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6.2 Author’s contributions 

Novel sulfanylphthalimide analogues as highly potent inhibitors of monoamine 
oxidase B 

Mietha M. Van der Walt,a Gisella Terre’Blanche,a Anél Petzer,b and Jacobus P. Petzera 

 

a Pharmaceutical Chemistry, School of Pharmacy, North-West University, Private Bag X6001, 
Potchefstroom, 2520, South Africa 

b Unit for Drug Research and Development, School of Pharmacy, North-West University, Private Bag 
X6001, Potchefstroom, 2520, South Africa 

The above mentioned article is part of the doctoral thesis of M.M. van der Walt.  As required, the 

table below indicates the contribution of each author to this research article.   Also, the written 

declaration for consent by each author is provided.  This article was submitted for publication in 

Bioorganic & Medicinal Chemistry Letters and the guidelines to authors are also given. 

Author contributions: Author name: Description of contribution 
research design: J.P. Petzer Concept of the study was provided. 

performed research:   

a) Synthetic work M.M. van der Walt Performed all the syntheses. 

b) Characterization via NMR                               

and MS 

SASOL centre for 

chemistry, NWU 

Carried out by the SASOL Centre for 

Chemistry, North-West University.  

NMR spectra was recorded by André 

Joubert and MS was recorded by 

Johan Jordaan.  

c) Compound purity determination 

by HPLC 

M.M. van der Walt 

 

The degree of purity of each 

compound was determined by HPLC 

analysis.  

d) IC50 value determination  M.M. van der Walt The IC50 values for the inhibition of 

MAO-A and MAO-B were measured. 

e) Recovery of enzyme activity 

after dilution study 

M.M. van der Walt 

A. Petzer 

The recovery of enzyme activity after 

dilution was performed for compound 

8a. 

contributed new reagents/ analytic 
tools: 

  

a) Synthesis of compounds G. Terre’Blanche Providing the facilities, 

instrumentation and relevant 

reagents for performing the synthetic 

work. 

b) IC50 value determinations and 

the recovery of enzyme activity 

A. Petzer Providing the facilities, 

instrumentation and relevant 
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after dilution study reagents for performing the IC50 

value determintation and the 

recovery of enzyme activity after 

dilution study 

analyzed data:   

a) Characterization by NMR                               

and MS 

M.M. van der Walt 

J.P. Petzer 

The analyses of the NMR and MS 

data were performed by M.M. van 

der Walt, with critical feedback by 

J.P. Petzer. 

b) Compound purity measurement 

determination 

M.M. van der Walt 

J.P. Petzer 

The analyses of the compound purity 

data were performed by M.M. van 

der Walt, with critical feedback by 

J.P. Petzer. 

c) IC50 value measurements M.M. van der Walt 

A. Petzer 

J.P. Petzer 

Calculations of the IC50 values were 

performed by M.M. van der Walt, with 

critical feedback by J.P. Petzer and 

A. Petzer. 

d) Recovery of enzyme activity 

after dilution study 

M.M. van der Walt 

A. Petzer 

J.P. Petzer 

The analyses and interpretation of 

the data was performed by M.M. van 

der Walt with critical feedback by J.P. 

Petzer and A. Petzer. 

manuscript: 
a) Writing of manuscript 

 
 

b) Comments, suggestions and 
proof reading 

 

 
M.M. van der Walt 
J.P. Petzer 
 
G. Terre’Blanche 
A. Petzer 

 
Contribution was equally for the 

mentioned authors. 

Contribution was equally for the 

mentioned authors 
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6.3 Declaration and consent of each co-author 

Novel sulfanylphthalimide analogues as highly potent inhibitors of monoamine 
oxidase B 

The following is a declaration by the co-authors that confirms their individual roles in the above 

mentioned article, as described in the table of author’s contributions.  The authors hereby give 

consent that this article may form part of this doctoral thesis. 

I declare that I approve the inclusion of above mentioned article in this thesis, that my role in 

this study is as indicated in the author’s contributions table and is representative of my actual 

contribution.  Herewith, I grant consent that this article may be published as part of the doctoral 

thesis of Mietha Magdalena van der Walt. 

 
 

__________________ 
Prof. J.P. Petzer 

 

 
 

__________________ 
Dr. G. Terre’Blanche 

 

 
 

__________________ 
Dr. A. Petzer 

 
6.4 Journal publishing agreement 

The following assignment of publishing rights was accepted on behalf of all the co-authors of 

the manuscript published (DOI: http://dx.doi.org/10.1016/j.bmcl.2012.08.113) in Bioorganic & 

Medicinal Chemistry Letters.  Elsevier Ltd has granted the authors retention of these rights for 

scholary purposes (section 6.4.2).    

6.4.1 Assignment of publishing rights 

I hereby assign to Elsevier Ltd the copyright in the manuscript identified above (government 

authors not electing to transfer agree to assign an exclusive publishing and distribution license) 

and any supplemental tables, illustrations or other information submitted therewith that are 

intended for publication as part of the manuscript (the "Article") in all forms and media (whether 

now known or hereafter developed), throughout the world, in all languages, for the full term of 

copyright, effective when and if the article is accepted for publication. This transfer includes the 

right to provide the Article in electronic and online forms and systems. With respect to 

supplemental data that I wish to make accessible through a link in the Article, I hereby grant a 

non-exclusive license for such linking. If I have agreed with Elsevier Ltd to make available such 

supplemental data on a site or through a service of Elsevier Ltd, I hereby grant a non-exclusive 

license for such publication, posting and making available, and further permit indexing and 

archiving. 
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6.4.2 Retention of rights for scholarly purposes 

I understand that I retain or am hereby granted (without the need to obtain further permission) 

the Retained Rights (see description below), and that no rights in patents, trademarks or other 

intellectual property rights are transferred to Elsevier Ltd. 

The Retained Rights include: 

 the right to use the Preprint or Accepted Author Manuscript for Personal Use, Internal 

Institutional Use and for Permitted Scholarly Posting;  

 the right to use the Published Journal Article for Personal Use and Internal Institutional 

Use.  

6.5 Author’s instructions – Bioorganic & Medicinal Chemistry Letters 

In the following section the author’s instructions for Bioorganic & Medicinal Chemistry Letters 

are provided as published in the “Guide for Authors” of this journal. 

6.5.1 Guide for authors: Introduction 

Bioorganic & Medicinal Chemistry Letters publishes research results of outstanding significance 

and timeliness in the fields of medicinal chemistry, chemical biology, bioorganic chemistry, 

bioinorganic chemistry, and related disciplines. Articles are in the form of communications 

reporting experimental or theoretical results of special interest.  This journal has no page 

charges. 

Ethics in publishing 

For information on Ethics in publishing and Ethical guidelines for journal publication see 

http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines. 

Conflict of interest 

All authors are requested to disclose any actual or potential conflict of interest including any 

financial, personal or other relationships with other people or organizations within three years of 

beginning the submitted work that could inappropriately influence, or be perceived to influence, 

their work. See also http://www.elsevier.com/conflictsofinterest. 

Submission declaration 

Submission of an article implies that the work described has not been published previously 

(excepting the form of an abstract or as part of a published lecture or academic thesis or as an 

electronic preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration 

for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly 
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by the responsible authorities where the work was carried out, and that, if accepted, it will not be 

published elsewhere including electronically in the same form, in English or in any other 

language, without the written consent of the copyright-holder. 

Changes to authorship 

This policy concerns the addition, deletion, or rearrangement of author names in the authorship 

of accepted manuscripts: Before the accepted manuscript is published in an online issue: 

Requests to add or remove an author, or to rearrange the author names, must be sent to the 

Journal Manager from the corresponding author of the accepted manuscript and must include: 

(a) the reason the name should be added or removed, or the author names rearranged and (b) 

written confirmation (e-mail, fax, letter) from all authors that they agree with the addition, 

removal or rearrangement. In the case of addition or removal of authors, this includes 

confirmation from the author being added or removed. Requests that are not sent by the 

corresponding author will be forwarded by the Journal Manager to the corresponding author, 

who must follow the procedure as described above. Note that: (1) Journal Managers will inform 

the Journal Editors of any such requests and (2) publication of the accepted manuscript in an 

online issue is suspended until authorship has been agreed. After the accepted manuscript is 

published in an online issue: Any requests to add, delete, or rearrange author names in an 

article published in an online issue will follow the same policies as noted above and result in a 

corrigendum. 

Copyright 

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 

Agreement' (for more information on this and copyright see http://www.elsevier.com/copyright). 

Acceptance of the agreement will ensure the widest possible dissemination of information. An e-

mail will be sent to the corresponding author confirming receipt of the manuscript together with a 

'Journal Publishing Agreement' form or a link to the online version of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for 

internal circulation within their institutions. Permission of the Publisher is required for resale or 

distribution outside the institution and for all other derivative works, including compilations and 

translations (please consult http://www.elsevier.com/permissions). If excerpts from other 

copyrighted works are included, the author(s) must obtain written permission from the copyright 

owners and credit the source(s) in the article. Elsevier has pre-printed forms for use by authors 

in these cases: please consulthttp://www.elsevier.com/permissions. 

Retained author rights 

As an author you (or your employer or institution) retains certain rights; for details you are 

referred to: http://www.elsevier.com/authorsrights. 
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Role of the funding source 

You are requested to identify who provided financial support for the conduct of the research 

and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in study 

design; in the collection, analysis and interpretation of data; in the writing of the report; and in 

the decision to submit the article for publication. If the funding source(s) had no such 

involvement then this should be stated. Please see http://www.elsevier.com/funding. 

Funding body agreements and policies 

Elsevier has established agreements and developed policies to allow authors whose articles 

appear in journals published by Elsevier, to comply with potential manuscript archiving 

requirements as specified as conditions of their grant awards. To learn more about existing 

agreements and policies please visit http://www.elsevier.com/fundingbodies. 

Language (usage and editing services) 

Please write your text in good English (American or British usage is accepted, but not a mixture 

of these). Authors who feel their English language manuscript may require editing to eliminate 

possible grammatical or spelling errors and to conform to correct scientific English may wish to 

use the English Language Editing service available from Elsevier’s Web Shop 

http://webshop.elsevier.com/languageediting/ or visit our customer support site 

http://support.elsevier.com for more information. 

Submission 

Submission to this journal proceeds totally online and you will be guided stepwise through the 

creation and uploading of your files. The system automatically converts source files to a single 

PDF file of the article, which is used in the peer-review process. Please note that even though 

manuscript source files are converted to PDF files at submission for the review process, these 

source files are needed for further processing after acceptance. All correspondence, including 

notification of the Editor's decision and requests for revision, takes place by e-mail removing the 

need for a paper trail. 

Manuscripts should be addressed to the appropriate regional editor: 

 submissions from Japan and other Asian countries: Professor Masakatsu Shibasaki, 

Japanese Regional Editor, Graduate School of Pharmaceutical Sciences, The University 

of Tokyo, Japan 

 submissions from Europe: Professor Stephen Neidle, Cancer Research UK Professorial 

Fellow and Professor of Chemical Biology, The School of Pharmacy, University of 

London, UK 
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 submissions from USA, Canada, and all others: Professor Dale L. Boger, Editor-in-Chief, 

The Scripps Research Institute, La Jolla, CA, USA.   

All manuscripts will be centrally handled by the journal editorial office, which will forward 

manuscripts to the regional editors: 

Editorial Office 

Bioorganic & Medicinal Chemistry Letters 

525 B Street, Suite 1900 

San Diego, CA 92101-4495, USA 

Facsimile: (1) 619-699-6801 

E-mail: bmcl-eo@elsevier.com 

Authors who are unable to submit their paper online should contact the editorial office prior to 

submission at the above address. 

Submission address 

Please submit your article via http://ees.elsevier.com/bmcl 

6.5.2 Preparation  

Use of word processing software 

It is important that the file be saved in the native format of the word processor used. The text 

should be in single-column format. Keep the layout of the text as simple as possible. Most 

formatting codes will be removed and replaced on processing the article. In particular, do not 

use the word processor's options to justify text or to hyphenate words. However, do use bold 

face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid, 

use only one grid for each individual table and not a grid for each row. If no grid is used, use 

tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar 

to that of conventional manuscripts (see also the Guide to Publishing with Elsevier: 

http://www.elsevier.com/guidepublication). Note that source files of figures, tables and text 

graphics will be required whether or not you embed your figures in the text. See also the section 

on Electronic artwork. 

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-

check’ functions of your word processor. 

Templates 

Templates are provided to allow authors to view their paper in a style close to the final printed 

form. Their use is optional. All manuscripts will be fully typeset from the author's electronic files.  

It should be noted that due to defined typesetting standards and the complex requirements of 

electronic publishing, the publisher will not always be able to exactly match the layout the author 
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has submitted. In particular, in the finished journal article, figures and tables are usually placed 

at the top or bottom of pages. The template is only intended to be used in assisting with the 

preparation and submission of manuscripts. 

It should be noted that use of the journal templates is not a requirement and their adoption will 

neither speed nor delay publication. Elsevier can handle most major word processing packages 

and in general most formatting applied by authors for style and layout is replaced when the 

article is being typeset. 

These templates contain a large number of macros. To ensure successful PDF conversion 

during online submission, it is important that the author save a new document based on the 

template, rather than saving the template itself. To use the template, the author should save the 

final document as a Word file with a '.doc' extension (rather than the '.dot' extension). 

Article structure 

Subdivision 

Text should either not be subdivided or done so in the simplest possible way consistent with 

clarity. Headings should be used sparingly. Common headings such as 'Introduction' and 

'Results and discussion' should not be used, as the text within these sections should be self-

explanatory. As such, the publisher recommends that only the 'Acknowledgments' and 

'References and notes' headings be used. 

Material and methods 

Provide sufficient detail to allow the work to be reproduced. Methods already published should 

be indicated by a reference: only relevant modifications should be described. 

Theory/calculation 

A Theory section should extend, not repeat, the background to the article already dealt with in 

the Introduction and lay the foundation for further work. In contrast, a Calculation section 

represents a practical development from a theoretical basis. 

Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the results of the work, not repeat them. A combined 

Results and Discussion section is often appropriate. Avoid extensive citations and discussion of 

published literature. 
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Conclusions 

The main conclusions of the study may be presented in a short Conclusions section, which may 

standalone or form a subsection of a Discussion or Results and Discussion section. 

Appendices 

If there is more than one appendix, they should be identified as A, B, etc. Formulae and 

equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, 

etc. 

Essential title page information 

 Title. Concise and informative. Titles are often used in information-retrieval systems. 

Avoid abbreviations and formulae where possible. 

 Author names and affiliations. Where the family name may be ambiguous (e.g., a 

double name), please indicate this clearly. Present the authors' affiliation addresses 

(where the actual work was done) below the names. Indicate all affiliations with a lower-

case superscript letter immediately after the author's name and in front of the 

appropriate address. Provide the full postal address of each affiliation, including the 

country name and, if available, the e-mail address of each author. 

 Corresponding author. Clearly indicate who will handle correspondence at all stages of 

refereeing and publication, also post-publication.  

 Present/permanent address. If an author has moved since the work described in the 

article was done, or was visiting at the time, a 'Present address' (or 'Permanent 

address') may be indicated as a footnote to that author's name. The address at which 

the author actually did the work must be retained as the main, affiliation address. 

Superscript Arabic numerals are used for such footnotes. 

Abstract 

A concise and factual abstract is required. The abstract should state briefly the purpose of the 

research, the principal results and major conclusions. An abstract is often presented separately 

from the article, so it must be able to stand alone. For this reason, References should be 

avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon 

abbreviations should be avoided, but if essential they must be defined at their first mention in 

the abstract itself. 

Graphical abstract 

A Graphical abstract is mandatory for this journal. It should summarize the contents of the 

article in a concise, pictorial form designed to capture the attention of a wide readership online. 
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Authors must provide images that clearly represent the work described in the article. Graphical 

abstracts should be submitted as a separate file in the online submission system. Image size: 

please provide an image with a minimum of 531 × 1328 pixels (h × w) or proportionally more. 

The image should be readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. 

Preferred file types: TIFF, EPS, PDF or MS Office files. See 

http://www.elsevier.com/graphicalabstracts for examples. Authors can make use of Elsevier's 

Illustration and Enhancement service to ensure the best presentation of their images also in 

accordance with all technical requirements: Illustration Service. 

Abbreviations 

Define abbreviations that are not standard in this field in a footnote to be placed on the first 

page of the article. Such abbreviations that are unavoidable in the abstract must be defined at 

their first mention there, as well as in the footnote. Ensure consistency of abbreviations 

throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section at the end of the article before the references 

and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List 

here those individuals who provided help during the research (e.g., providing language help, 

writing assistance or proof reading the article, etc.). 

Footnotes 

Footnotes should be used sparingly. Number them consecutively throughout the article, using 

superscript Arabic numbers. Many word processors build footnotes into the text, and this feature 

maybe used. Should this not be the case, indicate the position of footnotes in the text and 

present the footnotes themselves separately at the end of the article. Do not include footnotes in 

the Reference list.  Indicate each footnote in a table with a superscript lowercase letter. 

Electronic artwork 

General points 

• Make sure you use uniform lettering and sizing of your original artwork. 

• Save text in illustrations as 'graphics' or enclose the font. 

• Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol. 

• Number the illustrations according to their sequence in the text. 

• Use a logical naming convention for your artwork files. 

• Provide captions to illustrations separately. 

• Produce images near to the desired size of the printed version. 

• Submit each figure as a separate file. 
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A detailed guide on electronic artwork is available on our web site: 

http://www.elsevier.com/artworkinstructions. You are urged to visit this site; some excerpts from 

the detailed information are given here. 

Formats 

Regardless of the application used, when your electronic artwork is finalised, please 'save as' or 

convert the images to one of the following formats (note the resolution requirements for line 

drawings, halftones, and line/halftone combinations given below): 

EPS: Vector drawings. Embed the font or save the text as 'graphics'. 

TIFF: Colour or grayscale photographs (halftones): always use a minimum of 300 dpi. 

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi. 

TIFF: Combinations bitmapped line/half-ton (colour or grayscale): a minimum of 500 dpi is 

required. 

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) 

then please supply 'as is'. 

Please do not: 

 supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG); the 

resolution is too low; 

 supply files that are too low in resolution; 

 submit graphics that are disproportionately large for the content. 

Colour artwork 

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) 

and with the correct resolution. If, together with your accepted article, you submit usable colour 

figures then Elsevier will ensure, at no additional charge that these figures will appear in colour 

on the Web (e.g. Science Direct and other sites) regardless of whether or not these illustrations 

are reproduced in colour in the printed version. For colour reproduction in print, you will receive 

information regarding the costs from Elsevier after receipt of your accepted article. Please 

indicate your preference for colour: in print or on the Web only. For further information on the 

preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions. 

Please note: Because of technical complications which can arise by converting colour figures to 

'grayscale' (for the printed version should you not opt for colour in print) please submit in 

addition usable black and white versions of all the colour illustrations. 
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Figure captions 

Ensure that each illustration has a caption. Supply captions separately, not attached to the 

figure. A caption should comprise a brief title (not on the figure itself) and a description of the 

illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and 

abbreviations used. 

Tables 

Number tables consecutively in accordance with their appearance in the text. Place footnotes to 

tables below the table body and indicate them with superscript lowercase letters. Avoid vertical 

rules. Be sparing in the use of tables and ensure that the data presented in tables do not 

duplicate results described elsewhere in the article. 

References 

Citation in text 

Please ensure that every reference cited in the text is also present in the reference list (and vice 

versa). Any references cited in the abstract must be given in full. Unpublished results and 

personal communications are not recommended in the reference list, but may be mentioned in 

the text. If these references are included in the reference list they should follow the standard 

reference style of the journal and should include a substitution of the publication date with either 

'Unpublished results' or ‘Personal communication'. Citation of a reference as 'in press' implies 

that the item has been accepted for publication. 

Web references 

As a minimum, the full URL should be given and the date when the reference was last 

accessed. Any further information, if known (DOI, author names, dates, reference to a source 

publication, etc.), should also be given. Web references can be listed separately (e.g., after the 

reference list) under a different heading if desired, or can be included in the reference list. 

References in a special issue 

Please ensure that the words 'this issue' are added to any references in the list (and any 

citations in the text) to other articles in the same Special Issue. 

References 

In the text, references should be indicated by superscript Arabic numerals which run 

consecutively through the paper and appear after any punctuation. Please ensure that all 

references are cited in the text and vice versa. The reference list should preferably contain only 

literature references though other information (e.g., experimental details) can be placed in this 

section. Preferably, each reference should contain only one literature citation. Authors are 

expected to check the original source reference for accuracy. Journal titles should be 
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abbreviated according to American Chemical Society guidelines (The ACS Style Guide; Dodd, 

J. S., Ed.; American Chemical Society: Washington, DC, 1997). A list of currently accepted 

journal abbreviations may be found at BMCL Journal Abbreviations.   

Journal abbreviations source 

Journal names should be abbreviated according to Index Medicus journal abbreviations: 

http://www.nlm.nih.gov/tsd/serials/lji.html; List of title word abbreviations: http://www.issn.org/2-

22661-LTWA-online.php; CAS (Chemical Abstracts Service): http://www.cas.org/sent.html. 

Supplementary data 

Elsevier accepts electronic supplementary material to support and enhance your scientific 

research. Supplementary files offer the author additional possibilities to publish supporting 

applications, high resolution images, background datasets, sound clips and more. 

Supplementary files supplied will be published online alongside the electronic version of your 

article in Elsevier Web products, including Science Direct: http://www.sciencedirect.com. In 

order to ensure that your submitted material is directly usable, please provide the data in one of 

our recommended file formats. Authors should submit the material in electronic format together 

with the article and supply a concise and descriptive caption for each file. For more detailed 

instructions please visit our artwork instruction pages 

athttp://www.elsevier.com/artworkinstructions. 

Mol files 

Mol files (optional): Elsevier would like to enrich your online article by visualizing and providing 

details of chemical structures you define as the main chemical compounds described. For this 

purpose, corresponding mol files can be uploaded via the online submission system. Each 

compound needs to be submitted as a separate mol file. Please use your preferred drawing tool 

to export chemical structures as mol files and ensure that they are unique, complete and do not 

contain any R groups or other variables so that a correct In ChI key can be generated. For more 

information seehttp://www.elsevier.com/mol. 

6.5.3 After acceptance 

Use of the Digital Object Identifier 

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The 

DOI consists of a unique alpha-numeric character string which is assigned to a document by the 

publisher upon the initial electronic publication. The assigned DOI never changes. Therefore, it 

is an ideal medium for citing a document, particularly 'Articles in press' because they have not 

yet received their full bibliographic information. Example of a correctly given DOI (in URL format; 

here an article in the journal Physics Letters B): http://dx.doi.org/10.1016/j.physletb.2010.09.059 
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When you use a DOI to create links to documents on the web, the DOIs are guaranteed never 

to change. 

Proofs 

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we 

do not have an e-mail address then paper proofs will be sent by post) or, a link will be provided 

in the e-mail so that authors can download the files themselves. Elsevier now provides authors 

with PDF proofs which can be annotated; for this you will need to download Adobe Reader 

version 7 (or higher) available free from http://get.adobe.com/reader. Instructions on how to 

annotate PDF files will accompany the proofs (also given online). The exact system 

requirements are given at the Adobe site: http://www.adobe.com/products/reader/tech-

specs.html. 

If you do not wish to use the PDF annotations function, you may list the corrections (including 

replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections 

quoting line number. If, for any reason, this is not possible, then mark the corrections and any 

other comments (including replies to the Query Form) on a printout of your proof and return by 

fax, or scan the pages and e-mail, or by post. Please use this proof only for checking the 

typesetting, editing, completeness and correctness of the text, tables and figures. Significant 

changes to the article as accepted for publication will only be considered at this stage with 

permission from the Editor. We will do everything possible to get your article published quickly 

and accurately – please let us have all your corrections within 48 hours. It is important to ensure 

that all corrections are sent back to us in one communication: please check carefully before 

replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is 

solely your responsibility. Note that Elsevier may proceed with the publication of your article if 

no response is received. 

Offprints 
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6.6 Published article 

Novel sulfanylphthalimide analogues as highly potent inhibitors of monoamine 
oxidase B 

Mietha M. Van der Walt,a Gisella Terre’Blanche,a Anél Petzer,b and Jacobus P. Petzera 

a Pharmaceutical Chemistry, School of Pharmacy, North-West University, Private Bag X6001, 

Potchefstroom, 2520, South Africa 

b Unit for Drug Research and Development, School of Pharmacy, North-West University, Private Bag 

X6001, Potchefstroom, 2520, South Africa 

 

Abstract―Monoamine oxidase (MAO) plays an essential role in the catabolism of 

neurotransmitter amines. The two isoforms of this enzyme, MAO-A and –B, are considered to 

be drug targets for the therapy of depression and neurodegenerative diseases, respectively. 

Based on a recent report that the phthalimide moiety may be a useful scaffold for the design of 

potent MAO-B inhibitors, the present study examines a series of 5-sulfanylphthalimide 

analogues as potential inhibitors of both human MAO isoforms. The results document that 5-

sulfanylphthalimides are highly potent and selective MAO-B inhibitors with all of the examined 

compounds possessing IC50 values in the nanomolar range. The most potent inhibitor, 5-

(benzylsulfanyl)phthalimide, exhibits an IC50 value of 0.0045 µM for the inhibition of MAO-B with 

a 427–fold selectivity for MAO-B compared to MAO-A. We conclude that 5-sulfanylphthalimides 

represent an interesting class of MAO-B inhibitors and may serve as lead compounds for the 

design of antiparkinsonian therapy. 

 

Keywords: isatin; phthalimide; sulfanylphthalimide; monoamine oxidase; MAO; inhibition. 
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Monoamine oxidase A and B (MAO-A and –B) are flavine adenine dinucleotide (FAD) 

containing enzymes, bound to the outer membrane of mitochondria.1,2 These enzymes catalyze 

the oxidative deamination of neurotransmitter and dietary amines thereby terminating their 

physiological actions.3 Although MAO-A and –B share 70% sequence identity, they exhibit 

different substrate and inhibitor specificities.4 MAO-A metabolizes serotonin, adrenaline and 

noradrenaline and inhibitors of this enzyme are in use for the treatment of clinical depression 

and anxiety.5 MAO-B preferentially metabolizes the dietary amine, 2-phenylethylamine, and may 

therefore act as a metabolic brain barrier, limiting the entry of this false neurotransmitter into the 

central nervous system.6,7 Since MAO-B also catabolizes dopamine in the brain, inhibitors of 

this enzyme are used in the treatment of Parkinson’s disease.5,7,8 In Parkinson’s disease, MAO-

B inhibitors conserve the depleted supply of central dopamine and enhance dopamine levels 

following administration of levodopa, the metabolic precursor of dopamine.9 For these reasons, 

MAO-B inhibitors are frequently combined with levodopa in Parkinson’s disease therapy. It 

should be noted that MAO-A also metabolizes dopamine in the primate brain, and MAO-A 

inhibitors may consequently also elevate dopamine levels in the central nervous system.9 In 

addition, MAO-A inhibitors may be employed to treat non-motor symptoms of Parkinson’s 

disease such as depression and anxiety.3,10 MAO-A inhibitors in conjunction with levodopa 

should, however, be used with caution since this may lead to a severe hypertensive response.11 

 

 
 
 
 
 
 
 
 
Figure 1. The structures of isatin (1), phthalimide (2) and caffeine (3). 

 

A wide variety of heterocyclic moieties have been employed in the design of MAO inhibitors. 

Among these are isatin (1), an endogenous small molecule inhibitor of MAO-A and –B, and 

caffeine (3) (Fig. 1).12–14 Phthalimide (2), an isomer of isatin, has also recently been reported to 

be a potentially useful scaffold for the design of MAO-B selective inhibitors.15 Although 

phthalimide is a weak MAO inhibitor, substitution on C5 yields structures endowed with highly 

potent and selective MAO-B inhibitory activities. In contrast, N-substitution yields structures that 

are essentially devoid of MAO inhibitory properties.15 The MAO-B inhibitory properties of isatin 
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and caffeine may similarly be enhanced by substitution on the C5 and C6 positions of isatin and 

the C8 position of caffeine. In this regard, the benzyloxy substituent has been shown to be 

particularly favorable, and benzyloxy substitution of isatin, caffeine and phthalimide yields 

compounds 4–6 which are several orders of magnitude more potent MAO-B inhibitors than the 

parent compounds (Fig. 2).13–15In all instances, halogen substitution on the benzyloxy ring 

further improves inhibition potency. Modeling studies have shown that productive interactions of 

the benzyoxy side chain with the MAO-B entrance cavity may be responsible for this behavior. 

Interestingly, the benzylsulfanyl side chain appears to exhibit similar properties to that of the 

benzyloxy moiety, since a series of 8-(benzylsulfanyl)caffeine (7) analogues has recently been 

shown to exhibit similar MAO-B inhibition potencies to those of the 8-benzyloxycaffeine (5) 

analogues.16 Based on these analyses, the present study examines the possibility that 

benzylsulfanyl substitution on C5 of phthalimide (to yield 8a) would also lead to highly potent 

MAO-B inhibition. For this purpose, the effect that substitution (Cl, Br, F and OCH3) on the 

benzylsulfanyl ring has on MAO inhibition will be explored. In addition, this study also 

determines the effect on MAO inhibition by the phenylsulfanyl, (2-phenylethyl)sulfanyl, 

cyclohexylsulfanyl and (3-methylbutyl)sulfanyl substituents. This study therefore aims to 

discover new highly potent MAO-B inhibitors and to contribute to the structure-activity 

relationships (SARs) of MAO inhibition by phthalimide derived compounds.  

 

 

 
 
 
 
 
 

Figure 2. The structures of 5-benzyloxyisatin (4), 8-benzyloxycaffeine (5), 5-benzyloxyphthalimide (6) and 

8-(benzylsulfanyl)caffeine (7). 

 

The 5-sulfanylphthalimides (8a–k) were conveniently synthesized according to a previously 

described protocol (Scheme 1).17 The appropriate thiol reagents were reacted with 5-

nitrophthalimide in the presence of K2CO3 to yield the target compounds in low to good yields 

(4–76%). The 5-sulfanylphthalimides were purified via crystallization from an appropriate 

solvent. In each instance, the structures and purities of the target compounds were verified by 
1H NMR, 13C NMR, mass spectrometry and HPLC analysis as cited in the supplementary 

material. The presence of two 13C NMR signals at 167.6–168.8 ppm, which corresponds to the 
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carbonyl carbons at C1 and C3, and a 1H NMR signal at 8.12–8.20 ppm (CDCl3) or 11.28–11.36 

ppm (DMSO-d6), which corresponds to the phthalimide NH proton, confirmed the presence of 

the phthalimide ring (Table 1). 

 

 

 

Scheme 1. Synthetic pathway to 5-sulfanylphthalimide analogues.  Reagents and conditions: (a) K2CO3, 

acetone, reflux, 24 h; (b) HCl (6 N). 

Table 1. The 1H NMR and 13C NMR chemical shifts for the NH proton and carbonyl C1 and C3 

of phthalimide analogues 8a–k. 

 

 

 R NH C1/C3 

8a –S–(CH2)–C6H5 11.28a 168.8a 168.8a 

8b – S–(CH2)–(4-Cl-C6H4) 11.29a 168.8a 168.8a 

8c – S–(CH2)–(4-Br-C6H4) 11.29a 168.7a 168.8a 

8d – S–(CH2)–(4-F-C6H4) 11.29a 168.8a 168.8a 

8e 
–S–(CH2)–(4-OCH3-

C6H4) 
11.28a 168.8a 168.8a 

8f –S–C6H5 8.20b 167.7b 167.8b 

8g –S–(4-Cl-C6H4) 11.35 a 168.5a 168.6a 

8h – S–(4-Br-C6H4) 11.36 a 168.5a 168.6a 

8i –S–(CH2)2–C6H5 11.28a 168.8a 168.8a 

8j –S–C6H11 11.30 a 167.6b 167.8b 

8k –S–(CH2)2–CH(CH3)2 8.12b 167.9b 168.0b 
a NMR experiments conducted in DMSO-d6. 

b NMR experiments conducted in CDCl3. 
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To examine the MAO inhibitory properties of the 5-sulfanylphthalimides, recombinant human 

MAO-A and –B were employed.18 The enzyme catalytic activities in the absence and presence 

of the test inhibitors were determined by fluorometrically measuring the MAO-catalyzed 

formation of 4-hydroxyquinoline from the mixed MAO–A/B substrate, kynuramine.14,18 This 

approach was suitable for evaluating the MAO inhibitory properties of all the 5-

sulfanylphthalimides. The inhibition potencies of the test compounds were calculated from the 

sigmoidal dose–response curves and are expressed as the corresponding IC50 values. These 

IC50 values as well as the selectivity index (SI) values [SI = IC50(MAO–A)/(IC50(MAO–B)] are 

given in table 2. The results document that all of the 5-sulfanylphthalimides are potent inhibitors 

of human MAO-B with IC50 values ranging from 0.0045–0.986 µM. In accordance with 

expectation (see introduction), benzylsulfanyl substitution of phthalimide to yield 8a, resulted in 

highly potent MAO-B inhibition. An IC50 value of 0.0045 µM was recorded for 8a. In fact 8a 

proved to be the most potent MAO-B inhibitor among the compounds of the present series. 

Compared to its C5 benzyloxy substituted phthalimide homologue, compound 6 (IC50 = 0.043 

µM), compound 8a is approximately eightfold more potent as a MAO-B inhibitor.15 Compound 

8a also proved to be a more potent MAO-B inhibitor than 5-benzyloxyisatin (4) (IC50 = 0.103 

µM),13 8-benzyloxycaffeine (5) (IC50 = 1.77 µM)14 and 8-(benzylsulfanyl)caffeine (7) (IC50 = 1.86 

µM).16 Substitution on the benzylsulfanyl ring with Cl, Br, F and OCH3, to yield 8b–e, also 

resulted in highly potent inhibition, with these homologues exhibiting IC50 values of 0.0056–

0.020 µM. It is interesting to note that particularly the halogen substituted homologues 8b–d are 

weaker MAO-B inhibitors than compound 8a. This is in contrast to the results obtained with 8-

benzyloxycaffeine (5), 5-benzyloxyphthalimide (6) and 8-(benzylsulfanyl)caffeine (7), where 

particularly bromine substitution on the phenyl ring leads to an enhancement in MAO-B 

inhibitory potency.14–16 From these results it may therefore be concluded that 5-

(benzylsulfanyl)phthalimides are highly potent MAO-B inhibitors and superior to the lead 

structures, compounds 4–7, of this study.  

 

 

  



Chapter 6: Sulfanylphthalimide analogues 97 

Table 2. The IC50 values for the inhibition of recombinant human MAO-A and –B by 5-

sulfanylphthalimides 8a–k. 

 

  IC50 (µM)a    

 R MAO-A MAO-B  SIb 

8a –S–(CH2)–C6H5 1.92 ± 0.172 0.0045 ± 0.0004  427 

8b – S–(CH2)–(4-Cl-C6H4) 0.506 ± 0.032 0.0056 ± 0.0003  90 

8c – S–(CH2)–(4-Br-C6H4) 0.273 ± 0.041 0.0074 ± 0.0029  37 

8d – S–(CH2)–(4-F-C6H4) 0.958 ± 0.003 0.0068 ± 0.0009  141 

8e –S–(CH2)–(4-OCH3-C6H4) 1.63 ± 0.023 0.020 ± 0.0042  82 

8f –S–C6H5 8.03 ± 0.622 0.986 ± 0.026  8.1 

8g –S–(4-Cl-C6H4) 1.68 ± 0.343 0.457 ± 0.093  3.7 

8h – S–(4-Br-C6H4) 1.01 ± 0.053 0.364 ± 0.050  2.8 

8i –S–(CH2)2–C6H5 2.27 ± 0.136 0.030 ± 0.0094  76 

8j –S–C6H11 1.03 ± 0.062 0.179 ± 0.0082  5.8 

8k –S–(CH2)2–CH(CH3)2 0.380 ± 0.042 0.015 ± 0.0033  26 
a All values are expressed as the mean ± SD of triplicate determinations. 

b The selectivity index is the selectivity for the MAO-B isoform and is given as the ratio of [IC50(MAO-

A)]/[IC50(MAO-B)]. 

Although still considered as a potent MAO-B inhibitor, the phenylsulfanyl homologue 8f (IC50 = 

0.986 µM) was the weakest inhibitor of the present series. In this case, however, halogen 

substitution in the phenyl ring to yield compounds 8g (IC50 = 0.457 µM) and 8h (IC50 = 0.364 

µM), resulted in enhanced MAO-B inhibition. The (2-phenylethyl)sulfanyl substituted homologue 

8i was also found to be a potent MAO-B inhibitor with an IC50 value of 0.030 µM, approximately 

sixfold weaker than 8a. Since both 8f and 8i are weaker MAO-B inhibitor than 8a, it may be 

concluded that the benzylsulfanyl side chain is particularly suitable for enhancing the MAO-B 

inhibitory potency of phthalimide, and that neither a reduction in side chain length (to yield 8f), 
nor an increase in chain length (to yield 8i) would further increase inhibitory activity. The general 

suitability of 5-sulfanylphthalimides for MAO-B inhibition was further demonstrated with the 
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finding that the cyclohexylsulfanyl (8j) and (3-methylbutyl)sulfanyl (8k) substituted homologues 

are also potent MAO-B inhibitors with IC50 values of 0.179 µM and 0.015 µM, respectively. 

The 5-sulfanylphthalimides were found to also act as inhibitors of MAO-A. Four homologues, 

8b–d and 8k, exhibited IC50 values in the nanomolar range, with 8c being the most potent MAO-

A inhibitor with an IC50 value of 0.273 µM. As evident from the SI values, all of the 5-

sulfanylphthalimides were, however, selective inhibitors of the MAO-B isoform. The most potent 

MAO-B inhibitor of the series, 8a, is also the most selective inhibitor with an SI value of 427. 

This compound may therefore be considered the most suitable homologue of the series where 

MAO-B selectivity is desired. As already noted, MAO-A inhibition may lead to adverse effects 

when combined with certain antiparkinsonian therapies. In contrast, 8c may be considered as a 

potent MAO inhibitor with comparatively low isoform selectivity. 

Since it is reported that the benzyloxyphthalimide class of MAO inhibitors interacts reversibly 

with MAO, the current study examined if this property is also shared by 

sulfanylphthalimides.15For this purpose, the reversibility of MAO-B inhibition by the most potent 

sulfanylphthalimide MAO-B inhibitor, compound 8a, was investigated by measuring the degree 

of enzyme recovery after dilution of the enzyme-inhibitor complex. MAO-B was preincubated 

with 8a at concentrations of 10 × IC50 and 100 × IC50 for 30 min and then diluted to 0.1 × IC50 

and 1 × IC50, respectively.19 The results show that after dilution of the enzyme-inhibitor 

complexes to concentrations of 8a equal to 0.1 × IC50 and 1 × IC50, the MAO-B catalytic 

activities are recovered to levels of approximately 72% and 28%, respectively, of the control 

value (Fig. 3). This behavior is consistent with a reversible interaction of 8a with MAO-B. In 

contrast, incubation of MAO-B with the irreversible inhibitor (R)-deprenyl (10 × IC50), the MAO-B 

activities were not recovered (2.1% of control). Interestingly, after dilution of the 8a–MAO-B 

complex to 0.1 × IC50 and 1 × IC50, the enzyme activities are not recovered to 90% and 50%, 

respectively, as expected. This result suggests that, for the inhibition of MAO-B, 8a may 

possess a quasi-reversible or tight-binding component.  
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Figure 3. The reversibility of the inhibition of MAO-B by 8a. The enzyme was preincubated with 8a at 10 

× IC50 and 100 × IC50 for 30 min and then diluted to 0.1 × IC50 and 1 × IC50, respectively. For comparison, 

(R)-deprenyl, at 10 × IC50 was similarly incubated with MAO-B and diluted to 0.1 × IC50. The residual 

enzyme activities were subsequently measured. 

In conclusion, the present study shows that 5-sulfanylphthalimides are potent and selective 

inhibitors of MAO-B. In this regard, the benzylsulfanyl side chain is particularly suitable for 

enhancing the MAO-B inhibitory potency of phthalimide. It is noteworthy that compound 8a (IC50 

= 0.0045 µM) is approximately 30,000-fold more potent than phthalimide (2) (IC50 = 134 

µM).15This illustrates the importance of the C5 side chain for MAO-B inhibitory activity. Based 

on their MAO-B inhibition potencies and appropriate selectivity profiles, this study concludes 

that 5-sulfanylphthalimides are suitable lead compounds for the development of 

antiparkinsonian drugs. From a design point of view it is noteworthy that a wide variety of C5 

substituents yield 5-sulfanylphthalimides with potent MAO-B inhibitory actions. This suggests 

that structural modifications made to the C5 side chain in order to improve the properties of the 

compound are less likely to reduce MAO-B inhibition potency. 
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6.7 Supplementary material 

Novel sulfanylphthalimide analogues as highly potent inhibitors of monoamine 
oxidase B 

Mietha M. Van der Walt,a Gisella Terre’Blanche,a Anél Petzer,b and Jacobus P. Petzera* 

a Pharmaceutical Chemistry, School of Pharmacy, North-West University, Private Bag X6001, 

Potchefstroom, 2520, South Africa 

b Unit for Drug Research and Development, School of Pharmacy, North-West University, Private Bag 

X6001, Potchefstroom, 2520, South Africa 

6.7.1 Experimental procedures 

6.7.1.1 Chemicals and instrumentation 

Unless otherwise noted, all the reagents were obtained from Sigma-Aldrich and were used 

without further purification. Proton (1H) and carbon (13C) NMR spectra were recorded on a 

Bruker Avance III 600 spectrometer in CDCl3 or DMSO-d6. The chemical shifts are reported in 

parts per million (δ) relative to the signal of tetramethylsilane. Spin multiplicities are abbreviated 

as follows: s (singlet), d (doublet), dd (doublet of doublets), t (triplet), q (quartet) or m (multiplet). 

High resolution mass spectra (HRMS) were recorded with a Bruker micrOTOF-Q II mass 

spectrometer in atmospheric-pressure chemical ionization (APCI) mode. Melting points (mp) 

were measured with a Buchi M-545 melting point apparatus and are uncorrected. A Varian Cary 

Eclipse fluorescence spectrophotometer was used for fluorescence spectrophotometry. For the 

enzymology, kynuramine.2HBr and microsomes from insect cells containing recombinant 

human MAO-A and –B (5 mg protein/mL) were obtained from Sigma-Aldrich. 

6.7.1.2 Synthesis of the 5-sulfanylphthalimide analogues (8a–k) 

A mixture of the appropriate thiol (6 mmol), 4-nitrophthalimide (4 mmol) and K2CO3 (10 mmol) in 

20 mL acetone was heated under reflux for 24 h.  The reaction was cooled to room temperature 

and diluted with 150 mL water.  The mixture was subsequently acidified to pH = 2 with 6 N HCl.  

The resulting precipitate was collected by filtration and dried at 50 ºC.1 

5-(Benzylsulfanyl)phthalimide (8a) 

The title compound (yellow crystals) was prepared from 4-nitrophthalimide and benzyl 

mercaptan in a yield of 65%: mp 177.5–177.6 ºC (ethanol); 1H NMR (Bruker Avance III 600, 

DMSO-d6) δ 4.43 (s, 2H), 7.23–7.26 (m, 1H), 7.30–7.33 (m, 2H), 7.42 (d, 2H, J = 7.5 Hz), 7.67 

(s, 3H), 11.28 (s, 1H); 13C NMR (Bruker Avance III 600, DMSO-d6) δ 35.4, 120.2, 123.2, 127.4, 
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128.6, 128.9, 129.0, 131.5, 133.5, 136.3, 145.5, 168.8, 168.8; APCI-HRMS m/z: calcd for 

C15H12NO2S (MH+), 270.0589, found 270.0568; Purity (HPLC): 100%.  

5-[(4-Chlorobenzyl)sulfanyl]phthalimide  (8b) 

The title compound (white powder) was prepared from 4-nitrophthalimide and 4-chlorobenzyl 

mercaptan in a yield of 9%: mp 228.0–228.14 ºC (ethanol); 1H NMR (Bruker Avance III 600, 

DMSO-d6) δ 4.45 (s, 2H), 7.37 (d, 2H, J = 8.7 Hz), 7.44 (d, 2H, J = 8.7 Hz), 7.67 (m, 3H), 11.29 

(s, 1H); 13C NMR (Bruker Avance III 600, DMSO-d6) δ 34.6, 120.4, 123.3, 128.5, 129.2, 130.7, 

131.8, 131.9, 133.5, 135.7, 145.0, 168.8, 168.8; APCI-HRMS m/z: calcd for C15H11ClNO2S 

(MH+), 304.0199, found 304.0174; Purity (HPLC): 99%. 

5-[(4-Bromobenzyl)sulfanyl]phthalimide (8c) 

The title compound (light yellow powder) was prepared from 4-nitrophthalimide and 4-

bromobenzyl mercaptan in a yield of 7%: mp 255.7–255.9 ºC (ethanol); 1H NMR (Bruker Avance 

III 600, DMSO-d6) δ 4.43 (s, 2H), 7.38 (d, 2H, J = 8.3 Hz), 7.51 (d, 2H, J = 8.3 Hz), 7.68 (m, 

3H), 11.29 (s, 1H); 13C NMR (Bruker Avance III 600, DMSO-d6) δ 34.6, 120.4, 120.5, 123.3, 

129.2, 131.0, 131.4, 131.8, 133.5, 136.1, 145.0, 168.7, 168.8; APCI-HRMS m/z: calcd for 

C15H11BrNO2S (MH+), 347.9694, found 347.9662; Purity (HPLC): 100%. 

5-[(4-Fluorobenzyl)sulfanylphthalimide (8d) 

The title compound (dark yellow powder) was prepared from 4-nitrophthalimide and 4-

fluorobenzyl mercaptan in a yield of 70%: mp 179.8–180.2 ºC (ethanol); 1H NMR (Bruker 

Avance III 600, DMSO-d6) δ 4.43 (s, 2H), 7.13 (t, 2H, J = 8.7 Hz), 7.44–7.46 (m, 2H), 7.67 (s, 

3H), 11.29 (s, 1H); 13C NMR (Bruker Avance III 600, DMSO-d6) δ 34.6, 115.3, 115.4, 120.4, 

123.3, 129.1, 130.8, 130.9, 131.7, 132.6, 133.5, 145.2, 160.6, 162.2, 168.8, 168.8;  APCI-

HRMS m/z: calcd for C15H11FNO2S (MH+), 288.0495, found288.0484; Purity (HPLC): 96%. 

5-[(4-Methoxybenzyl)sulfanyl]phthalimide (8e) 

The title compound was prepared from 4-nitrophthalimide and 4-methoxybenzyl mercaptan in a 

yield of 63%: mp 172.7–172.8 ºC (ethanol); 1H NMR (Bruker Avance III 600, DMSO-d6) δ 3.70 

(s, 3H), 4.37 (s, 2H), 6.87 (d, 2H, J = 8.7 Hz), 7.33 (d, 2H, J = 8.7 Hz), 7.66 (s, 3H), 11.28 (s, 

1H); 13C NMR (Bruker Avance III 600, DMSO-d6) δ 35.0, 55.0, 114.0, 120.2, 123.2, 127.9, 

128.9, 130.1, 131.5, 133.5, 145.8, 158.5, 168.8, 168.8; APCI-HRMS m/z: calcd for C16H14NO3S 

(MH+), 300.0694, found 300.0675; Purity (HPLC): 100%. 
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5-(Phenylsulfanyl)phthalimide (8f) 

The title compound (yellow crystals) was prepared from 4-nitrophthalimide and thiophenol in a 

yield of 4%: mp 166.6–168.0 ºC (ethanol); 1H NMR (Bruker Avance III 600, CDCl3) δ 7.43–7.44 

(m, 4H), 7.47 (m, 1H), 7.51–7.52 (m, 2H), 7.66 (d, 1H, J = 7.9 Hz), 8.20 (s, 1H); 13C NMR 

(Bruker Avance III 600, CDCl3) δ 121.5, 123.8, 129.1, 129.7, 130.1, 130.4, 131.9, 133.5, 134.6, 

148.3, 167.7, 167.8; APCI-HRMS m/z: calcd for C14H10NO2S (MH+), 256.0432, found 256.0404; 

Purity (HPLC): 100%. 

5-[(4-Chlorophenyl)sulfanyl]phthalimide (8g) 

The title compound (white powder) was prepared from 4-nitrophthalimide and 4-

chlorothiophenol in a yield of 76%: mp 198.8–200.4 ºC (ethanol); 1H NMR (Bruker Avance III 

600, DMSO-d6) δ 7.40 (s, 1H), 7.54–7.56 (m, 5H), 7.73 (d, 1H, J = 7.9 Hz), 11.35 (s, 1H); 13C 

NMR (Bruker Avance III 600, DMSO-d6) δ 121.0, 123.9, 129.9, 130.1, 130.2, 132.6, 133.8, 

134.5, 135.5, 144.8, 168.5, 168.6.; APCI-HRMS m/z: calcd for C14H9ClNO2S (MH+), 290.0043, 

found 290.0014; Purity (HPLC): 100%. 

5-[(4-Bromophenyl)sulfanyl]phthalimide (8h) 

The title compound (white powder) was prepared from 4-nitrophthalimide and 4-

bromothiophenol in a yield of 46%: mp 203.2–203.3  ºC (ethanol); 1H NMR (Bruker Avance III 

600, DMSO-d6) δ 7.41 (d, 1H, J = 1.5 Hz), 7.48 (d, 2H, J = 8.7 Hz), 7.55 (dd, 1H, J = 1.5, 7.9 

Hz), 7.69 (d, 2H, J = 8.7 Hz), 7.73 (d, 1H, J = 7.9 Hz), 11.36 (s, 1H);13C NMR (Bruker Avance III 

600, DMSO-d6) δ 121.2, 123.1, 123.9, 130.1, 130.5, 132.7, 133.1, 133.8, 135.6, 144.6, 168.5, 

168.6; APCI-HRMS m/z: calcd for C14H9BrNO2S (MH+), 333.9537, found 333.9538; Purity 

(HPLC): 99%. 

5-[(2-Phenylethyl)sulfanyl]phthalimide (8i) 

The title compound (dark yellow needles) was prepared from 4-nitrophthalimide and 2-

phenylethyl mercaptan in a yield of  75%: mp 139.0–139.5 ºC (ethanol); 1H NMR (Bruker 

Avance III 600, DMSO-d6) δ 2.92 (t, 2H, J = 7.6 Hz), 3.40 (t, 2H, J = 7.2 Hz), 7.19–7.21 (m, 1H), 

7.26–7.30 (m, 4H), 7.63–7.69 (m, 3H), 11.28 (s, 1H); 13C NMR (Bruker Avance III 600, DMSO-

d6) δ 32.3, 34.0, 120.0, 123.3, 126.4, 128.4, 128.6, 128.8, 131.4, 133.6, 139.6, 145.6, 168.8, 

168.8; APCI-HRMS m/z: calcd for C16H14NO2S (MH+), 284.0745, found 284.0720; Purity 

(HPLC): 100%. 
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5-(Cyclohexylsulfanyl)phthalimide (8j) 

The title compound (light yellow powder) was prepared from 4-nitrophthalimide and 

cyclohexanethiol in a yield of 5%: mp 180.7–180.9  ºC (ethanol); 1H NMR (Bruker Avance III 

600, DMSO-d6) δ 1.22–1.43 (m, 6H), 1.58–1.60 (m, 1H), 1.69–1.72 (m, 2H), 1.94–1.97 (m, 2H), 

3.59–3.63 (m, 1H), 7.67–7.71 (m, 2H), 11.30 (s, 1H); 13C NMR (Bruker Avance III 600, CDCl3) δ 

25.6, 25.8, 32.9, 45.1, 122.4, 123.7, 128.8,  133.3, 133.5, 146.5, 167.6, 167.8; APCI-HRMS 

m/z: calcd for C14H16NO2S (MH+), 262.0902, found 262.0882; Purity (HPLC): 96%.  

5-[(3-Methylbutyl)sulfanyl]phthalimide (8k) 

The title compound (light yellow powder) was prepared from 4-nitrophthalimide and 3-methyl-1-

butanethiol in a yield of 19%: mp 64-115 ºC (ethanol); 1H NMR (Bruker Avance III 600, CDCl3) δ 

0.94 (d, 6H, J = 6.8 Hz), 1.56–1.60 (q, 2H, J = 7.2 Hz), 1.72–1.76 (m, 1H), 3.01–3.03 (m, 2H), 

7.51 (dd, 1H, J = 1.5, 7.9 Hz), 7.63 (d, 1H, J = 1.5 Hz), 7.69 (d, 1H, J = 7.9 Hz), 8.12 (s, 1H); 13C 

NMR (Bruker Avance III 600, CDCl3) δ 22.2, 27.5, 30.2, 37.2, 120.4, 123.6 128.3, 131.5, 133.4,  

147.9, 167.9, 168.0; APCI-HRMS m/z: calcd for C13H16NO2S (MH+), 250.0902, found 250.0884; 

Purity (HPLC): 100%. 

6.7.1.3 IC50 value determination 

Recombinant human MAO-A and MAO-B containing microsomes (5 mg protein/mL) were pre-

aliquoted and stored at –70 ºC. All incubations were carried out in potassium phosphate buffer 

(K2HPO4/KH2PO4 100 mM, made isotonic with KCl, pH 7.4) to a final volume of 500 µL. The 

reactions contained various concentrations of the test inhibitor (0-100 µM) and kynuramine, a 

mixed MAO-A/B substrate. The final concentrations of kynuramine in the reactions were 45 µM 

and 30 µM for MAO-A and MAO-B, respectively. The stock solutions of all the test inhibitors 

were prepared in DMSO and added to the reactions to yield a final volume of 4% (v/v) DMSO.  

The reactions were initiated with the addition of MAO-A or MAO-B (0.0075 mg protein/mL) and 

allowed to incubate for 20 min at 37 ºC.  The reactions were subsequently terminated with the 

addition of 400 µL NaOH (2 N) and 1000 µL water, and the concentrations of the MAO 

generated 4-hydroxyquinoline were measured by fluorescence spectrophotometry (λem = 310; 

λex = 400 nm).2,3 By employing a linear calibration curve (4-hydroxyquinoline: 0.047–1.56 µM), 

the enzyme catalytic rates were calculated and fitted to the one site competition model 

incorporated into the Prism software package (GraphPad). The IC50 values were determined in 

triplicate and are expressed as mean ± standard deviation (SD).   
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6.7.1.4 Recovery of enzyme activity after dilution  

Compound 8a [IC50(MAO-B) = 0.0045 µM], at concentrations equal to 0 × IC50, 10 × IC50 and 

100 × IC50, was preincubated with recombinant human MAO-B (0.75 mg/ml) for 30 min at 37 ºC. 

The reaction solvent was K2HPO4/KH2PO4 (pH 7.4, 100 mM, made isotonic with KCl). DMSO at 

a final concentration of 4% was added as co-solvent to all preincubations. The reactions were 

subsequently diluted 100-fold with the addition of a solution of kynuramine to yield final 

concentrations of 8a equal to 0 × IC50, 0.1 × IC50 and 1 × IC50, and a final concentration of 

kynuramine equal to 30 µM. The final concentration of MAO-B was 0.0075 mg/mL. The 

reactions were incubated for a further 20 min at 37 °C, terminated and the residual rates of 4-

hydroxyquinoline formation were measured as described above for the IC50 value 

determinations.4As control experiments, (R)-deprenyl (IC50 = 0.079 µM) was similarly 

preincubated with recombinant human MAO-A and –B (0.75 mg/ml) at concentrations equal to 

10 × IC50 and diluted 100-fold with the addition of kynuramine to yield final concentrations of 

(R)-deprenyl equal to 0.1 × IC50.4 
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6.7.3. NMR spectra of the 5-sulfanylphthalimide analogues (8a–k) 

 

 1H NMR (DMSO-d6): 5-(Benzylsulfanyl)phthalimide (8a) 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

13C NMR (DMSO-d6): 5-(Benzylsulfanyl)phthalimide (8a) 
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 1H NMR (DMSO-d6): 5-[(4-Chlorobenzyl)sulfanyl]phthalimide (8b) 

 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

13C NMR (DMSO-d6): 5-[(4-Chlorobenzyl)sulfanyl]phthalimide (8b) 
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 1H NMR (DMSO-d6): 5-[(4-Bromobenzyl)sulfanyl]phthalimide (8c) 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

13C NMR (DMSO-d6): 5-[(4-Bromobenzyl)sulfanyl]phthalimide (8c) 
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 1H NMR (DMSO-d6): 5-[(4-Fluorobenzyl)sulfanylphthalimide (8d) 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR (DMSO-d6): 5-[(4-Fluorobenzyl)sulfanylphthalimide (8d) 
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 1H NMR (DMSO-d6): 5-[(4-Methoxybenzyl)sulfanyl]phthalimide (8e) 

 
 

 

 

 

 

 

 

 

 

 

 

13C NMR (DMSO-d6): 5-[(4-Methoxybenzyl)sulfanyl]phthalimide (8e) 
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 1H NMR (CDCl3): 5-(Phenylsulfanyl)phthalimide (8f) 

 
 

 

 

 

 

 

 

 

 

 

 

13C NMR (CDCl3): 5-(Phenylsulfanyl)phthalimide (8f) 
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 1H NMR (DMSO-d6): 5-[(4-Chlorophenyl)sulfanyl]phthalimide (8g) 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR (DMSO-d6): 5-[(4-Chlorophenyl)sulfanyl]phthalimide (8g) 
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 1H NMR (DMSO-d6): 5-[(4-Bromophenyl)sulfanyl]phthalimide (8h) 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR (DMSO-d6): 5-[(4-Bromophenyl)sulfanyl]phthalimide (8h) 
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 1H NMR (DMSO-d6): 5-[(2-Phenylethyl)sulfanyl]phthalimide (8i) 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR (DMSO-d6): 5-[(2-Phenylethyl)sulfanyl]phthalimide (8i) 
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 1H NMR (DMSO-d6): 5-(Cyclohexylsulfanyl)phthalimide (8j)  

 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR (CDCl3): 5-(Cyclohexylsulfanyl)phthalimide (8j) 
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 1H NMR (CDCl3): 5-[(3-Methylbutyl)sulfanyl]phthalimide (8k)  

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR (CDCl3): 5-[(3-Methylbutyl)sulfanyl]phthalimide (8k) 
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6.7.4 HPLC traces of the 5-sulfanylphthalimide analogues (8a–k) 

The degree of purity for each of the synthesized 5-sulfanylphthalimide analogues (8a-k) were 

estimated with HPLC analyses, which were carried out with an Agilent 1100 HPLC system 

equipped with a quaternary pump and an Agilent 1100 series diode array detector. Milli-Q water 

(Millipore) and HPLC grade acetonitrile (Merck) were used for the chromatography. A Venusil 

XBP C18 column (4.60  150 mm, 5 µm) was used and the mobile phase consisted initially of 

30% acetonitrile and 70% MilliQ water at a flow rate of 1 mL/min. At the start of each HPLC run 

a solvent gradient program was initiated by linearly increasing the composition of the acetonitrile 

in the mobile phase to 85% acetonitrile over a period of 5 min. Each HPLC run lasted 15 min 

and a time period of 5 min was allowed for equilibration between runs. A volume of 20 µL of 

solutions of the test compounds in acetonitrile (1 mM) was injected into the HPLC system and 

the eluent was monitored at wavelengths of 254 nm. 

5-(Benzylsulfanyl)phthalimide (8a) 

Purity (HPLC): 100%.  
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5-[(4-Chlorobenzyl)sulfanyl]phthalimide  (8b) 

Purity (HPLC): 99% 

 

 

5-[(4-Bromobenzyl)sulfanyl]phthalimide (8c) 

Purity (HPLC): 100% 
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5-[(4-Fluorobenzyl)sulfanyl]phthalimide (8d) 

Purity (HPLC): 96% 

 

 

5-[(4-Methoxybenzyl)sulfanyl]phthalimide (8e) 

Purity (HPLC): 100% 
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5-(Phenylsulfanyl)phthalimide (8f) 

Purity (HPLC): 100% 

 

5-[(4-Chlorophenyl)sulfanyl]phthalimide (8g) 

Purity (HPLC): 100% 
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5-[(4-Bromophenyl)sulfanyl]phthalimide  (8h) 

Purity (HPLC): 99% 

 

 

5-[(2-Phenylethyl)sulfanyl]phthalimide (8i) 

Purity (HPLC): 100% 
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5-(Cyclohexylsulfanyl)phthalimide(8j)  

Purity (HPLC): 96% 

 

 

5-[(3-Methylbutyl)sulfanyl]phthalimide (8k)  

Purity (HPLC): 100% 

 

 


