntheses and spectral data 

13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-yl 1H-imidazole-1-

carboxylate 17: A solution of 13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-

b]quinazolin-10-ol 4 (100 mg, 0.38 mmol, 1 eq.) in CH3CN:H2O (1:1) was treated with CDI 

(73 mg, 0.45 mmol, 1.2 eq.). The mixture was stirred for 1 h at room temperature. 

Subsequently, water was added and the precipitated solid was filtered. The solid was dries in 

an air stream to obtain 13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-

yl 1H-imidazole-1-carboxylate 17 (105 mg, 78%) as white solid; mp 82-84 °C. 
1
H-NMR (400 

MHz, DMSO-d6): δ = 8.45 - 8.40 (m, 1H), 7.75 (t, J = 1.5 Hz, 1H), 7.35 - 7.30 (m, 1H), 7.28 - 

7.22 (m, 2H), 7.22 - 7.17 (m, 1H), 7.17 - 7.10 (m, 2H), 7.06 (d, J = 2.7 Hz, 1H), 6.97 (d, J = 

8.9 Hz, 1H), 4.90 (s, 1H), 4.03 (d, J = 16.0 Hz, 1H), 3.85 (d, J = 16.1 Hz, 1H), 3.19 (dt, J = 

11.1, 5.4 Hz, 1H), 3.03 - 2.91 (m, 1H), 2.81 (dt, J = 16.2, 5.3 Hz, 1H), 2.78 - 2.65 (m, 1H), 

2.58 (s, 3H) ppm. 
13

C-NMR (101 MHz, DMSO-d6): δ =
 
147.5, 146.0, 142.3, 137.7, 135.7, 

133.8, 130.5, 128.8, 128.4, 127.5, 125.5, 124.7, 119.9, 119.2, 118.4, 117.9, 75.1, 54.6, 46.4, 

37.2, 27.6 ppm. ESI-MS: m/z: calcd: 360.2, found: 361.2 [M+H]
+
. 

 

10-((1H-Imidazole-1-carbonyl)oxy)-7,13-dimethyl-5,6,7,8,13,13a-hexahydroisoquinolino 

[1,2-b]quinazolin-7-ium iodide  20: 13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-

b]quinazolin-10-yl 1H-imidazole-1-carboxylate 17 (100 mg, 0.28 mmol, 1 eq.) was dissolved 

in CH3CN (2 mL) and treated with MeI (61 μL, 0.97 mmol, 3.5 eq.). The mixture was stirred 

for 24 h at room temperature. The reaction mixture was evaporated to dryness to obtain 10-

((1H-imidazole-1-carbonyl)oxy)-7,13-dimethyl-5,6,7,8,13,13a-hexahydroisoquinolino[1,2-

b]quinazolin-7-ium iodide  20 ( 136 mg, 98%) as white solid; mp 200-206 °C. 
1
H-NMR (400 

MHz, DMSO-d6): δ = 8.38 (s, 1H), 7.70 (t, J = 1.4 Hz, 1H), 7.46 - 7.31 (m, 3H), 7.27 (t, J = 

7.4 Hz, 1H), 7.21 (d, J = 9.0 Hz, 1H), 7.14 (dt, J = 3.3, 2.7 Hz, 2H), 7.06 (d, J = 2.6 Hz, 1H), 

6.34 (s, 1H), 4.57 (d, J = 16.7 Hz, 1H), 4.44 (d, J = 16.6 Hz, 1H), 4.19 - 4.04 (m, 2H), 3.52 (s, 

3H), 3.49 - 3.38 (m, 1H), 3.28 (dd, J = 18.8, 5.3 Hz, 1H), 3.21 (s, 3H) ppm. 
13

C-NMR (101 

MHz, DMSO-d6): δ =
 
147.7, 142.8, 138.2, 137.9, 132.6, 131.3, 131.0, 129.9, 127.9, 126.7, 

122.8, 120.6, 118.4, 116.0, 115.1, 82.3, 58.2, 53.5, 49.3, 41.1, 23.2 ppm. ESI-MS m/z: calcd: 

375.1, found: 375.1 [M]
+
. 
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Germany
§Lehrstuhl für Organische Chemie I, Institut für Organische Chemie, Universitaẗ Würzburg, Am Hubland, D-97074 Würzburg,
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ABSTRACT: Butyrylcholinesterase (BChE) is a promising
target for the treatment of later stage cognitive decline in
Alzheimer’s disease. A set of pseudo-irreversible BChE
inhibitors with high selectivity over hAChE was synthesized
based on carbamates attached to tetrahydroquinazoline
scaffolds with the 2-thiophenyl compound 2p as the most
potent inhibitor of eqBChE (KC = 14.3 nM) and also of
hBChE (KC = 19.7 nM). The inhibitors transfer the carbamate
moiety onto the active site under release of the phenolic
tetrahydroquinazoline scaffolds that themselves act as neuro-
protectants. By combination of kinetic data with molecular docking studies, a plausible binding model was probed describing how
the tetrahydroquinazoline scaffold guides the carbamate into a close position to the active site. The model explains the influence
of the carrier scaffold onto the affinity of an inhibitor just before carbamate transfer. This strategy can be used to utilize the
binding mode of other carbamate-based inhibitors.

■ INTRODUCTION

In 2010 the World Alzheimer Report1,2 estimated the worldwide
societal costs of dementia to a value of 604 billion dollars with an
increase of prevalence from 35 million people in 2010 to 115
million people in 2050. The most common form of dementia is
Alzheimer’s disease (AD), a progressive neurodegenerative
disorder of multifactorial nature characterized by the loss of
cognitive abilities through the death of central neuronal cells.
Although the initial pathophysiological reasons in AD are still

not yet fully understood, the pathogenesis is mainly determined
by several specific biochemical changes,3,4 namely, (i)
aggregation of toxic β-amyloid oligomers5,6 followed by
deposition of larger insoluble fibers in advanced amyloid
plaques,7 (ii) hyperphosphorylation of tau proteins and their
aggregation into toxic neurofibrillary tangles,8−10 (iii) oxidative
stress with subsequent cell death,11,12 and (iv) the imbalance of
the two major neurotransmitters acetylcholine (ACh) and
glutamate which are necessary for cognition.13−15 Although
these multifactorial changes provide a broad spectrum of possible
therapeutic targets, there are only four approved drugs on the
market, all targeting the neurotransmitter systems. The non-
competitive antagonist memantine targets the glutamatergic
system through binding at the ionotropic glutamate receptor

NMDA. Besides, the cholinergic system is affected by the
acetylcholinesterase (AChE) inhibitors rivastigmine, donezepil,
and galantamine. Several clinical studies on these cholinesterase
inhibitors16−18 have proven their positive effectiveness with
regard to cognition, global cognitive functions, and daily
activities, but due to their (only) symptomatic mode of action,
no curative treatment is achieved.
The decline of cognition during AD is attributed to the

progressive loss of cholinergic neurons and therefore to a deficit
of ACh. This deficit is permanently enhanced through the
decomposition of available ACh in the synaptic gap of neuronal
cells by AChE that normally regulates the amount of ACh in
healthy brain. Therefore, inhibition of AChE can compensate the
lack of ACh and in consequence improve cognitive abilities. In
advanced AD the level of AChE drops down to 90% compared to
the healthy brain,19−21 making it impractical as a target for
therapeutic use in later stages of AD. Clinical trials are in striking
accordance with the lack of effectiveness of AChE inhibitors in
these stages of AD. On the other hand, several studies20−23 have
shown increased levels of the isoenzyme butyrylcholinesterase
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(BChE) in AD patients in brain areas that are relevant for
cognition. Although the role of BChE for ACh hydrolysis in
healthy brain is only of minor impact, there is strong evidence
that BChE compensates the loss of neuronal AChE in progressed
AD and therefore takes over the function of AChE. This
hypothesis is supported by an AChE knockout mouse model24 in
which mice did not suffer on cholinergic hyperactivation in the
absence of AChE as ACh hydrolysis is controlled by BChE.
These data are in agreement with other reports18,25−28 showing a
positive correlation between selective BChE inhibition,
improved cognitive performance, and memory acquisition. In a
recent in vivo study with BChE knockout mice it was shown that
in contrast to wild-type mice, lipid peroxidation and ACh levels
were not changed after treatment with amyloid-β25−35 and
learning capacities were attenuated.28 Therefore, inhibition of
BChEmight well constitute a therapeutic target for clinical use in
progressed AD, where AChE inhibitors fail.
And further, BChEmight be of clinical interest not only for AD

treatment, as it was found to be involved in the regulation of the
serum metabolism in context with obesity,29,30 insulin resistance
and diabetes mellitus,30,31 and cardiovascular risk factors.32,33

Accordingly, for investigation into the role of BChE in these
research fields, the search for highly active and selective inhibitors
and their development are of high importance.
Selective targeting of BChE over AChE is a challenging task, as

sequence comparison of the two isoforms hAChE and hBChE
shows an identity of 49% and a similarity of 66% (see Supporting
Information). Although the catalytic active site (CAS), where
hydrolysis of the neurotransmitter is mediated,34 of both
enzymes is highly conserved, the two enzymes show differences
in the space they provide for a substrate or inhibitor, respectively.
These differences are notably seen in the amino acids forming the
gorge of the binding site and the acyl binding pocket (for a more
detailed comparison see ref 35).
However, selective inhibition of BChE can be achieved by

targeting the CAS with carbamate-based inhibitors. These
inhibitors generally feature a carrier scaffold guiding a carbamate
moiety into the correct position in the enzyme, successively
followed by the transfer of the carbamate moiety onto the serine
of the CAS under release of the carrier scaffold (see Figure 1). In
the literature the development of pseudo-irreversible ChE

inhibitors is in most cases limited to the modification of the
transferable carbamate moiety,36−39 but at the current stage only
very limited information with regard to the binding mode of the
carrier scaffold itself is available (Figure 1).40−43

For rational design of carbamate-based BChE inhibitors there
is a strong requirement for enhanced knowledge of the
interactions between the carrier scaffold and the enzyme. Only
a well bound carrier in the correct position offers the possibility
for carbamate transfer and thus for enzyme inhibition. Concise
knowledge about an appropriate experimental approach will of
course also be useful for the development of other types of
pseudo-irreversible inhibitors. Surprisingly, to our knowledge
such experimental investigations are lacking to a large degree. In
the present study we designed, synthesized, and investigated a set
of bicyclic compounds as selective BChE inhibitors to explore the
binding mode of the carrier scaffold into the active center of
BChE by chemical modifications of the carrier scaffold.
Subsequently and in part parallel to these efforts, a molecular
docking model was established that describes a suitable binding
mode.
Starting point of our investigation were tetrahydroquinazo-

line-derived scaffolds that can be used as templates for the
synthesis of potent AChE and BChE inhibitors.44−48 Further
incorporation of a carbamate moiety into these molecular
templates resulted in highly selective and nanomolar active
BChE inhibitors with the tetracyclic n-heptyl carbamate 1 as the
most potent one (Figure 2a).36,47 This inhibitor binds to the
active site of BChE with its tetrahydroquinazoline scaffold
followed by the pseudo-irreversible transfer of the carbamate
moiety onto the serine of the CAS (“pseudo” because the
carbamate moiety slowly hydrolyzes off from the serine and
enzyme activity is reconstituted). In consequence, this mode of
action leads to release of the heterocyclic carrier scaffold which
itself acts with its p-aminohydroquinoline moiety as an
antioxidant preventing oxidative-stress-induced cell death
(Figure 2b).36,47

Since the tetracyclic moiety of compound 1 is difficult to be
modified comprehensively and systematically in a chemical sense
with regard to SARs, the tetrahydroquinazoline-based scaffold
was “opened” to access compound series 2 and 3 (Figure 2a),
which enables the conduction of SARs. These compounds can be
modified at the aryl residue site, and they can also be further
exploited by introduction of suitable bulky N-site groups. In a
previous study,47 we had already investigated the role of the
carbamate moiety on BChE inhibition by introducing the
carbamate group of several known selective BChE inhibitors, like
eptastigmine bearing a n-heptyl residue, rivastigmine bearing an
ethylmethyl residue, or cymserine bearing a 4-i-Pr-phenyl residue
at the carbamate site. We found that a n-heptyl residue
incorporated into the carrier scaffold leads to the most affine
and BChE-selective inhibitor in this series (compound 1), and
therefore we decided for compound series 2 and 3 to keep this
residue constant for SAR investigations.47

With the target structures synthesized we performed kinetic
studies to evaluate the mode of action and computational studies.
We combined the kinetic data with themolecular docking studies
and established a model for binding of these inhibitors to the
enzyme. This model describes the binding mode of the
tetrahydroquinazoline scaffolds just before carbamate transfer
occurs onto BChE and therefore explains altered affinity and
potency of these inhibitors based on the carrier scaffold. The
scaffolds themselves take only little part in BChE inhibition, but
they are guiding the carbamate moiety into the correct position

Figure 1. Previously described carbamate-based structures investigated
as ChE inhibitors by altering the carrier scaffold40,42,43 (top) and by
altering the carbamate moiety.36−38Carrier scaffolds are shown in black,
carbamate moieties in green.
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toward the active site to enable carbamate transfer and therefore
enzyme inhibition. By application of this general strategy, the
binding mode of carbamate based inhibitors bearing transferable
moieties can easily be investigated also for other biological targets
through the combination of kinetic data and computational
studies. This is possible as the general mechanism for carbamate-
based pseudo-irreversible inhibitors is similar for all targets.

■ RESULTS AND DISCUSSION

Chemistry.Tetrahydroquinazoline substituted carbamates of
the series 2 and 3 were synthesized as outlined in Scheme 1. The
first two steps were described recently.49 Briefly, 3-hydroxyan-
thranilic acid and triphosgene were heated in THF to yield 6-
hydroxyisatoic anhydride 4 quantitatively. Subsequently, the
selective N-methylation yielded compound 5. Free amines or
corresponding hydrochlorides were used to synthesize amides

6a−d in moderate yields. These amides were cyclized with either
benzaldehyde or substituted derivatives to yield dihydroquina-
zolinones 7a−u and 8a−c which were reduced with LiAlH4 to
give tetrahydroquinazolines 9a−u and 10a−c, respectively. In
the last step, the n-heptyl carbamate moiety bearing compounds
2a−u and 3a−c were synthesized using 4-nitrophenyl-n-
heptylcarbamate instead of the previously applied commercially
available n-heptyl isocyanate, as its use led in some cases to the
formation of the symmetric n-heptylurea which is difficult to
remove.
Besides the target compounds above, also the fully aromatic

compound 16 was synthesized in six steps (Scheme 2). 5-
Hydroxy-2-nitrobenzaldehyde was O-benzyl protected, then the
nitro moiety was reduced with iron using a catalytical amount of
conc HCl solution toward 12, and finally the amide bond of 13
was formed with benzoyl chloride. The cyclization was achieved

Figure 2. (a) Development of carbamate-based inhibitor 1 and modifications toward compounds 2 and 3 for SAR investigations of
tetrahydroquinazoline-based carbamates. (b) Mode of inhibition of BChE by tetrahydroquinazoline-based carbamate 1.47

Scheme 1. Synthesis of Aryl and N-Alkyl Substituted Target Compounds 2a−u and 3a−ca

aFor substitution pattern of R1 and R2 see Table 1. Reagents and conditions: (i) CO(OCCl3)2, THF, 70 °C, 3.5 h; (ii) MeI, DIPEA, DMAc, 40 °C,
24 h; (iii) R1-NH2 or MeNH3Cl and Et3N, DMF, 40−120 °C, 4−5 h; (iv) R2-PhCHO, AcOH, 70 °C, 1−3 h; (v) LiAlH4, THF, reflux, 1−3 h; (vi)
(4-NO2)PhO(CO)NHn-Hept , NaH, THF, rt, 2 h or n-Hept-NCO, Et3N, rt, 6 h for 2o,p.
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in a modified procedure50 by treatment of 13 with ammonia in a
sealed tube under microwave irradiation to obtain 14. In the last
steps the benzyl protection group was removed under standard
conditions using Pd/C and H2 and the carbamate moiety was

formed with 4-nitrophenyl-n-heptylcarbamate as mentioned
above to obtain the quinazoline-based carbamate 16.

Enzyme Inhibition and SARs. For evaluation and
quantification of enzyme inhibition, Ellman’s spectrophotomet-

Scheme 2. Synthesis of Quinazoline 16a

aReagents and conditions: (i) BnBr, K2CO3, DMF, 40 °C, 24 h; (ii) Fe, HCl, EtOH/H2O, reflux, 1 h; (iii) Ph(CO)Cl, Et3N, DCM, rt, 4 h; (iv)
conc NH3, i-PrOH, MW, 90 °C, 6 h; (v) Pd/C, H2, MeOH, 50 °C, 3 h; (vi) (4-NO2)PhO(CO)NHn-Hept , NaH, THF, rt, 2 h.

Table 1. Cholinesterase Inhibition of the Synthesized Test Compoundsa

IC50 [μM] or % inhibition IC50 [μM] or % inhibition

moiety X = H eqBChE hAChE X = (CO)NHn-Hept eqBChE hAChE

R1 = Me; R2 =

H 9a 39.9 327.0 2a 0.106 4%d

4-Cl-Ph- 9b 13.8 235.6 2b 0.115 24%d

3-Cl-Ph- 9c 2.1 242.4 2c 0.096 39%d

2-Cl-Ph- 9d 56.0 60%b 2d 0.474 48%e

4-Me-Ph- 9e 22.6 109.9 2e 0.231 9%d

3-Me-Ph- 9f 17.4 437.0 2f 0.199 27%d

2-Me-Ph- 9g 92.4 143.4 2g 0.251 18%e

4-MeO-Ph- 9h 39.5 103.8 2h 0.875 14%d

3-MeO-Ph- 9i 7.8 61%b 2i 0.208 10%d

2-MeO-Ph- 9j 9.9 192.8 2j 0.238 47%e

4-F-Ph- 9k 58.9 143.4 2k 0.044 1.61

4-CF3-Ph- 9l 64.6 ndc 2l 2.7 59%d

4-pyridyl- 9m 2.1 242.4 2m 0.723 16%d

3-pyridyl- 9n 70.7 61%b 2n 0.565 18%d

3-thiophenyl- 9o 193.7 52%b 2o 0.022 13%d

2-thiophenyl 9p 63.2 225.8 2p 0.014, 0.013f 0%d

3-furyl- 9q 196.1 341.7 2q 0.083 12%d

3-pyrrolyl- 9r 15.3 115.9 2r 0.023 0.852

1-naphthyl- 9s 2.8 341.7 2s 36.2 8%e

2-naphthyl- 9t 16.5 9%c 2t 0.374 5%e

2,6-dichloro 9u 7.1 13.5 2u 0.531 33%e

R2 = Ph; R1 =

i-Pr- 10a 55.8 253.0 3a 0.021 33%d

n-Pr- 10b 22.8 279.3 3b 0.040 46%d

benzyl- 10c 14.8 16%c 3c 0.034 17%e

15 98.1 20%b 16 1.8 22%d

physostigmine 0.078 0.032
aPhenols were incubated for 4.5 min and carbamates for 30 min. Experiments were performed in triplicate at AChE from human erythrocytes and
BChE from equine serum. b−ePercent inhibition at a concentration of b500 μM, c50 μM, d100 μM, e10 μM. Table with confidence intervals is
available in Supporting Information. fValues determined at human BChE.
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ric method45,51,52 was applied using AChE from human
erythrocytes (EC 3.1.1.7) and BChE from equine serum (EC
3.1.1.8). BChE from horse serum was chosen, as it shows a
sequence identity of 90% and a homology of 94% compared to
the human analog.53 Acetylthiocholine and butyrylthiocholine
were used as substrates for hAChE and eqBChE inhibition,
respectively. In short, the enzymes were preincubated with
different concentrations of the synthesized phenols for 4.5 min or
the corresponding carbamates for 30 min to enable time-
dependent carbamate transfer onto the serine of the active site,
before substrate was added to determine the remaining enzyme
activity.
Only few highly selective and potent BChE inhibitors are

described in the literature (and even fewer with the carbamate
structure; see Figure 1), and only limited information on SARs
regarding the carrier scaffold is reported. Therefore, the aromatic
system in the target compounds was systematically altered. The
unsubstituted target structure 2awas synthesized as the reference
compound and tested for the inhibition of hAChE and eqBChE
(Table 1). This structure is a highly potent inhibitor with an IC50

value of 106 nM on eqBChE and no significant inhibition on
hAChE, proving its eqBChE selectivity. By contrast, its
unsubstituted phenolic analog 9a shows weak inhibition on
hAChE with IC50 = 327 μM and a value of 39.9 μM for eqBChE
inhibition, corresponding to an approximately 400-fold decrease
in inhibition of eqBChE compared to the carbamate 2a. These
results already support the hypothesis that BChE inhibition
mainly occurs by carbamate transfer and that the tetrahydroqui-
nazoline scaffold is only the carrier for the carbamate moiety
lacking pronounced inhibition of the enzyme. Therefore, in the
subsequent SARs analysis only the carbamate based compounds
(right columns of Table 1) will be discussed, as their phenolic
carrier scaffolds showed no pronounced inhibition (left columns
of Table 1) in most cases on neither enzyme.
Optimization of the substitution pattern of the aromatic

moiety was conducted by various approaches starting with the
Topliss tree approach.54,55 Within this approach the hydro-
phobic, electronic, and steric properties of an aromatic system are
systematically altered by the introduction of different sub-
stituents with the aim to improve activity toward a biological
target. In our case the Topliss tree approach guided to the
synthesis of Cl- (2b−d), Me- (2e−g), and MeO- (2h−j)
substituted aromatic systems in ortho, meta, and para positions
and finally to the 4-fluorine substituted system 2k. Interestingly,
none of these groups improved affinity except for the fluorinated
compound 2k with the fluorine atom as the smallest substituent
in this series with IC50(BChE) = 44 nM. Compound 2l bearing a
strong electron withdrawing 4-CF3 group was synthesized
although not being recommended in the classical Topliss tree
approach and showed strongly decreased BChE inhibition by a
factor of 25 (IC50 = 2.7 μM). In addition to the Topliss tree
approach, bioisosteric replacements for the phenyl system were
investigated with pyridines 2m−n and thiophenes 2o−p.56,57

Surprisingly, the pyridyl residues as more polar bioisosteres of
the phenyl residue decreased inhibition and the thiophene
residues as less polar bioisosteres increased inhibition more than
5-fold to IC50(BChE) of 22 nM for 2o and 14 nM for 2p. With
regard to these results, further similarity replacements of the
thiophenyl system were investigated leading to the furyl
compound 2q with decreased activity (IC50(BChE) = 83 nM)
and the pyrrolyl compound 2r (IC50(BChE) = 23 nM) with
BChE inhibition similar to that of the thiophenyl compound 2o.
Finally, the phenyl system was replaced by sterically demanding

aromatic substituents; here the 1-naphthyl and the 2-naphthyl
substituted compounds 2s,t were investigated. Interestingly,
inhibition of BChE by the 1-naphthyl substituted compound 2s
dropped to IC50(BChE) = 36.2 μM (i.e., by a factor of
approximately 300 compared to reference compound 2a). To
further investigate steric influence on the affinity toward BChE,
the 2,6-disubstituted chlorine compound 2u was synthesized
which has to undergo a twist caused by its ortho-substitution
pattern, thus leading to a almost perpendicular arrangement of
the aryl ring and the bicyclic core. This compound shows an IC50

value of 531 nM, which is lower than for all three
monosubstituted chlorine compounds (2b,c,d).
Beyond the mentioned introduction of different substitution

patterns into the aromatic system, also the space close to the
tertiary nitrogen was exploited by the replacement of the methyl
group with other side groups (3a−c) with the best results for the
i-Pr group with IC50(BChE) = 21 nM. For the bicyclic aromatic
quinazoline 16 a strongly decreased inhibition was observed
meaning that either a bent system or amore basic nitrogen within
the core structure is necessary for binding, comparable to many
AChE inhibitors.58−61

As the 2-thiophenyl compound 2p was found to be the most
potent and selective compound toward eqBChE, its potency on
hBChE was also investigated. The IC50 value on hBChE was
determined to 13 nM and is comparable to the one on eqBChE
(14 nM), proving that the results obtained on eqBChE can be
used as an approximation for hBChE.
Even if the IC50 values of the compounds described in Table 1

(a respective table with confidence intervals is provided in the
Supporting Information) are a useful first hint to establish a
binding model for these inhibitors, the inhibition mode of
pseudo-irreversible inhibitors is much more complex. Therefore,
a more detailed view into the kinetic mode of action is necessary
to determine the influence of substituents on enzyme inhibition.
At this point, it should also be mentioned that the inhibition
curves of the weakest active compounds 2l, 2s, and 16 show aHill
slope of around 0.5 (data not shown). These slopes are
remarkably different from those of all other inhibitors (slope of
≥1). This fact might be a strong hint for a different mode of
action for these three inhibitors.

Kinetic Investigations into the Mode of BChE Inhib-
ition. The mechanism of pseudo-irreversible enzyme inhibition
by carbamates can be described by three pivotal steps as shown in
Figure 3. First, the enzyme E forms a reversible enzyme−

inhibitor complex (EPC) with the carbamate-based inhibitor PC
(PC for phenol carbamate) comparable to reversible competitive
inhibitors. This reversible inhibition is quantified by KC which
describes the apparent affinity between the enzyme and the
inhibitor in an equilibrium state. In the second step, the
carbamate moiety itself is transferred onto the enzyme with
release of the carrier scaffold P (P for phenol), resulting in the
carbamoylated enzyme E−C. The constant k3 represents the
carbamolyation rate of the inhibitor from the reversible complex
(EPC) to the carbamoylated enzyme E−C. The last step is the
recovery of the enzyme through slow hydrolysis of E−C and

Figure 3. Pseudo-irreversible inhibition of an enzyme E by carbamates
PC. For description see the main text.
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release of the carbamate C′ with k4 as the decarbamoylation rate
constant. Normally, k4 is significantly lower than k3 due to the fact
that carbamoylation occurs much faster than decarbamoylation
because of the high stability of E−C toward hydrolysis.
The values of KC and k3 can be quantified applying the method

described by Hosie et al.62 and Feaster et al.63 Following this
approach, the carbamate-mediated inhibition described in Figure
3 is known to undergo apparent first order kinetics:

= +−
∞A A Ae k t

0
obs (1)

in which A is the activity of the enzyme at a specific time t, A0 the
activity at t = 0, A∞ the activity at t = ∞ and kobs represents the
apparent first order rate constant. Plotting of kobs against the
inhibitor concentration [PC] yields a hyperbolic curve described
by
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Rearrangement of eq 2 into a double reciprocal form with 1/kobs
as a function of 1/[PC] results in a linear plot:
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in which k3 can be determined from the y-intercept and KC from
the slope. From these data also the second order rate constant k3/
KC can be calculated describing the overall carbamoylation
efficacy to evaluate differences in inhibitory potency. For the
case, that substrate is not added from the beginning of the
preincubation between inhibitor and enzyme, [S] becomes equal
to zero because substrate and inhibitor are not competing for the
binding pocket, and the substrate only adopts a function as
reporter for remaining enzyme activity. In this case, eq 3 is
simplified to

= +
k
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k k

1 1

[PC]

1

obs

C

3 3 (4)

On the basis of this method, we investigated kinetic parameters
(Table 2) of a selected set of compounds including the reference
compound 2a and the highly potent inhibitors 2p and 2k as well
as those compounds that showed differences in the Hill slopes of
their IC50 curves compared to the other inhibitors (2l, 2s, and
16). The alkaloid physostigmine served as the external reference
compound. In this series the thiophene compound 2p was found
as the most affine inhibitor with KC = 14.3 nM and the one with
the highest carbamoylation efficacy (k3/KC = 9.79 μM−1 min−1).
The fluorine substituted compound 2k showed a comparably
high affinity and carbamoylation efficacy. Interestingly, the
twisted 2,6-dichloro compound 2u displayed the lowest affinity
to the enzyme with KC = 4118 nM. This finding supports the
hypothesis that a twist of the aromatic residue leads to decreased
affinity toward the binding pocket (for details see Computational
Studies). But even with this twist the carbamate is transferred to
the serine. The only major exception for IC50 and KC correlation
was measured for the 1-naphthyl compound 2s which showed a
high affinity to the enzyme with KC = 15.6 nM but an IC50 value
in the micromolar range. Similar to the curves for determination
of IC50 values, the shape of the obtained time-dependent
inhibition curves was much less steep for compounds 2l, 2s, and
16 compared to all other inhibitors, indicating a different binding
interaction.
For all compounds high carbamoylation rate constants k3 were

observed with similar values between 0.13 and 0.24 min−1;
exceptions were, as mentioned, the 1-naphthyl substituted
derivative 2s and also the 4-CF3 analog 2l. Apart from the
exceptions, it can be assumed that similar values for k3 have their
origin in a similar orientation of the carbamate moiety with
respect to the serine of the CAS, supporting a conserved binding
mode of these inhibitors (see Computational Studies).
Enzyme recovery was measured exemplarily for the reference

compound 2a and the thiophenyl analog 2p. For this purpose,

Table 2. Kinetic Values for Carbamoylation and Decarbamoylation on eqBChE for Selected Compoundsa

aAsterisks indicate the following: (∗) Values are measured for human BChE. (∗∗) Values are calculated under the assumption of a pseudo-
irreversible inhibition; they have to be carefully rated, as the inhibition mode might be different from that of the other inhibitors.
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the derivatives were incubated for 1 h with the enzyme at a
concentration where complete inhibition was achieved and then
successively 1000-fold diluted to a concentration where no
carbamoylation was observed anymore. The recovery of the
enzyme through hydrolysis of the carbamate residue was
monitored after certain time points after dilution, showing first
order kinetics with k4 = 0.14 h−1 or a half-life for the
carbamoylated enzyme of approximately 5 h. This value is
identical for both compounds, as in both cases an n-heptyl
carbamate is cleaved from the serine.
Taken together, the kinetic parameters reveal that (a) most

inhibitors follow a conserved inhibition mode indicated by a
similar carbamoylation rate constant k3 and (b) they are only
differing in their affinity expressed as KC. It was observed that the
exceptions 2l, 2s, and 16 probably do not adhere to this
conserved binding mode, as shown by significant differences in
the slope of their IC50 curves and kinetic parameters. Therefore,
the results for these three inhibitors should be carefully rated, as
the kinetic parameters were determined under the assumption of
a pseudo-irreversible inhibition model, although the exact
inhibition mode might in fact be different. These observations
need to be further investigated.
We further investigated the most potent compound 2p by

performing enantiomeric resolution withHPLC on a chiral phase
and chiropical analysis by CD spectroscopy. Although both
enantiomers could be obtained after preparative chiral HPLC in
their pure form (revealed by CD spectroscopy), they underwent
rapid isomerization back into the racemic mixture (conditions
and chromatograms are provided in the Supporting Informa-
tion). It seems that racemization at the chiral center occurs by
opening of the ring system into an imine structure which in turn
reacts nonstereoselectively back to the ring system, thereby
producing the racemate. Even though resolution of enantiomers
was achieved, it can be assumed that isomerization of pure
enantiomers into the racemate will occur at least in aqueous
media during the biological testing of the compound. Assuming
that the postulated binding modes (see Computational Studies)
are correct, conformational energies and intermolecular scores of
the respective binding poses suggest that in general the S-
enantiomers might be more active than the R-enantiomers (see
Supporting Information for further details).
We also investigated the kinetic properties of 2p on human

BChE (Table 2). We found this compound to have similar

inhibitory activity on hBChE (as reported above for the IC50

values) compared to eqBChE with slightly decreased affinity (Kc

= 19.7 nM), a higher carbamoylation rate (k3 = 0.32min
−1), and a

higher carbamoylation efficacy (k3/KC = 16.24 μM−1 min−1).
With regard to the high similarity in inhibition and kinetic values
of 2p on hBChE and eqBChE, it can be assumed that all
compounds synthesized will bind on hBChE and eqBChE in a
similar manner.

Computational Studies.Modeling studies were performed
in a combined docking and minimization approach with
GOLD64 and MiniMuDS.65 For this purpose, the human
BChE crystal structure 1P0I was used,66 which possesses the
highest resolution (2.0 Å) of BChE structures in the PDB.67

Docking studies of reversible ligands of BChE had also been
carried out by other groups.43,68−70

As the inhibitors were tested as racemic mixtures in the assay,
both enantiomeric forms were built up and used for docking. All
ligands of the series examined by detailed kinetic measurements
(Table 2) as well as ligand 1 were used for docking studies.
For pseudo-irreversible inhibition, three different states may

be addressed with classical docking methods: (1) A covalent
docking can be carried out representing the carbamoylated serine
(corresponding to E−C in Figure 3). As the carbamate stays the
same throughout the data set, this approach was not performed
here. (2) The tetrahedral transition state that occurs during the
carbamoylation can be docked covalently to the serine. This
method had been chosen byCarolan et al.43However, in this case
a generally applicable interpretation for a set of compounds in
light of the inhibition and kinetic data was not possible.
Therefore, (3) the inhibitor structures were docked non-
covalently to BChE to mimic reversible inhibition by formation
of the initial noncovalent complex ((EPC) in Figure 3). These
docking data can be analyzed in relation to the experimentally
determined KC values.
Docking poses of inhibitor 1 showed the same binding mode

for both enantiomeric forms on the top (S-enantiomer) and the
second-best rank (R-enantiomer) (see Experimental Section for
a detailed description of pose selection). These poses were taken
as reference poses to model the binding mode of the other
inhibitor structures by deletion and addition of the correspond-
ing functional groups and subsequent local minimization in the
binding site using MiniMuDS. The methyl group on the benzylic
nitrogen can adopt a pseudo-equatorial or pseudo-axial

Figure 4. (a) Representation of the preferred binding mode for 2p as R-enantiomer (light green) and (b) S-enantiomer (light blue) in the BChE binding
site. Residues of the acyl pocket are shown in green, the oxyanion hole is in yellow, the CAS is in orange, the choline binding site (Trp82) is in turquoise,
and parts of the side cavity are in pink. Distances in Å are given in italics. The figure was created with Pymol.72
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orientation. The herein displayed structures show the methyl
group in the pseudo-equatorial position for the R-enantiomer
and in the pseudo-axial position for the S-enantiomer, as these
orientations were found to be preferred.
The binding mode of the compounds is characterized by the

following features: The n-heptyl chain is placed over the acyl
binding site (mainly formed by Trp231, Leu286, and Val288).
The carbamate moiety is positioned near His438 and Ser198
(together with Glu325 the CAS comprising amino acids),
showing distances of the carbamate carbon to the serine oxygen
of 2.9−3.0 Å and 3.6−4.1 Å for the R- and S-enantiomers,
respectively. The oxygen of the carbamate moiety is oriented
towardGly117-NH in hydrogen bond distances of 2.6−2.9 Å and
2.6−3.0 Å for the R- and S-enantiomers, respectively. Gly116,
Gly117, and Ala119 form the oxyanion hole. These residues are
important in stabilizing the negative charge formed at the
carbonyl oxygen during substrate hydrolysis.71

The tetrahydroquinazoline is placed “above” the oxyanion
hole, and the aromatic ring is in π−π interaction distances of 3.4
and 3.8 Å to His438 (measured for S- and R-2p, respectively).
The aryl rings (the substituents R2 of Table 2) are placed in a
cavity “below” Trp82, formed by Asn68, Asp70, and Thr120
(colored in pink in Figure 4).
The ligand poses derived from ligand 1 show the aryl ring “in

plane” with the tetrahydroquinazoline (more precisely, the bond
between the aryl ring and the tetrahydroquinazoline shows a
dihedral angle of approximately 0°). However, a twisted
conformation with a ∼90° dihedral, similar as in ortho-
substituted biaryls,73 would also be possible. To test whether
the “in plane” or “twisted” orientation of the aryl ring is favored,
compound 2u, a 2,6-dichloro derivative, was therefore
synthesized. Due to steric hindrance of the ortho-chloro
substituents and the methyl groups on the quinazoline core,
the aryl ring needs to adopt the twisted conformation. As the
affinity of this compound (KC = 4118 nM) is the lowest in the
tested series, the twisted conformation is apparently not
favorable for high-affinity binders. As the modeled ligand pose
shows, without a displacement from the generally preferred
binding mode, this conformation would lead to clashes with the
protein. Thus, except for 2u, the aryl ring can be assumed to be
“in plane” with the tetrahydroquinazoline core as shown in
Figure 4.
Although a quantitative correlation between the docking

scores and the activity of the compounds cannot be expected
(primarily due to the well-known accuracy limitations of scoring
functions and the uncertain contribution of the enantiomers to
the experimentally measured affinities of the racemic com-
pounds), some differences in affinity (in terms of KC) can
qualitatively be explained by the structural differences of the
inhibitors in this binding model. Compared to the thiophene
derivative 2p as the smallest compound, the significantly weaker
affinity of compounds with sterically demanding para-substitu-
ents (2h, 2l) is in line with the steric restrictions imposed by the
side cavity (formed by Ile69, Asn83, and Pro84) to which these
para-substituents point. Especially the para-CF3 compound 2l
leads to clashes with the protein when forcing it into a similar
binding mode as identified for thiophene derivative 2p (see
Figure S5 in the Supporting Information). This is in agreement
with the different kinetic profile and supports the hypothesis of a
different bindingmode for this compound. Although not forming
particularly favorable interactions, meta-substituents (cf. 2c, 2i)
are better tolerated because they point “upward” to a more
accessible area. Additional interactions in this region can be

formed by the 1-naphthyl group (2s), which might overall lead to
the similarly favorable affinity as observed for 2p. However,
because of the different kinetic characteristics described above,
caution is warranted in interpreting the results for compound 2s
(as well as for 2l). This also applies to the achiral compound 16,
which served as a test compound to confirm the binding mode
without the uncertainty of enantiomeric forms. However,
docking showed that the planar shape of the ligand cannot be
accommodated in the common binding mode adopted by the
other inhibitors. This could indicate a different mode of action, as
suggested also by the kinetic data.

Antioxidant Capacity, Neuroprotection, and Neuro-
toxicity.Neuronal cell death induced by reactive oxygen species
(ROS) is prevented by antioxidants that contain radical
scavenging structures. The determination of these antioxidant
capacities can be achieved by the oxygen radical absorbance
capacity (ORAC) assay in which the ability of an antioxidant to
reduce the amount of induced peroxylradicals is determined.
This test therefore describes direct physiochemical radical
scavenging properties of compounds but does not necessarily
directly relate to results from cell-based methods,36,47 although
often claimed in the literature. Results in this assay are expressed
in relation to the radical scavenging properties of 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (also called Tro-
lox, a water-soluble vitamin E analog) yielding the Trolox
equivalents (TE) unit.
In this work, the synthesized carbamates release the

corresponding carrier phenols after carbamate transfer onto
BChE (compare Figure 2b),36,47 which can act as potent radical
scavengers with their p-aminohydroquinone moiety. Therefore,
we chose pairs of compounds (carbamates and corresponding
phenols) to investigate and correlate their antioxdative proper-
ties, including the unsubstituted compound 2a, the thiophene
bearing compound 2p as a highly potent BChE inhibitor, the 4-
MeO bearing compound 2h as a relatively weak BChE inhibitors,
and the N-benzyl containing compound 3c as well as their
phenolic analogs 9a,p,h and 10c. The results for the ORAC assay
are summarized in Table 3. All of the tested carbamates show by

themselves radical scavenging properties with antioxidant
capacities between 0.2 and 0.5 TE. A remarkable difference can
be observed for the N-benzyl bearing compound 3c with an
antioxidant capacity of 1.7 which might be explained by the
possibility to form stable benzyl radicals, thereby acting as a
strong antioxidant exceeding Trolox already in its carbamate
form.
As expected, the antioxidant capacities of the hydroxy

compounds 9 and 10 were significantly higher than those of
their corresponding carbamates and of the positive control and
reference Trolox, itself ranging from 3.0 to 3.9 TE. TheN-benzyl
bearing tetrahydroquinazoline 10c shows the highest antioxidant
capacity with 3.9 TE in this series, as it might be able to trap
radicals with its p-aminohydroquinone core and additionally with

Table 3. Antioxidant Capacities of Target Compounds
Expressed as Trolox Equivalents (TE)
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the benzyl group as mentioned before for the carbamate 10c. In
summary, it was observed that the carbamates by themselves
show already antioxidant capacities, albeit only moderate ones,
and their corresponding phenols released after carbamate
transfer onto the active site of BChE represent highly potent
radical scavengers with 3- to 4-fold higher antioxidant capacities
than Trolox.
As mentioned above, evaluation of compounds in a cellular

neuronal assay provides additional information with respect to
therapeutic applications, since it enables assessment of how well
physicochemical properties translate into biological settings. In
fact correlating both methods is most meaningful. Therefore, to
evaluate the ability of the target compounds to prevent
oxycytotic cell death after glutamate exposure, the compounds
were applied onto a model system with the glutamate sensitive
murine hippocampal HT-22 cells which lack an ionotropic
glutamate receptor. These cells contain a glutamate−cysteine
antiporter that is necessary for the cysteine uptake from the
extracellular side under physiological conditions and at the same
time transports glutamate out of the cytosol.74WhenHT-22 cells
are exposed to high glutamate concentrations, this transporter is
blocked by extracellular glutamate. In consequence, no cysteine
is uptaken for glutathione (GSH) synthesis, the antioxidant
protecting from intracellular ROS induced cell death.75−77

The same compounds evaluated in the ORAC assay were
tested for neuroprotection on HT-22 cell line with the natural
product quercetin as the antioxidant reference. Cells were
incubated with the compounds in different concentrations either
with 5 mM glutamate to induce oxycytosis or without glutamate

to determine self-toxicity toward the cells (Figure 5). In general,
all tested hydroxy compounds (series 9 and 10) showed similar
effects on HT-22 cells with no or only little toxicity at
concentrations of 1 and 5 μM (Figure 5a). The carbamates
(series 2 and 3) are even less neurotoxic compared to the
corresponding phenols. The cell viability was maintained above
80% for all carbamates up to a concentration of 10 μM.
Interestingly the N-benzyl carbamate 3c showed no significant
decrease in cell viability even at the highest concentration of 25
μM.
When glutamate was added to induce oxidative stress (Figure

5b), the phenols very effectively counteracted glutamate-induced
neurotoxicity already at a concentration of 5 μM as the cell
viability was maintained. Decreasing viability at higher
concentrations relates to neurotoxic effects for compounds like
9h and 10c but is only significant at 25 μM. Furthermore, the N-
benzyl containing phenol 10c maintained cell viability at already
1 μM, proving its high neuroprotectivity already at low
concentrations.
It is remarkable that also the carbamate-based structures

(series 2 and 3) showed at concentrations above 5 μM that cell
viability is comparable to the one of the reference compound
quercetin at 25 μM, proving their neuroprotective effect. This
finding is quite of interest, since hydrolysis to the phenol is not
necessary for cell-based neuroprotective effects.
However, neuroprotection assays suffer from the drawback

that the concentrations needed to be applied in such assays are
much higher than what is expected for a ligand/inhibitor to be
effective in vivo. This is because respective assays are not

Figure 5. (a) Neurotoxicity tests for target compounds on HT-22 cells. (b) Neuroprotection tests against glutamate induced oxidative stress for target
compounds on HT-22 cells.
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sensitive enough and the data therefore have to be correlated to
the positive control (in our case Trolox in the ORAC assay and
quercetin in the HT-22 assay). Compared to quercetin (applied
at 25 μM) the compounds are more active even at lower
concentrations than for quercetin.
In summary, the compounds described are not only very

potent and selective BChE inhibitors but also act as highly active
neuroprotectants both by themselves and after release of the
phenolic carrier.

■ CONCLUSION

In this report we identified a set of pseudo-irreversible
carbamate-based inhibitors of BChE (2a−u, 3a−c, and 16) by
applying rational approaches to conduct SARs of the
tetrahydroquinazoline carrier scaffold. Although the correspond-
ing phenolic tetrahydroquinazolines 9a−u, 10a−c, and 15
showed BChE inhibition in the micromolar range lacking
significant selectivity over hAChE, they are the source of the
modulated affinity of the carbamate series. In this series we found
thiophene compound 2p as the most potent inhibitor with regard
to both affinity (KC = 14.3 nM) and carbamoylation efficacy (k3/
KC = 9.79 μM−1 min−1) toward the enzyme. To our knowledge,
this compound represents by far one of the most active and
selective inhibitors of BChE described to date.
By combining kinetic investigations with computational

studies, we established a model for binding of the tetrahy-
droquinazoline scaffold and therefore for modulated affinity of
the inhibitors toward the enzyme. In the computational studies,
the heterocyclic inhibitors place their carbamate moieties in close
proximity to the serine of the CAS. This accounts for appropriate
preorientation for the subsequent transfer of the carbamate.
Substituents on the aryl ring that are responsible for affinity of
this set of compounds bind to a side cavity of BChE’s active site
located next to the entrance of the binding site. Both kinetic data
and computational studies support a conserved binding mode for
the described inhibitors, with the exception of the 4-CF3-
substituted compounds 2l, 1-naphthyl compound 2s, and the
planar quinazoline 16. Combining computational studies with
kinetic values can be considered as a general approach to
investigate the binding mode of carbamate-based pseudo-
irreversible inhibitors, as the binding mode of these inhibitors
is similar.
Neuroprotective abilities for a subset of carbamates and their

corresponding phenols were determined in anORAC assay and a
neuronal cell-based one and revealed high radical scavenging
properties of the phenolic heterocycle carrier scaffold formed
after transfer of the carbamate moiety to the enzyme.
Pronounced neuroprotection comparable to quercetin was
seen when intracellular oxidative stress was triggered through
glutamate exposure in neuronal cells.
In addition to the development of improved and neuro-

protective BChE inhibitors, our results might be of relevance for
a general methodology to be applied for development of other
pseudo-irreversible enzyme inhibitors.

■ EXPERIMENTAL SECTION

Chemistry. General.Common reagents and solvents were obtained
from commercial suppliers and used without any further purification.
Tetrahydrofuran (THF) was distilled from sodium/benzophenone
under argon atmosphere. Reaction progress was monitored using
analytical thin layer chromatography (TLC) on precoated silica gel
GF254 plates (Macherey-Nagel GmbH & Co. KG, Düren, Germany),
and spots were detected under UV light (254 nm) or through staining

with iodine. Nuclear magnetic resonance spectra were performed with a
Bruker AV-400 NMR instrument (Bruker, Karlsruhe, Germany) in
DMSO-d6 or CDCl3. Chemical shifts are expressed in ppm relative to
CDCl3 or DMSO-d6 (7.26/2.50 and 77.16/39.52 ppm for 1H and 13C
NMR, respectively). Melting points were determined in open capillaries
on a Büchi B-540 without any further correction except for the phenolic
tetrahydroquinazolines, as they undergo rapid decomposition during
heating. For purity of target compounds, analytic HPLC was performed
on a system from Shimadzu equipped with a DGU-20A3R controller,
LC20AB liquid chromatograph, and a SPD-20A UV/vis detector.
Stationary phase was a Synergi 4U fusion-RP (150 mm × 4.6 mm)
column (Phenomenex, Aschaffenburg, Germany). As mobile phase,
water (phase A) and MeOH (phase B) were used with 1 mL/min.
(Method A: conc B, 5%→ 90% from 0 to 8 min; 90% from 8 to 13 min;
90%→ 5% from 13 to 15min; 5% from 15 to 18min. Method B: conc B,
10%→ 80% from 0 to 8 min; 80% from 8 to 13 min; 80%→ 10% from
13 to 15 min; 10% from 15 to 18 min. Method C: conc B, 30%→ 90%
from 0 to 8 min; 90% from 8 to 13 min; 90%→ 30% from 13 to 15 min;
30% from 15 to 18min) Target compounds were≥95% pure. Purities of
9r and 10a were determined by CHN analysis on a Vario MICRO
CUBE (Elementar Analysesysteme GmbH, Hanau, Germany) because
of their low stability onHPLC. ESImass spectral data were acquired on a
Simadzu LCMS-2020.

General Reactions. General Amide Formation Procedure
(GP1). 6-Hydroxy-1-methyl-2H-benzo[d][1,3]oxazine-2,4(1H)-dione
5was dissolved in dry DMF (30mL) and treated with the corresponding
amine (5 equiv) or a mixture of the amine hydrochloride (5 equiv) and
triethylamine (5 equiv). The mixture was heated to 40−120 °C
(depending on the amine) for 4−5 h. For workup, the mixture was
poured into water (100 mL) and the product was extracted with ethyl
acetate (5 × 100 mL). The combined organic layers were washed with
brine (50 mL), dried over Na2SO4, and evaporated to dryness. The
crude product was purified by column chromatography to obtain 5-
hydroxy-N-methyl-2-(alkylamino)benzamides 6a−d.

General Cyclization Procedure (GP2). 5-Hydroxy-N-methyl-2-
(alkylamino)benzamides 6a−d were dissolved in glacial acetic acid (20
mL). The mixture was treated with the corresponding aldehyde (1.2
equiv) and heated to 70 °C for 1−3 h. Then the mixture was poured
onto ice−water (20 mL), basified with a NaOH solution (2 M) and the
pH was adjusted to 9 with sat. NH4Cl solution. The product was
extracted with ethyl acetate (3 × 40 mL), the combined organic layers
were washed with brine (30 mL), dried over Na2SO4, and the solvent
was evaporated under reduced pressure. The crude product was either
recrystallized or purified by column chromatography to obtain
dihydroquinazolinones 7a−u and 8a−c.

General Reduction Procedure (GP3). Dihydroquinazolinones
7a−u and 8a−cwere dissolved in dry THF (30 mL) at 0 °C, and LiAlH4

(4 equiv) was added. The mixture was allowed to reach rt and was then
heated to reflux temperature for 1−3 h. After cooling to rt, the mixture
was poured into ice−water (50 mL) followed by the addition of
saturated NH4Cl solution until pH = 9. The aqueous phase was then
extracted with ethyl acetate (3 × 80 mL). The combined organic layers
were washed with brine (50 mL), dried over Na2SO4, and the solvent
was evaporated under reduced pressure. The crude product was purified
by column chromatography to obtain the corresponding tetrahydro-
quinazolines 9a−u and 10a−c.

General Carbamate Formation Procedure (GP4). A solution of
tetrahydroquinazolines 9a−n, 9q−u, and 10a−c in dry THF (5mL)was
treated with NaH in paraffin oil (60%, 1.2 equiv). The mixture was
stirred until the formation of gas stopped. Then, a solution of 4-
nitrophenyl-n-heptylcarbamate (1.2 equiv) in dry THF (3 mL) was
added at once. The mixture was stirred for 2 h. For workup, the mixture
was diluted with ethyl acetate (30 mL), washed with water (10 mL), and
washed with brine (10 mL). The organic phase was dried over Na2SO4,
and the solvent was evaporated under reduced pressure. The crude
product was purified by column chromatography to obtain the
corresponding n-heptylcarbamate 2a−n, 2q−u, and 3a−c.

Synthesis and Spectral Data. Syntheses of 4 and 5 were
performed as described.49 The synthesis of target compound 2a is
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exemplarily given in the following. For synthetic procedures and spectral
data of 2b−u and 3a−c see Supporting Information.
5-Hydroxy-N-methyl-2-(methylamino)benzamide 6a. Accord-

ing to GP1, 6-hydroxy-1-methyl-1H-benzo[d][1,3]oxazine-2,4-dione 5
(500 mg, 2.59 mmol, 1 equiv), methylamine hydrochloride (874 mg,
12.95mmol, 5 equiv), and triethylamine (1.79mL, 12.95mmol, 5 equiv)
were used to obtain 5-hydroxy-N-methyl-2-(methylamino)benzamide
6a (321 mg, 69%) after column chromatography (petroleum ether/
EtOAc = 1:4) as a yellow-brown solid; mp 164−166 °C. 1HNMR (400
MHz, DMSO-d6): δ = 8.59 (s, OH), 8.15 (q, J = 4.2 Hz, NH), 6.92 (d, J
= 2.8 Hz, 1H), 6.85 (q, J = 4.3 Hz, NH), 6.80 (dd, J = 8.8, 2.8 Hz, 1H),
6.49 (d, J = 8.8 Hz, 1H), 2.71 (d, J = 1.3 Hz, 3H), 2.70 (d, J = 2.0 Hz, 3H)
ppm. 13C NMR (101 MHz, DMSO-d6): δ = 169.4, 146.5, 143.3, 119.6,
116.7, 114.6, 111.6, 30.0, 26.0 ppm. ESI-MS: m/z calcd, 180.09; found,
181.2 [M + H]+.
6-Hydroxy-1,3-dimethyl-2-phenyl-2,3-dihydroquinazolin-

4(1H)-one 7a. According to GP2, 5-hydroxy-N-methyl-2-
(methylamino)benzamide 6a (170 mg, 0.94 mmol, 1 equiv) and
benzaldehyde (114 μL, 1.13 mmol, 1.2 equiv) were used to obtain 6-
hydroxy-1,3-dimethyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 7a
(167 mg, 66%) after column chromatography (petroleum ether/
EtOAc = 1:2) as a yellow solid; mp 205−207 °C. 1H NMR (400 MHz,
DMSO-d6): δ = 8.99 (s, OH), 7.35−7.27 (m, 3H), 7.22 (d, J = 2.9 Hz,
1H), 7.19−7.09 (m, 2H), 6.80 (dd, J = 8.7, 3.0 Hz, 1H), 6.46 (d, J = 8.7
Hz, 1H), 5.67 (s, 1H), 2.90 (s, 3H), 2.73 (s, 3H) ppm. 13C NMR (101
MHz, DMSO-d6): δ = 161.7, 149.6, 139.4, 136.8, 128.6, 128.5 (2C),
126.2 (2C), 120.9, 117.6, 114.1, 113.4, 78.6, 35.7, 32.1 ppm. ESI-MS:m/
z calcd, 268.12; found, 559.25 [2M + Na]+.
1,3-Dimethyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-ol 9a.

According to GP3, starting from 6-hydroxy-1,3-dimethyl-2-phenyl-2,3-
dihydroquinazolin-4(1H)-one 7a (160 mg, 0.6 mmol, 1 equiv) the title
compound 1,3-dimethyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-ol 9a
(79 mg, 52%) was obtained as a pale yellow solid. 1H NMR (400 MHz,
DMSO-d6): δ = 8.42 (s, OH), 7.34−7.27 (m, 2H), 7.27−7.21 (m, 1H),
7.18−7.08 (m, 2H), 6.56 (dd, J = 8.6, 2.7 Hz, 1H), 6.51 (d, J = 8.7 Hz,
1H), 6.32 (d, J = 2.6 Hz, 1H), 4.83 (s, 1H), 3.50 (d, J = 16.2 Hz, 1H),
3.27 (d, J = 16.1 Hz, 1H), 2.84 (s, 3H), 2.36 (s, 3H) ppm. 13CNMR (101
MHz, DMSO-d6): δ = 147.8, 141.1, 136.7, 128.1 (2C), 127.3, 126.9
(2C), 119.1, 114.1, 113.9, 110.1, 80.7, 49.2, 41.6, 36.8 ppm. ESI-MS:m/
z calcd, 254.14; found, 255.2 [M + H]+. HPLC (method A): 98%.
1,3-Dimethyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-yl n-

Heptylcarbamate 2a. According to GP4, starting from 1,3-
dimethyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-ol 9a (120 mg, 0.47
mmol, 1 equiv) the title compound 1,3-dimethyl-2-phenyl-1,2,3,4-
tetrahydroquinazolin-6-yl n-heptylcarbamate 2a (95 mg, 51%) was
obtained after column chromatography (DCM/MeOH = 95:5) as white
solid; mp 93−95 °C. 1H NMR (400 MHz, DMSO-d6): δ = 7.51 (t, J =
5.7 Hz, NH), 7.36−7.29 (m, 2H), 7.29−7.23 (m, 1H), 7.15 (d, J = 7.1
Hz, 2H), 6.82 (dd, J = 8.7, 2.7 Hz, 1H), 6.62 (d, J = 8.9 Hz, 1H), 6.60 (d,
J = 2.7 Hz, 1H), 4.96 (s, 1H), 3.56−3.49 (m, 1H), 3.36−3.30 (m, 1H),
3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.92 (s, 3H), 2.40 (s, 3H), 1.50−1.38 (m,
2H), 1.27 (s, 8H), 0.87 (t, J = 6.8 Hz, 3H) ppm. 13C NMR (101 MHz,
DMSO-d6): δ = 155.1, 141.0, 140.9, 140.6, 128.2 (2C), 127.5, 126.7
(2C), 120.6, 120.1, 118.0, 108.8, 80.5, 48.5, 41.6, 40.4, 36.7, 31.2, 29.2,
28.4, 26.2, 22.0, 13.9 ppm. ESI-MS: m/z calcd, 395.26; found, 396.3 [M
+ H]+. HPLC (method B): 100%.
5-(Benzyloxy)-2-nitrobenzaldehyde 11. A solution of 5-

hydroxy-2-nitrobenzaldehyde (2 g, 11.98 mmol, 1 equiv) in dry DMF
(40 mL) was treated with benzyl bromide (2.85 mL, 23.95 mmol, 2
equiv) and potassium carbonate (3.3 g, 23.95 mmol, 2 equiv). The
reaction mixture was stirred for 48 h at 40 °C. Then ice cold water (100
mL) was added and the mixture was stirred for further 15 min. The
precipitated solid was filtered and washed with petroleum ether (20 mL)
to obtain 5-(benzyloxy)-2-nitrobenzaldehyde 11 (2.86 g, 88%) as a
yellow solid; mp 68−70 °C. 1HNMR (400 MHz, CDCl3): δ = 10.48 (s,
1H), 8.16 (d, J = 9.1 Hz, 1H), 7.46−7.30 (m, 6H), 7.21 (dd, J = 9.1, 2.9
Hz, 1H), 5.20 (s, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ = 188.4,
163.1, 142. 5, 135.0, 134.3, 128.9 (2C), 128.7, 127.6 (2C), 127.3, 119.3,
114.2, 71.1 ppm.

2-Amino-5-(benzyloxy)benzaldehyde 12. 5-(Benzyloxy)-2-ni-
trobenzaldehyde 11 (2.83 g, 10.44 mmol, 1 equiv) was dissolved in
EtOH/H2O (4:1, 50 mL) and treated with elementary iron (5.85 g,
104.4 mmol, 10 equiv) and a catalytic amount of conc HCl solution (50
μL). The mixture was heated to reflux temperature for 1 h. The product
was then extracted with ethyl acetate (3 × 100 mL), and the combined
organic layers were washed with brine (50 mL) and dried over Na2SO4.
After removal of the solvent under reduced pressure, 2-amino-5-
(benzyloxy)benzaldehyde 12 (1.44 g, 61%) was obtained as a yellow
solid; mp 83 °C. 1H NMR (400 MHz, CDCl3): δ = 9.74 (d, J = 0.5 Hz,
1H), 7.38−7.21 (m, 5H), 6.99 (dd, J = 8.7, 2.9 Hz, 1H), 6.96 (d, J = 2.8
Hz, 1H), 6.54 (d, J = 8.7 Hz, 1H), 5.77 (s, NH2), 4.95 (s, 2H) ppm.

13C
NMR (101 MHz, CDCl3): δ = 193.5, 149.9, 145.0, 137.0, 128.6 (2C),
128.1, 127.5 (2C), 125.5, 118.7, 118.5, 117.6, 71.1 ppm. ESI-MS: m/z
calcd, 227.09; found, 228.10 [M + H]+.

N-(4-(Benzyloxy)-2-formylphenyl)benzamide 13. A mixture of
2-amino-5-(benzyloxy)benzaldehyde 12 (1022 mg, 4.49 mmol, 1 equiv)
and triethylamine (934 μL, 4.63mmol, 1.2 equiv) was dissolved inDCM
(50 mL) and treated dropwise with benzoyl chloride (784 μL, 6.75
mmol, 1.5 equiv). After stirring for 4 h, the reaction mixture was diluted
with DCM (100 mL) and washed with 2 MHCl (50 mL), sat. NaHCO3

(50 mL), and brine (50 mL). The solvent was removed under reduced
pressure and the crude product was purified by column chromatography
(DCM/petroleum ether = 1:1) to obtain N-(4-(benzyloxy)-2-
formylphenyl)benzamide 13 (986 mg, 66%) as a yellow solid; mp
131−133 °C. 1HNMR (400MHz, CDCl3): δ = 11.84 (s, NH), 9.94 (d, J
= 0.6 Hz, 1H), 8.92 (d, J = 9.1 Hz, 1H), 8.12−8.03 (m, 2H), 7.60−7.50
(m, 3H), 7.48−7.38 (m, 4H), 7.38−7.34 (m, 1H), 7.32 (dd, J = 9.0, 3.0
Hz, 1H), 7.29 (d, J = 2.9 Hz, 1H), 5.14 (s, 2H) ppm. 13C NMR (101
MHz, CDCl3): δ = 195.5, 165.8, 154.3, 136.3, 135.2, 134.5, 132.0, 128.9
(2C), 128.7 (2C), 128.3, 127.5 (2C), 127.4 (2C), 123.3, 122.9, 121.8,
121.1, 70.7 ppm. ESI-MS: m/z calcd, 331.12; found, 332.15 [M + H]+.

6-(Benzyloxy)-2-phenylquinazoline 14. According to the
literature,50 N-(4-(benzyloxy)-2-formylphenyl)benzamide 13 (980
mg, 2.96 mmol, 1 equiv) was suspended in i-PrOH/conc ammonia
(1:1, 30 mL) and heated to 90 °C for 6 h under microwave irradiation.
Then the product was extracted with ethyl acetate (2 × 100 mL), the
combined organic layers were washed with brine (50mL) and dried over
Na2SO4. After removal of the solvent, 6-(benzyloxy)-2-phenylquinazo-
line 14 (889 mg, 96%) was obtained as a beige solid; mp 119−120 °C.
1H NMR (400 MHz, CDCl3): δ = 9.38 (d, J = 0.7 Hz, 1H), 8.63−8.56
(m, 2H), 8.04 (d, J = 9.2 Hz, 1H), 7.66 (dd, J = 9.2, 2.8 Hz, 1H), 7.58−
7.51 (m, 5H), 7.51−7.43 (m, 2H), 7.43−7.36 (m, 1H), 7.27 (d, J = 2.8
Hz, 1H), 5.25 (s, 2H) ppm. 13C NMR (101 MHz, CDCl3): δ = 159.6,
158.9, 157.3, 147.1, 138.2, 136.1, 130.3, 130.2, 128.8 (2C), 128.6 (2C),
128.4, 128.2 (2C), 127.6 (2C), 127.5, 124.5, 105.3, 70.6 ppm. ESI-MS:
m/z calcd, 312.13; found, 313.20 [M + H]+.

2-Phenylquinazolin-6-ol 15. 6-(Benzyloxy)-2-phenylquinazoline
14 (870 mg, 2.79 mmol, 1 equiv) was dissolved in MeOH (50 mL), and
Pd/C (87 mg, 10 wt %) was added. The atmosphere of the reaction
vessel was removed under reduced pressure, and then the vessel was
purged with hydrogen. The mixture was heated to 50 °C for 3 h. Then
the mixture was filtered over a short silica column to obtain 2-
phenylquinazolin-6-ol 15 (435 mg, 70%) as a white solid; mp 233−235
°C. 1H NMR (400 MHz, DMSO-d6): δ = 10.44 (br, OH), 9.50 (d, J =
0.7Hz, 1H), 8.58−8.43 (m, 2H), 7.95 (d, J = 9.1Hz, 1H), 7.61−7.48 (m,
4H), 7.32 (d, J = 2.6 Hz, 1H) ppm. 13C NMR (101 MHz, DMSO-d6): δ
= 159.7, 157.7, 156.9, 145.4, 138.3, 130.6, 130.1, 129.1 (2C), 128.1 (2C),
127.7, 125.2, 108.2 ppm. ESI-MS: m/z calcd, 222.08; found, 223.15 [M
+ H]+. HPLC (method A): 100%.

2-Phenylquinazolin-6-yl n-Heptylcarbamate 16. According to
GP4, starting from 2-phenylquinazolin-6-ol 15 (60 mg, 0.27 mmol, 1
equiv) the title compound 2-phenylquinazolin-6-yl heptylcarbamate 16
(35 mg, 36%) was obtained after column chromatography (petroleum
ether/EtOAc = 3:1) as white powder; mp 141−144 °C. 1H NMR (400
MHz, CDCl3): δ = 9.41 (s, 1H), 8.64−8.55 (m, 2H), 8.07 (d, J = 9.1 Hz,
1H), 7.71 (d, J = 2.4 Hz, 1H), 7.66 (dd, J = 9.1, 2.6 Hz, 1H), 7.58−7.48
(m, 3H), 5.20 (t, J = 5.6 Hz, NH), 3.29 (dd, J = 13.3, 7.0 Hz, 2H), 1.67−
1.49 (m, 2H), 1.44−1.23 (m, 8H), 0.90 (t, J = 6.9 Hz, 3H) ppm. 13C
NMR (101 MHz, CDCl3): δ = 160.8, 160.0, 154.0, 149.3, 148.5, 137.9,

Journal of Medicinal Chemistry Article

DOI: 10.1021/acs.jmedchem.5b01674
J. Med. Chem. 2016, 59, 2067−2082

2077

http://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.5b01674/suppl_file/jm5b01674_si_001.pdf
http://dx.doi.org/10.1021/acs.jmedchem.5b01674


130.6, 130.0, 129.7, 128.6 (2C), 128.5 (2C), 123.7, 117.3, 41.4, 31.7,
29.8, 28.9, 26.7, 22.6, 14.1 ppm. ESI-MS: m/z calcd, 363.19; found,
364.25 [M + H]+. HPLC (method B): 100%.
Enzyme Inhibition. AChE (EC 3.1.1.7, from human erythrocytes)

and BChE (EC 3.1.1.8, from equine serum and from human serum)
were purchased from Sigma-Aldrich (Steinheim, Germany). DTNB
(Ellman’s reagent), ATC and BTC iodides were obtained from Fluka
(Buchs, Switzerland). The stock solutions of the test compounds were
prepared in ethanol with a concentration of 33.3 mM (1 mM in assay)
and stepwise diluted with ethanol to a concentration of 33.3 nM (1 nM
in assay). For assay buffer preparation, an amount of 3.12 g of potassium
dihydrogen phosphate was dissolved in 500 mL of water and adjusted
with a NaOH solution (0.2 M) to pH = 8.0. Enzyme solutions were
prepared with buffer to give 2.5 units/mL and stabilized with 2 mg of
albumin bovine (SERVA, Heidelberg, Germany) per mL of enzyme
solution. An amount of 396 mg of DTNB was dissolved in 100 mL of
buffer to give a 10 mM solution (0.3 mM in assay). ATC and BTC
solutions were prepared in buffer with a concentration of 75 mM (452
μM in assay). The assay was performed at 25 °C as described in the
following: Into a cuvette containing 1.5 mL of buffer, 50 μL of the
respective enzyme, and 50 μL of DTNB solution, the test compound
solution (50 μL) was added, and the mixture was mixed. The mixture
was incubated for 4.5 min (phenols) or 30 min (carbamates), before an
amount of 10 μL of ATC or BTC (depending on the enzyme) was
added. The mixture was incubated for further 2.5 min before the
absorption at 412 nm was determined with a Shimadzu UVmini-1240
spectrophotometer. To measure full enzyme activity, the compound
solution was replaced by ethanol. Each compound concentration was
tested three times. The enzyme activity in percentage was plotted
against the logarithm of the compound concentrations from which the
IC50 values were calculated by the software GraphPad Prism 4.
Enzyme Kinetics. Carbamoylation kinetics were measured

following the enzyme inhibition protocol. For this purpose, the enzyme
was 5, 10, 20, 30, and 40 min preincubated with different inhibitor
concentrations before the addition of substrate. Plotting the enzyme
activity in percentage as a function of time for each inhibitor
concentration gave nonlinear time dependent inhibition curves from
which kobs was determined by eq 1. Double reciprocal plot of 1/kobs
against 1/c(inhibitor) gave a linear plot from which k3 and KC were
determined by eq 4. Decarbamoylation kinetics were measured by
incubating the enzyme with an inhibitor concentration that fully inhibits
the enzyme for 1 h. This mixture was then diluted 1:1000 with assay
buffer to prevent further enzyme inhibition. The assay was then
performed as described in the enzyme inhibition protocol at different
time points after the dilution to determine recovery of enzyme activity.
Uninhibited enzyme was treated by the same procedure to access
control values for enzyme activity after dilution. Plotting the enzyme
activity against different time points after dilution gave an exponential
first order kinetics from which k4 was calculated. All kinetic values were
determined using the software GraphPad Prism 4.
Molecular Modeling Studies. To derive a common binding-mode

hypothesis, a combined docking and minimization approach was
applied.
Docking studies were conducted with the program GOLD, version

5.2.2 (CCDC Software, http://www.ccdc.cam.ac.uk)64 using the crystal
structure PDB code 1P0I of human BChE (resolution 2.0 Å).66 Prior to
docking, all water molecules and non-protein atoms were removed and
the amino acids were protonated with Protonate 3D in MOE78 (version
2013.0801) at pH = 8 as the assay pH value. The binding site
corresponding to the search region in the docking was defined by the
following residues: Asn68, Asp70, Ser79, Trp82, Asn83, Gly115,
Gly116, Gly117, Gln119, Thr120, Gly121, Thr122, Leu125, Tyr128,
Glu197, Ser198, Ala199, Trp231, Leu286, Val288, Glu325, Ala328,
Phe329, Tyr332, Trp430, His438, Gly439, Tyr440, Ile442.
Ligand structures were built in MOE or extracted from the crystal

structure (ligand for redocking experiment, see below). The ligands
were energy minimized in MOE with the MMFF94x force field to an
rms gradient of 0.001 kcal/(mol·Å).
A redocking test was performed with the BChE crystal structure

4BDS (resolution, 2.10 Å) and tacrine as a reversible ligand. Tacrine was

protonated at the acridinic N at pH = 8, according to a calculation with
MoKa.79 Fifty independent docking runs were carried out, with the
number of operations set to 1 million to improve docking pose
clustering. Among the four tested scoring functions, Goldscore80,81

found the pose with the lowest rmsd (0.45 Å) to the crystal structure on
higher ranks (rank 14) than the other functions (rank >40) and in a
cluster containing 21 poses. The top pose showed an rmsd of 0.76 Å and
was in a cluster with 27 poses. The Goldscore scoring function had
previously proven to be applicable also in docking studies with
AChE.45,48

Docking was performed with the same parameters (as used in the
redocking test) for the kinetically investigated ligands listed in Table 2
(i.e., 2a, 2c, 2h, 2i, 2k, 2l, 2p, 2s, 2u, 3a, and 16) as well as for ligand 1,
which possesses the most rigid structure. Chiral ligands were handled in
both enantiomeric forms. The Goldscore value provided the first
ranking criterion for the poses of a given ligand. In addition, rescoring
with DSX82 and CSD potentials were used as a second evaluation
criterion. Moreover, docking poses were visually inspected, in particular
the position of the carbamate moiety with respect to the catalytic serine
and the orientation of the CO group with respect to the oxyanion
hole. Only poses showing a suitable orientation for the transfer of the
carbamate to the serine were further considered.83

Ligand 1 as the most rigid compound showed well-clustered results
and reasonable positions for carbamate transfer in both enantiomeric
forms. The top rank for the S-enantiomer (second best in rescoring the
top-five poses with DSX/CSD) and the second-best rank for the R-
enantiomer (top rank in rescoring the top-five poses with DSX/CSD)
showed the carbonyl oxygen of the carbamate pointing toward the
oxyanion hole with distances of 2.7 and 2.8 Å between CO and
Gln117-N for the S- and the R-enantiomer, respectively. These poses
were chosen as a reference for the binding modes of the studied class of
compounds.

Because of the large size of the BChE binding pocket and the higher
flexibility of the compounds in comparison to 1, docking of all other
investigated ligands resulted in more diverse and energetically rather
degenerate poses besides the reference binding mode. To generate a
more consistent binding-mode hypothesis, a modeling approach was
followed for these structurally very similar ligands, in which the
reference poses of compound 1were used to construct the ligands in the
binding site. Essentially, this was done with MOE 2014.0901 by deleting
the methylene bridge of the tetracyclic structure of 1 and adding the
required substituents to the aryl ring. The obtained structures were
relaxed in the binding pocket with MiniMuDS65 and scored with DSX/
CSD.

For both enantiomers, the methyl group at the benzylic nitrogen was
initially modeled in both the pseudo-equatorial and the pseudo-axial
form. All R-enantiomers showed unfavorable distances of 2.1−2.4 Å
between the axial methyl group and Gly116-Cα and were, hence, scored
lower than the poses with the equatorial methyl. Thus, the R-
enantiomers are presented with the methyl group in equatorial
orientation. For the S-enantiomers, the methyl group in the axial
position is much more favorable because it points to a small cavity
between Trp82 of the choline binding site and His438 of the CAS. The
conformer with the equatorial methyl group also fits to the binding site
but corresponds to an energetically less favorable conformation, as
investigated by force field calculations with the MMFF94s force field84

in MOE. Accordingly, the S-enantiomers are presented with the methyl
group in an axial orientation.

All figures of docking poses and enzyme structures were made with
Pymol.72

Antioxidant Capacities (ORAC Assay). The antioxidant activity
was determined by the oxygen radical absorbance capacity fluorescein
(ORAC-FL) assay, modified by Dav́alos et al.85 The ORAC assay
measures antioxidant scavenging activity against peroxyl radicals, their
formation induced by 2,2′-azobis(2-amidinopropane) dihydrochloride
(AAPH) at 37 °C. The reaction was carried out in 75 mM phosphate
buffer (pH 7.4), and the final reaction mixture was 200 μL. Antioxidant
(20 μL) and fluorescein (120 μL; 300 nM final concentration) were
placed in the wells of a 96-well plate, and the mixture was incubated for
15 min at 37 °C. Then AAPH (Sigma, Steinheim, Germany) solution
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(60 μL; 12 mM final concentration) was added rapidly. The plate was
immediately placed into a SpectraFluor Plus plate reader (Tecan,
Crailsheim, Germany) and fluorescence measured every 60 s for 90 min
with excitation at 485 nm and emission at 535 nm. 6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox, Sigma, Steinheim,
Germany) was used as a standard (1−8 μM, final concentration). A
blank (FL + AAPH) using phosphate buffer instead of antioxidant and
Trolox calibration were carried out in each assay. The samples were
measured at different concentrations (1−5 μM). All reaction mixtures
were prepared 4-fold, and at least four independent runs were performed
for each sample. Fluorescence measurements were normalized to the
curve of the blank (without antioxidant). From the normalized curves,
the area under the fluorescence decay curve (AUC) was calculated as

∑= +
=

=

f fAUC 1 /
i

i

i
1

90

0

where f 0 is the initial fluorescence at 0 min and f i is the fluorescence at
time i. The net AUC for a sample was calculated as follows:

= −net AUC AUC antioxidant AUC blank

The ORAC-FL values were calculated:
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and expressed as Trolox equivalents by using the standard curve
calculated for each assay. Final results were in μM of Trolox equivalent/
μM of compound.
Neurotoxicity and Neuroprotection. Neurotoxicity and neuro-

protection were done as described before.47 HT 22 cells were derived
from murine hippocampal tissue, kindly provided by the Max Planck
Institute of Psychiatry, Munich, and were grown in high glucose
Dulbecco’s modified Eagle medium (DMEM, Invitrogen, Karlsruhe,
Germany) supplemented with 10% (v/v) heat inactivated fetal calf
serum (FCS) (Biochrom, Berlin, Germany). Cells were kept under
standard cell culture conditions at 37 °C under 5% CO2 in a humidified
incubator and were subcultured every 2 d. Cell viability was determined
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Briefly, cells were seeded in 96-well plates at a densitiy
of 5 × 10 per well and cultured for 24 h. Subsequently cells were
incubated for another 24 h with medium, compounds, or solvent in
presence (neuroprotection assay) or absence (neurotoxicity assay) of 5
mM glutamate (monosodium L-glutamate, Merck, Darmstadt, Ger-
many). Quercetin (Sigma, Steinheim, Germany) in a concentration of
25 μM served as the positive control in the neuroprotection assay. MTT
(Sigma, Steinheim, Germany) solution (4 mg/mL in PBS) was diluted
1:10 with medium, and the mixture was added to the wells after removal
of previous medium. The plates were then incubated for another 3 h.
The supernatants were removed, and 100 μL of lysis buffer (10% SDS,
pH 4.1) was added to the wells. Absorbance at 560 nM was determined
on the next day with a multiwall plate photometer (Spectra Fluor Plus,
Crailsheim, Germany). Results of cell viability are expressed as
percentage to untreated control cells. All compounds were dissolved
in DMSO and diluted with fresh medium. DMSO concentration in final
dilutions was ≤0.1%. Data are expressed as the mean ± SD of at least
three different independent experiments. Data were subjected to one
way ANOVA followed by Dunnett’s multiple comparison post-test
using GraphPad Prism 4 software (levels of significance: (∗) p < 0.05;
(∗∗) p < 0.01; (∗∗∗) p < 0.001).
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Prostran, M. Butyrylcholinesterase Activity in Young Men and Women:
Association with Cardiovascular Risk Factors. Clin. Biochem. 2011, 44,
623−626.
(33) Alcan̂tara, V. M.; Chautard-Freire-Maia, E. A.; Scartezini, M.;
Cerci, M. S. J.; Braun-Prado, K.; Picheth, G. Butyrylcholinesterase
Activity and Risk Factors for Coronary Artery Disease. Scand. J. Clin.
Lab. Invest. 2002, 62, 399−404.
(34) Dougherty, D. A.; Stauffer, D. A. Acetylcholine Binding by a
Synthetic Receptor: Implications for Biological Recognition. Science
1990, 250, 1558−1560.
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Experimental Section 

General Reaction Procedures: 

General Amide Formation Procedure (GP1):  

6-Hydroxy-1-methyl-2H-benzo[d][1,3]oxazine-2,4(1H)-dione 5 was dissolved in dry DMF 

(30 mL) and treated with the corresponding amine (5 equiv) or a mixture of the amine 

hydrochloride (5 equiv) and triethylamine (5 equiv). The mixture was heated to 40-120 °C 

(depending on the amine) for 4-5 h. For workup, the mixture was poured into water (100 mL) 

and the product was extracted with ethyl acetate (5 x 100 mL). The combined organic layers 

were washed with brine (50 mL), dried over Na2SO4 and evaporated to dryness. The crude 

product was purified by column chromatography to obtain 5-hydroxy-N-methyl-2-

(alkylamino)benzamides 6a-d. 

 

General Cyclization Procedure (GP2):  

5-Hydroxy-N-methyl-2-(alkylamino)benzamides 6a-d were dissolved in glacial acetic acid 

(20 mL). The mixture was treated with the corresponding aldehyde (1.2 equiv) and heated to 

70 °C for 1-3 h. Then the mixture was poured onto ice water (20 mL), basified with a NaOH-

solution (2 M) and the pH was adjusted to 9 with sat. NH4Cl-solution. The product was 

extracted with ethyl acetate (3 x 40 mL), the combined organic layers were washed with brine 

(30 mL), dried over Na2SO4 and the solvent was evaporated under reduced pressure. The 

crude product was either crystallized or purified by column chromatography to obtain 

dihydroquinazolinones 7a-u and 8a-c. 

 

General Reduction Procedure (GP3):  

Dihydroquinazolinone 7a-u and 8a-c were dissolved in dry THF (30 mL) at 0 °C and 

LiAlH4 (4 equiv) was added. The mixture was allowed to reach RT and was then heated to 

reflux temperature for 1-3 h. After cooling to RT, the mixture was poured into ice water 

(50 mL) followed by the addition of saturated NH4Cl-solution until pH = 9. The aqueous 

phase was then extracted with ethyl acetate (3 x 80 mL). The combined organic layers were 

washed with brine (50 mL), dried over Na2SO4 and the solvent was evaporated under reduced 

pressure. The crude product was purified by column chromatography to obtain the 

corresponding tetrahydroquinazolines 9a-u and 10a-c. 
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General Carbamate Formation Procedure (GP4):  

A solution of tetrahydroquinazolines 9a-n, 9q-u and 10a-c in dry THF (5 mL) were treated 

with NaH in paraffin oil (60%, 1.2 equiv). The mixture was stirred until the formation of gas 

stopped. Then, a solution of 4-nitrophenyl-n-heptylcarbamate (1.2 equiv) in dry THF (3 mL) 

was added at once. The mixture was stirred for 2 h. For workup, the mixture was diluted with 

ethyl acetate (30 mL), washed with water (10 mL) and washed with brine (10 mL). The 

organic phase was dried over Na2SO4 and the solvent was evaporated under reduced pressure. 

The crude product was purified by column chromatography to obtain the corresponding n-

heptylcarbamate 2a-n, 2q-u and 3a-c. 

 

 

Synthesis and Spectral Data: 

4-Nitrophenyl-n-heptylcarbamate. 4-Nitrophenyl chloroformate (2.1 g, 10 mmol, 1.2 eq.) 

was dissolved in DCM (30 mL) and treated with triethylamine (1.44 mL, 10.4 mmol, 1.2 eq.). 

Then heptylamine (1.29 mL, 8.7 mmol, 1 eq.) in DCM (10 mL) was added drop wise over 

30 min and the reaction mixture is stirred for 4 h at rt. For workup, the mixture was diluted 

with DCM (50 mL), washed with 1 M HCl-solution (3 x 30 mL) and washed with brine 

(30 mL). Then the organic layer was dried over Na2SO4, followed by the removal of the 

solvent under reduced pressure. The crude product was purified by column chromatography 

(petroleum ether:DCM = 1:1) to yield 4-nitrophenyl-n-heptylcarbamate (1.62 g, 67%) as white 

solid; mp: 80-82 °C. 1
H NMR (400 MHz, CDCl3): δ = 8.20 - 8.12 (m, 2H), 7.28 - 7.21 (m, 

2H), 5.07 (s, NH), 3.26 - 3.14 (m, 2H), 1.59 - 1.45 (m, 2H), 1.35 - 1.14 (m, 8H), 0.82 (t, J = 

6.9 Hz, 3H) ppm. 13
C NMR (101 MHz, CDCl3): δ = 156.03 (CO), 153.10 (arom.), 144.70 

(arom.), 125.10 (arom., 2C), 121.93 (arom., 2C), 41.43 (NCH2), 31.71 (CH2), 29.70 (CH2), 

28.89 (CH2), 26.67 (CH2), 22.57 (CH2), 14.04 (CH3) ppm. ESI-MS: m/z calcd: 280.14, found: 

no mass found. 

 

5-Hydroxy-N-iso-propyl-2-(methylamino)benzamide 6b. According to GP1, 6-hydroxy-

1-methyl-1H-benzo[d][1,3]oxazine-2,4-dione 5 (800 mg, 4.15 mmol, 1 equiv) and iso-

propylamine (1.77 mL, 20.73 mmol, 5 equiv) were used to obtain 5-hydroxy-N-iso-propyl-2-

(methylamino)benzamide 6b (353 mg, 41%) as a yellow solid; mp 144-146 °C. 1H NMR 

(400 MHz, DMSO-d6): δ = 8.56 (s, OH), 8.01 (d, J = 7.8 Hz, NH), 6.95 (d, J = 2.8 Hz, 1H), 

6.79 (dd, J = 8.7, 2.8 Hz, 1H), 6.73 (q, J = 5.2 Hz, NH), 6.48 (d, J = 8.8 Hz, 1H), 4.10 - 3.95 
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(m, 1H), 2.70 (d, J = 5.1 Hz, 3H), 1.13 (d, J = 6.6 Hz, 6H) ppm. 13C NMR (101 MHz, DMSO-

d6): δ = 168.6, 147.0, 143.7, 119.8, 117.8, 115.5, 112.0, 40.9, 30.5, 22.7 (2C) ppm. ESI-MS: 

m/z calcd: 208.12, found: 209.20 [M+H]+. 

 

5-Hydroxy-2-(methylamino)-N-n-propylbenzamide 6c. According to GP1, 6-hydroxy-1-

methyl-1H-benzo[d][1,3]oxazine-2,4-dione 5 (800 mg, 4.15 mmol, 1 equiv) and n-

propylamine (1.70 mL, 20.73 mmol, 5 equiv) were used to obtain 5-hydroxy-2-

(methylamino)-N-n-propylbenzamide 6c (524 mg, 61%) after column chromatography 

(petroleum ether:EtOAc= 1:1) as a brown oil; 1H NMR (400 MHz, DMSO-d6): δ = 8.58 (s, 

OH), 8.21 (t, J = 5.1 Hz, NH), 6.95 (d, J = 2.7 Hz, 1H), 6.86 - 6.69 (m, 1H + NH), 6.48 (d, J = 

8.8 Hz, 1H), 3.14 (q, J = 6.6 Hz, 2H), 2.69 (d, J = 5.2 Hz, 3H), 1.50 (sex, J = 7.3 Hz, 2H), 

0.88 (t, J = 7.4 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 169.4, 147.1, 143.8, 

120.0, 117.5, 115.2, 112.1, 41.0, 30.5, 22.8, 11.9 ppm. ESI-MS: m/z calcd: 208.12, found: 

209.20 [M+H]+. 

 

N-Benzyl-5-hydroxy-2-(methylamino)benzamide 6d. According to GP1, 6-hydroxy-1-

methyl-1H-benzo[d][1,3]oxazine-2,4-dione 5 (800 mg, 4.15 mmol, 1 equiv) and benzylamine 

(2.26 mL, 20.73 mmol, 5 equiv) were used to obtain N-benzyl-5-hydroxy-2-

(methylamino)benzamide 6d (477 mg, 45%) after column chromatography (petroleum 

ether:EtOAc = 2:1) as a white solid; mp 161-162 °C. 1H NMR (400 MHz, DMSO-d6): δ = 

8.80 (t, J = 5.9 Hz, NH), 8.60 (s, OH), 7.36 - 7.27 (m, 4H), 7.27 - 7.16 (m, 1H), 7.04 (d, J = 

2.8 Hz, 1H), 6.88 (q, J = 5.0 Hz, NH), 6.83 (dd, J = 8.8, 2.8 Hz, 1H), 6.51 (d, J = 8.8 Hz, 1H), 

4.40 (d, J = 6.0 Hz, 2H), 2.70 (d, J = 5.2 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 

169.4, 147.0, 144.1, 140.4, 128.7 (2C), 127.6 (2C), 127.1, 120.5, 116.7, 115.2, 112.2, 42.7, 

30.5 ppm. ESI-MS: m/z calcd: 256.12, found: 257.15 [M+H]+. 

 

2-(4-Chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7b. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 4-chlorobenzaldehyde (375 mg, 2.66 mmol, 1.2 equiv) were used to obtain 2-(4-

chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7b (538 mg, 80%) 

after column chromatography (petroleum ether:EtOAc = 1:2) as a yellow solid; mp 196-202 

°C. 1H NMR (400 MHz, DMSO-d6): δ = 9.03 (s, OH), 7.43 - 7.34 (m, 2H), 7.22 (d, J = 2.9 

Hz, 1H), 7.20 - 7.16 (m, 2H), 6.81 (dd, J = 8.7, 3.0 Hz, 1H), 6.48 (d, J = 8.7 Hz, 1H), 5.71 (s, 

1H), 2.90 (s, 3H), 2.73 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 161.6, 149.8, 
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139.1, 135.7, 133.3, 128.6 (2C), 128.1 (2C), 121.0, 117.6, 114.4, 113.4, 77.8, 35.8, 32.0 ppm. 

ESI-MS: m/z calcd: 302.08, found: 303.1 [M+H]+. 

 

2-(3-Chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7c. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 3-chlorobenzaldehyde (375 mg, 2.66 mmol, 1.2 equiv) were used to obtain 2-(3-

chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7c (538 mg, 80%) 

after column chromatography (petroleum ether:EtOAc = 1:2) as a yellow foam; 1H NMR (400 

MHz, DMSO-d6): δ = 9.07 (br, OH), 7.42 - 7.30 (m, 2H), 7.26 - 7.19 (m, 2H), 7.10 (dt, J = 

7.3, 1.5 Hz, 1H), 6.83 (dd, J = 8.7, 3.0 Hz, 1H), 6.50 (d, J = 8.7 Hz, 1H), 5.72 (s, 1H), 2.91 (s, 

3H), 2.75 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 162.1, 150.4, 139.9, 139.6, 

133.7, 131.1, 129.1, 126.7, 125.2, 121.6, 118.1, 115.1, 113.8, 78.3, 36.4, 32.6 ppm. ESI-MS: 

m/z calcd: 302.08, found: 303.1 [M+H]+. 

 

2-(2-Chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7d. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 2-chlorobenzaldehyde (299 µL, 2.67 mmol, 1.2 equiv) were used to obtain 2-(2-

chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7d (526 mg, 78%) 

after crystallization from petroleum ether/DCM as a yellow solid; mp 211-215 °C. 1H NMR 

(400 MHz, DMSO-d6): δ = 9.13 (s, OH), 7.50 (dd, J = 8.0, 1.2 Hz, 1H), 7.34 (td, J = 7.7, 1.6 

Hz, 1H), 7.27 - 7.19 (m, 2H), 7.06 (dd, J = 7.8, 1.6 Hz, 1H), 6.83 (dd, J = 8.7, 3.0 Hz, 1H), 

6.58 (d, J = 8.7 Hz, 1H), 6.06 (s, 1H), 2.87 (s, 3H), 2.79 (s, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 162.1, 150.9, 139.6, 135.4, 132.6, 130.9, 130.5, 128.3, 127.2, 121.6, 118.8, 

116.9, 113.6, 75.6, 38.1, 32.2 ppm. ESI-MS: m/z calcd: 302.08, found: 303.1 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-p-tolyl-2,3-dihydroquinazolin-4(1H)-one 7e. According to 

GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 1 equiv) and 

4-methylbenzaldehyde (314 µL, 2.66 mmol, 1.2 equiv) were used to obtain 6-hydroxy-1,3-

dimethyl-2-p-tolyl-2,3-dihydroquinazolin-4(1H)-one 7e (472 mg, 75%) after crystallization 

from a mixture of petroleum ether/DCM as a yellow solid; mp 182-186 °C. 1H NMR (400 

MHz, DMSO-d6): δ = 8.97 (s, OH), 7.22 (d, J = 2.9 Hz, 1H), 7.11 (d, J = 7.9 Hz, 2H), 7.04 (d, 

J = 8.2 Hz, 2H), 6.80 (dd, J = 8.7, 3.0 Hz, 1H), 6.44 (d, J = 8.7 Hz, 1H), 5.61 (s, 1H), 2.88 (s, 

3H), 2.70 (s, 3H), 2.24 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 161.7, 149.5, 
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139.4, 138.0, 133.7, 129.1 (2C), 126.2 (2C), 120.8, 117.6, 114.0, 113.4, 78.5, 35.6, 32.0, 20.6 

ppm. ESI-MS: m/z calcd: 282.14, found: 283.2 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-m-tolyl-2,3-dihydroquinazolin-4(1H)-one 7f. According to 

GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 1 equiv)  and 

3-methylbenzaldehyde (314 µL, 2.67 mmol, 1.2 equiv) were used to obtain 6-hydroxy-1,3-

dimethyl-2-m-tolyl-2,3-dihydroquinazolin-4(1H)-one 7f (380 mg, 61%) after column 

chromatography (petroleum ether:EtOAc = 1:2) as a yellow foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.98 (s, OH), 7.22 (d, J = 2.9 Hz, 1H), 7.18 (t, J = 7.5 Hz, 1H), 7.12 (d, J = 

7.5 Hz, 1H), 7.00 (s, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.81 (dd, J = 8.7, 3.0 Hz, 1H), 6.46 (d, J = 

8.7 Hz, 1H), 5.61 (s, 1H), 2.88 (s, 3H), 2.72 (s, 3H), 2.24 (s, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 162.2, 150.0, 140.0, 138.1, 137.3, 129.8, 129.0, 127.5, 123.6, 121.4, 118.0, 

114.6, 113.8, 79.2, 36.2, 32.6, 21.6 ppm. ESI-MS: m/z calcd: 282.14, found: 283.1 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-o-tolyl-2,3-dihydroquinazolin-4(1H)-one 7g. According to 

GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 1 equiv) and 

2-methylbenzaldehyde (308 µL, 2.67 mmol, 1.2 equiv) were used to obtain 6-hydroxy-1,3-

dimethyl-2-o-tolyl-2,3-dihydroquinazolin-4(1H)-one 7g (283 mg, 45%) after column 

chromatography (petroleum ether:EtOAc = 1:2) as a yellow solid; mp 207-210 °C. 1H NMR 

(400 MHz, DMSO-d6): δ = 9.12 (s, OH), 7.22 (d, J = 2.9 Hz, 1H), 7.21 - 7.14 (m, 2H), 7.08 - 

7.01 (m, 1H), 6.89 (d, J = 7.6 Hz, 1H), 6.79 (dd, J = 8.6, 3.0 Hz, 1H), 6.61 (d, J = 8.7 Hz, 

1H), 5.82 (s, 1H), 2.86 (s, 3H), 2.77 (s, 3H), 2.47 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-

d6): δ = 162.5, 151.4, 140.4, 137.0, 136.7, 131.5, 128.7, 126.5, 125.7, 121.3, 120.3, 118.7, 

113.3, 76.4, 39.6, 32.4, 19.6 ppm. ESI-MS: m/z calcd: 282.14, found: 283.2 [M+H]+. 

 

6-Hydroxy-2-(4-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7h. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 4-methoxybenzaldehyde (324 µL, 2.66 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-2-(4-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7h (490 mg, 

74%) after column chromatography (petroleum ether:EtOAc = 1:2) as a yellow solid; mp 180-

183 °C. 1H NMR (400 MHz, DMSO-d6): δ = 8.97 (s, OH), 7.22 (d, J = 2.9 Hz, 1H), 7.12 - 

7.03 (m, 2H), 6.89 - 6.83 (m, 2H), 6.80 (dd, J = 8.7, 3.0 Hz, 1H), 6.45 (d, J = 8.7 Hz, 1H), 

5.59 (s, 1H), 3.70 (s, 3H), 2.87 (s, 3H), 2.69 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ 
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= 161.7, 159.4, 149.5, 139.5, 128.7, 127.5 (2C), 120.8, 117.5, 114.0, 113.9 (2C), 113.4, 78.3, 

55.0, 35.4, 31.9 ppm. ESI-MS: m/z calcd: 298.13, found: 299.15 [M+H]+. 

 

6-Hydroxy-2-(3-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7i. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 3-methoxybenzaldehyde (363 µL, 2.67 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-2-(3-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7i (375 mg, 

57%) after column chromatography (petroleum ether:EtOAc = 1:2) as a yellow foam; 1H 

NMR (400 MHz, DMSO-d6): δ = 8.99 (s,OH), 7.27 - 7.18 (m, 2H), 6.92 - 6.84 (m, 1H), 6.81 

(dd, J = 8.7, 2.9 Hz, 1H), 6.77 - 6.67 (m, 2H), 6.47 (d, J = 8.7 Hz, 1H), 5.62 (s, 1H), 3.67 (s, 

3H), 2.89 (s, 3H), 2.73 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 162.2, 159.7, 

150.1, 140.0, 138.9, 130.3, 121.4, 118.8, 118.0, 114.5, 113.8, 113.8, 113.1, 79.0, 55.4, 36.2, 

32.6 ppm. ESI-MS: m/z calcd: 298.13, found: 299.2 [M+H]+. 

 

6-Hydroxy-2-(2-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7j. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 2-methoxybenzaldehyde (363 mg, 2.67 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-2-(2-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7j (631 mg, 

95%) after crystallization from petroleum ether/DCM as a yellow solid; mp 216-219 °C. 1H 

NMR (400 MHz, DMSO-d6): δ = 8.95 (s, OH), 7.32 - 7.24 (m, 1H), 7.22 (d, J = 2.9 Hz, 1H), 

7.07 (d, J = 8.3 Hz, 1H), 6.90 (dd, J = 7.7, 1.7 Hz, 1H), 6.83 - 6.76 (m, 2H), 6.47 (d, J = 8.7 

Hz, 1H), 6.01 (s, 1H), 3.82 (s, 3H), 2.83 (s, 3H), 2.72 (s, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 162.5, 157.2, 149.9, 140.0, 130.5, 126.5, 125.5, 121.3, 121.0, 117.9, 114.5, 

113.7, 112.1, 72.9, 56.1, 36.3, 32.3 ppm. ESI-MS: m/z calcd: 298.13, found: 299.15 [M+H]+. 

 

2-(4-Fluorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7k. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 4-fluorobenzaldehyde (286 µL, 2.67 mmol, 1.2 equiv) were used to obtain 2-(4-

fluorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7k (415 mg, 65%) 

after column chromatography (petroleum ether:EtOAc = 1:2) as a yellow solid; mp: 168-

171 °C. 1H NMR (400 MHz, DMSO-d6): δ = 9.01 (s, OH), 7.24 - 7.11 (m, 5H), 6.82 (dd, J = 

8.7, 3.0 Hz, 1H), 6.48 (d, J = 8.7 Hz, 1H), 5.70 (s, 1H), 2.89 (s, 3H), 2.72 (s, 3H) ppm. 13C 

NMR (101 MHz, DMSO-d6): δ = 162.7 (d, J = 244.6 Hz), 162.1, 150.2, 139.7, 133.6 (d, J = 
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3.1 Hz), 128.8 (d, J = 8.4 Hz, 2C), 121.5, 118.1, 115.9 (d, J = 21.4 Hz, 2C), 114.8, 113.9, 

78.3, 36.2, 32.5 ppm. ESI-MS: m/z calcd: 286.11, found: 287.1 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-[4-(trifluoromethyl)phenyl]-2,3-dihydroquinazolin-4(1H)-

one 7l. According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 

2.22 mmol, 1 equiv) and 4-trifluormethylbenzaldehyde (364 µL, 2.67 mmol, 1.2 equiv) were 

used to obtain 6-hydroxy-1,3-dimethyl-2-[4-(trifluoromethyl)phenyl]-2,3-dihydroquinazolin-

4(1H)-one 7l (606 mg, 81%) after column chromatography (petroleum ether:EtOAc = 1:2) as 

a yellow foam; 1H NMR (400 MHz, DMSO-d6): δ = 9.09 (s, OH), 7.70 (d, J = 8.1 Hz, 2H), 

7.38 (d, J = 8.1 Hz, 2H), 7.23 (d, J = 2.9 Hz, 1H), 6.82 (dd, J = 8.7, 2.9 Hz, 1H), 6.50 (d, J = 

8.7 Hz, 1H), 5.82 (s, 1H), 2.93 (s, 3H), 2.77 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ 

= 162.2, 150.5, 141.8, 139.6, 129.6 (q, J = 32.0 Hz, 2C), 127.6 (2C), 126.1 (q, J = 3.7 Hz,), 

124.5 (q, J = 272.4 Hz), 121.6, 118.3, 115.3, 113.9, 78.3, 36.6, 32.7 ppm. ESI-MS: m/z calcd: 

336.11, found: 337.1 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-(pyridin-4-yl)-2,3-dihydroquinazolin-4(1H)-one 7m. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and isonicotinaldehyde (251 µL, 2.66 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-1,3-dimethyl-2-(pyridin-4-yl)-2,3-dihydroquinazolin-4(1H)-one 7m (483 mg, 81%) 

after column chromatography (DCM:MeOH = 9:1) as a yellow foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 9.08 (s, OH), 8.52 (dd, J = 4.5, 1.6 Hz, 2H), 7.22 (d, J = 2.9 Hz, 1H), 7.13 

(dd, J = 4.5, 1.6 Hz, 2H), 6.82 (dd, J = 8.7, 3.0 Hz, 1H), 6.53 (d, J = 8.7 Hz, 1H), 5.75 (s, 1H), 

2.95 (s, 3H), 2.80 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 162.2, 150.7, 150.5 

(2C), 145.6, 139.6, 121.7 (2C), 121.5, 118.5, 115.5, 113.8, 77.7, 36.9, 32.8 ppm. ESI-MS: m/z 

calcd: 269.12, found: 270.1 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-(pyridin-3-yl)-2,3-dihydroquinazolin-4(1H)-one 7n. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and nicotinaldehyde (250 µL, 2.67 mmol, 1.2 equiv) were used to obtain 6-hydroxy-

1,3-dimethyl-2-(pyridin-3-yl)-2,3-dihydroquinazolin-4(1H)-one 7n (395 mg, 66%) as a 

yellow oil; 1H NMR (400 MHz, DMSO-d6): δ = 9.07 (s, OH), 8.51 (dd, J = 4.8, 1.6 Hz, 1H), 

8.43 (d, J = 1.9 Hz, 1H), 7.53 - 7.45 (m, 1H), 7.34 (ddd, J = 7.9, 4.8, 0.7 Hz, 1H), 7.23 (d, J = 

2.9 Hz, 1H), 6.83 (dd, J = 8.7, 3.0 Hz, 1H), 6.52 (d, J = 8.7 Hz, 1H), 5.79 (s, 1H), 2.93 (s, 

3H), 2.76 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 161.7, 150.1, 150.0, 147.6, 
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139.1, 133.7, 132.1, 123.8, 121.0, 117.9, 114.8, 113.3, 76.5, 35.9, 32.1 ppm. ESI-MS: m/z 

calcd: 269.12, found: 270.1 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-(thiophen-3-yl)-2,3-dihydroquinazolin-4(1H)-one 7o. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and thiophene-3-carbaldehyde (233 µL, 2.66 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-1,3-dimethyl-2-(thiophen-3-yl)-2,3-dihydroquinazolin-4(1H)-one 7o (461 mg, 76%) 

after crystallization from petroleum ether/DCM as a yellow solid; mp 218-220 °C. 1H NMR 

(400 MHz, DMSO-d6): δ = 9.00 (s, OH), 7.43 (dd, J = 5.0, 3.0 Hz, 1H), 7.33 (dd, J = 2.9, 1.1 

Hz, 1H), 7.22 (d, J = 2.9 Hz, 1H), 6.83 (dd, J = 8.7, 3.0 Hz, 1H), 6.71 (dd, J = 5.0, 1.3 Hz, 

1H), 6.51 (d, J = 8.7 Hz, 1H), 5.72 (s, 1H), 2.92 (s, 3H), 2.73 (s, 3H) ppm. 13C NMR 

(101 MHz, DMSO-d6): δ = 161.7, 149.7, 139.8, 138.2, 127.1, 125.4, 123.6, 120.9, 117.7, 

114.0, 113.4, 74.7, 35.5, 31.9 ppm. ESI-MS: m/z calcd: 274.08, found: 571.15 [2M+Na]+. 

 

6-Hydroxy-1,3-dimethyl-2-(thiophen-2-yl)-2,3-dihydroquinazolin-4(1H)-one 7p. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and thiophene-2-carbaldehyde (249 µL, 2.66 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-1,3-dimethyl-2-(thiophen-2-yl)-2,3-dihydroquinazolin-4(1H)-one 7p (428 mg, 70%) 

after crystallization from ether as a yellow solid; mp 205-208 °C. 1H NMR (400 MHz, 

DMSO-d6): δ = 9.04 (OH), 7.32 (dd, J = 5.0, 1.0 Hz, 1H), 7.21 (d, J = 2.9 Hz, 1H), 7.05 (dd, J 

= 3.5, 1.0 Hz, 1H), 6.95 (dd, J = 5.0, 3.5 Hz, 1H), 6.86 (dd, J = 8.7, 2.9 Hz, 1H), 6.55 (d, J = 

8.7 Hz, 1H), 5.97 (s, 1H), 2.94 (s, 3H), 2.72 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ 

= 161.5, 150.0, 139.4, 138.7, 127.1, 126.2, 125.9, 121.0, 117.8, 114.6, 113.3, 75.0, 35.4, 31.8 

ppm. ESI-MS: m/z calcd: 274.08, found: 571.15 [2M+Na]+. 

 

2-(Furan-3-yl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7q. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and furan-3-carbaldehyde (223 µL, 2.67 mmol, 1.2 equiv) were used to obtain 2-

(furan-3-yl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7q (323 mg, 56%) 

after column chromatography (petroleum ether:EtOAc = 1:2) as a yellow foam; 1H NMR 

(400 MHz, DMSO-d6): δ = 9.00 (s, OH), 7.56 (s, 1H), 7.52 (t, J = 1.7 Hz, 1H), 7.20 (d, J = 2.9 

Hz, 1H), 6.84 (dd, J = 8.7, 3.0 Hz, 1H), 6.54 (d, J = 8.7 Hz, 1H), 5.96 (dd, J = 1.8, 0.8 Hz, 

1H), 5.61 (s, 1H), 2.93 (s, 3H), 2.72 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 162.3, 
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150.3, 144.3, 141.3, 140.45, 121.5, 121.3, 118.3, 114.6, 113.8, 109.0, 72.3, 35.8, 32.2 ppm. 

ESI-MS: m/z calcd: 258.10, found: 259.1 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-(1H-pyrrol-3-yl)-2,3-dihydroquinazolin-4(1H)-one 7r. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 1H-pyrrole-3-carbaldehyde (253 mg, 2.67 mmol, 1.2 equiv) were used to obtain 

6-hydroxy-1,3-dimethyl-2-(1H-pyrrol-3-yl)-2,3-dihydroquinazolin-4(1H)-one 7r (406 mg, 

71%) after column chromatography (DCM:MeOH = 95:5) as a yellow solid; mp 222-225 °C. 
1H NMR (400 MHz, DMSO-d6): δ = 10.68 (s, NH), 8.88 (s, OH), 7.19 (d, J = 2.9 Hz, 1H), 

6.80 (dd, J = 8.6, 3.0 Hz, 1H), 6.60 - 6.54 (m, 2H), 6.45 (d, J = 8.7 Hz, 1H), 5.63 (dd, J = 4.2, 

2.5 Hz, 1H), 5.45 (s, 1H), 2.89 (s, 3H), 2.68 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ 

= 162.6, 149.7, 141.0, 120.9, 118.7, 118.6, 118.3, 116.7, 114.1, 113.8, 106.2, 74.7, 35.7, 32.3 

ppm. ESI-MS: m/z calcd: 257.12, found: 258.1 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-(naphthalen-1-yl)-2,3-dihydroquinazolin-4(1H)-one 7s. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 1-naphthalenecarboxaldehyde (362 µL, 2.67 mmol, 1.2 equiv) were used to 

obtain 6-hydroxy-1,3-dimethyl-2-(naphthalen-1-yl)-2,3-dihydroquinazolin-4(1H)-one 7s 

(428 mg, 61%) after crystallization from a mixture of DCM/petroleum ether as a yellow solid; 

mp 228-234 °C. 1H NMR (400 MHz, DMSO-d6): δ = 9.19 (s, OH), 8.48 (d, J = 8.5 Hz, 1H), 

7.95 (d, J = 7.4 Hz, 1H), 7.87 (d, J = 8.2 Hz, 1H), 7.63 (ddd, J = 8.5, 6.9, 1.4 Hz, 1H), 7.59 - 

7.50 (m, 1H), 7.41 - 7.33 (m, 1H), 7.28 (d, J = 2.9 Hz, 1H), 7.15 (d, J = 6.7 Hz, 1H), 6.77 (dd, 

J = 8.6, 3.0 Hz, 1H), 6.57 (d, J = 8.7 Hz, 1H), 6.49 (s, 1H), 2.90 (s, 3H), 2.84 (s, 3H) ppm. 13C 

NMR (101 MHz, DMSO-d6): δ = 162.8, 151.7, 140.4, 134.1, 133.9, 131.6, 129.6, 129.1, 

126.9, 126.4, 125.6, 124.3, 124.2, 121.3, 120.8, 119.2, 113.4, 76.3, 40.2, 32.6 ppm. ESI-MS: 

m/z calcd: 318.14, found: 319.2 [M+H]+. 

 

6-Hydroxy-1,3-dimethyl-2-(naphthalen-2-yl)-2,3-dihydroquinazolin-4(1H)-one 7t. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 2-naphthaldehyde (417 mg, 2.66 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-1,3-dimethyl-2-(naphthalen-2-yl)-2,3-dihydroquinazolin-4(1H)-one 7t (494 mg, 

70%) after crystallization from DCM as a yellow solid; mp 202-203 °C. 1H NMR (400 MHz, 

DMSO-d6): δ = 9.02 (s, OH), 7.89 - 7.80 (m, 3H), 7.73 (d, J = 1.0 Hz, 1H), 7.54 - 7.48 (m, 

2H), 7.27 (d, J = 2.9 Hz, 1H), 7.25 (dd, J = 8.6, 1.8 Hz, 1H), 6.81 (dd, J = 8.7, 3.0 Hz, 1H), 
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6.49 (d, J = 8.7 Hz, 1H), 5.84 (s, 1H), 2.95 (s, 3H), 2.78 (s, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 162.2, 150.2, 140.0, 135.0, 133.4, 132.9, 129.0, 128.5, 128.0, 127.0, 126.9, 

126.1, 124.2, 121.4, 118.1, 114.8, 113.9, 79.3, 36.4, 32.6 ppm. ESI-MS: m/z calcd: 318.14, 

found: 659.30 [2M+Na]+. 

 

2-(2,6-Dichlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7u. 

According to GP2, 5-hydroxy-N-methyl-2-(methylamino)benzamide 6a (400 mg, 2.22 mmol, 

1 equiv) and 2,6-dichlorobenzaldehyde (467 mg, 2.67 mmol, 1.2 equiv) were used to obtain 2-

(2,6-dichlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7u (577 mg, 

77%) after crystallization from petroleum ether/DCM as a white solid; mp 258-261 °C. 1H 

NMR (400 MHz, DMSO-d6): δ =  8.84 (s, OH), 7.60 - 7.50 (m, 2H), 7.45 (dd, J = 8.7, 7.3 Hz, 

1H), 7.21 (d, J = 3.0 Hz, 1H), 6.82 (dd, J = 8.8, 3.0 Hz, 1H), 6.72 (s, 1H), 6.53 (d, J = 8.8 Hz, 

1H), 2.63 (s, 3H), 2.58 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 161.3, 148.9, 

140.6, 135.5, 132.4, 131.8, 130.6 (2C), 121.7, 114.6, 113.5, 111.9, 76.1, 34.4, 30.8 ppm. ESI-

MS: m/z calcd: 336.04, found: 337.10 [M+H]+. 

 

6-Hydroxy-3-iso-propyl-1-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 8a. 

According to GP2, 5-hydroxy-N-iso-propyl-2-(methylamino)benzamide 6b (340 mg, 

1.96 mmol, 1 equiv) and benzaldehyde (200 µL, 1.63 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-3-iso-propyl-1-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 8a (364 mg, 75%)  

after crystallization from a mixture of DCM and petroleum ether as a pale yellow solid; mp 

243-246 °C. 1H NMR (400 MHz, DMSO-d6): δ =  9.01 (s, OH), 7.32 - 7.13 (m, 6H), 6.75 (dd, 

J = 8.6, 2.9 Hz, 1H), 6.40 (d, J = 8.7 Hz, 1H), 5.73 (s, 1H), 4.70 (hept, J = 6.8 Hz, 1H), 2.77 

(s, 3H), 1.25 (d, J = 6.8 Hz, 3H), 0.85 (d, J = 6.9 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-

d6): δ = 161.6, 150.6, 139.4, 139.3, 128.6 (3C), 126.8 (2C), 121.0, 120.5, 115.9, 113.8, 73.1, 

45.3, 37.0, 20.8, 20.4 ppm. ESI-MS: m/z calcd: 296.15, found: 297.15 [M+H]+. 

 

6-Hydroxy-1-methyl-2-phenyl-3-n-propyl-2,3-dihydroquinazolin-4(1H)-one 8b. 

According to GP2, 5-hydroxy-2-(methylamino)-N-n-propylbenzamide 6c (500 mg, 2.46 

mmol, 1 equiv) and benzaldehyde (291 µL, 2.88 mmol, 1.2 equiv) were used to obtain 6-

hydroxy-1-methyl-2-phenyl-3-n-propyl-2,3-dihydroquinazolin-4(1H)-one 8b (284 mg, 40%) 

after column chromatography (petroleum ether:EtOAc= 1:1) as a yellow foam; 1H NMR (400 

MHz, DMSO-d6): δ = 9.00 (s, OH), 7.33 - 7.23 (m, 3H), 7.23 - 7.15 (m, 3H), 6.79 (dd, J = 

8.6, 2.9 Hz, 1H), 6.46 (d, J = 8.7 Hz, 1H), 5.67 (s, 1H), 3.77 (ddd, J = 13.5, 8.7, 6.6 Hz, 1H), 
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2.82 - 2.69 (m, 4H), 1.68 - 1.55 (m, 1H), 1.55 - 1.42 (m, 1H), 0.85 (t, J = 7.4 Hz, 3H) ppm. 
13C NMR (101 MHz, DMSO-d6): δ = 162.0, 150.4, 139.8, 138.0, 129.0, 128.9 (2C), 126.9 

(2C), 121.2, 119.0, 115.3, 113.8, 77.3, 46.6, 36.7, 21.2, 11.7 ppm. ESI-MS: m/z calcd: 296.15, 

found: 297.20 [M+H]+. 

 

3-Benzyl-6-hydroxy-1-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 8c. According 

to GP2, N-benzyl-5-hydroxy-2-(methylamino)benzamide 6d (450 mg, 1.76 mmol, 1 equiv) 

and benzaldehyde (214 µL, 2.11 mmol, 1.2 equiv) were used to obtain 3-benzyl-6-hydroxy-1-

methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 8c (332 mg, 55%) after column 

chromatography (petroleum ether:EtOAc = 1:1) as a yellow foam; 1H NMR (400 MHz, 

DMSO-d6): δ =  9.07 (s, OH), 7.38 - 7.32 (m, 4H), 7.32 - 7.25 (m, 5H), 7.23 - 7.15 (m, 2H), 

6.83 (dd, J = 8.7, 3.0 Hz, 1H), 6.48 (d, J = 8.7 Hz, 1H), 5.57 (s, 1H), 5.28 (d, J = 15.4 Hz, 

1H), 3.77 (d, J = 15.3 Hz, 1H), 2.67 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 162.2, 

150.5, 139.9, 137.8, 137.3, 129.1, 129.97 (2C), 128.96 (2C), 128.0 (2C), 127.7, 127.0 (2C), 

121.6, 118.5, 115.4, 114.0, 77.3, 47.6, 36.7 ppm. ESI-MS: m/z calcd: 344.15, found: 345.15 

[M+H]+. 

 

2-(4-Chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9b. According to 

GP3, starting from 2-(4-chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-

one 7b (500 mg, 1.65 mmol, 1 equiv) the title compound 2-(4-chlorophenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazolin-6-ol 9b (415 mg, 87%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:2) as a purple foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.45 (s, OH), 7.36 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.67 - 6.41 

(m, 2H), 6.33 (s, 1H), 4.85 (s, 1H), 3.48 (d, J = 16.2 Hz, 1H), 3.32 (d, J = 16.3 Hz, 1H), 2.84 

(s, 3H), 2.36 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 148.0, 140.1, 136.3, 131.8, 

128.8 (2C), 128.1 (2C), 119.0, 114.2, 113.9, 110.3, 80.0, 49.0, 41.6, 36.9 ppm. ESI-MS: m/z 

calcd: 288.10, found: 289.1 [M+H]+. HPLC (method A): 95%. 

 

2-(3-Chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9c. According to 

GP3, starting from 2-(3-chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-

one 7c (470 mg, 1.55 mmol, 1 equiv) the title compound 2-(3-chlorophenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazolin-6-ol 9c (379 mg, 85%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:2) as a red foam; 1H NMR (400 MHz, DMSO-

d6): δ = 8.57 (br, OH), 7.39 - 7.28 (m, 2H), 7.20 - 7.13 (m, 1H), 7.12 - 7.03 (m, 1H), 6.58 (dd, 
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J = 8.6, 2.6 Hz, 1H), 6.53 (d, J = 8.7 Hz, 1H), 6.34 (d, J = 2.5 Hz, 1H), 4.87 (s, 1H), 3.49 (d, J 

= 16.3 Hz, 1H), 3.28 (d, J = 16.2, 1H), 2.86 (s, 3H), 2.37 (s, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 148.5, 144.4, 136.7, 133.3, 130.6, 127.8, 127.3, 126.1, 119.4, 114.7, 114.4, 

110.8, 80.5, 49.5, 42.1, 37.5 ppm. ESI-MS: m/z calcd: 288.10, found: 289.1 [M+H]+. HPLC 

(method A): 99%. 

 

2-(2-Chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9d. According to 

GP3, starting from 2-(2-chlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-

one 7d (500 mg, 1.66 mmol, 1 equiv) the title compound 2-(2-chlorophenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazolin-6-ol 9d (326 mg, 68%) was obtained after column 

chromatography (petroleum ether:EtOAc = 2:1) as a yellow solid; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.47 (s, OH), 7.46 (dd, J = 7.8, 1.2 Hz, 1H), 7.30 (td, J = 7.6, 1.7 Hz, 1H), 

7.23 (td, J = 7.5, 1.1 Hz, 1H), 7.01 (dd, J = 7.6, 1.6 Hz, 1H), 6.59 (dd, J = 8.6, 2.7 Hz, 1H), 

6.52 (d, J = 8.7 Hz, 1H), 6.38 (d, J = 2.6 Hz, 1H), 5.04 (s, 1H), 3.57 (d, J = 16.3 Hz, 1H), 3.30 

(m, 1H), 2.74 (s, 3H), 2.41 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 148.5, 138.2, 

137.1, 133.3, 130.5, 129.7, 127.9, 127.1, 119.2, 114.8, 114.5, 110.2, 78.5, 49.2, 42.3, 36.5 

ppm. ESI-MS: m/z calcd: 288.10, found: 289.15 [M+H]+. HPLC (method A): 98%. 

 

1,3-Dimethyl-2-p-tolyl-1,2,3,4-tetrahydroquinazolin-6-ol 9e. According to GP3, starting 

from 6-hydroxy-1,3-dimethyl-2-p-tolyl-2,3-dihydroquinazolin-4(1H)-one 7e (450 mg, 

1.59 mmol, 1 equiv) the title compound 1,3-dimethyl-2-p-tolyl-1,2,3,4-tetrahydroquinazolin-

6-ol 9e (308 mg, 72%) was obtained after column chromatography (petroleum ether:EtOAc = 

1:2) as a yellow foam; 1H NMR (400 MHz, DMSO-d6): δ = 8.41 (s, OH), 7.10 (d, J = 7.9 Hz, 

2H), 7.02 (d, J = 8.0 Hz, 2H), 6.56 (dd, J = 8.6, 2.6 Hz, 1H), 6.49 (d, J = 8.7 Hz, 1H), 6.32 (d, 

J = 2.5 Hz, 1H), 4.77 (s, 1H), 3.51 (d, J = 16.1 Hz, 1H), 3.26 (d, J = 16.1 Hz, 1H), 2.81 (s, 

3H), 2.34 (s, 3H), 2.26 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 147.8, 138.0, 

136.7, 136.4, 128.6 (2C), 126.9 (2C), 119.2, 114.1, 113.8, 110.1, 80.6, 49.3, 41.6, 36.8, 20.6. 

ESI-MS: m/z calcd: 268.16, found: 269.2 [M+H]+. HPLC (method A): 96%. 

 

1,3-Dimethyl-2-m-tolyl-1,2,3,4-tetrahydroquinazolin-6-ol 9f. According to GP3, starting 

from 6-hydroxy-1,3-dimethyl-2-m-tolyl-2,3-dihydroquinazolin-4(1H)-one 7f (360 mg, 

1.28 mmol, 1equiv) the title compound 1,3-dimethyl-2-m-tolyl-1,2,3,4-tetrahydroquinazolin-

6-ol 9f (248 mg, 73%) was obtained after column chromatography (petroleum ether:EtOAc = 

1:2) as a white foam; 1H NMR (400 MHz, DMSO-d6): δ = 8.41 (s, OH), 7.17 (t, J = 7.5 Hz, 
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1H), 7.06 (d, J = 7.5 Hz, 1H), 7.00 (s, 1H), 6.90 (d, J = 7.6 Hz, 1H), 6.56 (dd, J = 8.6, 2.7 Hz, 

1H), 6.50 (d, J = 8.7 Hz, 1H), 6.32 (d, J = 2.6 Hz, 1H), 4.77 (s, 1H), 3.52 (d, J = 16.1 Hz, 1H), 

3.26 (d, J = 16.1 Hz, 1H), 2.82 (s, 3H), 2.34 (s, 3H), 2.26 (s, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 148.3, 141.7, 137.7, 137.2, 128.5, 128.4, 128.2, 124.4, 119.6, 114.6, 114.4, 

110.6, 81.4, 49.8, 42.1, 37.4, 21.6 ppm. ESI-MS: m/z calcd: 268.16, found: 269.2 [M+H]+. 

HPLC (method A): 97%. 

 

1,3-Dimethyl-2-o-tolyl-1,2,3,4-tetrahydroquinazolin-6-ol 9g. According to GP3, starting 

from 6-hydroxy-1,3-dimethyl-2-o-tolyl-2,3-dihydroquinazolin-4(1H)-one 7g (270 mg, 

0.96 mmol, 1 equiv) the title compound 1,3-dimethyl-2-o-tolyl-1,2,3,4-tetrahydroquinazolin-

6-ol 9g (175 mg, 68%) was obtained after column chromatography (petroleum ether:EtOAc = 

1:1) as a yellow foam; 1H NMR (400 MHz, DMSO-d6): δ = 8.39 (br, OH), 7.20 - 7.09 (m, 

2H), 7.03 (t, J = 7.8 Hz, 1H), 6.83 (d, J = 7.5 Hz, 1H), 6.57 (dd, J = 8.6, 2.6 Hz, 1H), 6.49 (d, 

J = 8.7 Hz, 1H), 6.33 (d, J = 2.5 Hz, 1H), 4.91 (s, 1H), 3.55 (d, J = 16.3 Hz, 1H), 3.23 (d, J = 

16.3 Hz, 1H), 2.77 (s, 3H), 2.41 (s, 3H), 2.39 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ 

= 148.2, 139.2, 137.5, 136.9, 131.3, 127.7, 125.9, 125.5, 118.8, 114.7, 114.5, 109.7, 78.9, 

49.4, 42.1, 36.6, 18.9 ppm. ESI-MS: m/z calcd: 268.16, found: 269.2 [M+H]+. HPLC (method 

A): 99%. 

 

2-(4-Methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9h. According to 

GP3, starting from 6-hydroxy-2-(4-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-

4(1H)-one 7h (460 mg, 1.54 mmol, 1 equiv) the title compound 2-(4-methoxyphenyl)-1,3-

dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9h (282 mg, 64%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:2) as a purple foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.42 (s, OH), 7.10 - 7.00 (m, 2H), 6.89 - 6.81 (m, 2H), 6.56 (dd, J = 8.6, 2.7 

Hz, 1H), 6.49 (d, J = 8.7 Hz, 1H), 6.32 (d, J = 2.6 Hz, 1H), 4.75 (s, 1H), 3.71 (s, 3H), 3.52 (d, 

J = 16.1 Hz, 1H), 3.26 (d, J = 16.1 Hz, 1H), 2.80 (s, 3H), 2.33 (s, 3H) ppm. 13C NMR 

(101 MHz, DMSO-d6): δ = 158.5, 147.8, 136.7, 133.0, 128.1 (2C), 119.2, 114.1, 113.8, 113.4 

(2C), 110.1, 80.4, 55.0, 49.3, 41.5, 36.8 ppm. ESI-MS: m/z calcd: 284.15, found: 285.2 

[M+H]+. HPLC (method A): 98%. 

 

2-(3-Methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9i. According to 

GP3, starting from 6-hydroxy-2-(3-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-

4(1H)-one 7i (350 mg, 1.17 mmol, 1 equiv) the title compound 2-(3-methoxyphenyl)-1,3-



S16 
 

dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9i (239 mg, 72%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:2) as a purple foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.41 (br, OH), 7.21 (t, J = 7.9 Hz, 1H), 6.82 (dd, J = 7.9, 2.2 Hz, 1H), 6.72 (d, 

J = 7.7 Hz, 1H), 6.69 (d, J = 2.0 Hz, 1H), 6.56 (dd, J = 8.6, 2.7 Hz, 1H), 6.50 (d, J = 8.7 Hz, 

1H), 6.32 (d, J = 2.6 Hz, 1H), 4.79 (s, 1H), 3.69 (s, 3H), 3.53 (d, J = 16.2 Hz, 1H), 3.27 (d, J 

= 16.1 Hz, 1H), 2.83 (s, 3H), 2.36 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 159.6, 

148.4, 143.3, 137.1, 129.6, 119.6 (2C), 114.6, 114.4, 113.3, 112.9, 110.6, 81.1, 55.4, 49.8, 

42.1, 37.4 ppm. ESI-MS: m/z calcd: 284.1, found: 285.2 [M+H]+. HPLC (method A): 98%. 

 

2-(2-Methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9j. According to 

GP3, starting from 6-hydroxy-2-(2-methoxyphenyl)-1,3-dimethyl-2,3-dihydroquinazolin-

4(1H)-one 7j (600 mg, 2.01 mmol, 1 equiv) the title compound 2-(2-methoxyphenyl)-1,3-

dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9j (508 mg, 89%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:5) as a white foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.42 (s, OH), 7.29 - 7.19 (m, 1H), 7.02 (d, J = 8.1 Hz, 1H), 6.86 (dd, J = 7.5, 

1.8 Hz, 1H), 6.80 (t, J = 7.3 Hz, 1H), 6.56 (dd, J = 8.6, 2.7 Hz, 1H), 6.47 (d, J = 8.7 Hz, 1H), 

6.37 (d, J = 2.7 Hz, 1H), 5.09 (s, 1H), 3.81 (s, 3H), 3.62 (d, J = 16.1 Hz, 1H), 3.27 (d, J = 16.1 

Hz, 1H), 2.65 (s, 3H), 2.33 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 157.4, 148.3, 

137.8, 129.2, 128.5, 126.9, 120.0, 119.6, 114.6, 114.4, 111.8, 110.2, 75.3, 56.0, 49.7, 42.3, 

36.4 ppm. ESI-MS: m/z calcd: 284.15, found: 285.20 [M+H]+. HPLC (method A): 97%. 

 

2-(4-Fluorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9k. According to 

GP3, starting from 2-(4-fluorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-

one 7k (400 mg, 1.40 mmol, 1 equiv) the title compound 2-(4-fluorophenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazolin-6-ol 9k (294 mg, 77%) was obtained after column 

chromatography (petroleum ether:EtOAc = 2:1) as a yellow foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.44 (br, OH), 7.22 - 7.06 (m, 4H), 6.57 (dd, J = 8.6, 2.6 Hz, 1H), 6.51 (d, J = 

8.7 Hz, 1H), 6.33 (d, J = 2.4 Hz, 1H), 4.83 (s, 1H), 3.48 (d, J = 16.2 Hz, 1H), 3.28 (d, J = 16.2 

Hz, 1H), 2.83 (s, 3H), 2.35 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 161.9 (d, J = 

243.0 Hz), 148.5, 137.8 (d, J = 2.9 Hz), 136.9, 129.4 (d, J = 8.1 Hz, 2C), 119.5, 115.3 (d, J = 

21.3 Hz, 2C), 114.7, 114.4, 110.8, 80.6, 49.6, 42.0, 37.4 ppm. ESI-MS: m/z calcd: 272.13, 

found: 273.1 [M+H]+. HPLC (method A): 98%. 
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1,3-Dimethyl-2-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroquinazolin-6-ol 9l. 

According to GP3, starting from 6-hydroxy-1,3-dimethyl-2-(4-(trifluoromethyl)phenyl)-2,3-

dihydroquinazolin-4(1H)-one 7l (600 mg, 1.79 mmol, 1 equiv) the title compound 1,3-

dimethyl-2-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroquinazolin-6-ol 9l (274 mg, 48%) 

was obtained after column chromatography (petroleum ether:EtOAc = 1:1) as a white foam; 
1H NMR (400 MHz, DMSO-d6): δ = 8.59 (br, OH), 7.66 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.1 

Hz, 2H), 6.62 - 6.43 (m, 2H), 6.33 (d, J = 2.4 Hz, 1H), 4.94 (s, 1H), 3.44 (d, J = 16.4 Hz, 1H), 

3.28 (d, J = 16.4 Hz, 1H), 2.86 (s, 3H), 2.38 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ 

= 148.4, 146.3, 136.7, 128.5 (q, J = 31.8 Hz), 128.3 (2C), 125.6 (q, J = 3.8 Hz, 2C) 124.7 (q, J 

= 272.0 Hz), 119.4, 114.8, 114.5, 110.9, 80.5, 49.4, 42.4, 37.4 ppm. ESI-MS: m/z calcd: 

322.13, found: 323.1 [M+H]+. HPLC (method A): 98%. 

 

1,3-Dimethyl-2-(pyridin-4-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9m. According to GP3, 

starting from 6-hydroxy-1,3-dimethyl-2-(pyridin-4-yl)-2,3-dihydroquinazolin-4(1H)-one 7m 

(450 mg, 1.67 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(pyridin-4-yl)-1,2,3,4-

tetrahydroquinazolin-6-ol 9m (226 mg, 53%) was obtained after column chromatography 

(DCM:MeOH = 9:1) as a yellow foam; 1H NMR (400 MHz, DMSO-d6): δ = 8.50 (dd, J = 4.4, 

1.6 Hz, 2H), 8.47 (s, OH), 7.12 (dd, J = 4.6, 1.2 Hz, 2H), 6.62 - 6.48 (m, 2H), 6.33 (d, J = 2.4 

Hz, 1H), 4.91 (s, 1H), 3.45 (d, J = 16.4 Hz, 1H), 3.31 (d, J = 17.1 Hz, 1H), 2.89 (s, 3H), 2.40 

(s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 150.2, 150.1 (2C), 148.7, 136.6, 122.6 

(2C), 119.3, 114.8, 114.4, 110.9, 80.0, 49.5, 42.2, 37.5 ppm. ESI-MS: m/z calcd: 255.14, 

found: 256.2 [M+H]+. HPLC (method A): 99%. 

 

1,3-Dimethyl-2-(pyridin-3-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9n. According to GP3, 

starting from 6-hydroxy-1,3-dimethyl-2-(pyridin-3-yl)-2,3-dihydroquinazolin-4(1H)-one 7n 

(370 mg, 1.38 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(pyridin-3-yl)-1,2,3,4-

tetrahydroquinazolin-6-ol 9n (191 mg, 54%) was obtained after column chromatography 

(DCM:MeOH = 9:1) as a brown oil; 1H NMR (400 MHz, DMSO-d6): δ = 8.48 (s, OH), 8.46 

(dd, J = 4.7, 1.5 Hz, 1H), 8.36 (d, J = 2.0 Hz, 1H), 7.48 (dt, J = 7.8, 1.7 Hz, 1H), 7.33 (dd, J = 

7.8, 4.8 Hz, 1H), 6.58 (dd, J = 8.7, 2.6 Hz, 1H), 6.54 (d, J = 8.7 Hz, 1H), 6.34 (d, J = 2.4 Hz, 

1H), 4.95 (s, 1H), 3.47 (d, J = 16.4 Hz, 1H), 3.32 (d, J = 16.3 Hz, 1H), 2.87 (s, 3H), 2.39 (s, 

3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 148.7, 148.6, 148.1, 136.3, 136.2, 134.6, 

123.3, 119.0, 114.3, 113.9, 110.6, 78.7, 48.9, 41.5, 36.9 ppm. ESI-MS: m/z calcd: 255.14, 

found: 256.15 [M+H]+. HPLC (method A): 95%. 
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1,3-Dimethyl-2-(thiophen-3-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9o. According to GP3, 

starting from 6-hydroxy-1,3-dimethyl-2-(thiophen-3-yl)-2,3-dihydroquinazolin-4(1H)-one 7o 

(430 mg, 1.57 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(thiophen-3-yl)-1,2,3,4-

tetrahydroquinazolin-6-ol 9o (358 mg, 88%) was obtained after column chromatography 

(petroleum ether:EtOAc = 1:2) as a white foam; 1H NMR (400 MHz, DMSO-d6): δ = 8.44 (s, 

OH), 7.44 (dd, J = 4.9, 3.0 Hz, 1H), 7.05 (dd, J = 1.9, 1.0 Hz, 1H), 6.87 (dd, J = 5.0, 1.1 Hz, 

1H), 6.55 (dd, J = 8.6, 2.7 Hz, 1H), 6.48 (d, J = 8.7 Hz, 1H), 6.33 (d, J = 2.6 Hz, 1H), 4.87 (s, 

1H), 3.56 (d, J = 16.2 Hz, 1H), 3.32 (d, J = 15.3 Hz, 1H), 2.83 (s, 3H), 2.33 (s, 3H) ppm. 13C 

NMR (101 MHz, DMSO-d6): δ = 148.1, 142.2, 136.5, 126.8, 126.0, 122.3, 119.4, 114.0, 

113.7, 110.7, 77.4, 49.6, 41.2, 36.8 ppm. ESI-MS: m/z calcd: 260.10, found: 261.1 [M+H]+. 

HPLC (method A): 96%. 

 

1,3-Dimethyl-2-(thiophen-2-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9p. According to GP3, 

starting from 6-hydroxy-1,3-dimethyl-2-(thiophen-2-yl)-2,3-dihydroquinazolin-4(1H)-one 7p 

(400 mg, 1.5 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(thiophen-2-yl)-1,2,3,4-

tetrahydroquinazolin-6-ol 9p (249 mg, 66%) was obtained after crystallization from a mixture 

of EtOAc and Et2O as a yellow solid; 1H NMR (400 MHz, DMSO-d6): δ = 8.47 (s, OH), 7.40 

(dd, J = 5.0, 1.2 Hz, 1H), 6.91 (dd, J = 5.0, 3.5 Hz, 1H), 6.76 (dt, J = 3.4, 0.9 Hz, 1H), 6.55 

(dd, J = 8.6, 2.7 Hz, 1H), 6.49 (d, J = 8.7 Hz, 1H), 6.34 (d, J = 2.6 Hz, 1H), 5.09 (s, 1H), 3.70 

(d, J = 16.3 Hz, 1H), 3.38 (d, J = 16.3 Hz, 1H), 2.88 (s, 3H), 2.34 (s, 3H) ppm. 13C NMR (101 

MHz, DMSO-d6): δ = 148.6, 144.3, 135.8, 126.2, 125.6, 125.2, 119.4, 114.1, 113.6, 111.2, 

77.2, 49.3, 41.0, 37.1 ppm. ESI-MS: m/z calcd: 260.10, found: 261.1 [M+H]+. HPLC (method 

A): 100%. 

 

2-(Furan-3-yl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9q. According to GP3, 

starting from 2-(furan-3-yl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 7q 

(300 mg, 1.16 mmol, 1 equiv) the title compound 2-(furan-3-yl)-1,3-dimethyl-1,2,3,4-

tetrahydroquinazolin-6-ol 9q (221 mg, 78%) was obtained after column chromatography 

(petroleum ether:EtOAc = 1:2) as a yellow solid; 1H NMR (400 MHz, DMSO-d6): δ = 8.45 (s, 

OH), 7.56 (t, J = 1.7 Hz, 1H), 7.36 - 7.23 (m, 1H), 6.53 (dd, J = 8.6, 2.7 Hz, 1H), 6.46 (d, J = 

8.7 Hz, 1H), 6.34 (d, J = 2.7 Hz, 1H), 6.19 (dd, J = 1.7, 0.7 Hz, 1H), 4.76 (s, 1H), 3.65 (d, J = 

16.2 Hz, 1H), 3.37 (d, J = 16.2 Hz, 1H), 2.79 (s, 3H), 2.32 (s, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 148.7, 143.7, 140.9, 137.0, 124.9, 120.2, 114.5, 114.0, 111.7, 110.2, 74.7, 
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50.2, 41.5, 37.2 ppm. ESI-MS: m/z calcd: 244.12, found: 245.2 [M+H]+. HPLC (method A): 

97%. 

 

1,3-Dimethyl-2-(1H-pyrrol-3-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9r. According to 

GP3, starting from 6-hydroxy-1,3-dimethyl-2-(1H-pyrrol-3-yl)-2,3-dihydroquinazolin-4(1H)-

one 7r (400 mg, 1.56 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(1H-pyrrol-3-yl)-

1,2,3,4-tetrahydroquinazolin-6-ol 9r (151 mg, 40%) was obtained after column 

chromatography (DCM:MeOH = 9:1) as a white solid; 1H NMR (400 MHz, DMSO-d6): δ = 

10.53 (br, NH), 8.35 (s, OH), 6.61 (dd, J = 4.7, 2.5 Hz, 1H), 6.50 (dd, J = 8.6, 2.8 Hz, 1H), 

6.41 (d, J = 8.7 Hz, 1H), 6.38 (d, J = 1.8 Hz, 1H), 6.31 (d, J = 2.7 Hz, 1H), 5.77 (dd, J = 4.1, 

2.5 Hz, 1H), 4.68 (s, 1H), 3.68 (d, J = 15.9 Hz, 1H), 3.29 (d, J = 16.0 Hz, 1H), 2.74 (s, 3H), 

2.28 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 148.2, 137.9, 122.1, 120.5, 117.9, 

116.4, 114.2, 114.0, 111.1, 107.0, 76.8, 50.4, 41.6, 37.2 ppm. ESI-MS: m/z calcd: 243.14, 

found: 244.2 [M+H]+. CHN-anal: calcd: (M + 0.2 H2O) C: 68.10; H: 7.10; N: 17.02; found: 

C: 68.14; H: 7.10; N: 16.89. 

 

1,3-Dimethyl-2-(naphthalen-1-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9s. According to 

GP3, starting from 6-hydroxy-1,3-dimethyl-2-(naphthalen-1-yl)-2,3-dihydroquinazolin-

4(1H)-one 7s (400 mg, 1.26 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(naphthalen-1-

yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9s (314 mg, 82%) was obtained after column 

chromatography (petroleum ether:EtOAc = 2:1) as a yellow foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.47 (br, OH), 8.27 (d, J = 7.9 Hz, 1H), 7.96 - 7.87 (m, 1H), 7.82 (d, J = 8.2 

Hz, 1H), 7.58 - 7.41 (m, 2H), 7.41 - 7.22 (m, 1H), 7.05 (d, J = 7.0 Hz, 1H), 6.67 - 6.48 (m, 

2H), 6.34 (d, J = 2.4 Hz, 1H), 5.50 (s, 1H), 3.50 (d, J = 16.3 Hz, 1H), 3.23 (d, J = 16.3 Hz, 

1H), 2.86 (s, 3H), 2.52 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 148.3, 137.4, 

136.0, 134.4, 131.2, 128.7, 128.6, 126.1, 126.0, 125.4, 125.2, 124.1, 118.6, 114.7, 114.7, 

109.9, 79.2, 49.7, 41.9, 36.9 ppm. ESI-MS: m/z calcd: 304.16, found: 305.2 [M+H]+. HPLC 

(method A): 100%. 

 

1,3-Dimethyl-2-(naphthalen-2-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9t. According to 

GP3, starting from 6-hydroxy-1,3-dimethyl-2-(naphthalen-2-yl)-2,3-dihydroquinazolin-

4(1H)-one 7t (494 mg, 1.55 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(naphthalen-2-

yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9t (410 mg, 87%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:1) as a purple foam; 1H NMR (400 MHz, 
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DMSO-d6): δ = 8.44 (br, OH), 7.91 - 7.83 (m, 2H), 7.83 - 7.77 (m, 1H), 7.58 (s, 1H), 7.51 - 

7.43 (m, 2H), 7.40 (dd, J = 8.5, 1.6 Hz, 1H), 6.67 - 6.56 (m, 2H), 6.34 (d, J = 1.9 Hz, 1H), 

4.98 (s, 1H), 3.54 (d, J = 16.1 Hz, 1H), 3.30 (d, J = 16.1 Hz, 1H), 2.91 (s, 3H), 2.40 (s, 3H) 

ppm. 13C NMR (101 MHz, DMSO-d6): δ = 148.4, 139.4, 137.1, 133.0, 133.0, 128.4, 128.3, 

127.9, 126.5, 126.3, 126.0, 126.0, 119.7, 114.7, 114.4, 110.8, 81.5, 50.0, 42.2, 37.5 ppm. ESI-

MS: m/z calcd: 304.16, found: 305.2 [M+H]+. HPLC (method A): 96%. 

 

2-(2,6-Dichlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9u. According to 

GP3, starting from 2-(2,6-dichlorophenyl)-6-hydroxy-1,3-dimethyl-2,3-dihydroquinazolin-

4(1H)-one 7u (520 mg, 1.55 mmol, 1 equiv) the title 2-(2,6-dichlorophenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazolin-6-ol 9u (437 mg, 88%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:1) as a pale yellow solid; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.45 (br, OH), 7.45 (d, J = 7.9 Hz, 2H), 7.38 - 7.26 (m, 1H), 6.54 (dd, J = 8.6, 

2.8 Hz, 1H), 6.48 - 6.36 (m, 2H), 5.26 (s, 1H), 3.66 (d, J = 14.8 Hz, 1H), 3.35 (d, J = 15.9 Hz, 

1H), 2.58 (s, 3H), 2.23 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 148.4, 137.7, 

135.2, 130.4, 121.4, 114.6, 114.0, 111.1, 80.2, 53.3, 42.0, 35.5 ppm. ESI-MS: m/z calcd: 

322.06, found: 323.05 [M+H]+. HPLC (method A): 99%. 

 

3-iso-Propyl-1-methyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-ol 10a. According to 

GP3, starting from 6-hydroxy-3-iso-propyl-1-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-

one 8a (340 mg, 1.15 mmol, 1 equiv) the title compound 3-iso-propyl-1-methyl-2-phenyl-

1,2,3,4-tetrahydroquinazolin-6-ol 10a (163 mg, 50%) was obtained after column 

chromatography (petroleum ether:EtOAc= 7:2) as a brown foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.36 (br, OH), 7.34 - 7.25 (m, 2H), 7.25 - 7.19 (m, 1H), 7.15 (d, J = 7.2 Hz, 

2H), 6.54 (dd, J = 8.6, 2.7 Hz, 1H), 6.44 (d, J = 8.6 Hz, 1H), 6.32 (d, J = 2.7 Hz, 1H), 5.15 (s, 

1H), 3.52 (d, J = 16.7 Hz, 1H), 3.44 (d, J = 16.7 Hz, 1H), 2.85 (s, 3H), 2.84 - 2.75 (m, 1H), 

1.14 (d, J = 6.3 Hz, 3H), 1.05 (d, J = 6.4 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 

148.1, 142.9, 138.0, 128.5 (2C), 127.5, 127.2 (2C), 120.8, 114.4, 113.9, 109.9, 76.9, 50.1, 

44.5, 36.9, 22.0, 21.6 ppm. ESI-MS: m/z calcd: 282.17, found: 282.20 [M+H]+. CHN-anal:  

calcd: C: 76.56; H: 7.85; N: 9.92, found: C: 76.21; H: 7.82; N: 10.13. 

 

1-Methyl-2-phenyl-3-n-propyl-1,2,3,4-tetrahydroquinazolin-6-ol 10b. According to 

GP3, starting from 6-hydroxy-1-methyl-2-phenyl-3-n-propyl-2,3-dihydroquinazolin-4(1H)-

one 8b (270 mg, 0.91 mmol, 1 equiv) the title compound 1-methyl-2-phenyl-3-n-propyl-
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1,2,3,4-tetrahydroquinazolin-6-ol 10b (129 mg, 50%)  was obtained after column 

chromatography (petroleum ether:EtOAc= 7:2) as a brown foam; 1H NMR (400 MHz, 

DMSO-d6): δ = 8.37 (s, OH), 7.33 - 7.26 (m, 2H), 7.26 - 7.19 (m, 1H), 7.14 (d, J = 7.1 Hz, 

2H), 6.55 (dd, J = 8.6, 2.7 Hz, 1H), 6.49 (d, J = 8.7 Hz, 1H), 6.31 (d, J = 2.6 Hz, 1H), 4.96 (s, 

1H), 3.47 (d, J = 16.5 Hz, 1H), 3.32 (d, J = 15.9 Hz, 1H), 2.88 (s, 3H), 2.58 - 2.53 (m, 1H), 

2.42 (dt, J = 12.3, 7.1 Hz, 1H), 1.55 (hex, J = 7.3 Hz, 2H), 0.92 (t, J = 7.3 Hz, 3H) ppm. 13C 

NMR (101 MHz, DMSO-d6): δ = 148.1, 142.2, 137.4, 128.6 (2C), 127.6, 127.3 (2C), 119.6, 

114.5, 114.5, 110.1, 79.5, 55.1, 47.4, 37.3, 21.2, 12.3 ppm. ESI-MS: m/z calcd: 282.17, found: 

283.20 [M+H]+. HPLC (method A): 96%. 

 

3-Benzyl-1-methyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-ol 10c. According to GP3, 

starting from 3-benzyl-6-hydroxy-1-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 8c 

(320 mg, 0.93 mmol, 1 equiv) the title compound 3-benzyl-1-methyl-2-phenyl-1,2,3,4-

tetrahydroquinazolin-6-ol 10c (155 mg, 50%) was obtained after column chromatography 

(petroleum ether:EtOAc= 7:2) as a yellow foam; 1H NMR (400 MHz, DMSO-d6): δ = 8.41 

(br, OH), 7.43 - 7.35 (m, 4H), 7.32 - 7.20 (m, 4H), 7.15 (d, J = 7.2 Hz, 2H), 6.60 (dd, J = 8.6, 

2.5 Hz, 1H), 6.56 (d, J = 8.7 Hz, 1H), 6.28 (d, J = 2.4 Hz, 1H), 4.88 (s, 1H), 3.77 (d, J = 13.3 

Hz, 1H), 3.67 (d, J = 13.3 Hz, 1H), 3.51 (d, J = 16.5 Hz, 1H), 3.28 (d, J = 17.0 Hz, 1H), 2.89 

(s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 148.3, 142.0, 139.6, 137.1, 129.2 (2C), 

128.8 (2C), 128.7 (2C), 127.7, 127.5, 127.1 (2C), 119.1, 114.8, 114.5, 110.4, 78.8, 57.3, 47.2, 

37.4 ppm. ESI-MS: m/z calcd: 330.17, found: 331.20 [M+H]+. HPLC (method A): 97%. 

 

2-(4-Chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

2b. According to GP4, starting from 2-(4-chlorophenyl)-1,3-dimethyl-1,2,3,4-

tetrahydroquinazolin-6-ol 9b (150 mg, 0.52 mmol, 1 equiv) the title compound 2-(4-

chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2b (126 mg, 

57%) was obtained after column chromatography (petroleum ether:EtOAc = 1:2) as a clear 

oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.51 (t, J = 5.6 Hz, NH), 7.41 - 7.36 (m, 2H), 7.17 

(d, J = 8.4 Hz, 2H), 6.82 (dd, J = 8.7, 2.7 Hz, 1H), 6.63 (d, J = 8.9 Hz, 1H), 6.61 (d, J = 2.7 

Hz, 1H), 4.97 (s, 1H), 3.50 (d, J = 16.3 Hz, 1H), 3.34 (d, J = 17.2 Hz, 1H), 3.01 (dd, J = 13.0, 

6.7 Hz, 2H), 2.92 (s, 3H), 2.39 (s, 3H), 1.50 - 1.40 (m, 2H), 1.34 - 1.23 (m, 8H), 0.87 (t, J = 

6.8 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.1, 141.1, 140.3, 140.0, 132.0, 

128.7 (2C), 128.3 (2C), 120.7, 120.2, 117.9, 109.0, 79.8, 48.4, 41.5, 40.4, 36.7, 31.2, 29.2, 
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28.4, 26.2, 22.0, 13.9 ppm. ESI-MS: m/z calcd: 429.22, found: 430.2 [M+H]+. HPLC (method 

C): 95%. 

 

2-(3-Chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

2c. According to GP4, starting from 2-(3-chlorophenyl)-1,3-dimethyl-1,2,3,4-

tetrahydroquinazolin-6-ol 9c (150 mg, 0.52 mmol, 1 equiv) the title compound 2-(3-

chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2c (117 mg, 

53%) was obtained after column chromatography (petroleum ether:EtOAc = 1:1) as a yellow 

solid; mp 107-109 °C. 1H NMR (400 MHz, DMSO-d6): δ = 7.51 (t, J = 5.7 Hz, NH), 7.39 - 

7.31 (m, 2H), 7.21 - 7.15 (m, 1H), 7.09 (dt, J = 3.6, 1.4 Hz, 1H), 6.83 (dd, J = 8.7, 2.7 Hz, 

1H), 6.64 (d, J = 8.9 Hz, 1H), 6.62 (d, J = 2.7 Hz, 1H), 5.01 (s, 1H), 3.51 (d, J = 16.4 Hz, 1H), 

3.35 (d, J = 16.3 Hz, 1H), 3.01 (dd, J = 13.0, 6.8 Hz, 2H), 2.94 (s, 3H), 2.40 (s, 3H), 1.49 - 

1.39 (m, 2H), 1.33 - 1.22 (m, J = 15.4 Hz, 8H), 0.87 (t, J = 6.8 Hz, 3H) ppm. 13C NMR 

(101 MHz, DMSO-d6): δ = 155.6, 144.2, 141.7, 140.7, 133.5, 130.7, 128.0, 127.2, 125.8, 

121.2, 120.7, 118.3, 109.6, 80.3, 48.9, 42.0, 40.9, 37.3, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 ppm. 

ESI-MS: m/z calcd: 429.22, found: 430.2 [M+H]+. HPLC (method C): 98%. 

 

2-(2-Chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

2d. According to GP4, starting from 2-(2-chlorophenyl)-1,3-dimethyl-1,2,3,4-

tetrahydroquinazolin-6-ol 9d (150 mg, 0.52 mmol, 1 equiv) the title compound 2-(2-

chlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2d (130 mg, 

58%) was obtained after column chromatography (petroleum ether:EtOAc = 4:1) as a white 

solid; mp 140-143 °C. 1H NMR (400 MHz, DMSO-d6): δ = 7.53 (t, J = 5.6 Hz, NH), 7.49 (dd, 

J = 7.8, 1.1 Hz, 1H), 7.33 (td, J = 7.6, 1.7 Hz, 1H), 7.26 (t, J = 7.0 Hz, 1H), 7.01 - 6.94 (m, 

1H), 6.85 (dd, J = 8.6, 2.6 Hz, 1H), 6.71 - 6.59 (m, 2H), 5.12 (s, 1H), 3.58 (d, J = 16.4 Hz, 

1H), 3.35 (m, 1H), 3.02 (dd, J = 13.0, 6.6 Hz, 2H), 2.81 (s, 3H), 2.43 (s, 3H), 1.49 - 1.40 (m, 

2H), 1.34 - 1.21 (m, 8H), 0.87 (t, J = 6.7 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 

155.6, 141.7, 141.1, 138.0, 133.2, 130.7, 129.9, 127.8, 127.2, 121.3, 120.7, 118.1, 109.1, 78.6, 

48.5, 42.3, 40.9, 36.3, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 429.22, 

found: 430.25 [M+H]+. HPLC (method A): 98%. 

 

1,3-Dimethyl-2-p-tolyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2e. 

According to GP4, starting from 1,3-dimethyl-2-p-tolyl-1,2,3,4-tetrahydroquinazolin-6-ol 9e 

(150 mg, 0.56 mmol, 1 equiv) the title compound 1,3-dimethyl-2-p-tolyl-1,2,3,4-
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tetrahydroquinazolin-6-yl n-heptylcarbamate 2e (192 mg, 84%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:1) as a clear oil; 1H NMR (400 MHz, DMSO-

d6): δ = 7.50 (t, J = 5.6 Hz, NH), 7.12 (d, J = 7.9 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H), 6.81 (dd, J 

= 8.7, 2.6 Hz, 1H), 6.64 - 6.53 (m, 2H), 4.90 (s, 1H), 3.53 (d, J = 16.2 Hz, 1H), 3.31 (d, J = 

16.0 Hz, 1H), 3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.90 (s, 3H), 2.37 (s, 3H), 2.27 (s, 3H), 1.49 - 

1.39 (m, 2H), 1.34 - 1.21 (m, 8H), 0.87 (t, J = 6.7 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-

d6): δ = 155.1, 140.9, 140.7, 137.9, 136.6, 128.8 (2C), 126.7 (2C), 120.4, 120.1, 118.1, 108.8, 

80.4, 48.5, 41.5, 40.4, 36.6, 31.2, 29.2, 28.3, 26.2, 22.0, 20.6, 13.9 ppm. ESI-MS: m/z calcd: 

409.27, found: 410.3 [M+H]+. HPLC (method C): 97%. 

 

1,3-Dimethyl-2-m-tolyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2f. 

According to GP4, starting from 1,3-dimethyl-2-m-tolyl-1,2,3,4-tetrahydroquinazolin-6-ol 9f 

(150 mg, 0.49 mmol, 1 equiv) the title compound 1,3-dimethyl-2-m-tolyl-1,2,3,4-

tetrahydroquinazolin-6-yl n-heptylcarbamate 2f (51 mg, 23%) was obtained after column 

chromatography (petroleum ether:EtOAc = 1:1) as a yellow oil; 1H NMR (400 MHz, DMSO-

d6): δ = 7.50 (t, J = 5.6 Hz, NH), 7.19 (t, J = 7.6 Hz, 1H), 7.07 (d, J = 7.5 Hz, 1H), 7.01 (s, 

1H), 6.90 (d, J = 8.2 Hz, 1H), 6.81 (dd, J = 8.7, 2.6 Hz, 1H), 6.67 - 6.49 (m, 2H), 4.90 (s, 1H), 

3.55 (d, J = 16.2 Hz, 1H), 3.29 (m, 1H), 3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.91 (s, 3H), 2.38 (s, 

3H), 2.27 (s, 3H), 1.50 - 1.37 (m, 2H), 1.35 - 1.22 (m, 8H), 0.87 (t, J = 6.7 Hz, 3H) ppm. 13C 

NMR (101 MHz, DMSO-d6): δ = 155.6, 141.5, 141.4, 141.1, 137.8, 128.7, 128.5, 128.0, 

124.2, 121.1, 120.6, 118.5, 109.3, 81.1, 49.1, 42.1, 40.9, 37.2, 31.7, 29.7, 28.8, 26.6, 22.5, 

21.6, 14.4 ppm. ESI-MS: m/z calcd: 409.27, found: 410.3 [M+H]+. HPLC (method C): 97%. 

 

1,3-Dimethyl-2-o-tolyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2g. 

According to GP4, starting from 1,3-dimethyl-2-o-tolyl-1,2,3,4-tetrahydroquinazolin-6-ol 9g 

(150 mg, 0.56 mmol, 1 equiv) the title compound 1,3-dimethyl-2-o-tolyl-1,2,3,4-

tetrahydroquinazolin-6-yl n-heptylcarbamate 2g (135 mg, 59%) was obtained after column 

chromatography (petroleum ether:EtOAc = 3:1) as a yellow solid; mp 130-133 °C. 1H NMR 

(400 MHz, DMSO-d6): δ = 7.51 (t, J = 5.6 Hz, NH), 7.20 (d, J = 6.2 Hz, 1H), 7.16 (td, J = 

7.3, 1.2 Hz, 1H), 7.09 - 7.00 (m, 1H), 6.85 – 6.78 (m, 2H), 6.63 - 6.56 (m, 2H), 5.01 (s, 1H), 

3.56 (d, J = 16.4 Hz, 1H), 3.30 (m, 1H), 3.02 (dd, J = 13.0, 6.7 Hz, 2H), 2.84 (s, 3H), 2.43 (s, 

3H), 2.40 (s, 3H), 1.51 - 1.38 (m, 2H), 1.34 - 1.20 (m, 8H), 0.87 (t, J = 6.8 Hz, 3H) ppm. 13C 

NMR (101 MHz, DMSO-d6): δ = 155.6, 141.5, 141.3, 138.8, 136.9, 131.4, 127.9, 125.7, 
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125.6, 121.1, 120.7, 117.9, 108.7, 78.9, 48.8, 42.0, 40.9, 36.5, 31.7, 29.8, 28.9, 26.7, 22.5, 

18.9, 14.4 ppm. ESI-MS: m/z calcd: 409.27, found: 410.3 [M+H]+. HPLC (method C): 95%. 

 

2-(4-Methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl 

n-heptylcarbamate 2h. According to GP4, starting from 2-(4-methoxyphenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazolin-6-ol 9h (150 mg, 0.53 mmol, 1 equiv) the title compound 2-(4-

methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2h 

(173 mg, 77%) was obtained after column chromatography (petroleum ether:EtOAc = 1:2) as 

a clear oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.50 (t, J = 5.6 Hz, NH), 7.06 (d, J = 8.6 Hz, 

2H), 6.87 (d, J = 8.7 Hz, 2H), 6.81 (dd, J = 8.7, 2.6 Hz, 1H), 6.66 - 6.55 (m, 2H), 4.88 (s, 1H), 

3.72 (s, 3H), 3.54 (d, J = 16.2 Hz, 1H), 3.31 (d, J = 16.0 Hz, 1H), 3.01 (dd, J = 12.9, 6.6 Hz, 

2H), 2.89 (s, 3H), 2.36 (s, 3H), 1.50 - 1.39 (m, 2H), 1.34 - 1.21 (m, 8H), 0.93 - 0.81 (m, 3H) 

ppm. 13C NMR (101 MHz, DMSO-d6): δ = 158.6, 155.1, 140.9, 140.7, 132.8, 127.9 (2C), 

120.6, 120.0, 118.1, 113.6 (2C), 108.8, 80.2, 55.0, 48.6, 41.4, 40.4, 36.6, 31.2, 29.3, 28.4, 

26.2, 22.0, 13.9 ppm. ESI-MS: m/z calcd: 425.27, found: 426.3 [M+H]+. HPLC (method C): 

98%. 

 

2-(3-Methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl 

n-heptylcarbamate 2i. According to GP4, starting from 2-(3-methoxyphenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazolin-6-ol 9i (150 mg, 0.52 mmol, 1 equiv) the title compound 2-(3-

methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2i (93 mg, 

41%) was obtained after column chromatography (petroleum ether:EtOAc = 1:1) as a clear 

oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.50 (t, J = 5.6 Hz, NH), 7.24 (t, J = 7.9 Hz, 1H), 

6.88 - 6.78 (m, 2H), 6.75 - 6.67 (m, 2H), 6.65 - 6.56 (m, 2H), 4.92 (s, 1H), 3.70 (s, 3H), 3.56 

(d, J = 16.3 Hz, 1H), 3.39 - 3.31 (m, 1H), 3.01 (dd, J = 13.0, 6.6 Hz, 2H), 2.92 (s, 3H), 2.39 

(s, 3H), 1.50 - 1.41 (m, 2H), 1.32 - 1.22 (m, 8H), 0.87 (t, J = 6.7 Hz, 3H) ppm. 13C NMR 

(101 MHz, DMSO-d6): δ = 159.7, 155.6, 143.1, 141.5, 141.1, 129.8, 121.1, 120.6, 119.4, 

118.6, 113.2, 113.0, 109.3, 81.0, 55.4, 49.1, 42.1, 40.9, 37.2, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 

ppm. ESI-MS: m/z calcd: 425.27, found: 426.3 [M+H]+. HPLC (method B): 98%. 

 

2-(2-Methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl 

n-heptylcarbamate 2j. According to GP4, starting from 2-(2-methoxyphenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazolin-6-ol 9j (150 mg, 0.53 mmol, 1 equiv) the title compound 2-(2-

methoxyphenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2j 
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(159 mg, 71%) was obtained after column chromatography (petroleum ether:EtOAc = 1:2) as 

a yellow oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.51 (t, J = 5.7 Hz, NH), 7.30 - 7.23 (m, 

1H), 7.04 (d, J = 8.2 Hz, 1H), 6.88 - 6.77 (m, 3H), 6.64 (d, J = 2.7 Hz, 1H), 6.58 (d, J = 8.8 

Hz, 1H), 5.17 (s, 1H), 3.82 (s, 3H), 3.64 (d, J = 16.2 Hz, 1H), 3.31 (m, 1H), 3.02 (dd, J = 

13.0, 6.7 Hz, 2H), 2.73 (s, 3H), 2.36 (s, 3H), 1.53 - 1.41 (m, 2H), 1.34 - 1.22 (m, 8H), 0.87 (t, 

J = 6.9 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 157.4, 155.6, 141.8, 141.4, 129.5, 

128.3, 126.7, 121.1, 120.5, 120.1, 118.4, 111.9, 108.9, 75.6, 56.0, 48.9, 42.4, 40.9, 36.2, 31.7, 

29.8, 28.9, 26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 425.27, found: 426.30 [M+H]+. HPLC 

(method A): 98%. 

 

2-(4-Fluorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

2k. According to GP4, starting from 2-(4-fluorophenyl)-1,3-dimethyl-1,2,3,4-

tetrahydroquinazolin-6-ol 9k (150 mg, 0.55 mmol, 1 equiv) the title compound 2-(4-

fluorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2k (93 mg, 

41%) was obtained after column chromatography (petroleum ether:EtOAc = 2:1) as a clear 

oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.51 (t, J = 5.7 Hz, NH), 7.23 - 7.10 (m, 4H), 6.82 

(dd, J = 8.7, 2.7 Hz, 1H), 6.62 (d, J = 9.0 Hz, 1H), 6.60 (d, J = 2.8 Hz, 1H), 4.97 (s, 1H), 3.51 

(d, J = 16.3 Hz, 1H), 3.32 (m, 1H), 3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.92 (s, 3H), 2.38 (s, 3H), 

1.49 - 1.38 (m, 2H), 1.33 - 1.20 (m, 8H), 0.87 (t, J = 6.8 Hz, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 161.9 (d, J = 243.3 Hz), 155.6, 141.5, 140.9, 137.6 (d, J = 2.8 Hz), 129.2 (d, J 

= 8.2 Hz, 2C), 121.1, 120.6, 118.4, 115.5 (d, J = 21.3 Hz, 2C), 109.5, 80.4, 48.9, 42.0, 40.9, 

37.2, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 413.25, found: 414.3 

[M+H]+. HPLC (method C): 100%. 

 

1,3-Dimethyl-2-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroquinazolin-6-yl 

n-heptylcarbamate 2l. According to GP4, starting from 1,3-dimethyl-2-(4-

(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroquinazolin-6-ol 9l (150 mg, 0.47 mmol, 1 equiv) 

the title compound 1,3-dimethyl-2-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroquinazolin-

6-yl n-heptylcarbamate 2l (154 mg, 72%) was obtained after column chromatography 

(petroleum ether:EtOAc = 1:1) as a clear oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.70 (d, J = 

8.2 Hz, 2H), 7.51 (t, J = 5.6 Hz, NH), 7.38 (d, J = 8.1 Hz, 2H), 6.84 (dd, J = 8.7, 2.6 Hz, 1H), 

6.66 (d, J = 8.8 Hz, 1H), 6.61 (d, J = 2.6 Hz, 1H), 5.09 (s, 1H), 3.48 (d, J = 16.5 Hz, 1H), 3.36 

(d, J = 17.0 Hz, 1H), 3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.96 (s, 3H), 2.43 (s, 3H), 1.50 - 1.39 

(m, 2H), 1.27 (m, 8H), 0.87 (t, J = 6.8 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 
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155.6, 146.3, 141.7, 140.7, 128.6 (q, J = 31.8 Hz), 128.2 (2C), 125.7 (q, J = 3.8 Hz), 121.3, 

120.7, 118.3, 109.6, 80.4, 48.9, 42.1, 40.9, 37.2, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 ppm. ESI-

MS: m/z calcd: 463.24, found: 464.2 [M+H]+. HPLC (method B): 99%. 

 

1,3-Dimethyl-2-(pyridin-4-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

2m. According to GP4, starting from 1,3-dimethyl-2-(pyridin-4-yl)-1,2,3,4-

tetrahydroquinazolin-6-ol 9m (150 mg, 0.59 mmol, 1 equiv) the title compound 1,3-dimethyl-

2-(pyridin-4-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2m (123 mg, 53%) was 

obtained after column chromatography (DCM:MeOH = 9:1) as a clear oil; 1H NMR (400 

MHz, DMSO-d6): δ = 8.53 (dd, J = 4.4, 1.6 Hz, 2H), 7.52 (t, J = 5.7 Hz, NH), 7.16 - 7.11 (m, 

2H), 6.84 (dd, J = 8.7, 2.7 Hz, 1H), 6.66 (d, J = 8.9 Hz, 1H), 6.61 (d, J = 2.7 Hz, 1H), 5.04 (s, 

1H), 3.48 (d, J = 16.6 Hz, 1H), 3.37 (d, J = 16.4 Hz, 1H), 3.01 (dd, J = 13.1, 6.8 Hz, 2H), 2.97 

(s, 3H), 2.43 (s, 3H), 1.48 - 1.38 (m, 2H), 1.32 - 1.21 (m, 8H), 0.87 (t, J = 6.8 Hz, 3H) ppm. 
13C NMR (101 MHz, DMSO-d6): δ = 155.5, 150.3 (2C), 150.1, 141.7, 140.6, 122.5 (2C), 

121.3, 120.7, 118.2, 109.7, 79.9, 49.0, 42.1, 40.9, 37.3, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 ppm. 

ESI-MS: m/z calcd: 396.25, found: 397.2 [M+H]+. HPLC (method C): 98%. 

 

1,3-Dimethyl-2-(pyridin-3-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2n. 

According to GP4, starting from 1,3-dimethyl-2-(pyridin-3-yl)-1,2,3,4-tetrahydroquinazolin-

6-ol 9n (150 mg, 0.59 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(pyridin-3-yl)-

1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2n (134 mg, 58%) was obtained after 

column chromatography (DCM:MeOH = 9:1) as a clear oil; 1H NMR (400 MHz, DMSO-d6): 

δ = 8.48 (dd, J = 4.7, 1.4 Hz, 1H), 8.38 (d, J = 1.9 Hz, 1H), 7.55 - 7.46 (m, NH + 1H), 7.35 

(dd, J = 7.7, 4.8 Hz, 1H), 6.84 (dd, J = 8.7, 2.6 Hz, 1H), 6.65 (d, J = 8.8 Hz, 1H), 6.62 (d, J = 

2.6 Hz, 1H), 5.08 (s, 1H), 3.50 (d, J = 16.4 Hz, 1H), 3.38 (d, J = 16.5 Hz, 1H), 3.01 (dd, J = 

13.0, 6.7 Hz, 2H), 2.95 (s, 3H), 2.42 (s, 3H), 1.51 - 1.38 (m, 2H), 1.34 - 1.21 (m, 8H), 0.87 (t, 

J = 6.7 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.0, 148.8, 148.5, 141.2, 140.3, 

136.1, 134.4, 123.4, 120.8, 120.2, 117.8, 109.3, 78.5, 48.3, 41.5, 40.4, 36.7, 31.2, 29.2, 28.4, 

26.2, 22.0, 13.9 ppm. ESI-MS: m/z calcd: 396.25, found: 396.9 [M+H]+. HPLC (method B): 

99%. 

 

1,3-Dimethyl-2-(thiophen-3-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

2o. A solution of 1,3-dimethyl-2-(thiophen-3-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9o 

(150 mg, 0.58 mmol, 1 equiv) in DCM (5 mL) was treated with n-heptyl isocyanate (101 µL, 
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0.63 mmol, 1.1 equiv) and triethylamine (88 µL, 0.63 mmol, 1.1 equiv). The mixture was 

stirred for 6 h. For workup, the mixture was diluted with ethyl acetate (30 mL), washed with 

water (10 mL) and washed with brine (10 mL). The organic phase was dried over Na2SO4 and 

the solvent was evaporated under reduced pressure. The crude product was purified by 

column chromatography (petroleum ether:EtOAc = 1:1) to yield 1,3-dimethyl-2-(thiophen-3-

yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2o (96 mg, 42%) as a yellow oil; 1H 

NMR (400 MHz, DMSO-d6): δ = 7.54 - 7.44 (m, NH + 1H), 7.11 - 7.05 (m, 1H), 6.91 (dd, J = 

5.0, 1.1 Hz, 1H), 6.80 (dd, J = 8.7, 2.7 Hz, 1H), 6.62 - 6.55 (m, 2H), 4.99 (s, 1H), 3.60 (d, J = 

16.3 Hz, 1H), 3.37 (d, J = 16.3 Hz, 1H), 3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.93 (s, 3H), 2.36 (s, 

3H), 1.48 - 1.38 (m, 2H), 1.33 - 1.22 (m, 8H), 0.94 - 0.77 (m, 3H) ppm. 13C NMR (101 MHz, 

DMSO-d6): δ = 155.6, 143.0, 141.6, 140.9, 127.0, 126.9, 122.9, 121.0, 120.5, 118.6, 109.8, 

77.9, 49.4, 41.6, 40.9, 37.1, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 

401.21, found: 402.2 [M+H]+. HPLC (method C): 99%. 

 

1,3-Dimethyl-2-(thiophen-2-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

2p. A solution of 1,3-dimethyl-2-(thiophen-2-yl)-1,2,3,4-tetrahydroquinazolin-6-ol 9p 

(150 mg, 0.58 mmol, 1 equiv) in DCM (5 mL) was treated with n-heptyl isocyanate (101 µL, 

0.63 mmol, 1.1 equiv) and triethylamine (88 µL, 0.63 mmol, 1.1 equiv). The mixture was 

stirred for 6 h. For workup, the mixture was diluted with ethyl acetate (30 mL), washed with 

water (10 mL) and washed with brine (10 mL). The organic phase was dried over Na2SO4 and 

the solvent was evaporated under reduced pressure. The crude product was purified by 

column chromatography (petroleum ether:EtOAc = 1:1) to yield 1,3-dimethyl-2-(thiophen-2-

yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2p (133 mg, 58%) as a white 

powder; mp 81 °C. 1H NMR (400 MHz, DMSO-d6): δ = 7.51 (t, J = 5.6 Hz, NH), 7.44 (dd, J 

= 5.0, 1.0 Hz, 1H), 6.93 (dd, J = 5.0, 3.5 Hz, 1H), 6.80 (dd, J = 8.7, 2.6 Hz, 1H), 6.77 (d, J = 

3.4 Hz, 1H), 6.65 - 6.56 (m, 2H), 5.21 (s, 1H), 3.76 (d, J = 16.5 Hz, 1H), 3.43 (d, J = 16.4 Hz, 

1H), 3.07 - 2.95 (m, 5H), 2.37 (s, 3H), 1.50 - 1.38 (m, 2H), 1.34 - 1.21 (m, 8H), 0.87 (t, J = 

6.7 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.0, 144.8, 141.4, 139.9, 126.4, 

125.9, 125.0, 120.5, 120.0, 118.2, 109.6, 77.1, 48.7, 40.9, 40.4, 36.9, 31.2, 29.2, 28.4, 26.2, 

22.0, 13.9 ppm. ESI-MS: m/z calcd: 401.21, found: 402.3 [M+H]+. HPLC (method B): 100%. 

 

2-(Furan-3-yl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2q. 

According to GP4, starting from 2-(furan-3-yl)-6-hydroxy-1,3-dimethyl-2,3-

dihydroquinazolin-4(1H)-one 9q (150 mg, 0.49 mmol, 1 equiv) the title compound 2-(furan-
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3-yl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2q (71 mg, 30%) was 

obtained after column chromatography (petroleum ether:EtOAc = 1:2) as a clear oil; 1H NMR 

(400 MHz, DMSO-d6): δ = 7.58 (dd, J = 8.0, 6.4 Hz, 1H), 7.50 (t, J = 5.6 Hz, NH), 7.34 (s, 

1H), 6.78 (dd, J = 8.7, 2.7 Hz, 1H), 6.60 (d, J = 2.6 Hz, 1H), 6.55 (d, J = 8.8 Hz, 1H), 6.25 (d, 

J = 1.0 Hz, 1H), 4.87 (s, 1H), 3.72 (d, J = 16.4 Hz, 1H), 3.41 (d, J = 16.3 Hz, 1H), 3.01 (dd, J 

= 13.0, 6.7 Hz, 2H), 2.89 (s, 3H), 2.34 (s, 3H), 1.51 - 1.39 (m, 2H), 1.34 - 1.15 (m, 8H), 0.87 

(t, J = 6.8 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.6, 144.0, 141.7, 141.0, 

140.9, 125.6, 120.9, 120.4, 118.8, 110.1, 109.9, 74.7, 49.5, 41.4, 40.9, 36.9, 31.7, 29.7, 28.8, 

26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 385.24, found: 386.3 [M+H]+. HPLC (method B): 

98%. 

 

1,3-Dimethyl-2-(1H-pyrrol-3-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

2r. According to GP4, starting from 1,3-dimethyl-2-(1H-pyrrol-3-yl)-1,2,3,4-

tetrahydroquinazolin-6-ol 9r (100 mg, 0.49 mmol, 1 equiv) the title compound 1,3-dimethyl-

2-(1H-pyrrol-3-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2r (38 mg, 15%) was 

obtained after column chromatography (DCM:MeOH = 9:1) as a yellow oil; 1H NMR 

(400 MHz, DMSO-d6): δ = 10.60 (s, NH), 7.49 (t, J = 5.7 Hz, CONH), 6.76 (dd, J = 8.7, 2.7 

Hz, 1H), 6.64 (dd, J = 4.7, 2.4 Hz, 1H), 6.57 (d, J = 2.7 Hz, 1H), 6.51 (d, J = 8.8 Hz, 1H), 

6.45 - 6.38 (m, 1H), 5.81 (dd, J = 4.0, 2.4 Hz, 1H), 4.82 (s, 1H), 3.77 (d, J = 16.0 Hz, 1H), 

3.35 (m, 1H), 3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.85 (s, 3H), 2.32 (s, 3H), 1.50 - 1.37 (m, 2H), 

1.35 - 1.18 (m, 8H), 0.87 (t, J = 6.8 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 

155.6, 141.6, 141.3, 122.4, 120.7, 120.2, 119.1, 118.2, 116.4, 109.6, 106.7, 76.8, 49.6, 41.40, 

40.9, 37.0, 31.7, 29.8, 28.9, 26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 384.25, found: 385.30 

[M+H]+. HPLC (method A): 95%. 

 

1,3-Dimethyl-2-(naphthalen-1-yl)-1,2,3,4-tetrahydroquinazolin-6-yl 

n-heptylcarbamate 2s. According to GP4, starting from 1,3-dimethyl-2-(naphthalen-1-yl)-

1,2,3,4-tetrahydroquinazolin-6-ol 9s (150 mg, 0.49 mmol, 1 equiv) the title compound 1,3-

dimethyl-2-(naphthalen-1-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2s 

(131 mg, 60%) was obtained after column chromatography (petroleum ether:EtOAc = 7:2) as 

a clear oil; 1H NMR (400 MHz, DMSO-d6): δ = 8.27 (d, J = 8.1 Hz, 1H), 7.96 - 7.89 (m, 1H), 

7.85 (d, J = 8.2 Hz, 1H), 7.60 - 7.48 (m, 2H+NH), 7.42 - 7.34 (m, 1H), 7.03 (d, J = 7.1 Hz, 

1H), 6.87 (dd, J = 8.7, 2.7 Hz, 1H), 6.68 (d, J = 8.9 Hz, 1H), 6.61 (d, J = 2.7 Hz, 1H), 5.63 (s, 

1H), 3.52 (d, J = 16.5 Hz, 1H), 3.28 (m, 1H), 3.02 (dd, J = 13.0, 6.7 Hz, 2H), 2.94 (s, 3H), 
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2.56 (s, 3H), 1.51 - 1.39 (m, 2H), 1.33 - 1.22 (m, 8H), 0.87 (t, J = 6.8 Hz, 3H) ppm. 13C NMR 

(101 MHz, DMSO-d6): δ = 155.6, 141.5, 141.4, 135.8, 134.4, 131.1, 128.7, 128.7, 126.2, 

126.1, 125.4, 125.2, 123.9, 121.2, 120.8, 117.7, 108.9, 79.1, 49.1, 41.9, 40.9, 36.8, 31.7, 29.7, 

28.8, 26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 445.27, found: 446.3 [M+H]+. HPLC (method 

B): 97%. 

 

1,3-Dimethyl-2-(naphthalen-2-yl)-1,2,3,4-tetrahydroquinazolin-6-yl 

n-heptylcarbamate 2t. According to GP4, starting from 1,3-dimethyl-2-(naphthalen-2-yl)-

1,2,3,4-tetrahydroquinazolin-6-ol 9t (150 mg, 0.49 mmol, 1 equiv) the title compound 1,3-

dimethyl-2-(naphthalen-2-yl)-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 2t 

(155 mg, 71%) was obtained after column chromatography (petroleum ether:EtOAc = 1:1) as 

a clear oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.92 - 7.86 (m, 2H), 7.86 - 7.79 (m, 1H), 7.57 

(br, NH), 7.55 - 7.44 (m, 3H), 7.41 (dd, J = 8.5, 1.6 Hz, 1H), 6.86 (dd, J = 8.7, 2.7 Hz, 1H), 

6.69 (d, J = 8.9 Hz, 1H), 6.61 (d, J = 2.7 Hz, 1H), 5.12 (s, 1H), 3.56 (d, J = 16.2 Hz, 1H), 3.36 

(d, J = 16.1 Hz, 1H), 3.10 - 2.91 (m, 5H), 2.44 (s, 3H), 1.49 - 1.38 (m, 2H), 1.32 - 1.22 (m, 

8H), 0.90 - 0.82 (m, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.6, 141.5, 141.1, 

139.2, 133.05, 133.0, 128.6, 128.4, 127.9, 126.6, 126.5, 125.8, 125.8, 121.2, 120.6, 118.6, 

109.5, 81.3, 49.3, 42.1, 40.9, 37.3, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 

445.27, found: 446.3 [M+H]+. HPLC (method C): 96%. 

 

2-(2,6-Dichlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl 

n-heptylcarbamate 2u. According to GP4, starting from 2-(2,6-dichlorophenyl)-1,3-

dimethyl-1,2,3,4-tetrahydroquinazolin-6-ol 9u (150 mg, 0.47 mmol, 1 equiv) the title 

compound 2-(2,6-dichlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazolin-6-yl n-

heptylcarbamate 2u (64 mg, 30%) was obtained after column chromatography (petroleum 

ether:EtOAc = 4:1) as a yellow oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.61 - 7.45 (m, 

2H+NH), 7.46 - 7.32 (m, 1H), 6.85 (dd, J = 8.7, 2.7 Hz, 1H), 6.75 (d, J = 2.7 Hz, 1H), 6.56 (d, 

J = 8.8 Hz, 1H), 5.42 (s, 1H), 3.75 (d, J = 15.0 Hz, 1H), 3.46 (d, J = 15.0 Hz, 1H), 3.08 (dd, J 

= 13.0, 6.7 Hz, 2H), 2.70 (s, 3H), 2.33 (s, 3H), 1.58 - 1.44 (m, 2H), 1.41 - 1.25 (m, 8H), 0.92 

(t, J = 6.8 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.6, 141.8, 141.5, 134.9, 

130.5, 121.1, 120.3, 120.1, 109.8, 79.8, 52.5, 42.0, 40.9, 35.2, 31.7, 29.8, 28.9, 26.7, 22.5, 

14.4 ppm. ESI-MS: m/z calcd: 463.18, found: 464.20 [M+H]+. HPLC (method A): 96%. 
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3-iso-Propyl-1-methyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

3a. According to GP4, starting from 3-iso-propyl-1-methyl-2-phenyl-1,2,3,4-

tetrahydroquinazolin-6-ol 10a (100 mg, 0.35 mmol, 1 equiv) the title compound 3-iso-propyl-

1-methyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 3a (72 mg, 48%) was 

obtained after column chromatography (petroleum ether:EtOAc= 5:1) as a white solid; mp 

132-133 °C. 1H NMR (400 MHz, DMSO-d6): δ = 7.48 (t, J = 5.7 Hz, NH), 7.36 - 7.28 (m, 

2H), 7.28 - 7.21 (m, 1H), 7.16 (d, J = 7.2 Hz, 2H), 6.79 (dd, J = 8.7, 2.7 Hz, 1H), 6.60 (d, J = 

2.7 Hz, 1H), 6.56 (d, J = 8.8 Hz, 1H), 5.25 (s, 1H), 3.60 (d, J = 16.4 Hz, 1H), 3.46 (d, J = 16.8 

Hz, 1H), 3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.93 (s, 3H), 2.86 - 2.74 (m, 1H), 1.49 - 1.38 (m, 

2H), 1.34 - 1.21 (m, 8H), 1.16 (d, J = 6.3 Hz, 3H), 1.06 (d, J = 6.3 Hz, 3H), 0.87 (t, J = 6.8 

Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.6, 142.7, 142.0, 141.2, 128.7 (2C), 

127.6, 127.1 (2C), 120.9, 119.9, 119.8, 108.8, 76.8, 50.1, 44.3, 40.9, 36.8, 31.7, 29.8, 28.8, 

26.7, 22.5, 22.0, 21.7, 14.4 ppm. ESI-MS: m/z calcd: 423.29, found: 424.30 [M+H]+. HPLC 

(method C): 99%. 

 

1-Methyl-2-phenyl-3-n-propyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 

3b. According to GP4, starting from 1-methyl-2-phenyl-3-n-propyl-1,2,3,4-

tetrahydroquinazolin-6-ol 10b (100 mg, 0.35 mmol, 1 equiv) the title compound 1-methyl-2-

phenyl-3-n-propyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 3b (58 mg, 39%) was 

obtained after column chromatography (petroleum ether:EtOAc= 5:1) as a white solid; mp 

106-108 °C. 1H NMR (400 MHz, DMSO-d6): δ = 7.49 (br, NH), 7.37 - 7.29 (m, 2H), 7.29 - 

7.19 (m, 1H), 7.19 - 7.09 (m, 2H), 6.81 (d, J = 7.6 Hz, 1H), 6.65 - 6.51 (m, 2H), 5.07 (s, 1H), 

3.49 (d, J = 16.3 Hz, 1H), 3.40 (d, J = 17.0 Hz, 1H), 3.06 - 2.88 (m, 5H), 2.46 - 2.37 (m, 2H), 

1.57 (dd, J = 13.8, 6.7 Hz, 2H), 1.49 - 1.38 (m, 2H), 1.35 - 1.19 (m, 8H), 0.93 (t, J = 7.0 Hz, 

3H), 0.90 - 0.81 (m, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.6, 142.0, 141.4, 

141.3, 128.7 (2C), 127.8, 127.1 (2C), 121.0, 120.6, 118.6, 109.1, 79.5, 55.0, 47.0, 40.9, 37.2, 

31.7, 29.7, 28.8, 26.7, 22.5, 21.2, 14.4, 12.2 ppm. ESI-MS: m/z calcd: 423.29, found: 424.30 

[M+H]+. HPLC (method C): 100%. 

 

 3-Benzyl-1-methyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-yl n-heptylcarbamate 3c. 

According to GP4, starting from 3-benzyl-1-methyl-2-phenyl-1,2,3,4-tetrahydroquinazolin-6-

ol 10c (100 mg, 0.36 mmol, 1 equiv) the title compound 3-benzyl-1-methyl-2-phenyl-1,2,3,4-

tetrahydroquinazolin-6-yl n-heptylcarbamate 3c (79 mg, 55%) was obtained after column 

chromatography (petroleum ether:EtOAc= 5:1) as a white solid; mp 104-106 °C. 1H NMR 
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(400 MHz, DMSO-d6): δ = 7.50 (t, J = 5.7 Hz, NH), 7.43 - 7.23 (m, 8H), 7.16 (d, J = 7.3 Hz, 

2H), 6.85 (dd, J = 8.7, 2.7 Hz, 1H), 6.68 (d, J = 8.8 Hz, 1H), 6.56 (d, J = 2.6 Hz, 1H), 4.96 (s, 

1H), 3.78 (d, J = 13.3 Hz, 1H), 3.67 (d, J = 13.3 Hz, 1H), 3.54 (d, J = 16.6 Hz, 1H), 3.37 (d, J 

= 17.3 Hz, 1H), 3.01 (dd, J = 13.0, 6.7 Hz, 2H), 2.96 (s, 3H), 1.49 - 1.39 (m, 2H), 1.31 - 1.20 

(m, 8H), 0.86 (t, J = 6.8 Hz, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 155.6, 141.7, 

141.5, 141.2, 139.4, 129.2 (2C), 128.8 (4C), 127.9, 127.6, 127.0 (2C), 121.3, 120.7, 118.2, 

109.4, 78.7, 57.2, 46.9, 40.7, 37.3, 31.7, 29.7, 28.8, 26.7, 22.5, 14.4 ppm. ESI-MS: m/z calcd: 

471.29, found: 472.30 [M+H]+. HPLC (method C): 97%. 
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IC50Values with Confidence Intervals 

Table S1. Cholinesterase inhibition of the synthesized test compounds.a Phenols were 

incubated for 4.5 min and carbamates for 30 min. 

 

Moiety X =  

H 

IC50 [μM] or % inhibition 

(95% confidence interval) 

X = 

(C=O)NHn-

Hept 

IC50 [μM] or % inhibition 

(95% confidence interval) 

 
BChE AChE BChE AChE 

R1 = Me; R2 =       
H 9a 39.9 

(31.5-50.5) 
327.0 

(258.2-414.2) 
2a 0.106 

(0.095-0.118) 
4%d 

4-Cl-Ph- 9b 13.8 
(12.3-15.4) 

235.6 
(198.7-279.2) 

2b 0.115 
(0.088-0.149) 

24%d 

3-Cl-Ph- 9c 2.1 
(1.9-2.3) 

242.4 
(200.9-292.5) 

2c 0.096 
(0.090-0.103) 

39%d 

2-Cl-Ph- 9d 56.0 
(43.6-71.9) 

60%b 2d 0.474 
(0.406-0.555) 

48%e 

4-Me-Ph- 9e 22.6 
(19.4-26.3) 

109.9 
(98.4-122.9) 

2e 0.231 
(0.217-0.247) 

9%d 

3-Me-Ph- 9f 17.4 
(14.2-21.3) 

437.0 
(376.6-507.1) 

2f 0.199 
(0.181-0.220) 

27%d 

2-Me-Ph- 9g 92.4 
(79.9-106.8) 

143.4 
(119.1-172.6) 

2g 0.251 
(0.211-0.298) 

18%e 

4-MeO-Ph- 9h 39.5 
(27.4-57.0) 

103.8 
(68.4-157.5) 

2h 0.875 
(0.769-0.997) 

14%d 

3-MeO-Ph- 9i 7.8 
(5.4-11.2) 

61%b 2i 0.208 
(0.185-0.233 

10%d 

2-MeO-Ph- 9j 9.9 
(8.3-11.8) 

192.8 
(167.7-221.6) 

2j 0.238 
(0.202-0.281) 

47%e 

4-F-Ph- 9k 58.9 
(49.6-69.9) 

143.4 
(119.1-172.6) 

2k 0.044 
(0.035-0.055) 

1.61 
(0.94-2.77) 

4-CF3-Ph- 9l 64.6 
(56.5-73.9) 

ndc 
2l 2.7 

(1.7-4.3) 
59%d 

4-pyridyl- 9m 2.1 
(1.9-2.3) 

242.4 
(200.9-292.5) 

2m 0.723 
(0.656-0.797) 

16%d 

3-pyridyl- 9n 70.7 
(57.9-86.2) 

61%b 2n 0.565 
(0.478-0.666) 

18%d 

3-thiophenyl- 9o 193.7 
(148.1-253.4) 

52%b 2o 0.022 
(0.021-0.023) 

13%d 

2-thiophenyl 9p 63.2 
(56.3-71.0) 

225.8 
(189.1-269.6) 

2p 0.014 
(0.012-0.016) 

0.013* 

0%d 
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(0.009-0.019)* 
3-furyl- 9q 196.1 

(176.1-218.3) 
341.7 

(294.1-397.1) 
2q 0.083 

(0.072-0.095) 
12%d 

3-pyrrolyl- 9r 15.3 
(13.2-17.8) 

115.9 
(104.7-128.3) 

2r 0.023 
(0.021-0.026) 

0.852 
(0.75-0.98) 

1-naphthyl- 9s 2.8 
(2.6-3.2) 

341.7 
(294.1-397.1) 

2s 36.2 
(25.2-52.1) 

8%e 

2-naphthyl- 9t 16.5 
(14.7-18.5) 

9%c 2t 0.374 
(0.315-0.444) 

5%e 

2,6-dichloro- 9u 7.1 
(6.6-7.8) 

13.5 
(11.2-16.4) 

2u 0.531 
(0.464-0.608) 

33%e 

 R2 = Ph; R1 =        

i-Pr- 10a 55.8 
(47.7-65.2) 

253.0 
(249.2-256.8) 

3a 0.021 
(0.019-0.024) 

33%d 

nPr- 10b 22.8 
(20.3-25.5) 

279.3 
(261.9-297.8) 

3b 0.040 
(0.035-0.045) 

46%d 

benzyl- 10c 14.8 
(13.2-16.7) 

16%c 3c 0.034 
(0.030-0.038) 

17%e 

 15 98.1 
(82.4-116.8) 

20%b 16 1.8 
(1.2-2.8) 

22%d 

  

 

 physostigmine 0.078 
(0.073-0.084) 

0.032 
(0.03-0.04) 

aExperiments were performed in triplicate at AChE from human erythrocytes and BChE 
from equine serum. b-e % Inhibition at a concentration of b500 μM; c50 μM; d100 μM; e10 μM. 

* Values determined at human BChE. 
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Enantiomeric Separation of Compound 2p 

Enantiomeric resolution was performed on a Jasco HPLC system (pump PU-1580, gradient 

unit LG-980-02S, degasser DG-2080-53, autosampler AS-2055Plus, UV detector MD-

2010Plus; Jasco Deutschland, Gross-Umstadt) equipped with an analytical Chiralpak® IA 

(Chiral Technologies Europe, 4.6 mm x 250 mm, 5 µm) column and coupled to a J-715 

spectropolarimeter (Jasco Deutschland, Gross-Umstadt) for the online-CD measurements 

(scanning rate: 200 nm/min, bandwith: 5 nm, response time: 1 s). The enantiomeric 

resolutions were performed at room temperature with an isocratic solvent system of 

MTBE:MeOH (95:5 containing 0.1% HNEt2) at 1 mL/min. Semi-preparative HPLC was 

performed on the same system with a semi-preparative Chiralpak® IA (Chiral Technologies 

Europe, 10 mm x 250 mm, 5 µm) column at 4.7 mL/min. 

By HPLC on a chiral phase the racemic mixture (Figure S1) of compound 2p was clearly 

resolved into its two enantiomers and analyzed chiroptically online, by HPLC-CD coupling 

(Figures S2, S3 and S4). The two enantiomers proved to be configurationally unstable, 

undergoing rapid isomerization back to the racemic mixture during solvent evaporation. 

 

 

Figure S1. (S1a) HPLC-UVchromatogram of a racemic mixture of compound 2p and (S1b) 

the corresponding LC-CD chromatogram. 
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Figure S2. (S2a) HPLC-UV chromatogram of pure separated enantiomer A of compound 2p 

and (S2b) its LC-CD chromatogram. 

 

 

Figure S3. (S3a) HPLC-UV chromatogram of pure separated enantiomer B of compound 2p 

and (S3b) its LC-CD chromatogram. 
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Figure S4. Overlay of the whole CD-spectra of the two separated enantiomers of compound 

2p. 
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Comparison of the Respective Enantiomeric Forms in the Binding Model 

To investigate a possible common enantiomeric preference for binding to BChE by the 

compounds in the postulated binding mode, the intermolecular interaction scores (obtained 

from the scoring function DSX[1]) and the conformational strain energies were evaluated and 

compared. The strain energy E was obtained as the difference between the force field energy 

of the binding conformation of the ligand and its minimum conformation in the unbound state. 

As the n-heptyl chain was irrelevant in the context of this analysis, it was replaced by a 

methyl group to restrict the number of conformers and simplify the conformational search. To 

obtain the global energy minimum of the free ligand, a stochastic search was performed in 

MOE[2] with the MMFF94s force field[3] and a dielectric constant of 4, using 10,000 iterations 

and optimization to an rms gradient of 0.01 kcal/(mol·Å). A local 10-step minimization of the 

binding poses was performed with the Truncated Newton method in MOE using the same 

force field (MMFF94s). In Table S2 the obtained E values are shown for both enantiomers 

along with their DSX scores.  

Table S2. Comparison of DSX scores and strain energies for the investigated compounds in 

the postulated BChE binding mode. 

 

 

R 
R-Enantiomer 

Me1 “equatorial” 
S-Enantiomer 
Me1 “axial” 

DSX Score ΔE [kcal/mol] DSX Score ΔE [kcal/mol] 
Phe (2a) -125 4.38 -120 2.37 

Thiophenyl (2p) -110 4.34 -108 3.30 
4-F-Ph- (2k) -125 6.56 -121 2.91 
3-Cl-Ph (2c) -118 7.60 -101 1.78 

4-OMe-Ph (2h) -121 10.70 -127 1.42 
3-OMe-Ph (2i) -127 8.16 -100 3.60 
4-CF3-Ph (2l) -113 13.13 -111 2.84 

1-Naphthyl (2s) -129 9.42 -110 6.34 

Mean -121 8.04 -112 3.07 

 

On average, the strain energy of the R-enantiomers is 5 kcal/mol higher compared to the S-

enantiomers. In general, this less favorable conformational energy is not counterbalanced by a 

sufficiently more favorable DSX score. Although a better score is shown by most of the R-
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enantiomers, the average difference of 9 score units is not significant enough to assume a 

compensation by improved intermolecular interactions. In fact, as seen in redocking studies, 

docking poses of the ligands populating the same cluster (i.e., differing by less than 1.5 Å 

rmsd) show DSX scores varying over a range of 10 units. Accordingly, based on this model 

and the more favorable conformational energies, the S-enantiomers appear as the preferred 

forms for binding to BChE. However, contributions to activity from the R-enantiomers cannot 

be ruled out, in particular for those compounds where a small difference in the strain energy 

and a much more favorable (above average) DSX score is observed (i.e., compounds 2i and 

2s). 
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Sequence Comparison 

The pairwise sequence comparison was carried out using the progam Needle with the 

EBLOSUM62 matrix of EMBOSS v.6.3.1.[4] For comparison, the BChE and AChE sequences 

with the numbers D3DNN4 and P22303, respectively, were taken from the UniProt 

databank.[5] 

#======================================= 
# Aligned_sequences: 2 
# 1:P22303_HUMAN 
# 2:D3DNN4_HUMAN 
# Matrix: EBLOSUM62 
# Gap_penalty: 10.0 
# Extend_penalty: 0.5 
# 
# Length: 650 
# Identity:     316/650 (48.6%) 
# Similarity:   428/650 (65.8%) 
# Gaps:          43/650 ( 6.6%) 
#======================================= 
 
P22303_HUMAN   1 ----------------MRPPQCLLHTP-------------SLASPLLLL-  20 
                                 :.|...::.||             ::.|.:.::  
D3DNN4_HUMAN   1 MSVQSNLQAGAAAASCISPKYYMIFTPCKLCHLCCRESEINMHSKVTIIC  50 
 
P22303_HUMAN  21 ---LLW--LLGGGVGAEGREDAELLVTVRGGRLRGIRLKTPGGPVSAFLG  65 
                    |.|  ||...:|....|| ::::..:.|::||:.|...||.|:|||| 
D3DNN4_HUMAN  51 IRFLFWFLLLCMLIGKSHTED-DIIIATKNGKVRGMNLTVFGGTVTAFLG  99 
 
P22303_HUMAN  66 IPFAEPPMGPRRFLPPEPKQPWSGVVDATTFQSVCYQYVDTLYPGFEGTE 115 
                 ||:|:||:|..||..|:....||.:.:||.:.:.|.|.:|..:|||.|:| 
D3DNN4_HUMAN 100 IPYAQPPLGRLRFKKPQSLTKWSDIWNATKYANSCCQNIDQSFPGFHGSE 149 
 
P22303_HUMAN 116 MWNPNRELSEDCLYLNVWTPYPRPTSPTPVLVWIYGGGFYSGASSLDVYD 165 
                 |||||.:|||||||||||.|.|:|.:.| ||:|||||||.:|.|||.||| 
D3DNN4_HUMAN 150 MWNPNTDLSEDCLYLNVWIPAPKPKNAT-VLIWIYGGGFQTGTSSLHVYD 198 
 
P22303_HUMAN 166 GRFLVQAERTVLVSMNYRVGAFGFLALPGSREAPGNVGLLDQRLALQWVQ 215 
                 |:||.:.||.::|||||||||.|||||||:.|||||:||.||:||||||| 
D3DNN4_HUMAN 199 GKFLARVERVIVVSMNYRVGALGFLALPGNPEAPGNMGLFDQQLALQWVQ 248 
 
P22303_HUMAN 216 ENVAAFGGDPTSVTLFGESAGAASVGMHLLSPPSRGLFHRAVLQSGAPNG 265 
                 :|:|||||:|.||||||||||||||.:|||||.|..||.||:||||:.|. 
D3DNN4_HUMAN 249 KNIAAFGGNPKSVTLFGESAGAASVSLHLLSPGSHSLFTRAILQSGSFNA 298 
 
P22303_HUMAN 266 PWATVGMGEARRRATQLAHLVGCPPGGTGGNDTELVACLRTRPAQVLVNH 315 
                 |||...:.|||.|...||.|.||    :..|:||::.|||.:..|.::.: 
D3DNN4_HUMAN 299 PWAVTSLYEARNRTLNLAKLTGC----SRENETEIIKCLRNKDPQEILLN 344 
 
P22303_HUMAN 316 EWHVLPQESVFRFSFVPVVDGDFLSDTPEALINAGDFHGLQVLVGVVKDE 365 
                 |..|:|..:....:|.|.||||||:|.|:.|:..|.|...|:||||.||| 
D3DNN4_HUMAN 345 EAFVVPYGTPLSVNFGPTVDGDFLTDMPDILLELGQFKKTQILVGVNKDE 394 
 
P22303_HUMAN 366 GSYFLVYGAPGFSKDNESLISRAEFLAGVRVGVPQVSDLAAEAVVLHYTD 415 
                 |:.|||||||||||||.|:|:|.||..|:::..|.||:...|:::.|||| 
D3DNN4_HUMAN 395 GTAFLVYGAPGFSKDNNSIITRKEFQEGLKIFFPGVSEFGKESILFHYTD 444 
 
P22303_HUMAN 416 WLHPEDPARLREALSDVVGDHNVVCPVAQLAGRLAAQGARVYAYVFEHRA 465 
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                 |:..:.|...||||.|||||:|.:||..:...:.:..|...:.|.||||: 
D3DNN4_HUMAN 445 WVDDQRPENYREALGDVVGDYNFICPALEFTKKFSEWGNNAFFYYFEHRS 494 
 
P22303_HUMAN 466 STLSWPLWMGVPHGYEIEFIFGIPLDPSRNYTAEEKIFAQRLMRYWANFA 515 
                 |.|.||.||||.|||||||:||:||:...|||..|:|.::.:::.||||| 
D3DNN4_HUMAN 495 SKLPWPEWMGVMHGYEIEFVFGLPLERRDNYTKAEEILSRSIVKRWANFA 544 
 
P22303_HUMAN 516 RTGDPNEPRDPKAPQWPPYTAGAQQYVSLDLRPLEVRRGLRAQACAFWNR 565 
                 :.|:|||.:: .:..||.:.:..|:|::|:.....:...||||.|.||.. 
D3DNN4_HUMAN 545 KYGNPNETQN-NSTSWPVFKSTEQKYLTLNTESTRIMTKLRAQQCRFWTS 593 
 
P22303_HUMAN 566 FLPKLLSATDTLDEAERQWKAEFHRWSSYMVHWKNQFDHY-SKQDRCSDL 614 
                 |.||:|..|..:||||.:|||.||||::||:.|||||:.| ||::.|..| 
D3DNN4_HUMAN 594 FFPKVLEMTGNIDEAEWEWKAGFHRWNNYMMDWKNQFNDYTSKKESCVGL 643 
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Binding Mode of 2l 

 

Figure S5. (S5a) Representation of the binding mode of 2l (dark brown)in the R-enantiomeric 

form when forced to an analogous binding mode as the most active compound 2p. (S5b) 

Representation of the binding mode for the S-enantiomer of 2l (light brown). More clashes 

with distances below 3 Å are seen between the CF3 group and the protein of the R-enantiomer 

in this rigid binding mode model. This implies that the actual binding mode especially for the 

R-enantiomer of 2l is likely to differ from the common binding mode suggested for the other 

compounds. The contribution of the R-enantiomer of 2l to the binding might be very low, 

whereas for the other compounds the R-enantiomeric form of the ligand might have a higher 

contribution to the activity due to suitable distances from ligand atoms to the protein. 

Residues of the acyl pocket are shown in green, the oxyanion hole in yellow, the CAS in 

orange, the choline binding site in turquoise, and parts of the side cavity in pink. Distances 

(black lines) are shown in italic numbers and are given in Å.  

 

 

 

  

S5a S5bHis438

Glu325

Ser198

Asp70

Asn68
Thr120

Asn83

Pro84 Ile69

2.9
2.7

2.7

2.1

His438

Glu325

Ser198

Asp70

Asn68
Thr120

Asn83

Pro84 Ile69

2.4

4.3
4.5 3.8



S42 
 

Additional References 

[1] Neudert, G.; Klebe G. DSX: A Knowledge-Based Scoring Function for the Assessment of 

Protein-Ligand Complexes. J. Chem. Inf. Model. 2011, 51, 2731-2745. 

[2] Molecular Operating Environment (MOE), 2013.0801 and 2014.0901; Chemical 

Computing Group,1010 Sherbooke St. West, Suite #910, Montreal, QC, Canada, H3A 2R7, 

2011. 

[3] Halgren, T. A. Merck Molecular Force Field. I. Basis, Form, Scope, Parameterization, and 

Performance of MMFF94. J. Comp. Chem. 1996, 17, 490-510. 

[4] Rice, P.; Longden, I.; Bleasby, A. EMBOSS: the European Molecular Biology Open 

Software Suite. Trends Genet. 2000, 16, 276-277. 

[5] The UniProtConsortium. Activities at the Universal Protein Resource (UniProt).Nucleic 

Acids Res. 2014, 42, D191-D198. 

 

 



Appendix 3 

 

 

 

 

 

 

 

Investigation into Selective Debenzylation and 

Ring Cleavage of Quinazoline Based 

Heterocycles. 

 

 

 

 

 

Sawatzky, E.; Bukowczan, J.; Decker, M. Investigation into Selective Debenzylation and Ring 

Cleavage of Quinazoline Based Heterocycles. Tetrahedron Lett. 2014, 55, 2973-2976. Copyright 

(2014) Elsevier. 

 

Article published at: 

http://www.sciencedirect.com/science/article/pii/S0040403914005413 

 

 

 

 

 

 

 

 

 





Investigation into selective debenzylation and ring cleavage

of quinazoline based heterocycles

Edgar Sawatzky, Jerzy Bukowczan, Michael Decker ⇑

Institut für Pharmazie und Lebensmittelchemie, Universität Würzburg, Am Hubland, 97074 Würzburg, Germany

a r t i c l e i n f o

Article history:

Received 8 February 2014

Revised 20 March 2014

Accepted 24 March 2014

Available online 1 April 2014

Keywords:

Quinazolinone

Quinazoline

Debenzylation

Reduction

a b s t r a c t

The selective cleavage of different benzyl bonds within tetrahydroquinazoline and dihydroquinazolinone

derived structures can be achieved by the usage of different reduction and debenzylation conditions

thereby providing selective removal of O-benzyl protection groups as well as the cleavage of the ring

structure within the quinazoline and quinazolinone systems.

� 2014 Elsevier Ltd. All rights reserved.

Over the last decades compounds bearing a quinazoline based

structure have been in the focus of different research areas first

due to their occurrence as a common core structure in several nat-

ural products1,2 like the alkaloids rutaecarpine 1, evodiamine 2,

dehydroevodiamine 3, mackinazolinone 4 and vasicinone 5

(Fig. 1A). And as a result of its promising pharmacological effects

in different medicinal applications, the quinazoline core has be-

come to a privileged structure in medicinal chemistry.3–12

Therefore, many groups used this nitrogen bridgehead core

structure as a key element in the development of numerous exper-

imental therapeutics and prospective drug candidates, also includ-

ing chemical modifications of the above described natural

compounds. Such synthetic compounds are developed for diverse

therapeutic applications, such as anticonvulsant agents,13 in the

treatment of cancer,14,15 as cholinesterase inhibitors for Alzhei-

mer’s disease treatment,16–19 vasodilators,20 anti-inflammatory

agents,21 as a retrograde transport inhibitor for Shiga toxin treat-

ment22 or with regard to their effects on different receptors like

the serotonin receptor 7 (5-HT7 receptor),23 the thyroid stimulat-

ing hormone (TSH) receptor24 or the histamine H3 receptor.25,26 A

few examples of recently published compounds bearing quinazo-

line derived moieties are presented in Figure 1B.

Hereindifferentways for selectiveheteroatom(N andO)-carbon-

bond cleavage of the different benzyl positions within the tetrahy-

droquinazoline structure 9 and its precursor dihydroquinazolinone

10 will be described. Both compounds bear a quinazoline derived core structure like the abovementionednatural products and exper-

imental therapeutics. These compoundswere used as intermediates

for the synthesis of selective butyrylcholinesterase inhibitors16 and

dual-acting AChE inhibitors/hH3 antagonists.26 In these structures

http://dx.doi.org/10.1016/j.tetlet.2014.03.109

0040-4039/� 2014 Elsevier Ltd. All rights reserved.
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Figure 1. (A) Molecules bearing a quinazoline derived core: (A) The alkaloids

rutaecarpine 1, evodiamine 2, dehydroevodiamine 3, mackinazolinone 4 and

vasicinone 5. (B) Examples of some synthetic experimental therapeutics with

related chemical structures.13,16,22
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four different benzyl-bonds can be distinguished; A: the O-benzyl-

protection group, B: the benzylamine N–C bond (only in 9), C: the

central N–C bond and D: the anilinic N–C bond (Fig. 2).

This letter shall provide a systematic overview on conditions

suitable to selectively cleave and reduce the respective bonds

where possible, for example, to induce more flexibility into similar

biologically active compounds, and to prevent undesired cleavage

reactions during debenzylation and reduction chemistry.

The starting point for this investigation was the synthesis of tet-

rahydroquinazoline 9 in four steps as described in Scheme 1. Hy-

droxyl anthranilic acid 11 was treated with triphosgene to yield

hydroxy isatoic anhydride 12 quantitatively in high purity, fol-

lowed by the selective N-methylation to yield compound 13.16

Compound 13 was then first O-benzyl protected and subsequently

fused to the tetracyclic dihydroquinazolinone 14 in a two-step

one-pot-synthesis with a yield of 53%. Benzylation and ring-fusion

can also be performed in two separate steps, but this led to much

lower yields. Ring fusion is also possible without protection of the

phenol group, but only with a yield of 23%.16 Tetrahydroquinazo-

line 9 was synthesized by the reduction of 10 with LiAlH4 in 80%

yield.

The described synthetic procedure can of course also be used for

other substitution patterns in the aromatic systems of the anthra-

nilic acid derivative as well as for the dihydroisoquinoline com-

pound providing the synthetic basis for performing structure–

activity relationship (SAR) investigations in medicinal chemistry

approaches.16,17

The standard strategy for O-debenzylation (cleavage of bond A)

of dihydroquinazolinone 10 and tetrahydroquinazoline 9 applies

the usage of Pd/C and hydrogen in methanol. For compound 10 this

procedure led to the desired cleavage of bondA to yield the phenolic

compound 14 quantitatively (Scheme 2 and Table 1, path a). Inter-

estingly, in the case of tetrahydroquinazoline 9, under these condi-

tions bond A was cleaved but additionally also aniline bond D was

reduced yielding compound 15 in moderate yield (44%). As these

conditions were not applicable for the selective O-debenzylation

of compound 9, hydrogenation with Pd/C as the catalyst was

performed applying different solvent systems. Using EtOH and

AcOH resulted into the same reaction product as with MeOH (path

b and c). Only the usage of dry THF as the solvent surprisingly led

to the selective hydrogenation of the anilinic N–C-bond D to aniline

16 (path d) in excellent yield without affecting theO-benzyl bondA.

A different catalyst for hydrogenation with H2 can also result in

different products, but even the usage of PtO2 in MeOH just led to

N
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Figure 2. Illustration of benzyl bonds of tetrahydroquinazoline 9 and dihydroqui-

nazolinone 10 that might be cleaved under debenzylation conditions.
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tetrahydroquinazoline 9 and dihydroquinazolinone 10 towards different products.

Table 1

Reaction conditions for debenzylation strategies via Scheme 2

Path Starting-material Product Conditions Yield (%)

a 10 14 H2, Pd/C, methanol, 50 �C 100

a 16 15 H2, Pd/C, methanol, 50 �C 49

a 9 15 H2, Pd/C, methanol, 50 �C 44

b 9 15 H2, Pd/C, ethanol, 50 �C 37

c 9 15 H2, Pd/C, acetic acid, 50 �C 14

d 9 16 H2, Pd/C, THF, rt 93

e 9 16 H2, PtO2, methanol, 50 �C 80

f 9 17 AlCl3, PhNMe2 CH2Cl2, rt 65

g 9 17 concd HCl, reflux 80

h 14 17 LiAlH4, THF, reflux 98

h 10 9 LiAlH4, THF, reflux 93

i 17 15 H2, Pd/C, methanol, rt 28

j 9 16 BH3�THF, THF, reflux 42

j 10 16 BH3�THF, THF, reflux 47

k 10 — NaBH4, ethanol, reflux —

k 9 16 NaBH4, ethanol, reflux 60

l 10 — NaCNBH3, acetic acid, 50 �C —

m 10 18 LiAlH4, THF, rt 19
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cleavage of D yielding aniline 16 (80%) (path e). Cleavage of A in the

O-benzyl protected tetrahydroquinazoline 9 towards the unpro-

tected tetrahydroquinazoline 17was finally achieved by two differ-

ent reactions. The conditions of the first one have been reported by

Akiyama et al.27 and used a combined system of the Lewis acid AlCl3
and the Lewis base N,N-dimethylaniline in methylene chloride at

room temperature and yielded 65% of product 17 (path f). The

second reaction applied harsher reaction conditions,whereby usage

of concentrated HCl under reflux conditions for 16 h gave 17 in a

yield of 80% (path g). Although both reactions led to the desired

product, both have the disadvantage that column chromatography

was necessary for purification. Therefore, the synthesis of tetrahy-

droquinazoline 17 was more easily achieved via reduction of 14 by

LiAlH4 (path h) in an excellent yield of 98% andwithout the necessity

of column chromatography purification. Altering the sequence of

LiAlH4 reduction and debenzylation with hydrogen of 10 (changing

pathway a followed by h into pathway h followed by a) yields two

different products (15 and 17). It was further demonstrated that

the usage of Pd/C and H2 in MeOH selectively cleaved bond D in

the case of tetrahydroquinazoline 17 (path i) and cleaved bond A

in the case of aniline 16, both ultimately leading to compound 15

in low yields. The low yields can be explained by the low stability

of 15, as its p-aminophenol structure rapidly undergoes decomposi-

tion under oxygen exposure and during heating. GC–MS studies

show that bond D is also cleaved thereby leading to complete

decomposition of the ring system and yielding isoquinoline and

dehydroisoquinoline as well as p-aminomethyl phenols bearing a

methyl group adjacent to the N-methyl amino one.

Earlier investigations had already shown how to selectively

open the central N–C bond C of quinazolinones 19 and the related

structure 21 using BH3�THF to yield medium sized heterocyclic ring

systems 20 and 2228–30 (Scheme 3).

Therefore, borane reduction was applied for the reductive re-

moval of the amide oxygen and cleavage of the central N–C bond

C in dihydroquinazolinone 10 in one step. Interestingly, the usage

of BH3�THF did not lead to the expected cleavage of the central C–N

bond C, but rather reduced the amide bond and cleaved the anilinic

bond D to give the ring opened compound 16 in 47% yield (path j).

As it was expected that milder reducing agents were necessary to

break the anilinic bond D, quinazolinone 10 was treated with

NaBH4 (path k) and NaCNBH3 (path l), respectively, but in both

cases no reaction took place. Besides, for tetrahyroquinazoline 9

cleavage of the anilinic bond D to compound 16 was achieved by

treatment with BH3�THF in 42% yield (path j). Alternatively com-

pound 16 was obtained from 9 using NaBH4 in 60% yield (path

k). From these results it can be expected that cleavage of the cen-

tral C–N bond C with BH3�THF is only possible in quinazolinones

(Scheme 3) as described in the literature and not in dihydroquinaz-

olinones like compound 10.

Besides this, the cleavage of the central C–N bond C with LiAlH4

was also applied on tetrahydroquinazoline 10. Since compound 10

was smoothly reduced to compound 9 by excess of LiAlH4 at high

temperature as described above (path h), the product formation at

lower temperature was subsequently investigated. Interestingly,

reduction towards tetrahydroquinazoline 9 starting from 10 was

completely suppressed when only 1 equiv of LiAlH4 was used at

room temperature. In this case, besides starting material 10

(63%), only aldehyde 18 (19%) was isolated (path m).

In conclusion, first the syntheses of the quinazolin derived

structures tetrahydroquinazoline 9 and dihydroquinazolinone 10

were achieved. Both compounds bear different N- and O-benzyl

bonds which were selectively cleaved under different debenzyla-

tion and reduction conditions. Thereby the best conditions for

the selective cleavage of the O-benzyl bond A in dihydroquinazoli-

none 10 was the usage of Pd/C with hydrogen in methanol (path a,

100% yield) and for tetrahydroquinazoline 9 the usage of concen-

trated HCl-solution (path g, 80% yield). The cleavage of the anilinic

bond D was in the case of 10 achieved via reduction with BH3�THF

(path j, 47%) and in the case of 9 using Pd/C and hydrogen in dry

THF (path d, 93% yield). Furthermore, it is remarkable, that apply-

ing 1 equiv of LiAlH4 on dihydro-quinazolinone 10 led to the cleav-

age of the amide bond and the benzylamine N–C bond C in one step

(path m, 19% yield) therefore leading to aldehyde 18.
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General methods: 

Common reagents and solvents were obtained from commercial suppliers and used without further 

purification. Tetrahydrofuran (THF) was distilled from sodium/benzophenone under argon 

atmosphere.  

Reaction progress was monitored using analytical thin layer chromatography (TLC) on precoated 

silica gel GF254 plates(Macherey-Nagel GmbH & Co. KG)  and the spots were detected under UV light 

(254 nm) or through staining with iodine.  

Nuclear magnetic resonance spectra were performed with a Bruker AV-400 NMR instrument (Bruker, 

Karlsruhe, Germany) in DMSO-d6 or CDCl3. Chemical shifts are expressed in ppm relative to CDCl3 

or DMSO-D6 (7.26/2.50 and 77.16/39.52 ppm for 
1
H and 

13
C NMR, respectively).   

ESI mass spectral data were acquired on an Agilent 1100 series LC/MSD ion trap mass spectrometer.  

Melting points were determined in open capillaries on a Barloworld Scientific Stuart® melting point 

(SMP3).  

IR spectra were measured on a Jasco FT-IR-6100 spectrometer (Jasco, Gross-Umstadt, Germany) 

with a diamond-ATR unit. The intensity of the absorption is labeled as s = strong, m = medium, w 

= weak and br = broad. Only the highest wave numbers �� are presented.  

 

Experimental procedures 

Synthesis of tetrahydroquinazoline 9 and dihydroquinazolinone 10 

6-Hydroxy-1H-benzo[d][1,3]oxazine-2,4-dione,12: 

 

A suspension of 2-amino-5-hydroxy benzoic acid (4 g, 26.1 mmol, 1 eq.) in dry THF (40 mL) was 

treated with triphosgene (2.94 g, 9.96 mmol, 0.38 eq.). The suspension was heated to 70°C for 3.5 h. 

Then the mixture was allowed to reach room temperature and the solvent was evaporated under 

reduced pressure. The residue was suspended in cyclohexane (80 mL) and the precipitate was filtered 

off to yield 6-hydroxy-1H-benzo[d][1,3]oxazine-2,4-dione 12(4.68 g, 100%) as grey solid;
1
H-NMR 

(400 MHz, DMSO-d6): δ = 11.49 (s, NH), 9.85 (s, OH), 7.24-7.18 (m, 2H, arom.), 7.05-7.02 (m, 1H, 

arom.) ppm. Analytical data in accordance with literature data.
[1] 
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6-Hydroxy-1-methyl-1H-benzo[d][1,3]oxazine-2,4-dione 13: 

 

A suspension of 6-hydroxy-1H-benzo[d][1,3]oxazine-2,4-dione 12 (5.65 g, 31.6 mmol, 1 eq.) in 

dimethylacetamide (40 mL) was treated with ethyl N,N-diisopropylamine (10.7 mL, 63 mmol, 2 eq.) 

followed by the addition of methyl iodide (7.9 mL, 126 mmol, 4 eq.) after 15 min. The reaction 

mixture was stirred for 24 h at 40°C. Then ice cold water (100 mL) was added and the mixture was 

stirred for further 30 min. The precipitated solid was filtered off and then washed with water (30 mL) 

and cyclohexane (2x 30 mL). After drying in vacuo, 6-hydroxy-1-methyl-1H-benzo[d][1,3]oxazine-

2,4-dione 13(4.7 g, 77%) was isolated as brown solid;
1
H-NMR (400 MHz, DMSO-d6): δ = 9.98 (s, 

OH), 7.35-7.26 (m, 3H, arom.), 3.43 (s, 3H, CH3) ppm. Analytical data in accordance with literature 

data.
[1] 

 

10-(Benzyloxy)-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one 10: 

 

6-Hydroxy-1-methyl-1H-benzo[d][1,3]oxazine-2,4-dione 13(1.6 g, 8.3 mmol, 1 eq.) was dissolved in 

dry DMF (20 mL) and treated with potassium carbonate (1.2 g, 8.7 mmol, 1.05 eq.) and benzyl 

bromide (1.97 mL, 16.6 mmol, 2 eq.). The reaction mixture was stirred for 8 h at 40°C. Then the 

mixture was allowed to reach room temperature and was filtered off. After treating the filtrate with 

3,4-dihydroisoquinoline (1.6 g, 12.4 mmol, 1.5 eq.) the reaction mixture was heated to 120°C for 16 h. 

The mixture was allowed to reach room temperature, followed by the addition of a NaOH-solution 

(2 M, 50 mL). After 15 min the aqueous phase was extracted with ethyl acetate (3 x 100 mL) and the 

combined organic layers were washed with brine (50 mL), dried over Na2SO4 and finally the solvent 

was removed under reduced pressure. The crude residue was purified by column chromatography 

(PE:EA = 3:1) to obtain 10-(benzyloxy)-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-

8(6H)-one 10 (1.6 g, 53%) as yellow oil;
1
H-NMR (400 MHz, DMSO-d6): δ = 7.48-7.43 (m, 2H, 

arom.), 7.43-7.37 (m, 3H, arom.), 7.36-7.24 (m, 5H, arom.), 7.19 (dd, J = 8.8, 3.0 Hz, 1H, arom.), 7.12 

(d, J = 8.8 Hz, 1H, arom.), 5.83 (s, 1H, CH), 5.11 (s, 2H, OCH2), 4.43 (ddd, J = 12.8, 5.6, 3.4 Hz, 1H, 

NCH2CH2), 3.28-3.16 (m, 1H, , NCH2CH2), 2.95 (ddd, J = 15.9, 7.9, 4.9 Hz, 1H, ArCH2CH2), 2.85 

(ddd, J = 16.0, 4.1, 4.1 Hz, 1H, ArCH2CH2), 2.58 (s, 3H, CH3) ppm; 
13

C-NMR (101 MHz, DMSO-d6): 

δ =162.87 (CO), 153.19 (arom.), 143.96 (arom.), 137.08 (arom.), 136.77 (arom.), 133.64 (arom.), 
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128.60 (arom.), 128.39 (2C, arom.), 127.96 (arom.), 127.74 (arom.), 127.51 (2C, arom.), 126.80 

(arom.), 126.48 (arom.), 121.62 (arom.), 121.44 (arom.), 121.31 (arom.), 111.90 (arom.), 71.55 (CH), 

69.58 (OCH2), 39.42 (NCH2CH2), 36.73 (CH3), 27.28 (CCH2CH2) ppm; ESI-MS: m/z = 371.7 

[M+H]
+
, calc. 370.2;IR (ATR):�� =1650 (s, ν-C=O), 1609 (m), 1489 (s), 1440 (s), 1416 (m), 1262 

(m), 1223 (m), 1018 (m), 739 (m), 696 (m) cm-1. 

 

10-(Benzyloxy)-13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9: (path h) 

 

10-(Benzyloxy)-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one 10 (620 mg, 

1.68 mmol, 1 eq.) was dissolved in dry THF (5 mL) at 0°C under argon. Then LiAlH4 (198 mg, 

5.03 mmol, 3 eq.) was added carefully. The reaction mixture was allowed to reach room temperature 

and was then refluxed for 2 h. The reaction mixture was poured into ice water (30 mL) and basified 

with a 2 M NaOH-solution. The product was then extracted with ethyl acetate (3 x 50 mL). The 

combined organic layers were washed with brine (30 mL) and dried over Na2SO4. After removal of the 

solvent under reduced pressure, 10-(benzyloxy)-13-methyl-6,8,13,13a-tetrahydro-5H-

isoquinolino[1,2-b]quinazoline 9 (555 mg, 93%) was isolated as yellow solid;m.p = 103-108°C; 
1
H-

NMR (400 MHz, CDCl3): δ = 7.41-7.38 (m, 1H, arom.), 7.37-7.35 (m, 2H, arom.), 7.33-7.28 (m, 2H, 

arom.), 7.27-7.20 (m, 1H, arom.), 7.17-7.11 (m, 2H, arom.), 7.09-7.04 (m, 1H, arom.), 6.87 (d, J = 8.8 

Hz, 1H, arom.), 6.76 (dd, J = 8.8, 2.9 Hz, 1H, arom.), 6.57 (d, J = 2.9 Hz, 1H, arom.), 4.94 (s, 2H, 

OCH2), 4.66 (s, 1H, CH), 3.86 (d, J = 15.3 Hz, 1H, ArCH2N), 3.80 (d, J = 15.2 Hz, 1H, ArCH2N), 

3.17 (ddd, J = 11.0, 5.1, 3.6 Hz, 1H, NCH2CH2), 3.05 (ddd, J = 15.5, 10.0, 5.2 Hz, 1H, ArCH2CH2), 

2.69 (ddd, J = 16.0, 3.8, 3.8 Hz, 1H, ArCH2CH2), 2.64-2.56 (m, 1H, NCH2CH2), 2.43 (s, 3H, CH3) 

ppm;
13

C-NMR (101 MHz, CDCl3):δ =153.35 (arom.), 143.07 (arom.), 137.41 (arom.), 136.27 (arom.), 

134.21 (arom.), 128.62 (arom.), 128.55 (arom., 2C), 128.49 (arom.), 127.85 (arom.), 127.48 (arom., 

2C), 127.18 (arom.), 126.78 (arom.), 125.99 (arom.), 122.54 (arom.), 114.35 (arom.), 112.54 (arom.), 

77.35 (CH), 70.48 (OCH2), 56.97 (ArCH2N), 48.81 (NCH2CH2), 38.70 (CH3), 28.88 (ArCH2CH2) 

ppm; ESI-MS: m/z = 357.0 [M+H]
+
, calc. 356.2; IR (ATR): �� = 1494 (s), 1467 (m), 1453 (m), 1377 

(m), 1364 (m), 1284 (m), 1277 (m), 1230 (m), 1161 (m), 1127 (s), 1014 (m), 934 (m), 860 (m), 

732 (s), 693 (m) cm-1. 
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Selective benzyl cleavage reactions: 

General hydrogenation procedure: 

The corresponding compound was dissolved in either MeOH, EtOH, dry THF or a system of 

EtOH/AcOH and Pd/C 10% (10 w%) was added. The air atmosphere of the reaction vessel was 

evaporated and then the vessel was purged with hydrogen. After stirring for 3 h at 50°C, the 

suspension was filtered off and the filtrate was evaporated to dryness. The residue was suspended in 

ethyl acetate and filtered over a short silica column. After removal of the solvent the product was 

directly obtained or purified by column chromatography. 

 

Path a: 

10-Hydroxy-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one 14 from starting 

material 10: 

 

Following the general hydrogenation procedure, starting from10-(benzyloxy)-13-methyl-13,13a-

dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one 10 (2.4 g, 6.5 mmol, 1 eq.) in MeOH (30 mL) 

the title compound 10-hydroxy-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-

one 14 (1.8 g, 100%) was obtained as yellow solid; m.p. = 197-108°C; 
1
H-NMR (400 MHz, DMSO-

d6): δ = 9.38 (s, OH), 7.39-7.34 (m, 1H, arom.), 7.33-7.26 (m, 3H, arom.), 7.25 (d, J = 2.8 Hz, 1H, 

arom.), 7.04 (d, J = 8.6 Hz, 1H, arom.), 6.95 (dd, J = 8.6, 2.8 Hz, 1H, arom.), 5.77 (s, 1H, CH), 4.43 

(ddd, J = 12.7, 5.2, 3.3 Hz, 1H, NCH2CH2), 3.19 (ddd, J = 12.8, 10.6, 4.6 Hz, 1H, NCH2CH2), 3.01-

2.77 (m, 2H, ArCH2CH2), 2.42 (s, 3H, CH3) ppm;
13

C-NMR (101 MHz, DMSO-d6): δ =162.99 (CO), 

152.76 (arom.), 142.83 (arom.), 136.79 (arom.), 133.14 (arom.), 128.48 (arom.), 127.88 (arom.), 

127.32 (arom.), 126.58 (arom.), 122.84 (arom.), 122.48 (arom.), 120.85 (arom.), 112.88 (arom.), 71.46 

(CH), 38.68 (NCH2CH2), 36.62 (CH3), 27.58 (CCH2CH2) ppm; ESI-MS: m/z = 281.6 [M+H]
+
, 303.1 

[M+Na]
+
, calc. 280.1; IR (ATR): �� = 3194 (br,ν-OH), 1621 (s, ν-C=O), 1571 (m), 1501 (m), 1462 

(m), 1428 (s), 1336 (m), 1282 (m), 1211 (m), 740 (m) cm-1. 
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3-((3,4-Dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol 15 from starting material 9: 

 

Following the general hydrogenation procedure, starting from 10-(benzyloxy)-13-methyl-6,8,13,13a-

tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9 (100 mg, 0.28 mmol, 1 eq.) in MeOH (5 mL) the title 

compound 3-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol15 (33 mg, 44%) was 

obtained after column chromatography (DCM:MeOH = 95:5) as yellow solid;
 1

H-NMR (400 MHz, 

DMSO-d6): δ = 8.44 (s, OH), 7.15 - 7.06 (m, 3H, arom.), 7.04 - 6.99 (m, 1H, arom.), 6.66 - 6.54 (m, 

2H, arom.), 6.40 (d, J = 8.4 Hz, 1H, arom.), 5.25 (br, NH), 3.51 (s, 2H, ArCH2N), 3.50 (s, 2H, 

ArCH2N), 2.80 (t, J = 5.7 Hz, 2H, ArCH2CH2), 2.68 - 2.60 (m, 5H, NCH2CH2 + CH3) ppm; 
13

C-NMR 

(101 MHz, DMSO-d6): δ =147.91 (arom.), 141.70 (arom.), 134.54 (arom.), 134.05 (arom.), 128.41 

(arom.), 126.41 (arom.), 125.99 (arom.), 125.49 (arom.), 122.86 (arom.), 117.54 (arom.), 114.38 

(arom.), 110.26 (arom.), 60.64 (ArCH2N), 55.22 (ArCH2N), 49.89 (NCH2CH2), 30.43 (CH3), 28.66 

(ArCH2CH2) ppm; ESI-MS: m/z = 269.2 [M+H]
+
, calc. 268.2; IR (ATR): �� = 3253 (m, ν-NH), 2953 

(br, ν-OH), 1497 (s), 1476 (m), 1451 (m), 1346 (m), 1272 (m), 1258 (m), 1212 (m), 1162 (m), 

1079 (m), 812 (m), 750 (m), 734 (m) cm-1. 

 

3-((3,4-Dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol 15 from starting material 16: 

Following the general hydrogenation procedure, starting from 4-(benzyloxy)-2-((3,4-

dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 (131 mg, 0.37 mmol, 1 eq.)in MeOH 

(10 mL) the title compound 3-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol15 

(48 mg, 49%) was obtained after column chromatography (DCM:MeOH = 95:5) as yellow 

solid.(Analytical data are summarized in path a,15 from starting material 9) 

 

Path b: 

3-((3,4-Dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol 15 from starting material 9: 

Following the general hydrogenation procedure, starting from 10-(benzyloxy)-13-methyl-6,8,13,13a-

tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9 (70 mg, 0.20 mmol, 1 eq.) in EtOH (5 mL) the title 

compound 3-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol15 (19 mg, 37%) was 

obtained after column chromatography (DCM:MeOH = 95:5) as yellow solid.  (Analytical data are 

summarized in path a,15 from starting material 9) 
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Path c: 

3-((3,4-Dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol 15 from starting material 9: 

Following the general hydrogenation procedure, starting from 10-(benzyloxy)-13-methyl-6,8,13,13a-

tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9 (50 mg, 0.14 mmol, 1 eq.) in a 1:1 mixture of 

EtOH/AcOH (4 mL) the title compound 3-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-4-

(methylamino)phenol15 (5 mg, 14%) was obtained after column chromatography (DCM:MeOH = 

95:5) as yellow solid.  (Analytical data are summarized in path a,15 from starting material 9) 

 

Path d: 

4-(Benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 from starting material 

9: 

 

Following the general hydrogenation procedure, starting from 10-(benzyloxy)-13-methyl-6,8,13,13a-

tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9 (200 mg, 0.56 mmol, 1 eq.) in dry THF (3 mL) the 

title compound 4-(benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 

(186 mg, 93%) was obtained as yellow oil;
1
H-NMR (400 MHz, DMSO-d6): δ = 7.46 - 7.41 (m, 2H, 

arom.), 7.41 - 7.35 (m, 2H, arom.), 7.34 - 7.29 (m, 1H, arom.), 7.14 - 7.06 (m, 3H, arom.), 7.04 - 6.98 

(m, 1H, arom.), 6.85 (dd, J = 8.5, 3.0 Hz, 1H, arom.), 6.82 (d, J = 2.9 Hz, 1H, arom.), 6.48 (d, J = 8.6 

Hz, 1H, arom.), 5.45 (br, NH), 5.00 (s, 2H, OCH2), 3.55 (s, 2H, ArCH2N), 3.51 (s, 2H, ArCH2N), 2.80 

(t, J = 5.7 Hz, 2H, ArCH2CH2), 2.66 (s, 3H, CH3), 2.63 (t, J = 5.9 Hz, 2H, NCH2CH2) ppm;
 13

C-NMR 

(101 MHz, DMSO-d6): δ = 149.31 (arom.), 143.29 (arom.), 137.73 (arom.), 134.50 (arom.), 134.03 

(arom.), 128.41 (arom.), 128.28 (2C, arom.), 127.55 (2C, arom.), 126.40 (arom.), 126.00 (arom.), 

125.51 (arom.), 122.81 (arom.), 117.86 (arom.), 114.19 (arom.), 109.83 (arom.), 69.79 (OCH2), 

60.52(ArCH2N), 55.21(ArCH2N), 49.85(NCH2CH2), 30.26 (CH3), 28.63(ArCH2CH2)ppm. ESI-MS: 

m/z = 359.3 [M+H]
+
, calc. 358.2; IR (ATR): �� = 3302 (br, ν-NH), 2802 (w), 1514 (m), 1453 (s), 

1282 (m), 1270 (m) , 1227 (m), 1168 (w), 1081 (w), 1061 (w), 1025 (m), 736 (m), 695 (m)cm-1. 
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Path e: 

4-(Benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 from starting material 

9: 

PtO2 10% (10 mg, 10 w%) was dissolved in MeOH (5 mL), the atmosphere of the reaction vessel was 

evaporated andthen the vessel was purged with hydrogen.After 1 h 10-(benzyloxy)-13-methyl-

6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9 (100 mg, 0.28 mmol, 1 eq.) was added. 

The mixture was evaporated and purged with hydrogen again. After stirring for 2 h at 50°C, the 

mixture was filtered off andthe crude product was purified by column chromatography (PE:EE = 5:1) 

to obtain 4-(benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 (80 mg, 

80%) as yellow oil. (Analytical data are summarized in path d) 

 

Path f: 

13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol 17 from starting material 9: 

 

To a solution of 10-(benzyloxy)-13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazoline 

9 (50 mg, 0.14 mmol, 1 eq.) and N,N-dimethylaniline (71 µL, 0.56 mmol, 4 eq.) in DCM (2 mL) was 

added AlCl3 (56 mg, 0,42 mmol, 3 eq.). The reaction mixture was stirred for 5 min. Then sat. NH4Cl-

solution (10 mL) was added ant the product was extracted with ethyl acetate (3 x 10 mL). The 

combined organic layers were washed with brine (10 mL) and dried over Na2SO4. After removal of the 

solvent, the crude product was purified by column chromatography (PE:EA = 1:1) to obtain 13-

methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol 17(24 mg, 65%) as yellow 

solid.Modified protocol from literature;
[2]

m.p = 151 - 156°C; 
1
H-NMR (400 MHz, DMSO-d6): δ = 

8.91 (s, OH), 7.43-7.38 (m, 1H, arom.), 7.27-7.21 (m, 2H, arom.), 7.21-7.14 (m, 1H, arom.), 6.84 (d, J 

= 8.7 Hz, 1H, arom.), 6.57 (dd, J = 8.6, 2.8 Hz, 1H, arom.), 6.43 (d, J = 2.7 Hz, 1H, arom.), 4.57 (s, 

CH), 3.86 (d, J = 15.3 Hz, 1H, ArCH2N), 3.66 (d, J = 15.3 Hz, 1H, ArCH2N), 3.16 (ddd, J = 11.1, 5.0, 

3.0 Hz, 1H, NCH2CH2), 3.00 (ddd, J = 16.0, 10.9, 5.1 Hz, 1H, ArCH2CH2), 2.75-2.66 (m, 1H, 

ArCH2CH2), 2.59-2.53 (m, 1H, NCH2CH2), 2.34 (s, 3H, CH3) ppm; 
13

C-NMR (101 MHz, DMSO-d6): 

δ =151.84 (arom.), 141.02 (arom.), 136.18 (arom.), 134.14 (arom.), 128.48 (arom.), 127.73 (arom.), 

127.32 (arom.), 126.92 (arom.), 125.91 (arom.), 123.31 (arom.), 114.16 (arom.), 112.27 (arom.), 76.94 

(CH), 56.10 (CCH2N), 48.40 (NCH2CH2), 39.28 (CH3), 28.22 (CCH2CH2) ppm; ESI-MS: m/z = 267.0 

[M+H]
+
, calc. 267.1; IR (ATR): �� = 2937 (br, ν-OH), 1509 (m), 1455 (s), 1420 (m), 1364 (m), 

1232 (s), 1127 (m), 1110 (s), 1087 (m), 921 (s), 746 (s) cm-1. 
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Path g: 

13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol 17 from starting material 9: 

10-(Benzyloxy)-13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9 (50 mg, 

0.14 mmol, 1 eq.) was dissolved in MeOH (4 mL) at 50°C while stirring and 1 mL of 37% HCl was 

added. The mixture was stirred under reflux temperature for 24 h. After that, MeOH was evaporated 

under reduced pressure. The remaining aqueous solution was basified with 1 M NaOH-solution and 

the pH was adjusted to 9 with a sat. NH4Cl-solution. The product was extracted with ethyl acetate (3x 

30 mL), the combined organic layers were washed with brine and finally dried over Na2SO4. The 

solvent was then evaporated under reduced pressure and the crude product was purified by column 

chromatography (PE:EA = 1:1) to obtain 13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-

b]quinazolin-10-ol 17 (30 mg, 80%) as yellow solid. (Analytical data are summarized in path f) 

 

Path h: 

13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol 17 from starting material 

14: 

10-Hydroxy-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one 14 (1.6 g, 

5.71 mmol, 1 eq.) was dissolved in dry THF (40 mL) at 0°C and LiAlH4 (651 mg, 17.14 mmol, 3 eq.) 

was added. The mixture was allowed to reach room temperature and was then heated to reflux 

temperature for 3 h. After cooling to room temperature, the mixture was poured into ice water (50 mL) 

followed by the addition of saturated NH4Cl-solution until pH = 9. The aqueous phase was then 

extracted with ethyl acetate (3 x 200 mL). The combined organic layers were washed with brine 

(100 mL), dried over Na2SO4 and the solvent was evaporated under reduced pressure to obtain 13-

methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol 17 (1.5 g, 98%) as yellow solid. 

(Analytical data are summarized in path f) 

 

Path i: 

3-((3,4-Dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol 15 from starting material 17: 

13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol 17 (100 mg, 0.38 mmol, 

1 eq.) wasdissolved in methanol at room temperature while stirring and Pd/C 10% (10 mg, 10w%) was 

added. The reaction vessel was evaporated, purged with hydrogen and the reaction mixture was stirred 

for 2.5 h. The suspension was filtered off, the filtrate was basified with a 1 M NaOH-solution and 

finally the pH was adjusted to 9 with a sat. NH4Cl-solution. The product was then extracted with ethyl 
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acetate (3 x 20 mL),the combined organic layers were washed with brine (20 mL) and dried over 

Na2SO4. After removal of the solvent, the crude product was purified by column chromatography 

(DCM:MeOH = 95:5) to obtain 3-((3,4-dihydroisoquinolin-2(1H)-yl)methyl-4-

(methylamino)phenol15 (28 mg, 28%) as yellow solid. (Analytical data are summarized in path a,15 

from starting material 9) 

 

Path j: 

4-(Benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 from starting material 

9: 

10-(Benzyloxy)-13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9 (50 mg, 

0.14 mmol, 1 eq.) was dissolved in dry THF (1 mL), the solution was purged with argon and a 1 M 

BH3·THF-solution (1.6 mL) was added. The mixture was stirred for 5 h at reflux temperature. Then it 

was allowed to reach room temperature, water (1.5 mL) was added and the mixture was stirred for 1 h 

more. The product was extracted with DCM (3x 10 mL), the combined organic layers were washed 

with brine and dried over Na2SO4. Finally, the solvent was removed under reduced pressure and the 

crude product was purified by column chromatography (PE:EA = 5:1) to obtain 4-(benzyloxy)-2-((3,4-

dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 (21 mg, 42%) as yellow oil. Modified 

protocol from literature.
[3, 4] 

 (Analytical data are summarized in path d) 

 

4-(Benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 from starting material 

10: 

10-(Benzyloxy)-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one10 (100 mg, 

0.27 mmol, 1 eq.) was dissolved in dry THF (2 mL), the solution was purged with argon and a 1 M 

BH3·THF-solution (3.2 mL) was added. The mixture was stirred for 2.5 h at reflux temperature. Then 

it was allowed to reach room temperature, water (3 mL) was added and the mixture was stirred for 1 h 

more. The product was extracted with DCM (3x 20 mL), the combined organic layers were washed 

with brine and dried over Na2SO4. Finally, the solvent was removed under reduced pressure and the 

crude product was purified by column chromatography (PE:EA = 5:1) to obtain 4-(benzyloxy)-2-((3,4-

dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 (45 mg, 47%) as yellow oil. Modified 

protocol from literature.
[3, 4]

 (Analytical data are summarized in path d) 
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Path k: 

4-(Benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16 from starting material 

9: 

10-(Benzyloxy)-13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazoline  9 (50 mg, 

0.14 mmol, 1 eq)  was dissolved in ethanol (3 mL) and NaBH4 (75 mg 1.97  mmol, 14 eq.) was 

added. The mixture was stirred at reflux temperature for 2.5 h. Then the solvent was evaporated under 

reduced pressure, water (10 mL) was added and the product was extracted with DCM (3x 10 mL). The 

combined organic layers were washed with brine, dried over Na2SO4andthe solvent was evaporated 

under reduced pressure to obtain 4-(benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-

methylaniline16 (30 mg, 60%) as yellow oil. Modified protocol from literature.
[5, 6]

 (Analytical data 

are summarized in path d) 

 

Path m: 

2-Methylamino-5-benzyloxybenzaldehyde 18 from starting material 10: 

  

10-(Benzyloxy)-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one 10 (81 mg, 

0.22 mmol, 1 eq.) was dissolved in dry THF (2.5 mL). Then LiAlH4 (8.5 mg, 0.22 mmol, 1 eq) was 

added at 0°C under argon. The reaction mixture was stirred at room temperature for 24 h. The reaction 

mixture was poured into ice water (20 mL), basified with a 2 M NaOH-solution and the pH was 

adjusted to 9 with sat. NH4Cl-solution. The product was then extracted with DCM (3 x 20 mL). The 

combined organic layers were washed with brine (30 mL) and dried over Na2SO4. The solvent was 

evaporated under reduced pressure andthe crude product was purified by column chromatography 

(PE:EE = 2:1) to obtain 2-methylamino-5-benzyloxybenzaldehyde18 (10 mg, 19%) as yellow oil and 

the recovered starting material 10(51 mg, 63%);
1
H-NMR (400 MHz, DMSO-d6): δ = 9.79 (s, 1H, 

CHO), 7.83 (q, 5.0 Hz, NH), 7.45 (dd, J = 7.9, 1.0 Hz, 2H, arom.), 7.42 - 7.36 (m, 2H, arom.), 7.36 - 

7.29 (m, 2H, arom.), 7.24 (dd, J = 9.0, 2.9 Hz, 1H, arom.), 6.72 (d, J = 9.1 Hz, 1H, arom.), 5.06 (s, 2H, 

OCH2), 2.85 (d, J = 5.1 Hz, 3H, CH3) ppm;
13

C-NMR (101 MHz, DMSO-d6): δ = 193.48 (CHO), 

148.03 (arom.), 146.44 (arom.), 137.24 (arom.), 128.36 (2C, arom.), 127.74 (arom.), 127.68 (2C, 

arom.), 125.76 (arom.), 119.85 (arom.), 117.58 (arom.), 112.03 (arom.), 70.08 (OCH2), 29.14 (CH3) 

ppm; ESI-MS: m/z = 242.3 [M+H]
+
, calc. 241.1; IR (ATR): �� = 3334 (m, ν-NH), 2926 (m), 1711 (m, 

ν-C=O), 1655 (s), 1577 (m), 1516 (s), 1477 (m), 1289 (m), 1255 (m), 1226 (m), 1202 (s), 1152 (s), 

1014 (s), 825 (m), 750 (m) cm
-1

. 
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NMR-Spectra of 9, 10 and 14-18: 

10-(Benzyloxy)-13-methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazoline 9: 

 

1
H-NMR + 

13
C-NMR 
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10-(Benzyloxy)-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one 10: 

 

1
H-NMR + 

13
C-NMR 

 

 



14 

 

10-Hydroxy-13-methyl-13,13a-dihydro-5H-isoquinolino[1,2-b]quinazolin-8(6H)-one 14: 

 

1
H-NMR + 

13
C-NMR 
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3-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-4-(methylamino)phenol 15: 

 

1
H-NMR + 

13
C-NMR + HMQC + HMBC + Interpretation 
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Interpretation of 2D-NMR: 

 

The ESI-MS spectra allows three possibilities for the product formation (15 = a, b or c, respectively) 

from the reaction shown above. Structurec can be easily excluded by the 
1
H-NMR-spectra as it lacks 

an aromatic CH3-group. Independently from the product structure, the carbons and protons of the N-

CH2-Ar (labeled with number 3 and 4) can be correlated by HMQC to a combination of 
1
H-NMR: δ= 

3.50 ppm/
13

C-NMR:δ = 55.63 ppm and 
1
H-NMR: δ= 3.49 ppm/

13
C-NMR:δ = 61.05 ppm. Even though 

a clear assignment of the atoms at position 3 and 4 to the found signals in HMQC is not possible, the 

HMBC-spectra shows an interactions between the carbon at 55.63 ppm and the proton at 3.49 ppm as 

well as an interaction between the carbon at 61.05 ppm and the proton at 3.50 ppm. This means the 

proton at 3 can interact with the carbon 4 and the carbon at 3 can interact with the proton at 4. As these 

interactions indicate the formation of product a, product b misses the core bridge between the benzyl 

nitrogen and the carbon at position 4 which makes the mentioned interactions possible. 
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4-(Benzyloxy)-2-((3,4-dihydroisoquinolin-2(1H)-yl)methyl)-N-methylaniline 16: 

1
H-NMR + 

13
C-NMR + HMQC + HMBC + Interpretation 
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Interpretation of 2D-NMR: 

 

ESI-MS spectra allows three possibilities for the product formation (a = 16, b or c, respectively) in the 

reaction shown above. Structurec can be easily excluded by the 
1
H-NMR-spectra as it lacks an 

aromatic CH3-group. Independent of the product structure, the carbons and protons of the N-CH2-Ar 

(labeled with number 3 and 4) can be correlated by HMQC to a combination of 
1
H-NMR: δ= 3.51 

ppm/
13

C-NMR:δ = 55.60 ppm and 
1
H-NMR: δ= 3.55 ppm/

13
C-NMR:δ = 60.93 ppm. Even though a 

clear assignment of the atoms at position 3 and 4 to the found signals in HMQC is not possible, the 

HMBC-spectra shows an interactions between the carbon at 55.60 ppm and the proton at 3.55 ppm as 

well as an interactions between the carbon at 60.93 ppm and the proton at 3.51 ppm. This means the 

proton at 3 can interact with carbon 4 and carbon at 3 can interact with the proton at 4. Besides this, 

the HMBC-spectra show an interaction between the carbon at position 5 and the proton at position 4 as 

well as with the proton at position 3. These interactions indicate the formation of product a, product b 

misses the core bridge between the benzyl nitrogen and the carbon at position 4 which makes the 

mentioned interactions possible. 
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13-Methyl-6,8,13,13a-tetrahydro-5H-isoquinolino[1,2-b]quinazolin-10-ol 17: 

 

1
H-NMR + 

13
C-NMR  
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2-Methylamino-5-benzyloxybenzaldehyde 18: 

  

1
H-NMR + 

13
C-NMR 
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Abstract 

Background. Cyclic aminals are core features of natural products, drug molecules 

and important synthetic intermediates. Despite their relevance, systematic 

investigations into their stability towards hydrolysis depending on the pH value are 

lacking. Results. A set of cyclic aminals was synthesized and their stability quantified 

by kinetic measurements. Steric and electronic effects were investigated by choosing 

appropriate groups. Both molecular mechanics (MM) and density functional theory 

(DFT) based studies were applied to support and explain the results obtained. Rapid 

decomposition is observed in acidic aqueous media for all cyclic aminals which 



occurs as a reversible reaction. Electronic effects do not seem relevant with regard to 

stability, but the magnitude of the conformational energy of the ring system and pKa 

values of the N-3 nitrogen atom. Conclusion. Cyclic aminals are stable compounds 

when not exposed to acidic media and their stability is mainly dependent on the 

conformational energy of the ring system. Therefore, for the preparation and work-up 

of these valuable synthetic intermediates and natural products, appropriate 

conditions have to be chosen and for application as drug molecules their sensitivity 

towards hydrolysis has to be taken into account. 

 

Keywords 

hydrolysis, kinetics, molecular mechanics, natural products, quantum mechanics 

 

Introduction 

The aminal system (N,N-acetal) is the structurally equivalent analog of the O,O-

acetal. In the literature this moiety is found as a core element in various important 

structures, for example in the naturally occurring alkaloids tetraponerine T1 to T8 

from the venom of the New Guinean ant Tetraponera sp.[1,2], in ligands of ruthenium 

based catalysts for metathesis[3], in imidazolidines acting as anti-protozoal and-

bacterial agents[4,5], in Tröger’s base derivatives applied in diverse research fields[6-

14] (e.g. asymmetric catalysis, supramolecular chemistry, DNA-intercalation, etc.) or 

synthetic tetrahydroquinazolines as cholinesterase (ChE) inhibitors[15-17] as well as 

ChE inhibitors based on the scaffold of the naturally occurring alkaloid physostigmine 

from the calabar bean physostigma venenosum[18,19] (Figure 1). And this is just a 

small overview and selection of examples out of numerous compounds incorporating 

the aminal system as essential structural feature. 



 

 

Figure 1: Compounds described in literature containing an aminal core for various 

applications. The aminal structure is highlighted in red.  

 

Especially the aminal-bearing tetrahydroquinazoline system is of high interest as a 

structure derived from the quinazolinone and quinazoline cores, which represent 

privileged structures with various applications in medicinal chemistry[20,21]. 

Syntheses of tetrahydroquinazolines are well described using different approaches; 

mostly by direct α-amination of ortho-amino benzaldehydes under heating or 

microwave irradiation conditions[22-24], by condensation of diamines with aldehydes 

or ketones yielding bicyclic structures[25-27], or by the reduction of corresponding 

dihydroquinazolinones [15-17] (Scheme 1). 

 



 

Scheme 1: Synthetic approaches for the formation of the tetrahydroquinazoline 

moiety. Dashed lines indicate either cyclized or non-cyclized compounds. The aminal 

structure is highlighted in red.  

 

The aminal templates obtained can be used as starting materials for the synthesis of 

a broad spectrum of diverse structures. Oxidation reactions with KMnO4 or a mixture 

of potassium iodide and tert-butyl hydroperoxide (TBHP) give access to 

quinazolinones and have been reported for the synthesis of the naturally occurring 

alkaloids deoxyvasicinone, mackinazolinone or rutaecarpine [22,28] (Scheme 2). 

Besides total oxidation of the aminal core, also a partial oxidation towards 3,4-

dihydroquinazolines is possible promoted either by Cu(AcO)2 as oxidant or by a 

mixture of elemental iodine and BuLi. These methods allow the synthesis of the 

partially unsaturated alkaloids vasicine or deoxyvasicine in good yields [22,28] 

(Scheme 2). Furthermore, copper catalyzed reactions or oxidation with sodium 

hypochlorite were also described to yield the aromatic quinazoline core [26,29,30] 

(Scheme 2). Besides all the oxidation raections described, also reductive conditions 

applying NaBH4 onto the tetrahydroquinazoline based aminal systems were 



investigated, thereby providing the possibility to “open” the rigid aminal core gaining 

access to sterically more flexible compounds[31-33] (Scheme 2).  
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Scheme 2: Oxidation and reduction reactions of tetrahydroquinazolines. Dashed 

lines indicate either cyclized or non-cyclized compounds. The aminal structure is 

highlighted in red.  

 



Although the chemistry of aminals - especially concerning tetrahydroquinazolines - is 

in the focus of current research and includes their preparation and modification, it is 

highly remarkable that there is only little focus on the pH-stability of these compounds 

in aqueous media. In general, the aminal moiety is known to undergo (similar to the 

corresponding O,O-acetal) acidic hydrolysis and can be considered as stable only 

within a certain pH range. This is of enormous importance especially for aminal 

bearing compounds which might be exposed to an acidic environment, e. g. drugs 

that are orally applied and get into direct contact with gastric acid. Also, the pH 

stability of the aminal system is a key property for synthetic approaches of such 

compounds to prevent undesired decomposition during reaction or workup. 

Knowledge about the pH-stability can therefore help to improve the yield during a 

reaction, or to prevent complete degradation of the product by applying inappropriate 

conditions. To our knowledge, there is only little data[34,35] describing the stability of 

the aminal moiety and no study conducted a systematic investigation. The conditions 

for stability of aminals - especially in tetrahydroquinazolines - are highly important 

because of the increasing relevance of such compounds in medicinal chemistry.  

In the present study, we synthesized and modified tetrahydroquinazolines of the 

general structure 1 to investigate the pH stability of the aminal core in dependence of 

the steric and electronic properties of different groups at the 1-N and 3-N nitrogen 

atoms, as well as at the aromatic residue in position 2 (Figure 2). For that purpose, 

two residues were always kept constant while altering the third one. To investigate 

the effect of decreasing electron density at the nitrogen sites onto the stability of the 

aminal core, iPr, nPr, Me-, and Ph-moieties, respectively, were chosen as 

substituents for both the 1-N and 3-N nitrogen atoms. At the same time the iPr- and 

Ph-moieties served as bulkier substituents for investigations into steric effects. 

Similar to the 1-N and 3-N nitrogen atoms, 4-tBu, 4-Me-, 4-F- and 4-CF3-groups were 



incorporated into the aromatic site at position 2 to investigate the influence of 

decreasing electron density at this position. These substituents were chosen as their 

influence onto the aromatic residue is mainly determined by inductive effects and 

therefore no pronounced mesomeric effect has to be considered. In general, to 

estimate the electron donating effect of all substituents (and therefore the change in 

electron density at all sides), we used the data reported by Craig[36] for the aromatic 

side and the data reported by Topliss[37] for the side chains, respectively. Also a 

disubstituted 2,6-dichloro compound was synthesized to study the influence of steric 

interactions at this site of the structure, as 2,6-disubstitution of the phenyl ring 

prevents coplanar orientation.  

 

 

Figure 2: Hydrolysis of the aminal core of tetrahydroquinazolines 1 into the 

corresponding diamines 2 and aldehydes 3.  

 

All the compounds synthesized were exposed to aqueous media at defined pH 

values and time dependent hydrolysis into the corresponding diamines 2 and 

aldehydes 3 (Figure 2) was quantified by reversed phase HPLC. Based on these 

data, quantum mechanical calculations revealed that hydrolysis of the test 

compounds is a thermodynamically driven process. Interestingly, we could show that 

this equilibrium is strongly dependent on the applied reaction conditions and that a 

change from an acidic to a neutral environment can well induce the formation of 

tetrahydroquinazolines, instead of their hydrolysis. We also were able to determine 



differences in the hydrolysis rate caused by the respective substituents and found  

the decrease in stability of these compounds to be a result of enthalpic effects.    

 

Results and Discussion  

Synthesis of test compounds 

The synthesis of tetrahydroquinazolines substituted at the phenyl ring as well as at 

the 3-N nitrogen atom was achieved in 4 steps (Scheme 3). Briefly, isatoic anhydride 

was methylated using MeI to yield compound 4, followed by formation of amides 5a-d 

using the corresponding free amines or their salts. Cyclization towards 

dihydroquinazolinones 6a-f and 7a-c was performed using benzaldehyde derivatives 

under acidic conditions and gave moderate to excellent yields. Tetrahydroquinazoline 

target compounds 8a-f and 9a-c were finally obtained by reduction with LiAlH4.  

 

Scheme 3: Reagents and conditions: (i) MeI, DIPEA, DMAc, 40 °C, 24h; (ii) R1-NH2 

or MeNH3Cl and Et3N, DMF, 40-120 °C, 3-6 h; (iii) AcOH, 70 °C, 1-4 h; (iv) LiAlH4, 

THF, 70 °C, 1-3 h.  

 



Synthesis of different substitution patterns at the 1-N nitrogen atom was achieved 

using two different pathways as shown in Scheme 4. Because direct alkylation of 

isatoic anhydride in the first reaction step with different alkyl halides failed (Scheme 

3), amide 10 was synthesized using isatoic anhydride and methyl-ammonium 

hydrochloride (Scheme 4a) followed by cyclization under acidic conditions with 

benzaldehyde to yield dihydroquinazolinone 11. Unfortunately, introduction of 

substituents at the N-1 in 11 by applying alkyl halides was only successful using 

n-PrBr and the strong non-nucleophilic base tBuOK to give compound 12a and failed 

in the case of i-PrI. Target compound 13a was then easily obtained through reduction 

with LiAlH4. Since substitution reactions using 11 failed applying i-PrI, a second 

synthetic pathway was pursued to alter the substituents at the N-1 nitrogen atom of 

the tetrahydroquinazoline core (Scheme 4b). Anthranilic acid was alkylated by 

reductive amination with acetone and NaBH4 in two steps to yield the i-Pr substituted 

derivative 14. Derivative 14 and the commercially available N-phenyl anthranilic acid 

were used to yield amides 15a,b under standard conditions and were then cyclized 

with benzaldehyde to yield dihydroquinazolinones 12b,c. Tetrahydroquinazolines 

13b,c were finally obtained by reduction of 12b,c with LiAlH4 (Scheme 4). 

 

 



Scheme 4: Reagents and conditions: (4a) (i) MeNH3Cl, Et3N, DMF, 70 °C, 3 h; (ii) 

AcOH, 70 °C, 4 h; (iii) nPrBr, tBuOK, DMF, 110°C, 16 h; (iv) LiAlH4, THF, 70 °C, 2-3 

h; (4b) (v) 1) Acetone, MeOH, 80 °C, 5h; 2) NaBH4, rt, 3 h; (vi) MeNH3Cl, Et3N, EDCI, 

HOBt, DMF, 70 °C, 8-14 h. 

 

Stability experiments 

All compounds synthesized were exposed to phosphate buffered aqueous systems 

with defined pH-values between pH = 2 and pH = 12 for 1 h to investigate hydrolysis 

of the aminal core. After hydrolysis, subsequent reversed phase HPLC analyses 

were performed to determine the ratio of intact tetrahydroquinazoline 1 and the 

corresponding aldehyde 3 as cleavage product using calibration curves (a detailed 

description is given in the Supporting Information). Results of this study are 

summarized in Figure 3a-c. 

Compounds 8a-f (Figure 3a) showed no differences in the extent of hydrolysis 

depending on their substitution pattern. However, a general trend for all of the test 

compounds was observed: Compounds 8a-f are stable in a basic or neutral 

environment down to pH = 6 and only decomposed slowly at pH = 4-5 with less than 

20% of hydrolysis after 1 h. Interestingly, at pH = 3 the aminal system is significantly 

hydrolysed by more than 50%, and at pH = 2 decomposition of the test compounds is 



rapidly taking place resulting in complete degradation of the aminal system. These 

results clearly show a significant pH-dependency for hydrolysis of the aminal core 

which is accelerated in increasingly acidic media. Different substitution patterns at 

N-1 (Figure 3b) significantly alter the sensitivity of the aminal core towards 

hydrolysis. While a methyl group (compound 8a) and a nPr residue (compound 13a) 

did not alter the hydrolysis rate compared to all compounds of the series 8 (Figure 

3a), the iPr-residue (13b) as well as the Ph-residue (13c) increased hydrolysis of the 

test compounds: The least stable compound 13b (with the iPr-group) was found to be 

completely hydrolyzed already at pH = 5 and also at pH = 6 more than 50% of 13b 

decomposed. In contrast, compound 13c (Ph-moiety) completely hydrolysed at pH = 

4 and showed ~50% hydrolysis at pH = 5. Different substitution patterns at the N-3 

position (Figure 3c) showed no pronounced differences for the pH-dependent 

decomposition between an n-Pr- (9a), a Me- (8a) and a Ph- (9c) group, respectively. 

Only the introduction of an iPr residue (9b) at N-3 led to an increased hydrolysis rate 

with complete degradation of 9b already at pH = 4. Finally, also 1,2-

dihydroquinazolinone 6a was tested for its stability towards hydrolysis (data not 

shown). This compound did not undergo any decomposition in the tested pH-range 

after 1 h.  
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Figure 3: Stability test of the aminal core toward hydrolysis in dependency of 

different substitution pattern at (3a) the 2-phenyl residue, (3b) the N-1 position and 

(3c) the N-3 position. Each experiment was performed in triplicate (mean+SD). 



Nevertheless, stability analyses shown in Figure 3 have to be regarded as snapshots 

after 1 h of incubation time only. Therefore, the kinetics for this reaction were 

investigated in greater detail: Under the assumption that hydrolysis of 

tetrahydroquinazolines (1) into the corresponding diamines (2) and aldehydes (3) is a 

reversible reaction (cf. Figure 2), the velocity (v) of the reaction can be described in 

dependency of time (t) as: 

 

 v =
�[�]

�	�
= k
� ∗ [] ∗ [�] − k� ∗ [�] ∗ [H�O]    (eq. 1) 

 

Furthermore, 1) if the conversion of 2 and 3 into 1 is suppressed as [H2O] >> [2] and 

[3], the term k-1*[2]*[3] can be neglected and 2) if water is used as solvent and 

therefore remains approximately constant during the reaction, the constant k2 = k1 

*[H2O] can be introduced. The velocity can then be described as a pseudo first-order 

kinetic: 

 

 v =
�[�]

�	�
= −k� ∗ [�]        (eq. 2) 

 

Finally, rearrangement and integration gives an exponential function from which k2 

can be calculated: 

 

 [�] = [�]�e

��	∗	�        (eq. 3) 

 

Kinetic analysis of reference compound 8a revealed exponential first order kinetic 

(Figure 4) from which k2 was calculated. 
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Figure 4: Kinetic analysis of hydrolysis of reference compound 8a in dependency of 

different pH-values and calculation of kinetic parameters. Curves and k2-values were 

calculated assuming a pseudo-first order kinetic as described in eq. 3. Each 

experiment was performed in triplicate (mean±SEM). 

 

Interestingly, comparison of the kinetic parameter reveals a ~10fold increase of the 

k2-value from pH = 4 to pH = 3 and also from pH = 3 to pH = 2 and therefore a 10fold 

increase in velocity of hydrolysis per pH unit. Only between pH = 5 and pH = 4 

increase by a factor of 2 is observed. Furthermore, it is remarkable that the half life 

time of compound 8a at pH = 2 is only 2.6 min and therefore complete hydrolysis of 

this compound is expected to occur within a couple of minutes.  

 

Computational Studies and Discussion 

With regard to the results obtained from the pH-dependent stability test, two factors 

for hydrolysis need to be investigated. First, the influence of an acidic or a basic 

environment for the hydrolysis has to be determined due to different hydrolysis rates 

at different pH-values; and second, the influence of different substitution patterns of 



the test compounds should be verified regarding the altered sensitivity towards 

hydrolysis for some compounds (9b and 13b,c). 

Initially, we determined the protonation pattern of the test compounds, as protonation 

of the tetrahydroquinazoline system should most likely be an essential factor of 

hydrolysis induction.  Theoretically, protonation might occur at the anilinic N-1, the 

aliphatic N-3 or by double protonation of N-1 and N-3. Therefore the pKa-values of 

both nitrogens of the test compounds were predicted using the empirical algorithm of 

MoKa[38] (cf. Supporting Information) and validated with density functional theory 

(DFT) energy calculations of all protonation patterns for compounds 8a and 13b (cf. 

Supporting Information). We used the B3LYP-D3 functional[39-41] in combination 

with the cc-PVTZ basis sets[42,43]. All computations were performed with 

TURBOMOLE[44]. Solvent effects were mimicked by the Screening Model (COSMO) 

for water[45]. As expected, N-3 was determined to be more basic for all of the test 

compounds, with the exception of 9c. Therefore, in the following text, only the 

molecular forms with protonation of the aliphatic nitrogen N-3 will be discussed. 

To explore the influence of a basic or an acidic reaction environment on hydrolysis, 

QM single point energy calculations for the hydrolysis of compound 8a and the least 

stable compound 13b were performed, including the neutral (8a and 13b) and the 

single protonated forms (8a’ and 13b’; -‘- indicates N-3 protonation in the following) 

of all reactants and products (cf. Supporting Information). The computations include 

NH4
+ as proton donor and one water molecule was taken into account for the 

stoichiometry of the reaction. Interestingly, plotting the data in water (Figure 5) as 

well as in the gas phase (cf. Supporting Information) for all relevant fragments 

revealed an exothermic reaction (-6.7 kcal/mol in water) for the hydrolysis of 8a’ (II in 

Figure 5a) into the protonated fragments (III in Figure 5a), while hydrolysis of the 

neutral form 8a (I in Figure 5a) undergoes an endothermic reaction (3.1 kcal/mol in 



water) into the neutral fragments (IV in Figure 5a). This indicates that the fragments 

show greater stability when protonated, while interestingly, the aminal structure is 

more stable when it is non-protonated. Therefore, protonation of this compound due 

to an acidic environment might well shift the equilibrium from the non-hydrolyzed 

compound in neutral media, into its fragments in acidic media (Figure 5a). This 

implies that formation of tetrahydroquinazolines from its fragments is 

thermodynamically favoured in a neutral or basic environment; and in fact, this is in 

agreement with data from literature reporting the synthesis of tetrahydroquinazolines 

to take place in organic solvent[25-27] as well as in non-acidic aqueous media [46]. 

Indeed, we tried the condensation of the respective diamine 16 and benzaldehyde 

towards compound 8a in water as well as in acetonitrile as solvent. In both cases, 

complete condensation was observed toward compound 8a. In addition, as larger 

amounts of benzaldehyde and diamine 16 in water are not soluble, also a mixture of 

water:acetonitrile (1:1) as solvent was used to dissolve all reactants and to exclude 

solubility effects on the condensation reaction in water (for details cf. Supporting 

Information). Interestingly, for the least stable compound 13b (Figure 5b) 

exothermicity of the reaction of the protonated tetrahydroquinazoline (II in Figure 5b) 

into its fragments (III in Figure 5b) increased to -11 kcal/mol in aqueous medium, 

which might explain the increased hydrolysis rate of this compound in acidic media 

compared to compound 8a’. In contrast to 8a, the hydrolysis of the neutral 

tetrahydroquinazoline 13b (I in Figure 5b) into its neutral fragments (IV in Figure 5b) 

is also exothermic (-4.9 kcal/mol in water), which indicates the hydrolysis of this 

compound to take place in acidic as well as in neutral environment. These 

observations are in agreement with the described stability experiments of compound 

13b, which was found to degrade also in neutral environment at pH = 7 (cf. 

Figure 3b). It should also be taken into account that calculations of charged 



compounds in solutions are less accurate than corresponding calculations of neutral 

ones. Takano and Houk showed that the mean absolute deviation for single point 

energy calculations of charged molecules in a continuum solvent model is 

3-5 kcal/mol, while 1-3 kcal/mol was computed for neutral ones[47]. Due to the fact 

that hydrolysis of tetrahydroquinazolines is an equilibrium reaction, the energy 

differences between the different states are within the range of 10 kcal/mol, which is 

close to the accuracy of the method for charged molecules. Therefore, the calculation 

results should be approached in a manner of showing a trend, rather than expecting 

exact values. 



 

Figure 5. Differences in energy along the reaction coordinate using the functional 

B3LYP-D3 for the hydrolysis of (5a) compound 8a and (5b) compound 13b in water 

environment. 

 



Taking this data together, it is predicted and experimentally proven, that basic 

reaction conditions shift the equilibrium towards the formation of 

tetrahydroquinazolines of the general structure 1 from the respective diamines and 

aldehydes, while acidic conditions promote hydrolysis of the protonated 

tetrahydroquinazolines 1’ (Figure 6). Therefore, compounds with an increased 

basicity, like these with a branched alkyl chain at the nitrogen (e.g. compound 9b), 

are more sensitive towards hydrolysis due to their accelerated protonation which 

induces hydrolysis.  

 

 

 

Figure 6: Reaction equilibrium between tetrahydroquinazoline 1, the corresponding 

diamine 2 and aldehyde 3 in basic or neutral media as well as the protonated 

tetrahydroquinazoline 1’ and the corresponding diamine 2’ and aldehyde 3 in acidic 

media. 

 

Considering the influence of different substitution patterns for an increased hydrolysis 

rate of some compounds (9b and 13b,c), a systematic conformational search[48] for 

all compounds was performed to investigate possible differences in the minimum 



energy conformation of both the neutral and the protonated forms. The 

conformational search revealed that the majority of all compounds (neutral form: 8a-

c,e, 9a, 13a-c; protonated form: 8a’-e’, 9a’, 13a’-c’), shared the same minimum 

energy conformer in which the phenyl ring in position 2 and the N-3 side group are in 

anti-axial orientation (exemplarily shown for compound 8a in Figure 7a) while the 

other compounds (neutral form: 8d,f, 9b,c; protonated form: 8f’, 9b’,c’) adhere to a 

conformer of minimal energy where the residues are in equatorial position 

(exemplarily shown for compound 9b in Figure 7b). Both conformations of minimum 

energy found in this study are in agreement with crystal structures reported in 

literature[46,49-52] (CCDC reference numbers for anti-axial motif: 177049[46], 

717617[49],778079[50], 722943[51], 820149[52]; and for equatorial motif: 177050, 

177052[46]).  

 

 

 

Figure 7: Minimum energy conformers in their neutral form with (7a) an axial 

orientation of the phenyl system exemplarily shown for compound 8a and (7b) an 

equatorial orientation of the phenyl substituent exemplarily shown for 9b. 

 

a) b) 



Interestingly, the least stable compound 13b and the significantly more stable 

compound 8e were found to share the same anti-axial conformer in the neutral and in 

the N-3 protonated form. Furthermore, the 2,6-dichloro compound 8f exhibits the 

same behaviour in terms of stability as the other compounds of the 8 series, even 

though it adheres to the equatorial minimum energy motif, both in the neutral and in 

the N-3 protonated form. In conclusion, comparison of the conformational search and 

the experimental data of the hydrolysis experiments proves no coherence between 

the decreased sensitivity on hydrolysis of 9b and 13b,c due to a different 

conformation of minimal energy; especially as 13b,c and 13b’,c’ are following anti-

axial conformation, while 9b and 9b’ are following equatorial conformation. 

To further investigate the increased hydrolysis rates of 9b and 13b,c, respectively, 

energetic differences within the aminal system of these compounds were explored. 

The cyclic tetrahydroquinazoline system is higher in energy by its conformation in 

comparison to the non-cyclic diamines and bulky substituents, e.g. Ph- or iPr- 

residues, might additionally increase the energy in this system (e.g. through strain), 

thus contributing to its enhanced sensitivity towards hydrolysis. Therefore, a 

comparison of the energy of the aminal core of the reference compound 8a with 

compounds 9b and 13b,c was performed using Molecular Mechanics (MM). For this 

purpose, the conformer of minimal energy for compounds 9b and 13b,c was kept 

frozen, while the N-side groups were changed into a methyl residue. The resulting 

structures were therefore identical with compound 8a, thus differences in potential 

energy are attributed to the conformational energy of the tetrahydroquinazoline core. 

This procedure was followed for all the aforementioned compounds in their neutral 

and the N-3 protonated form. The relative potential energy of the modified 

compounds (13b_mod, 13c_mod and 9b_mod) was higher in all cases compared to 

compound 8a (Table 1) suggesting a correlation of increased conformational energy 



of the ring system and increased sensitivity toward hydrolysis. This increase in 

energy might well be attributed to different geometrical effects including ring strain, 

strain of the angles or steric repulsion of the side groups. It might be possible that an 

increased ring-strain at the nitrogens of the tetrahydroquinazoline system could 

increase the basicity of these compounds and therefore accelerate the induction of 

hydrolysis, although previous studies showed that the relationship between the 

magnitude of ring strain and the resulting nitrogen basicity is not 

straightforward[53,54]. Probably more interesting, the hydrolysis of cyclic geminal 

ethers was recently reported to be drastically accelerated by introduction of sterically 

demanding side groups through reduction of the activation barrier [55].  These results 

are consistent with the herein reported data supporting a preferred elimination of the 

aldehyde fragment from the respective tetrahydroquinazoline in compounds with 

increased ring energy. Nevertheless, compound 13c_mod was computed to be the 

least stable compound although compound 13b was experimentally proven to be less 

stable. Therefore, we assume that additional enthalpic or entropic effects might also 

be involved in altering the stability of the ring system and an increase in ring energy 

might be only one part of the puzzle.  

In addition, as a proof of concept, also the energy differences between 8a and the 

modified compound 8b_mod as well as the sterically more demanding compound 

8f_mod were calculated. As expected, in the case of 8b_mod the difference to 8a is 

negligible (∆U < 1 kcal/mol). For the sterically more demanding compound 8f_mod 

the energy difference of the protonated form is 1.61 kcal/mol, which is still a 

moderate value and places it well below compound 9b. Obviously, an exact 

correlation of this simple measure with the hydrolytic instability is not to be expected, 

given the limitations of the molecular mechanical approach and the fact that the 

hydrolysis rate of the investigated aminal system is not only a function of increased 



ring energy but also dependent on other thermodynamic factors, as mentioned 

above. Nevertheless, a clear trend can be recognized, indicating that the 

conformational energy of the ring system is at least an important if not the major 

contribution to the hydrolytic instability of the investigated systems. 

 

Table 1: Calculated differences in potential energy (U) of the modified compounds 

compared to compound 8a in water with MM. Differences were calculated by 

∆U = U(Cpd_mod) – U(8a).  

 

∆U [kcal/mol] 

8b_mod  8f_mod  9b_mod  13b_mod  13c_mod  

neutral 0.74 1.47 2.09 3.05 5.27 

protonated 0.73 1.61 2.46 3.5 5.22 

 

Conclusion 

The aminal core is a common structural element in various medicinally relevant 

compounds and naturally occurring alkaloids. However, this system suffers from 

hydrolysis and therefore might decompose due to inappropriately applied reaction or 

workup conditions in synthesis, or when being exposed to an acidic environment, e.g. 

by gastric acid when administered orally. 

To systematically investigate the hydrolysis of the aminal system with regard to pH-

dependency, tetrahydroquinazolines 8a-f, 9a-c and 13a-c were synthesized and 

exposed to buffered aqueous media with defined pH-values. A general trend was 

observed for all compounds with an accelerated hydrolysis rate as a function of 

decreasing pH value. Additional density functional calculations revealed that 

protonation of the N-3 nitrogen can induce hydrolysis into the corresponding 



fragments. Therefore, compounds with a higher pKa-value at the N-3 nitrogen might 

increase the hydrolysis sensitivity of these compounds due to their faster protonation, 

like for compound 9b. Computational studies as well as experimental data revealed 

that the formation of tetrahydroquinazolines is favored when exposing their fragments 

(diamine and aldehyde) to an environment where no protonation occurs (mostly due 

to a basic environment) and therefore the reaction equilibrium can be shifted to one 

or the other site by protonating or deprotonating the relevant reactants. Furthermore, 

different substitution patterns in position 2 (series 8) of the aromatic system, did not 

affect the stability because of changes in electron density (8a-e) or bulkiness (8f) of 

substituents. 

Interestingly, hydrolysis experiments revealed an accelerated decomposition for 

compounds 9b and 13b,c. To investigate these findings, minimum conformational 

energy calculations were conducted. We found that all compounds adhere to two 

groups of conformers in accordance with crystal structures reported in literature. 

Changing the minimum energy conformers of 9b and 13b,c into the reference 

structure 8a revealed an increase in ring-energy which might accelerate their 

hydrolysis. However, additional entropic and enthalpic effects may influence stability 

of such compounds that should be investigated in further studies.  

 

 

Supporting Information  

Detailed synthetic procedures, spectral data, stability analyses and computational 

investigations. 
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Experimental Section 

Chemistry 

General 

Common reagents and solvents were obtained from commercial suppliers and used without 

any further purification. Tetrahydrofurane (THF) was distilled from sodium/benzophenone 

under argon atmosphere. Reaction progress was monitored using analytical thin layer 

chromatography (TLC) on precoated silica gel GF254 plates (Macherey-Nagel GmbH & Co. 

KG, Düren, Germany) and spots were detected under UV light (254 nm) or by staining with 

iodine. Nuclear magnetic resonance spectra were performed with a Bruker AV-400 NMR 

instrument (Bruker, Karlsruhe, Germany) in DMSO-d6 or CDCl3. Chemical shifts are 

expressed in ppm relative to CDCl3 or DMSO-d6 (7.26/2.50 and 77.16/39.52 ppm for 1H and 
13C NMR, respectively).  Melting points were determined in open capillaries on a Büchi 

B-540 without any further correction. For purity and reaction analyzes, analytic HPLC-

analysis was performed on a system from Shimadzu equipped with a DGU-20A3R controller, 

LC20AB liquid chromatograph, and a SPD-20A UV/Vis detector. Stationary phase was a 

Synergi 4U fusion-RP (150 x 4.6 mm) column (Phenomenex, Aschaffenburg, Germany). As 

mobile phase, water (phase A) and MeOH (phase B) were used with 1 mL/min. (conc. B: 5% 

→ 90% from 0 to 8 min; 90% from 8 to 13 min; 90% → 5% from 13 to 15 min; 5% from 15 

to 18 min.) ESI mass spectral data were acquired on a Shimadzu LCMS-2020. 

 

General Reaction Procedures 

General Amide Formation Procedure (GP1): Isatoic anhydride derivatives were 

dissolved in dry DMF (30 mL) and treated with the corresponding amine (5 equiv) or a 

mixture of the amine hydrochloride (5 equiv) and triethylamine (5 equiv). The mixture was 

heated to 40-120 °C (depending on the amine) for 3-6 h. For workup, the mixture was poured 

into water (100 mL) and the product was extracted with EtOAc (5 x 100 mL). The combined 

organic layers were washed with brine (50 mL), dried over Na2SO4 and evaporated to 

dryness. The crude product was purified by column chromatography to obtain benzamide 

derivatives. 

 

General Cyclization Procedure (GP2): Benzamide derivatives were dissolved in glacial 

acetic acid (20 mL). The mixture was treated with the corresponding aldehyde (1.2 equiv) and 
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heated to 70 °C for 1-4 h. Then the mixture was poured onto ice water (20 mL), basified with 

a NaOH-solution (2 M) and the pH was adjusted to 9 with sat. NH4Cl-solution. The product 

was extracted with EtOAc (3 x 40 mL), the combined organic layers were washed with brine 

(30 mL), dried over Na2SO4 and the solvent was evaporated under reduced pressure. The 

crude product was either crystallized or purified by column chromatography to obtain 

dihydroquinazolinones. 

 

General Reduction Procedure (GP3): Dihydroquinazolinones were dissolved in dry THF 

(30 mL) at 0 °C and LiAlH4 (4 equiv) was added. The mixture was allowed to reach rt and 

was then heated to reflux temperature for 1-3 h. After cooling to rt, the mixture was poured 

into ice water (50 mL) followed by the addition of saturated NH4Cl-solution until pH = 9. The 

aqueous phase was then extracted with EtOAc (3 x 80 mL). The combined organic layers 

were washed with brine (50 mL), dried over Na2SO4 and the solvent was evaporated under 

reduced pressure. The crude product was purified by column chromatography to obtain the 

corresponding tetrahydroquinazolines. 

 

 

Synthesis and Experimental Data 

1-Methyl-2H-benzo[d][1,3]oxazine-2,4(1H)-dione 4: A solution of isatoic anhydride (7.60 g, 

46.6 mmol, 1 equiv) in DMAc (100 mL) was treated with DIPEA (16.0 mL, 93.2 mmol, 

2 equiv) and methyl iodide (11.6 mL, 186 mmol, 4 equiv). After stirring for 24 h at 40 °C, 

ice-cold water (100 mL) was added. The formed suspension was stirred for further 40 min. 

The precipitated solid was filtered off, washed with water (2 x 15 mL), cyclohexane (3 x 

15 mL), and dried in vacuo to obtain 1-methyl-2H-benzo[d][1,3]oxazine-2,4(1H)-dione 4 

(7.35 g, 89%) as yellow-brown solid; mp 174-177 °C. 1H NMR (DMSO-d6, 400 MHz): δ = 

8.01 (dd, J = 7.8, 1.4 Hz, 1H), 7.88 - 7.84 (m, 1H), 7.44 (d, J = 8.4 Hz, 1H), 7.36 - 7.32 (m, 

1H), 3.47 (s, 3H) ppm. 13C NMR (DMSO-d6, 101 MHz): δ = 159.0, 147.7, 142.2, 137.1, 

129.3, 123.5, 114.8, 111.5, 31.6 ppm.  

 

N-Methyl-2-(methylamino)benzamide 5a: According to GP1, 1-methyl-2H-

benzo[d][1,3]oxazine-2,4(1H)-dione 4 (1.50 g, 8.47 mmol, 1 equiv), methylamine 

hydrochloride (2.86 g, 42.3 mmol, 5 equiv) and triethylamine (5.86 mL, 42.3 mmol, 5 equiv) 
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were used to obtain N-methyl-2-(methylamino)benzamide 5a (1.28 g, 92%) after column 

chromatography (petroleum ether:EtOAc = 1:1) as yellow oil; 1H NMR (CDCl3, 400 MHz): 

δ = 7.41 (br, NH), 7.31 - 7.27 (m, 2H), 6.65 - 6.63 (d, J = 8.1 Hz, 1H), 6.57 - 6.52 (m, 1H), 

6.04 (br, NH), 2.92 (d, J = 4.8 Hz, 3H), 2.83 (s, 3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 

170.8, 150.6, 132.9, 127.3, 115.5, 114.7, 111.3, 29.9, 26.7 ppm.  

 

2-(Methylamino)-N-phenylbenzamide 5b: According to GP1, 1-methyl-2H-

benzo[d][1,3]oxazine-2,4(1H)-dione 4 (700 mg, 3.95 mmol, 1 equiv), and aniline (1.80 mL, 

19.8 mmol, 5 equiv) were used to obtain 2-(methylamino)-N-phenylbenzamide 5b (625 mg, 

70%) after column chromatography (petroleum ether:EtOAc = 2:1) as pale red solid; mp 

125-127 °C. 1H NMR (DMSO-d6, 400 MHz): δ = 10.05 (s, NH), 7.72 - 7.70 (m, 2H), 7.67 

(dd, J = 7.8, 1.3 Hz, 1H), 7.37 - 7.29 (m, 3H+NH), 7.10 - 7.06 (m, 1H), 6.68 (d, J = 7.4 Hz, 

1H), 6.64 (t, J = 7.7 Hz, 1H), 2.80 (d, J = 5.0 Hz, 3H) ppm. 13C NMR (DMSO-d6, 101 MHz): 

δ = 168.0, 150.0, 139.1, 132.7, 128.8, 128.4 (2C), 123.4, 120.6 (2C), 115.7, 114.0, 110.6, 29.4 

ppm.  

 

N-Isopropyl-2-(methylamino)benzamide 5c: According to GP1, 1-methyl-2H-

benzo[d][1,3]oxazine-2,4(1H)-dione 4 (700 mg, 3.95 mmol, 1 equiv) and i-propylamine 

(1.69 mL, 19.8 mmol, 5 equiv) were used to obtain N-isopropyl-2- (methylamino)benzamide 

5c (682 mg, 90%) after column chromatography (petroleum ether:EtOAc = 2:1) as white 

solid; mp 119-121 °C. 1H NMR (DMSO-d6, 400 MHz): δ = 8.00 (d, J = 7.6 Hz, NH), 7.57 (q, 

J = 4.9 Hz, NH), 7.51 (dd, J = 7.8, 1.6 Hz, 1H), 7.28 - 7.25 (m, 1H), 6.60 (dd, J = 8.4, 0.8 Hz, 

1H), 6.56 - 6.52 (m, 1H), 4.12 - 4.00 (m, 1H), 2.76 (d, J = 5.1 Hz, 3H), 1.14 (d, J = 6.6 Hz, 

6H) ppm. 13C NMR (DMSO-d6, 101 MHz): δ = 168.2, 149.9, 132.0, 128.3, 115.6, 113.8, 

110.3, 40.4, 29.2, 22.3 (2C) ppm.  

 

2-(Methylamino)-N-propylbenzamide 5d: According to GP1, 1-methyl-2H-

benzo[d][1,3]oxazine-2,4(1H)-dione 4 (700 mg, 3.95 mmol, 1 equiv) and n-propylamine 

(973 µL, 11.9 mmol, 3 equiv) were used to obtain 2-(methylamino)-N-propylbenzamide 5d 

(759 mg, 97%) after column chromatography (petroleum ether:EtOAc = 1:2) as pale yellow 

solid; mp 57-59 °C. 1H NMR (CDCl3, 400 MHz): δ = 7.40 (br, NH), 7.31 - 7.29 (m, 1H), 

7.29 - 7.27 (m, 1H), 6.64 (dd, J = 8.6, 0.7 Hz, 1H), 6.58 - 6.54 (m, 1H), 6.01 (br, NH), 3.37 - 

3.32 (m, 2H), 2.83 (d, J = 4.8 Hz, 3H), 1.60 (sextet, J = 7.2 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H) 
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ppm. 13C NMR (CDCl3, 101 MHz): δ = 170.1, 150.7, 132.9, 127.2, 115.7, 114.6, 111.3, 41.6, 

29.9, 23.2, 11.7 ppm.  

 

1,3-Dimethyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 6a: According to GP2, N-methyl-2-

(methylamino)benzamide 5a (565 mg, 3.44 mmol, 1 equiv) and benzaldehyde (417 µL, 

4.13 mmol, 1.2equiv) were used to obtain 1,3-dimethyl-2-phenyl-2,3-dihydroquinazolin-

4(1H)-one 6a (628 mg, 73%) after column chromatography (petroleum ether:EtOAc = 2:1) as 

white solid; mp 139-142 °C. 1H NMR (DMSO-d6, 400 MHz): δ = 7.77 (dd, J = 7.6, 1.4 Hz, 

1H), 7.37 - 7.34 (m, 1H), 7.33 - 7.31 (m, 3H), 7.23 - 7.18 (m, 2H), 6.78 (dt, J = 7.6, 0.8 Hz, 

1H), 6.59 (d, J = 8.1 Hz, 1H), 5.78 (s, 1H), 2.88 (s, 3H), 2.80 (s, 3H) ppm. 13C NMR 

(DMSO-d6, 101 MHz): δ = 161.6, 146.2, 137.0, 133.7, 128.9, 128.7 (2C), 127.5, 126.0 (2C), 

117.3, 115.7, 111.8, 78.3, 34.9, 31.8 ppm. ESI-MS: m/z calcd: 252.1, found: 253.1 [M+H]+. 

HPLC: 98%. 

 

2-(4-(tert-Butyl)phenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 6b: According to 

GP2, N-methyl-2-(methylamino)benzamide 5a (200 mg, 1.22 mmol, 1 equiv) and 4-(tert-

butyl)benzaldehyde (245 µL, 1.45 mmol, 1.2equiv) were used to obtain 2-(4-(tert-

butyl)phenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 6b (329 mg, 88%) after column 

chromatography (petroleum ether:EtOAc = 3:1) as white solid; mp 126-129 °C. 1H NMR 

(400 MHz, DMSO-d6): δ = 7.76 (dd, J = 7.6, 1.6 Hz, 1H), 7.41 - 7.24 (m, 3H), 7.13 (d, J = 8.3 

Hz, 2H), 6.78 (t, J = 7.1 Hz, 1H), 6.60 (d, J = 8.2 Hz, 1H), 5.75 (s, 1H), 2.88 (s, 3H), 2.81 (s, 

3H), 1.23 (s, 9H) ppm. 13C NMR (101 MHz, DMSO): δ = 162.1, 151.7, 146.8, 134.6, 134.2, 

127.9, 126.3 (2C), 126.0 (2C), 117.8, 116.3, 112.4, 78.5, 35.5, 34.8, 32.4, 31.5 (3C) ppm.  

 

1,3-Dimethyl-2-(p-tolyl)-2,3-dihydroquinazolin-4(1H)-one 6c: According to GP2, N-methyl-

2-(methylamino)benzamide 5a (200 mg, 1.22 mmol, 1 equiv) and 4-methylbenzaldehyde 

(175 µL, 1.45 mmol, 1.2equiv) were used to obtain 1,3-dimethyl-2-(p-tolyl)-2,3-

dihydroquinazolin-4(1H)-one 6c (287 mg, 88%) after column chromatography (petroleum 

ether:EtOAc = 3:1) as white solid; mp 133-136 °C. 1H NMR (400 MHz, DMSO-d6): δ = 7.76 

(dd, J = 7.6, 1.7 Hz, 1H), 7.37 - 7.28 (m, 1H), 7.16 - 7.05 (m, J = 8.0 Hz, 4H), 6.78 (t, J = 7.4 

Hz, 1H), 6.58 (d, J = 8.2 Hz, 1H), 5.73 (s, 1H), 2.87 (s, 3H), 2.78 (s, 3H), 2.25 (s, 3H) ppm. 
13C NMR (101 MHz, DMSO-d6): δ = 162.1, 146.7, 138.8, 134.5, 134.2, 129.8 (2C), 127.9, 

126.5 (2C), 117.8, 116.2, 112.3, 78.7, 35.3, 32.3, 21.2 ppm.  



S7 
 

 

2-(4-Fluorophenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 6d: According to GP2, N-

methyl-2-(methylamino)benzamide 5a (200 mg, 1.22 mmol, 1 equiv) and 4-

fluorobenzaldehyde (157 µL, 1.45 mmol, 1.2 equiv) were used to obtain 2-(4-fluorophenyl)-

1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 6d (209 mg, 64%) after crystallization from a 

mixture of petroleum ether/DCM as white solid; mp 134-138 °C. 1H NMR (400 MHz, 

DMSO-d6): δ = 7.77 (dd, J = 7.6, 1.6 Hz, 1H), 7.36 (ddd, J = 8.3, 7.3, 1.7 Hz, 1H), 7.28 - 7.21 

(m, 2H), 7.21 - 7.13 (m, 2H), 6.79 (td, J = 7.5, 0.9 Hz, 1H), 6.60 (d, J = 8.2 Hz, 1H), 5.81 (s, 

1H), 2.87 (s, 3H), 2.79 (s, 3H) ppm. 13C NMR (101 MHz, DMSO-d6): δ = 162.8 (d, J = 

244.9 Hz), 162.0, 146.6, 134.3, 133.8 (d, J = 3.1 Hz), 128.7 (d, J = 8.4 Hz, 2C), 128.0, 118.0, 

116.1 (d, J = 21.6 Hz, 2C), 116.1, 112.5, 78.0, 35.3, 32.3 ppm.  

 

1,3-Dimethyl-2-(4-(trifluoromethyl)phenyl)-2,3-dihydroquinazolin-4(1H)-one 6e: According 

to GP2, N-methyl-2-(methylamino)benzamide 5a (200 mg, 1.22 mmol, 1 equiv) and 4-

(trifluoromethyl)benzaldehyde (200 µL, 1.46 mmol, 1.2 equiv) were used to obtain 1,3-

dimethyl-2-(4-(trifluoromethyl)phenyl)-2,3-dihydroquinazolin-4(1H)-one 6e (354 mg, 91%) 

after column chromatography (petroleum ether:EtOAc = 1:1) as white solid; mp 130-132 °C. 
1H NMR (CDCl3, 400 MHz): δ = 8.01 - 7.99 (m, 1H), 7.54 (d, J = 8.1 Hz, 2H), 7.36 - 7.30 

(m, 3H), 6.86 (dt, J = 7.6, 0.8 Hz, 1H), 6.48 (d, J = 8.3 Hz, 1H), 5.45 (s, 1H), 2.99 (s, 3H), 

2.81 (s, 3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 162.6, 146.0, 140.9, 134.2, 131.7 (q, J = 

32.8 Hz), 128.9, 126.9 (2C), 126.2 (q, J = 3.8 Hz, 2C), 124.0 (q, J = 273.2 Hz), 118.8, 116.3, 

112.0, 80.5, 35.8, 32.7 ppm.  

 

2-(2,6-Dichlorophenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 6f: According to GP2, 

N-methyl-2-(methylamino)benzamide 5a (400 mg, 2.44 mmol, 1 equiv) and 2,6-

dichlorobenzaldehyde (512 mg, 2.93 mmol, 1.2 equiv) were used to obtain 2-(2,6-

dichlorophenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 6f (571 mg, 73%) after 

column chromatography (petroleum ether:EtOAc = 2:1) as white solid; mp 195-201 °C. 
1H NMR (400 MHz, CDCl3): δ = 7.92 (dd, J = 7.7, 1.6 Hz, 1H), 7.32 - 7.28 (m, 2H), 7.26 

(ddd, J = 8.4, 7.3, 1.7 Hz, 1H), 7.21 - 7.14 (m, 1H), 6.78 (s, 1H), 6.67 (td, J = 7.6, 0.9 Hz, 

1H), 6.43 (d, J = 8.3 Hz, 1H), 2.72 (s, 3H), 2.62 (s, 3H) ppm. 13C NMR (101 MHz, CDCl3): 

δ = 161.9, 146.5, 136.1 (2C), 133.8, 132.3, 130.4, 128.3, 116.7, 113.6, 109.0, 76.0, 33.7, 30.7 

ppm.  
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1-Methyl-2-phenyl-3-propyl-2,3-dihydroquinazolin-4(1H)-one 7a: According to GP2, 2-

(methylamino)-N-propylbenzamide 5d (672 mg, 3.50 mmol, 1 equiv) and benzaldehyde 

(424 µL, 4.19 mmol, 1.2equiv) were used to obtain 1-methyl-2-phenyl-3-propyl-2,3-

dihydroquinazolin-4(1H)-one 7a (649 mg, 66%) after column chromatography (petroleum 

ether:EtOAc = 3:1) as white solid; mp 176-180 °C. 1H NMR (DMSO-d6, 400 MHz): δ = 7.77 

(dd, J = 7.6, 1.6 Hz, 1H), 7.35 - 7.29 (m, 4H), 7.25 - 7.21 (m, 2H), 6.79 (dt, J = 7.5, 0.9 Hz, 

1H), 6.57 (d, J = 8.1 Hz, 1H), 5.78 (s, 1H), 3.79 - 3.72 (m, 1H), 2.82 (s, 3H), 2.79 - 2.72 (m, 

1H), 1.67 - 1.54 (m, 1H), 1.54 - 1.41 (m, 1H), 0.84 (t, J = 7.4 Hz, 3H) ppm. 13C NMR 

(DMSO-d6, 101 MHz): δ = 161.3, 146.1, 137.7, 133.6, 128.8, 128.6 (2C), 127.5, 126.2 (2C), 

117.5, 116.4, 112.1, 76.5, 45.9, 35.0, 20.5, 11.2 ppm.  

 

3-Isopropyl-1-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 7b: According to GP2, N-

isopropyl-2-(methylamino)benzamide 5c (657 mg, 3.42 mmol, 1 equiv) and benzaldehyde 

(414 µL, 4.1 mmol, 1.2 equiv) were used to obtain 3-isopropyl-1-methyl-2-phenyl-2,3-

dihydroquinazolin-4(1H)-one 7b (820 mg, 86%) after column chromatography (petroleum 

ether:EtOAc = 2:1) as white solid; mp 153-155 °C. 1H NMR (DMSO-d6, 400 MHz): δ = 7.96 

(dd, J = 7.6, 1.5 Hz, 1H), 7.49 - 7.45 (m, 1H), 7.45 - 7.40 (m, 5H), 6.97 (dt, J = 7.5, 0.8 Hz, 

1H), 6.67 (d, J = 8.0 Hz, 1H), 6.00 (s, 1H), 4.84 (septet, J = 6.9 Hz, 1H), 3.01 (s, 3H), 1.42 (d, 

J = 6.8 Hz, 3H), 1.03 (d, J = 6.9 Hz, 3H) ppm. 13C NMR (DMSO-d6, 101 MHz): δ = 161.1, 

145.7, 138.8, 133.4, 128.4, 128.3 (2C), 127.5, 126.0 (2C), 117.8, 117.7, 112.5, 72.6, 45.2, 

35.0, 20.12, 20.11 ppm.  

 

1-Methyl-2,3-diphenyl-2,3-dihydroquinazolin-4(1H)-one 7c: According to GP2, 

2-(methylamino)-N-phenylbenzamide 5b (604 mg, 2.67 mmol, 1 equiv) and benzaldehyde 

(324 µL, 3.20 mmol, 1.2 equiv) were used to obtain 1-methyl-2,3-diphenyl-2,3-

dihydroquinazolin-4(1H)-one 7c (772 mg, 93%) after column chromatography (petroleum 

ether:EtOAc = 3:1) as white solid; mp 138–142 °C. 1H NMR (DMSO-d6, 400 MHz): δ = 7.85 

(dd, J = 7.7, 1.6 Hz, 1H), 7.43 - 7.39 (m, 1H), 7.39 - 7.34 (m, 2H), 7.31 - 7.28 (m, 3H), 7.27 - 

7.22 (m, 5H), 6.85 (dt, J = 7.6, 0.7 Hz, 1H), 6.67 (d, J = 8.0 Hz, 1H), 6.22 (s, 1H), 2.97 (s, 

3H) ppm. 13C NMR (DMSO-d6, 101 MHz): δ = 161.2, 146.3, 140.5, 137.5, 134.2, 128.8 (2C), 

128.7, 128.6 (2C), 128.1, 126.53 (2C), 126.48, 126.2 (2C), 117.9, 116.7, 112.8, 79.0, 35.5 

ppm.  
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1,3-Dimethyl-2-phenyl-1,2,3,4-tetrahydroquinazoline 8a: According to GP3, starting from 

1,3-dimethyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 6a (250 mg, 0.99mmol, 1 equiv) the 

title compound 1,3-dimethyl-2-phenyl-1,2,3,4-tetrahydroquinazoline 8a (208 mg, 89%) was 

obtained after column chromatography (petroleum ether:EtOAc = 2:1) as brown solid; mp 

94-96 °C. 1H NMR (CDCl3, 400 MHz): δ = 7.30 - 7.19 (m, 3H), 7.19 - 7.10 (m, 3H), 6.80 (d, 

J = 7.3 Hz, 1H), 6.61 - 6.55 (m, 2H), 4.79 (s, 1H), 3.71 (d, J = 16.0 Hz, 1H), 3.30 (d, J = 16.0 

Hz, 1H), 2.88 (s, 3H), 2.44 (s, 3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 143.8, 141.0, 

128.6 (2C), 128.02, 127.95, 127.3 (3C), 118.2, 116.0, 109.0, 82.3, 49.5, 42.5, 36.9 ppm. ESI-

MS: m/z calcd: 238.2, found: 239.1 [M+H]+. HPLC: 99%. 

 

2-(4-(tert-Butyl)phenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazoline 8b: According to GP3, 

starting from 2-(4-(tert-butyl)phenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 6b 

(309 mg, 1.00 mmol, 1 equiv) the title compound 2-(4-(tert-butyl)phenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazoline 8b (222 mg, 75%) was obtained after column chromatography 

(petroleum ether:EtOAc = 4:1) as white solid; mp 96-99 °C. 1H NMR (400 MHz, DMSO-d6): 

δ= 7.41 - 7.34 (m, 2H), 7.20 - 7.07 (m, 3H), 6.87 (d, J = 6.5 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 

6.59 (td, J = 7.3, 1.0 Hz, 1H), 4.98 (s, 1H), 3.60 (d, J = 16.1 Hz, 1H), 3.35 (d, J = 14.8 Hz, 

1H), 2.96 (s, 3H), 2.44 (s, 3H), 1.30 (s, 9H) ppm.13C NMR (101 MHz, DMSO-d6): δ = 150.2, 

144.0, 138.5, 128.1, 127.1, 126.9 (2C), 125.4 (2C), 118.0, 115.7, 109.2, 80.9, 49.1, 42.0, 37.0, 

34.7, 31.6 (3C) ppm. ESI-MS: m/z calcd: 294.2, found: 295.1 [M+H]+. HPLC: 100%. 

 

1,3-Dimethyl-2-(p-tolyl)-1,2,3,4-tetrahydroquinazoline 8c: According to GP3, starting from 

1,3-dimethyl-2-(p-tolyl)-2,3-dihydroquinazolin-4(1H)-one 6c (269 mg, 1.01 mmol, 1 equiv) 

the title compound 1,3-dimethyl-2-(p-tolyl)-1,2,3,4-tetrahydroquinazoline 8c (203 mg, 80%) 

was obtained after column chromatography (petroleum ether:EtOAc = 4:1) as yellow solid; 

mp 34-36 °C. 1H NMR (400 MHz, DMSO-d6): δ = 7.15 - 7.06 (m, 3H), 7.05 - 7.00 (m, J = 

8.0 Hz, 2H), 6.82 (d, J = 7.1 Hz, 1H), 6.65 (d, J = 7.9 Hz, 1H), 6.54 (td, J = 7.3, 1.0 Hz, 1H), 

4.91 (s, 1H), 3.55 (d, J = 16.0 Hz, 1H), 3.31 (d, J = 16.3 Hz, 1H), 2.88 (s, 3H), 2.37 (s, 3H), 

2.26 (s, 3H) ppm.13C NMR (101 MHz, DMSO-d6): δ = 144.0, 138.4, 137.1, 129.2 (2C), 

128.1, 127.2 (2C), 127.1, 118.1, 115.7, 109.2, 81.0, 49.1, 42.0, 36.8, 21.1 ppm. ESI-MS: m/z 

calcd: 252.2, found: 253.1 [M+H]+. HPLC: 99%. 
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2-(4-Fluorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazoline 8d: According to GP3, 

starting from 2-(4-fluorophenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 8c (200 mg, 

0.74 mmol, 1 equiv) the title compound 2-(4-fluorophenyl)-1,3-dimethyl-1,2,3,4-

tetrahydroquinazoline 8d (94 mg, 50%) was obtained after column chromatography 

(petroleum ether:EtOAc = 2:1) as yellow oil; 1H NMR (400 MHz, DMSO-d6): δ = 7.21 - 7.03 

(m, 5H), 6.84 (d, J = 7.2 Hz, 1H), 6.67 (d, J = 8.1 Hz, 1H), 6.56 (td, J = 7.3, 1.0 Hz, 1H), 4.98 

(s, 1H), 3.53 (d, J = 16.2 Hz, 1H), 3.33 (d, J = 12.3 Hz, 1H), 2.91 (s, 3H), 2.38 (s, 3H) 

ppm.13C NMR (101 MHz, DMSO-d6): δ = 161.9 (d, J = 243.1 Hz), 143.7, 137.6 (d, J = 2.9 

Hz), 129.2 (d, J = 8.2 Hz, 2C), 128.1, 127.2, 118.0, 115.5 (d, J = 21.3 Hz, 2C), 115.4, 109.3, 

80.4, 48.9, 42.0, 36.9 ppm. ESI-MS: m/z calcd: 256.1, found: 257.1 [M+H]+. HPLC: 96%. 

 

1,3-Dimethyl-2-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroquinazoline 8e: According to 

GP3, starting from 1,3-dimethyl-2-(4-(trifluoromethyl)phenyl)-2,3-dihydroquinazolin-4(1H)-

one 6e (337 mg, 1.05 mmol, 1 equiv) the title compound 1,3-dimethyl-2-(4-

(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroquinazoline 8e (224 mg, 70%) was obtained after 

column chromatography (petroleum ether:EtOAc = 4:1) as clear oil; 1H NMR (CDCl3, 400 

MHz): δ = 7.53 , (d, J = 8.1 Hz, 2H), 7.35 - 7.33 (m, 2H), 7.19 (m, 1H), 6.88 - 6.86 (m, 1H), 

6.68 (d, J = 8.2 Hz, 1H), 6.66 (dt, J = 7.3, 1.0 Hz, 1H), 4.88 (s, 1H), 3.70 (d, 16.2 Hz, 1H), 

3.39 - 3.35 (m, 1H), 2.96 (s, 3H), 2.51 (s, 3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 145.2, 

143.4, 130.2 (q, J = 32.4 Hz, 2C), 128.2, 127.7 (2C), 127.4, 125.6 (q, J = 3.8 Hz), 124.4 (q, J 

= 273.7 Hz), 118.0, 116.5, 109.3, 81.9, 49.4, 42.6, 37.1 ppm. ESI-MS: m/z calcd: 306.1, 

found: 307.0 [M+H]+. HPLC: 97%. 

 

2-(2,6-Dichlorophenyl)-1,3-dimethyl-1,2,3,4-tetrahydroquinazoline 8f: According to GP3, 

starting from 2-(2,6-dichlorophenyl)-1,3-dimethyl-2,3-dihydroquinazolin-4(1H)-one 6f 

(520 mg, 1.63 mmol, 1 equiv) the title compound 2-(2,6-dichlorophenyl)-1,3-dimethyl-

1,2,3,4-tetrahydroquinazoline 8f (386 mg, 78%) was obtained after column chromatography 

(petroleum ether:EtOAc = 5:1) as white solid; mp 78-79 °C. 1H NMR (400 MHz, CDCl3): δ = 

7.24 (br, 2H), 7.14 - 7.04 (m, 2H), 6.89 (d, J = 7.2 Hz, 1H), 6.57 (td, J = 7.3, 1.0 Hz, 1H), 

6.49 (d, J = 8.1 Hz, 1H), 5.40 (d, J = 0.9 Hz, 1H), 3.83 (d, J = 15.0 Hz, 1H), 3.41 (d, J = 15.0 

Hz, 1H), 2.68 (s, 3H), 2.36 (s, 3H) ppm.13C NMR (101 MHz, CDCl3): δ = 144.2, 135.2, 

129.0, 128.0, 126.5, 119.3, 115.7, 109.0, 79.9, 52.6, 42.2, 34.7 ppm. ESI-MS: m/z calcd: 

306.1, found: 307.0 [M+H]+. HPLC: 99%. 
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1-Methyl-2-phenyl-3-propyl-1,2,3,4-tetrahydroquinazoline 9a: According to GP3, starting 

from 1-methyl-2-phenyl-3-propyl-2,3-dihydroquinazolin-4(1H)-one 7a (350 mg, 1.25 mmol, 

1 equiv) the title compound 1-methyl-2-phenyl-3-propyl-1,2,3,4-tetrahydroquinazoline 9a 

(277 mg, 84%) was obtained after column chromatography (petroleum ether:EtOAc = 3:1) as 

beige solid; mp: 46-48 °C. 1H NMR (CDCl3, 400 MHz): δ = 7.24 - 7.20 (m, 2H), 7.19 - 7.13 

(m, 3H), 7.13 - 7.09 (m, 1H), 6.79 (d, J = 7.2 Hz, 1H), 6.59 - 6.53 (m, 2H), 4.90 (s, 1H), 3.68 

(d, J = 16.3 Hz, 1H), 3.37 - 3.32 (m, 1H), 2.90 (s, 3H), 2.57 - 2.42 (m, 2H), 1.56 (sextet, J = 

7.3 Hz, 2H), 0.89 (t, J = 7.3 Hz, 3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 144.2, 141.6, 

128.6 (2C), 127.9, 127.7, 127.24 (2C), 127.16, 118.6, 115.7, 108.7, 80.4, 55.6, 47.6, 37.0, 

21.6, 12.1 ppm. ESI-MS: m/z calcd: 266.2, found: 267.2 [M+H]+. HPLC: 100%. 

 

3-Isopropyl-1-methyl-2-phenyl-1,2,3,4-tetrahydroquinazoline 9b: According to GP3, starting 

from 3-isopropyl-1-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 7b (300 mg, 

1.07 mmol, 1 equiv) the title compound 3-isopropyl-1-methyl-2-phenyl-1,2,3,4-

tetrahydroquinazoline 9b (247 mg, 87%) was obtained after column chromatography 

(petroleum ether: EtOAc = 4:1) as yellow solid; mp: 40-42 °C. 1H NMR (CDCl3, 400 MHz): 

δ = 7.31 - 7.28 (m, 1H), 7.27 - 7.26 (m, 1H), 7.24 - 7.20 (m, 3H), 7.18 - 7.13 (m, 1H), 6.85 - 

6.83 (m, 1H), 6.62 - 6.58 (m, 2H), 5.19 (s, 1H), 3.73 (d, J = 16.6 Hz, 1H), 3.62 (d, J = 16.6, 

1H), 2.94 (s, 3H), 2.87 (septet, J = 6.3 Hz, 1H), 1.20 (d, J = 6.3 Hz, 3H), 1.23 (d, J = 6.4 Hz, 

3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 144.9, 142.3, 128.6 (2C), 127.9, 127.5, 127.2 

(2C), 126.6, 119.5, 115.6, 108.5, 77.6, 50.0, 44.7, 36.6, 22.1, 21.7 ppm. ESI-MS: m/z calcd: 

266.2, found: 267.1 [M+H]+. HPLC: 99%. 

 

1-Methyl-2,3-diphenyl-1,2,3,4-tetrahydroquinazoline 9c: According to GP3, starting from 1-

methyl-2,3-diphenyl-2,3-dihydroquinazolin-4(1H)-one 7c (310 mg, 0.99mmol, 1 equiv) the 

title compound 1-methyl-2,3-diphenyl-1,2,3,4-tetrahydroquinazoline 9c (178 mg, 61%) was 

obtained after crystallization from petroleum ether/DCM as pale yellow solid; mp 132-

134 °C. 1H NMR (CDCl3, 400 MHz): δ = 7.25 - 7.22 (m, 1H), 7.22 - 7.17 (m, 4H), 7.17 - 

7.14 (m, 2H), 7.10 - 7.06 (m, 1H), 7.00 - 6.97 (m, 2H), 6.86 - 6.84 (m, 1H), 6.80 (tt, J = 7.3, 

1.0 Hz, 1H), 6.60 - 6.56 (m, 2H), 5.77 (s, 1H), 4.16 (d, J = 16.4 Hz, 1H), 4.10 (d, J = 16.2 Hz, 

1H), 2.96 (s, 3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 150.5, 144.4, 140.5, 129.4 (2C), 

128.7 (2C), 128.1, 128.0, 127.1 (2C), 126.4, 120.8, 120.0, 118.6 (2C), 116.6, 110.2, 78.8, 

46.7, 37.2 ppm. ESI-MS: m/z calcd: 300.2, found: 301.1 [M+H]+. HPLC: 99%. 
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2-Amino-N-methylbenzamide 10: According to GP1, isatoic anhydride (1.00 g, 6.13 mmol, 

1 equiv), methylamine hydrochloride (2.07 g, 30.7 mmol, 5 equiv) and triethylamine 

(4.25 mL, 30.7 mmol, 5 equiv) were used to obtain 2-amino-N-methylbenzamide 10 (862 mg, 

94%) after column chromatography (petroleum ether:EtOAc = 1:1) as white solid; mp: 80-

82 °C. 1H NMR (CDCl3, 400 MHz): δ = 7.27 (dd, J = 7.8, 1.48 Hz, 1H), 7.20 - 7.16 (m, 1H), 

6.66 (dd, J = 8.2, 0.8 Hz, 1H), 6.64 - 6.60 (m, 1H), 6.02 (br, NH), 5.47 (br, NH2), 2.95 (d, J = 

4.8 Hz, 3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 170.2, 148.8, 132.4, 127.2, 117.5, 116.8, 

116.5, 26.7 ppm.  

 

3-Methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 11: According to GP2, 2-amino-N-

methylbenzamide 10 (529 mg, 3.52 mmol, 1 equiv) and benzaldehyde (436 µL, 4.23 mmol, 

1.2 equiv) were used to obtain 3-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 11 

(628 mg, 75%) after crystallization from a mixture of petroleum ether/DCM as white solid; 

mp 165-167 °C. 1H NMR (DMSO-d6, 400 MHz): δ = 7.65 (dd, J = 7.6, 1.4 Hz, NH), 7.39 - 

7.35 (m, 2H), 7.34 - 7.30 (m, 4H), 7.22 - 7.18 (m, 1H), 6.67 - 6.62 (m, 2H), 5.82 (d, J = 2.3 

Hz, 1H), 2.85 (s, 3H) ppm. 13C NMR (DMSO-d6, 101 MHz): δ = 162.5, 146.4, 140.6, 133.2, 

128.6 (2C), 128.5, 127.3, 126.1 (2C), 116.9, 114.3, 114.0, 72.0, 32.0 ppm.  

 

3-Methyl-2-phenyl-1-propyl-2,3-dihydroquinazolin-4(1H)-one 12a: Starting from 3-methyl-2-

phenyl-2,3-dihydroquinazolin-4(1H)-one 11 (236 mg, 0.99 mmol, 1 equiv) dissolved in dry 

DMF (10 mL), n-propyl bromide (452 µL, 4.96 mmol, 5 equiv) and tBuOK (557 mg, 

4.96 mmol, 5 equiv) were added successively. The reaction mixture was stirred for 16 h at 

110 °C. Ice-cold water (30 mL) was then added and the mixture was stirred for further 30 

min. The product was extracted with EtOAc (3 x 30 mL), the combined organic layers were 

washed with brine (30 mL), dried over Na2SO4 and the solvent was evaporated under reduced 

pressure to yield 3-methyl-2-phenyl-1-propyl-2,3-dihydroquinazolin-4(1H)-one 12a (200 mg, 

72%) after column chromatography (petroleum ether:EtOAc = 1:1) as white solid; mp 116-

119 °C. 1H NMR (CDCl3, 400 MHz): δ = 7.97 (dd, J = 7.7, 1.5 Hz, 1H), 7.32 - 7.24 (m, 4H), 

7.23 - 7.20 (m, 2H), 6.80 - 6.76 (m, 1H), 6.57 (d, J = 8.2 Hz, 1H), 5.43 (s, 1H), 3.35 - 3.28 (m, 

1H), 3.05 - 2.97 (m, 4H), 1.72 - 1.59 (m, 1H), 1.57 - 1.46 (m, 1H), 0.92 (t, J = 7.4 Hz, 3H) 

ppm. 13C NMR (CDCl3, 101 MHz): δ = 162.8, 146.1, 139.0, 133.7, 129.2, 129.0 (2C), 128.9, 

126.5 (2C), 118.0, 116.7, 112.6, 79.6, 51.4, 32.9, 20.7, 11.6 ppm.  
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2-(Isopropylamino)benzoic acid 14: To a solution of 2-aminobenzoic acid (1 g, 7.3 mmol, 

1 equiv) in methanol (20 mL) was added acetone (643 µL, 8.76 mmol, 1.2 equiv). The 

mixture was heated to reflux temperature and stirred for 5 h. After cooling to room 

temperature, NaBH4 (333 mg, 8.76 mmol, 1.2 equiv) was added portion wise and stirring was 

continued for further 3 h. The solvent was then evaporated to dryness and suspended in water. 

The product was extracted with DCM (3 x 150 mL), the organic layer was dried over Na2SO4 

and the solvent was removed. The crude product was purified by column chromatography 

(petroleum ether:EtOAc = 4:1) to yield 2-(isopropylamino)benzoic acid 14 (794 mg, 61%)  as 

white solid; mp 110-112 °C. 1H NMR (400 MHz, DMSO-d6): δ = 12.52 (br, COOH), 7.78 

(dd, J = 8.0, 1.6 Hz, 1H), 7.35 (ddd, J = 8.7, 7.1, 1.8 Hz, 1H), 6.74 (d, J = 8.5 Hz, 1H), 6.52 

(ddd, J = 8.0, 7.1, 1.1 Hz, 1H), 3.72 (hept, J = 6.2 Hz, 1H), 1.19 (d, J = 6.3 Hz, 6H) ppm. 13C 

NMR(101 MHz, DMSO-d6): δ = 170.5, 150.5, 134.9, 132.3, 114.3, 112.1, 110.2, 43.0, 23.1 

(2C) ppm.  

 

2-(Isopropylamino)-N-methylbenzamide 15a: A mixture of 2-(isopropylamino)benzoic acid 

14 (770 mg, 4.3 mmol, 1 equiv), methylamine hydrochloride (1.45 g, 21.5 mmol, 5 equiv), 

triethylamine (2.98 mL, 21.5 mmol, 5 equiv), EDCI hydrochloride  (991 mg, 5.16 mmol, 

1.2 equiv) and HOBT (697 mg, 5.16 mmol, 1.2 equiv) in DMF (50 mL) were heated to 70 °C 

for 14 h. The mixture was then poured into water (150 mL) and extracted with EtOAc (4 x 

100 mL). The combined organic layers were washed with brine (100 mL), dried over Na2SO4 

and the solvent was removed under reduced pressure. The crude product was purified by 

column chromatography (petroleum ether:EtOAc = 4:1) to yield 2-(isopropylamino)-N-

methylbenzamide 15a (627 mg, 76%) as clear oil; 1H NMR (400 MHz, CDCl3): δ = 7.66 (br, 

NH), 7.35 - 7.25 (m, 2H), 6.73 (d, J = 8.4 Hz, 1H), 6.62 - 6.47 (m, 1H), 6.12 (br, NH), 3.68 

(hept, J = 6.3 Hz, 1H), 2.97 (d, J = 4.8 Hz, 3H), 1.27 (d, J = 6.3 Hz, 6H) ppm. 13C NMR 

(101 MHz, CDCl3): δ = 170.6, 148.7, 132.6, 127.4, 115.0, 114.3, 112.3, 43.5, 26.5, 22.7 (2C) 

ppm.  

 

N-Methyl-2-(phenylamino)benzamide 15b: To a solution of 2-(phenylamino)benzoic acid 

(1.00 g, 4.69 mmol, 1 equiv) in dry DMF (40 mL), 1-HOBt (761 mg, 5.63 mmol, 1.2 equiv), 

EDCI hydrochloride (1.08 g, 5.63 mmol, 1.2 equiv), methylamine hydrochloride (1.59 g, 

23.5 mmol, 4 equiv), and triethylamine (3.25 mL, 23.5 mmol, 5 equiv) were added 

successively. After stirring for 8 h at ambient temperature, the reaction mixture was poured 
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onto water (60 mL) and extracted with EtOAc (3 x 30 mL). The combined organic layers 

were washed with a 0.1 M HCl (2 x 20 mL), brine (30 mL), and dried over Na2SO4. The 

solvent was evaporated under reduced pressure and the crude product was purified by column 

chromatography (petroleum ether:EtOAc = 2:1) to obtain the title compound 15b (584 mg, 

56%) as white solid; mp 85-87 °C. 1H NMR (CDCl3, 400 MHz): δ = 9.22 (br, NH), 7.32 (dd, 

J = 7.8, 1.6 Hz, 1H), 7.29 - 7.24 (m, 1H), 7.23 - 7.16 (m, 3H), 7.13 - 7.10 (m, 2H), 6.92 (tt, J 

= 7.3, 1.2 Hz, 1H), 6.70 - 6.66 (m, 1H), 6.09 (br, NH), 2.91 (d, J = 4.9 Hz, 3H) ppm. 
13C NMR (CDCl3, 101 MHz): δ = 170.4, 145.5, 141.8, 132.3, 129.5 (2C), 127.6, 122.5, 120.9 

(2C), 118.8, 118.1, 115.7, 26.8 ppm.  

 

1-Isopropyl-3-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 12b: According to GP2, 2-

(isopropylamino)-N-methylbenzamide 15a (600 mg, 3.13 mmol, 1 equiv) and benzaldehyde 

(379 µL, 3.75 mmol, 1.2 equiv), were used to obtain 1-isopropyl-3-methyl-2-phenyl-2,3-

dihydroquinazolin-4(1H)-one 12b (648 mg, 74%) after column chromatography (petroleum 

ether:EtOAc = 3:1) as white solid; mp 107-109 °C. 1H NMR (400 MHz, CDCl3): δ = 7.92 - 

7.84 (m, 1H), 7.23 (ddd, J = 8.3, 7.3, 1.7 Hz, 1H), 7.18 - 7.08 (m, 5H), 6.87 - 6.79 (m, 2H), 

5.46 (s, 1H), 3.87 (hept, J = 6.7 Hz, 1H), 3.10 (s, 3H), 1.29 (d, J = 6.8 Hz, 3H), 1.14 (d, J = 

6.6 Hz, 3H) ppm. 13C NMR (101 MHz, CDCl3): δ =163.3, 146.6, 140.2, 132.9, 128.5 (2C), 

128.1, 127.9, 126.3 (2C), 121.8, 120.8, 119.6, 71.9, 55.0, 33.1, 21.8, 20.3 ppm.  

 

3-Methyl-1,2-diphenyl-2,3-dihydroquinazolin-4(1H)-one 12c: According to GP2, N-methyl-

2-(phenylamino)benzamide 15b (454 mg, 2.01 mmol, 1 equiv) and benzaldehyde (244 µL, 

2.41 mmol, 1.2 equiv) were used to obtain 3-methyl-1,2-diphenyl-2,3-dihydroquinazolin-

4(1H)-one 12c (488 mg, 78%) after crystallization from a mixture of petroleum ether/DCM as 

white solid; mp 158-160 °C. 1H NMR (CDCl3, 400 MHz): δ = 8.00 - 7.99 (m, 1H), 7.35 - 

7.32 (m, 2H), 7.31 - 7.26 (m, 5H), 7.26 - 7.22 (m, 1H), 7.17 - 7.14 (m, 2H), 7.14 - 7.12 (m, 

1H), 6.96 - 6.92 (m, 1H), 6.84 - 6.81 (m, 1H), 5.93 (s, 1H), 3.16 (s, 3H) ppm. 13C NMR 

(CDCl3, 101 MHz): δ = 162.8, 146.3, 144.1, 139.5, 133.1, 129.9 (2C), 129.0 (2C), 128.9, 

128.7, 126.6 (2C), 125.0, 123.5 (2C), 121.4, 120.6, 118.9, 80.2, 34.3 ppm.  

 

3-Methyl-2-phenyl-1-propyl-1,2,3,4-tetrahydroquinazoline 13a: According to GP3, starting 

from 3-methyl-2-phenyl-1-propyl-2,3-dihydroquinazolin-4(1H)-one 12a (180 mg, 0.64mmol, 

1 equiv) the title compound 3-methyl-2-phenyl-1-propyl-1,2,3,4-tetrahydroquinazoline 13a 
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(140 mg, 82%) was obtained after column chromatography (petroleum ether:EtOAc = 3:1) as 

grey solid; mp 45-46 °C. 1H NMR (CDCl3, 400 MHz): δ = 7.31 - 7.21 (m, 5H), 7.16 - 7.12 

(m, 1H), 6.85 - 6.83 (m, 1H), 6.67 (d, J = 8.2 Hz, 1H), 6.59 (dt, J = 7.3, 1.0 Hz, 1H), 4.91 (s, 

1H), 3.76 (d, J = 16.2 Hz, 1H), 3.52 - 3.41 (m, 1H), 3.30 (dd, J = 16.2, 1.0 Hz, 1H), 2.97 - 

2.85 (m, 1H), 2.51 (s, 3H), 1.74 - 1.54 (m, 2H), 0.92 (t, J =7.4 Hz, 3H) ppm. 13C NMR 

(CDCl3, 101 MHz): δ = 142.9, 141.6, 128.5 (2C), 127.89, 127.86, 127.7, 127.4 (2C), 117.6, 

115.5, 108.9, 80.9, 50.9, 49.2, 42.5, 20.7, 11.6 ppm. ESI-MS: m/z calcd: 266.2, found: 267.1 

[M+H]+. HPLC: 99%. 

 

1-Isopropyl-3-methyl-2-phenyl-1,2,3,4-tetrahydroquinazoline 13b: According to GP3, starting 

from 1-isopropyl-3-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 12b (300 mg, 1.07 mmol, 

1 equiv) the title compound 1-isopropyl-3-methyl-2-phenyl-1,2,3,4-tetrahydroquinazoline 13b (174 

mg, 61%) was obtained after column chromatography (petroleum ether:EtOAc = 3:1) as clear oil; 1H 

NMR (400 MHz, CDCl3): δ = 7.25 - 7.13 (m, 5H), 7.13 - 7.07 (m, 1H), 6.83 - 6.73 (m, 2H), 6.55 (td, J 

= 7.3, 0.9 Hz, 1H), 5.04 (s, 1H), 4.18 (hept, J = 6.6 Hz, 1H), 3.71 (d, J = 16.2 Hz, 1H), 3.25 (d, J = 

16.1 Hz, 1H), 2.40 (s, 3H), 1.20 (d, J = 6.5 Hz, 3H), 1.00 (d, J = 6.8 Hz, 3H) ppm. 13C NMR (101 

MHz, CDCl3): δ =142.9, 142.3, 128.2 (2C), 127.9, 127.7, 127.5, 127.3 (2C), 117.4, 115.2, 109.3, 74.2, 

49.0, 46.6, 42.1, 20.7, 19.9 ppm. ESI-MS: m/z calcd: 266.2, found: 267.1 [M+H]+. HPLC: 94%. 

 

3-Methyl-1,2-diphenyl-1,2,3,4-tetrahydroquinazoline 13c: According to GP3, starting from 3-

methyl-1,2-diphenyl-2,3-dihydroquinazolin-4(1H)- one 12c (200 mg, 0.64mmol, 1 equiv) the 

title compound 3-methyl-1,2-diphenyl-1,2,3,4-tetrahydroquinazoline 13c (153 mg, 81%) was 

obtained after column chromatography (petroleum ether:EtOAc = 3:1) as pale yellow solid; 

mp 107-109 °C. 1H NMR (CDCl3, 400 MHz): δ = 7.47 - 7.44 (m, 2H), 7.33 - 7.29 (m, 2H), 

7.28 - 7.25 (m, 3H), 7.25 - 7.22 (m, 2H), 7.10 - 7.06 (m, 1H), 7.06 - 7.01 (m, 2H), 6.87 (dd, J 

= 7.5 Hz, 0.6 Hz, 1H), 6.73 (dt, J = 7.2, 1.3 Hz, 1H), 5.32 (s, 1H), 3.89 (d, J = 16.4 Hz, 1H), 

3.47 (d, J = 16.7 Hz, 1H), 2.63 (s, 3H) ppm. 13C NMR (CDCl3, 101 MHz): δ = 147.7, 141.4, 

141.1, 129.5 (2C), 128.7 (2C), 127.8 (2C), 127.5 (2C), 127.0, 123.7, 123.4 (2C), 119.7, 118.9, 

115.2, 82.4, 49.3, 42.4 ppm. ESI-MS: m/z calcd: 300.2, found: 301.1 [M+H]+. HPLC: 99%. 

 

N-Methyl-2-((methylamino)methyl)aniline 16: N-methyl-2-(methylamino)benzamide 5a (300 mg, 

1.83 mmol, 1 equiv) was dissolved in dry THF (20 mL) and treated with LiAlH4 (278 mg, 7.32 mmol, 

4 equiv) under ice cooling. The mixture was heated for 24 h to reflux temperature under argon 
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atmosphere. The mixture was then poured into water (30 mL) and extracted with DCM (3 x 30 mL). 

The combined organic layers were extracted with a 1 M HCl-solution (3 x 30 mL). The aqueous phase 

was wahed with DCM (1 x 30 mL), basified with concentrated NH3-solution and extracted with 

DCM (3 x 30 mL). The combined organic layers were dried over Na2SO4 and the solvent was 

evaporated under reduced pressure to obtain N-methyl-2-((methylamino)methyl)aniline 16 

(247 mg, 90%) as a yellow liquid; . 1H NMR (CDCl3, 400 MHz): δ = 7.13 (td, J = 7.7, 1.6 

Hz, 1H), 6.97 - 6.92 (m, 1H), 6.58 - 6.52 (m, 2H), 3.65 (s, 2H), 2.76 (s, 3H), 2.33 (s, 

3H) ppm.13C NMR (CDCl3, 101 MHz): δ = 149.41, 129.53, 128.64, 123.70, 115.99, 109.60, 

55.60, 36.07, 30.21 ppm. ESI-MS: m/z calcd: 150.1, found: 151.2 [M+H]+. 
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Stability Tests 

Preparation of Phosphate Buffered Systems 

For the preparation of phosphate buffered solutions with defined pH values, 0.1 M H3PO4 was 

titrated with a 0.3 M NaOH solution while monitoring the pH value on a Metohm 744 pH 

Meter (Metrohm GmbH & Co. KG, Filderstadt, Germany). Using this procedure, phosphate 

buffered systems were obtained with pH = 2,3,4,5,6,7,8 and 12. 

 

Hydrolysis Experiments 

A calibration line for each test compound and their respective aldehydes as hydrolysis product 

was recorded (see calibration lines). 

For stability analyzes, 300 µL of a solution of the test compound (333 µg/mL) in acetonitrile 

was thoroughly mixed with 700 µL of a phosphate buffered solution with defined pH-value to 

give a solution with a final test concentration of 100 µg/mL (a certain amount of acetonitrile 

is necessary to keep the compound in solution). The reaction mixture was incubated for 1 h 

before it was directly analyzed with HPLC by injecting a volume of 20 µL of the test solution. 

Analytic HPLC-analysis were performed on a system from Shimadzu equipped with a DGU-

20A3R controller, LC20AB liquid chromatograph, and a SPD-20A UV/Vis detector. 

Stationary phase was a Synergi 4U fusion-RP (150 x 4.6 mm) column (Phenomenex, 

Aschaffenburg, Germany). As mobile phase, water (phase A) and MeOH (phase B) were used 

with 1 mL/min. (conc. B: 5% → 90% from 0 to 8 min; 90% from 8 to 13 min; 90% → 5% 

from 13 to 15 min; 5% from 15 to 18 min.). Using the beforehand recorded calibration lines, 

it was possible to calculate the ration between the intact tetrahydroquinazoline as well as the 

respective aldehyde as its hydrolysis product. Data were subjected to one way ANOVA 

followed by Dunnett’s multiple comparison post testusing GraphPad Prism 4 Software(levels 

of significance * p < 0.05; ** p < 0.01; *** p < 0.001). Each experiment was performed three 

times with three independently prepared test solutions.  

 

Kinetic monitoring of the hydrolysis of compound 8a at different pH values (3,4 and 5) was 

followed the above mentioned procedure after t = 0, 18.5, 37, 55.5, 74, 92,5 111, 129.5, 148, 

166.5, 185, 203.5, 222, 240.5, 259 and 277.5 min. Due to the fast hydrolysis at pH = 2, the 

time interval was shortened to t = 0, 1, 2, 3, 4, 6, 18.5, 37 and 55.5 min. Calculation of k2 was 

performed under assumption of a pseudo first order kinetics using  
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Y=(Y0)*exp(-k2*t) 

With Y = amount of non-hydrolyzed test compound (%) in dependency of time and Y0 = 

amount of non-hydrolyzed test compound (%) at t = 0 min. All data were analyzed using 

GraphPad Prism 4 Software. 

 

Aminal Condensation Experiments: 

To proof that acid mediated hydrolysis of the described tetrahydroquinazolines can be 

reversed by changing the reaction conditions to basic ones, the synthesis of 

tetrahydroquinazoline 8a was performed using N-methyl-2-((methylamino)methyl)aniline 16 

and benzaldehyde: 

N
H

NH

16

N

N

8a

O

24 h, rt

solvent

H2O

 

 

Therefore, N-methyl-2-((methylamino)methyl)aniline 16 (100 mg, 0.67 mmol, 1 equiv) and 

benzaldehyde (1.2 equiv) were mixed at room  temperature in either a) acetonitrile (1 mL) as 

reference for the condensation, b) water (1 mL) and c) water/acetonitrile (1:1, 1 mL). After 

24 h the reaction mixtures were directly analyzed by LCMS (cf. general part).  

Chromatogram for the reaction in water: 
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Chromatogram for the reaction in acetonitrile: 

 

 

Chromatogram for the reaction in acetonitrile/water: 

 

Interestingly, all reactions showed the same result with complete consumption of N-methyl-2-

((methylamino)methyl)aniline 16 at tR≈ 5 min and benzyldehyde at tR= 2.2 min while forming 

the tetrahydroquinazoline 8a (tR≈ 7 min). It is remarkable, that there is another peak at tR≈ 8 

min for all cases which could not be identified by mass spectrometry. This peak might be a 

byproduct from the reaction of benzaldehyde due to the fact, that benzaldehyde is completely 

consumed although being used in excess. However, these results clearly indicated, that the 

condensation of diamines and aldehydes is possible in neutral aqueous media, while the 

hydrolysis is promoted in acidic aqueous media (see the main manuscript).  
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Computational Section 

Materials and Methods 

Conformational search: All compounds prior to the conformational search were minimized 

in MOE[1] using the MMFF94x forcefield[2] in gas phase (ε = 1) and an RMS-gradient of 

0.0001 kcal/molÅ.  

The systematic search was conducted in Macromodel 10.3 (Schrodinger 2014-1 platform) 

using the Systematic Pseudo Monte Carlo (SPMC) method[3]. The conformational search was 

conducted in MMFF94s forcefield[4] and the potential treatment was set according to the 

Macromodel built-in module for water (ε = 7.8000E+1). The convergence threshold for 

minimization was set at 0.0001 kcal/molÅ and the maximum iteration limit was set at 25000. 

Miscellaneous technical characteristics: Maximum number of steps 100000; steps per 

rotational bond 10000; energy window 478.01 kcal/mol; Maximum atom deviation cutoff: 

0.01Å 

MM relative ring strain comparison: The transformation of the structures and the potential 

energy calculation was conducted in the Schrodinger 2014-1 platform environment, using the 

MMFF94s forcefield. The potential treatment for calculations in water environment was set 

according to the Macromodel built-in module for water as previously described. 

QM single point energy calculations: All tetrahydroquinazoline structures used were results 

of the aforementioned MM systematic conformational search. All other structures were 

designed and minimized in Maestro (Schrodinger platform) using the MMFF94s forcefield. 

The Brønsted acid was simulated by an ammonium cation to facilitate the calculations. 

 The single point calculations were performed with DFT using the functional B3LYP-D3[5–9] 

(grid m4[10]) in Turbomole (dscf[11,12]). The basis set used was cc-pVTZ[13,14]. 

Calculations were performed in water environment (ε = 78.5) and in gas phase. The 

Conductor-Like Screening Model (COSMO)[15] was used to form the implicit water 

continuum solvation model. The studied structures were optimized in water and gas phase 

respectively. 
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MoKa[16] Calculations 

Structure N1pKa SD QualityParameter N3 pKa SD QualityParameter 

8a -0,86 0,51 -0,40 6,31 0,60 0,00 

8c -0,86 0,51 -0,40 6,31 0,60 0,00 

8d -1,00 0,51 -0,40 6,06 0,60 0,00 

8b -0,92 0,51 -0,40 6,25 0,60 0,00 

8e -0,51 0,51 -0,40 6,66 0,60 0,00 

8f -1,00 0,51 -0,40 4,84 0,60 0,00 

9a -0,82 0,51 -0,40 6,35 0,60 0,00 

9b -0,56 0,51 -0,40 6,61 0,60 0,00 

9c 8,85 0,51 0,00 2,41 0,51 0,00 

13a -0,72 0,51 -0,40 6,45 0,60 0,00 

13b -0,69 0,51 -0,40 6,48 0,60 0,00 

13c -1,00 0,51 -0,40 6,00 0,60 0,00 

6a 1,98 0,51 -0,04 NA NA NA 
 

Quality parameter (QP): The quality parameter can be used to check whether the compound 

contains features that MoKa cannot take into account when it predicts the specific pKa. 

QP = 0 indicates that all the chemical groups in the compound have appropriate parameters to 

calculate the specific pKa.  

QP< or > indicates that the effect of one or more chemical groups on the specific pKa is 

unknown. The higher the absolute value of the QP, the higher is the expected effect of these 

groups on pKa. The +/- sign before QP specifies whether these groups are expected to shift 

pKa upwards or downwards. 
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QM calculations 

Absolute Energies of all Reactants 

Table 1: Absolute energy values. 

 B3LYP-D3 water 

(kcal/mol) 

B3LYP-D3 gas 

(kcal/mol) 

H2O -47962,92 -47955,99 

NH4
+
 -35780,86 -35698,10 

NH3 -35489,63 -35484,54 

PhCHO -216805,79 -216799,60 

8a_neutral -457969,49 -457963,11 

8a_N3 -458256,03 -458205,26 

8a_N1 -458247,24 -458200,30 

8a_N1_N3 -458515,90 -458347,50 

N-methyl-2-[(methylamino)methyl]aniline_neutral -289123,51 -289116,71 

N-Methyl-2-[(methylamino)methyl]aniline_N1 -289416,51 -289365,03 

N-Methyl-2-[(methylamino)methyl]aniline_N3 -289419,85 -289366,17 

N-Methyl-2-[(methylamino)methyl]aniline_N1_N3 -289693,03 -289505,43 

13b_neutral -507287,54 -507281,09 

13b_N3 -507574,42 -507524,90 

13b_N1 -507564,37 -507520,02 

13b_N1_N3 -507832,45 -507672,01 

N-Isopropyl-2-[(methylamino)methyl]aniline_neutral -338449,55 -338444,20 

N-Isopropyl-2-[(methylamino)methyl]aniline_N1 -338738,70 -338690,85 

N-Isopropyl-2-[(methylamino)methyl]aniline_N3 -338742,54 -338690,41 

N-Isopropyl-2-[(methylamino)methyl]aniline_N1_N3 -339015,83 -338836,56 
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Determining the Protonation Pattern: 

Energy differences between the different protonation patterns for compounds 8a and 13b in 

water revealed that protonation is most likely at the N-3 nitrogen. 

 

U

N

N

H

8a'

NH3
U

8,8 kcal/mol

U
22,6 kcal/mol

U

NH4
+

N

N

NH3 NH4
+

H

N

N

2 NH3

H

H

N

N

H

13b'

NH3

U
10,1 kcal/mol

U
23,2 kcal/mol

NH4
+

N

N

NH3 NH4
+

H

N

N

2 NH3

H

H

 

 



S24 
 

QM Summary 

The scheme below depicts a reaction pathway. The energy difference (∆U = U2 – U1) between 

different reaction states (A to H) for compounds 8a and 13b is presented in Table 2. ∆U < 0 

indicates that the respective reaction is spontaneous (exothermic) while ∆U > 0 indicates that 

it is not (endothermic).The energy of each state is calculated from the absolute energies of the 

molecules that comprise it, which are presented in Table 1. 

 

Table 2: Energy differences between states along the reaction pathway. 

 Compound 8a:R = R’ = Me Compound 13b: R = Me, R’ = i-Pr 

∆U 
B3LYP-D3 water 

(kcal/mol) 

B3LYP-D3 gas 

(kcal/mol) 

B3LYP-D3 water 

(kcal/mol) 

B3LYP-D3 gas 

(kcal/mol) 

B - A 4,68 -28,58 4,34 -30,24 

C - A 13,47 -23,63 14,39 -25,36 

D - B 31,36 71,33 33,19 66,46 

D - C 22,56 66,37 23,15 61,58 

E - A 3,11 2,78 -4,88 -6,72 

F - E -5,12 -35,89 -1,76 -32,64 

G - E -1,78 -34,75 2,08 -33,08 

H - F 18,05 74,31 17,93 67,42 

H - G 14,71 73,17 14,09 67,85 

H - D -20,00 -1,54 -26,25 -8,16 

F - B -6,69 -4,53 -10,99 -9,12 

G - C -12,14 -8,34 -17,20 -14,43 



 

It is worthy to mention that in 

ring diamine forms an intramol

both compounds formed an intr

 

 

MM Conformational Search

 

A: anti-axial conformation of

B: anti-axial conformation of m

c’) 

C: equatorial conformation 

D: equatorial conformation of m

 

 

 

A

B 

hat in all calculations for both compounds, the N1

tramolecular H bond, while the N3 protonated ope

an intramolecular H bond only in the DFT optimiza

arch: 

on of minimal energy for neutral compounds (

n of minimal energy forN3 protonated compounds

ation of minimal energy for neutral compo

n of minimal energy for N3 protonated compounds

C 

D 
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open-ring diamine of 

timization in gas phase. 

 

(8a-c,e, 9a, 13a-c) 

unds (8a’-e’, 9a’, 13a’-

ompounds (8d,f, 9b) 

ounds (8f’, 9b’) 
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Compounds 
Number of 

Conformers 
RMSD (Å)α Motif of minimum energy 

conformationβ 

8a 2 0.0311 i (A) 

8c 4 0.0207 i (A) 
8d 2 0.0314 ii (C) 
8b 4 0.0206 i (A) 
8e 6 0.0187 i (A) 
8f 5 0.0256 ii (C) 
9a 74 0.0230 i (A) 
9b 24 0.0331 ii (C) 
9c 32 0.0208 i (E) 
13a 69 0.0198 i (A) 
13b 32 0.0283 i (A) 
13c 27 0.0333 i (A) 
8a’ 4 0.0185 i (B) 
8c’ 9 0.0140 i (B) 
8d’ 4 0.0188 i (B) 
8b’ 9 0.0157 i (B) 
8e’ 9 0.0158 i (B) 
8f’ 3 0.0188 ii (D) 
9a’ 40 0.0115 i (B) 
9b’ 11 0.0178 ii (D) 
9c N1 prot 22 0.0368 (F) 
13a’ 35 0.0156 i (B) 
13b’ 23 0.0216 i (B) 
13c’ 14 0.0298 i (B) 
8a N1 prot 6 0.0258 (G) 
13b N1 prot 20 0.0464 (G) 
8a diprot (anti) 3 0.0494 (H) 
13b diprot (anti) 13 0.0580 (H) 
 

α: Mean value of the RMS for every conformer individually compared to the conformer of 

minimum energy after superposition. 

β: i = anti-axial motif as described in the manuscript, ii = equatorial motif as described in the 

manuscript, () = letter corresponding to relative figure as presented in the Supporting 

Information. 

 

Both the anti-axial and the equatorial conformers are found in all compounds, usually as next 

optimal conformation after the one of minimal energy. The energy difference between the 

respective other conformation is 2-5 kcal/mol. 
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MM Ring Strain Comparison in Gas Phase 

The energy values presented are calculated by: ∆U = U(Cpd_mod or Cpd_mod’) – U(8a or 8a’). 

∆U [kcal/mol] 

gas 

 8b_mod 8f_mod 9b_mod 13b_mod 13c_mod 

neutral 0.71 3.61 3.74 3.09 4.90 

protonated 0.81 0.48 0.74 3.6 5.84 

 

  

 

 

U (kcal/mol) 

gas 

U (kcal/mol) 

water 

8a -4.46 -11.09 

8a’ -58.85 -106.01 

8b 13.72 8.99 

8b_mod -3.75 -10.35 

8b’ -41.02 -86.19 

8b’_mod -58.04 -105.28 

8f -16.45 -23.88 

8f_mod -0.85 -9.62 

8f’ -84.20 -127.68 

8f’_mod -58.37 -104.40 

9b -1.65 -8.52 

9b_mod -0.72 -9.00 
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9b’ -54.64 -97.10 

9b’_mod -58.11 -103.55 

13b 1.28 -4.04 

13b_mod -1.37 -8.04 

13b’ -52.27 -97.41 

13b’_mod -55.21 -102.51 

13c 38.41 33.76 

13c_mod 0.44 -5.82 

13c’ -13.02 -60.89 

13c’_mod -53.01 -100.79 
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