


ADVANCES IN
ANTIVIRAL DRUG DESIGN

Volume 5 • 2007



This page intentionally left blank



ADVANCES IN
ANTIVIRAL DRUG DESIGN

Editor: E. DE CLERCQ
Rega Institute for Medical Research
Katholieke Universiteit Leuven
Leuven, Belgium

VOLUME 5 • 2007

Amsterdam – Boston – Heidelberg – London – New York – Oxford
Paris – San Diego – San Francisco – Singapore – Sydney – Tokyo



Elsevier
Linacre House, Jordan Hill, Oxford OX2 8DP, UK
Radarweg 29, PO Box 211, 1000 AE Amsterdam, The Netherlands

First edition 2007

Copyright © 2007 Elsevier Ltd. All rights reserved

No part of this publication may be reproduced, stored in a retrieval system or trans-
mitted in any form or by any means electronic, mechanical, photocopying, recording or
otherwise without the prior written permission of the publisher

Permissions may be sought directly from Elsevier’s Science & Technology Rights De-
partment in Oxford, UK: phone (+44) (0) 1865 843830; fax (+44) (0) 1865 853333; email:
permissions@elsevier.com. Alternatively you can submit your request online by visiting
the Elsevier web site at http://elsevier.com/locate/permissions, and selecting Obtaining
permission to use Elsevier material

Notice
No responsibility is assumed by the publisher for any injury and/or damage to persons
or property as a matter of products liability, negligence or otherwise, or from any use
or operation of any methods, products, instructions or ideas contained in the material
herein. Because of rapid advances in the medical sciences, in particular, independent
verification of diagnoses and drug dosages should be made

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-0-444-52173-6

For information on all Elsevier publications
visit our website at books.elsevier.com

Printed and bound in The Netherlands

07 08 09 10 11 10 9 8 7 6 5 4 3 2 1



CONTENTS

LIST OF CONTRIBUTORS vii

PREFACE ix

STATUS PRESENS OF ANTIVIRAL DRUGS AND STRATEGIES: PART I:
DNA VIRUSES AND RETROVIRUSES

Erik De Clercq 1

STATUS PRESENS OF ANTIVIRAL DRUGS AND STRATEGIES: PART II:
RNA VIRUSES (EXCEPT RETROVIRUSES)

Erik De Clercq 59

METHYLENECYCLOPROPANE ANALOGUES OF NUCLEOSIDES AS
ANTI-HERPES AGENTS

Jiri Zemlicka 113

SYNTHESIS AND ANTIVIRAL EVALUATION OF BROAD SPECTRUM,
ORALLY ACTIVE ANALOGS OF CIDOFOVIR AND OTHER ACYCLIC NU-
CLEOSIDE PHOSPHONATES

Karl Y. Hostetler 167

CCR5 ANTAGONISTS FOR THE TREATMENT OF HIV INFECTION AND
AIDS

Manos Perros 185

THE MEDICINAL CHEMISTRY OF THE DATA AND DAPY SERIES OF
HIV-1 NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS
(NNRTIS)

Jan Heeres and Paul J. Lewi 213

INDEX 243

v



This page intentionally left blank



LIST OF CONTRIBUTORS

Erik De Clercq Rega Institute for Medical Research
K. U. Leuven
B-3000 Leuven
Belgium

Jan Heeres Center for Molecular Design
Janssen Pharmaceutica NV
2350 Vosselaar
Belgium

Karl Y. Hostetler Department of Medicine
Division of Infectious Disease
School of Medicine
University of California
San Diego, 9500 Gilman Drive
La Jolla
CA 92093-0676
USA

Paul J. Lewi Center for Molecular Design
Janssen Pharmaceutica NV
2350 Vosselaar
Belgium

Manos Perros Pfizer Global R&D
Sandwich Laboratories
Kent
UK CT13 9NJ

Jiri Zemlicka Developmental Therapeutics Program
Barbara Ann Karmanos Cancer Institute
Wayne State University School of Medicine
110 E. Warren Ave.
Detroit
MI 48201-1379
USA

vii



This page intentionally left blank



PREFACE

This represents the fifth volume of Advances in Antiviral Drug Design,
continuing the tradition of the preceding volumes published by JAI
Press, Inc. in 1993 (volume 1), 1996 (volume 2) and 1999 (volume 3),
and Elsevier in 2004 (volume 4). Akin to volume 4, the fifth volume of
Advances in Antiviral Drug Design is also published by Elsevier.

As has been set from the beginning, Advances in Antiviral Drug De-
sign is aimed at keeping up with the progress made in the design and
development of new antiviral drugs, thereby overviewing the global
area where antiviral agents have started to emerge, where they are
targeted at, and how they are likely to evolve into clinically useful an-
tiviral medicines.

The principal aim of this series of treatises is to (try to) form a bridge
from the basics (i.e., design and synthesis of new antiviral compounds)
to clinics (i.e., therapeutic applications in the therapy and/or prophy-
laxis of well-defined viral infections). This is a continuously evolving
process which is driven by a number of forces, the emergence of new
viruses (or re-emergence of old ones), the synthesis of new chemical
compounds, the molecular optimization of their potency and/or selec-
tivity, and their eventual (medical) application and usefulness in the
clinic.

In previous volumes (volumes 1, 2, 3 and 4), the following topics were
dealt with:

(i) uncoating inhibitors for picornavirus infections,
(ii) broad-spectrum antiviral nucleoside analogs (such as rib-

avirin),
(iii) acyclic nucleoside analogs (such as acyclovir and ganciclovir),
(iv) acyclic nucleoside phosphonates (such as cidofovir and ade-

fovir),
(v) dideoxynucleoside analogs (such as zidovudine, didanosine,

zalcitabine, and stavudine),
(vi) antisense oligonucleotides,

(vii) S-adenosylhomocysteine (AdoHcy) hydrolase inhibitors,
(viii) carbocyclic nucleoside analogs,

(ix) nucleotide prodrugs (bypassing the initial phosphorylation
step),
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(x) HIV protease inhibitors,
(xi) L-nucleoside analogs (such as 3TC, (-)FTC and L-FMAU),

(xii) progress with the acyclic nucleoside phosphonates in clinical
trials,

(xiii) emivirine as prototype of the non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs),

(xiv) zanamivir as prototype of the influenza virus neuraminidase
inhibitors,

(xv) the bicyclams as inhibitors of the replication of T-lymphotro-
pic X4 HIV-1 strains, acting through a specific antagonization
of the CXCR4 receptor,

(xvi) new anti-HIV agents in clinical development,
(xvii) HIV integrase inhibitors,

(xviii) non-peptidic HIV protease inhibitors,
(xix) oseltamivir as prototype of the influenza virus neuraminidase

inhibitors,
(xx) six-membered carbocyclic nucleoside analogues as anti-her-

pesvirus agents,
(xxi) cyclosaligenyl pronucleotides of antiviral agents.

In the present volume, volume 5, of Advances in Antiviral Drug De-
sign, six new chapters have been added to the list. First, an overview of
the status presens of the antiviral agents which are active against DNA
viruses and retroviruses (the latter, being RNA viruses, replicate via a
proviral DNA intermediate). Second, an overview of the status presens
of the antiviral agents which are active against RNA viruses except
retroviruses. In these overview chapters, I have focussed on three cat-
egories of antiviral agents:

(a) those that have been licensed (i.e., approved) for clinical use;
(b) those that are, or have been, under clinical evaluation (i.e., sub-

mitted to phase I, II or III clinical trials); and
(c) those that are still in the preclinical development stage.

In Chapter 3 J. Zemlicka has addressed a new class of nucleo-
side analogues, that of the methylenecyclopropane derivatives which
yield great potential as antiviral agents against a wide array of her-
pesviruses.

Chapter 4 written by K.Y. Hostetler is dealing with the synthesis and
antiviral activity of orally bioavailable prodrugs of cidofovir and other
acyclic nucleoside phosphonates, with broad antiviral drug potential
against virtually all DNA viruses.
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The HIV co-receptor antagonists, and, in particular, the CCR5 antag-
onists have proceeded swiftly through clinical development, and this
progress has been highlighted by M. Perros in Chapter 5. The non-
nucleoside reverse transcriptase inhibitors (NNRTIs) have remained
in the frontline of the treatment of HIV-1 infections, and the develop-
ment of new highly promising congeners of this series, i.e., DATA and
DAPY, has been depicted by J. Heeres and P.J. Lewi (Chapter 6).

Thus, the fifth volume of Advances in Antiviral Drug Design aims at
continuing with the tradition of the preceding volumes, that is periodi-
cally reviewing the recent progress made in the frontline of the design
and development of new therapeutic agents for the treatment of DNA
virus, retrovirus and RNA virus infections, with, in this volume, partic-
ular emphasis on four novel strategies targeted at herpesviruses (i.e.,
methylenecyclopropane derivatives) and other DNA (viz. pox, adeno)
viruses (i.e., orally bioavailable prodrugs of acyclic nucleoside phos-
phonates), and HIV infections (i.e., CCR5 antagonists as well as new
highly promising NNRTIs).

E. De Clercq
Editor
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ABSTRACT
More than 40 compounds have been formally licensed for clinical
use as antiviral drugs, and half of these are used for the treatment
of HIV infections. The others have been approved for the therapy
of herpesvirus (HSV, VZV, CMV), hepadnavirus (HBV), hepacivirus
(HCV) and myxovirus (influenza, RSV) infections. New compounds
are in clinical development or under preclinical evaluation, and,
again, half of these are targeting HIV infections. Yet, quite a num-
ber of important viral pathogens (i.e. HPV, HCV, hemorrhagic fever
viruses) remain in need of effective and/or improved antiviral ther-
apies.

I. INTRODUCTION

There are at present a forty some antiviral drugs that have been
formally licensed for clinical in the treatment of viral infections.44

These are mainly used in the treatment of infections caused by hu-
man immunodeficiency virus (HIV), hepatitis B virus (HBV), her-
pesviruses [herpes simplex virus (HSV), varicella-zoster virus (VZV),
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