’%‘?ﬁaﬁ téaﬁﬂga iy %m%?‘tﬁﬁl:ﬁa wa
' on L%‘L‘i’ﬁﬁ%

i I%%?E ﬂﬁwl‘{??@?%ﬁf@ m;ﬁ%ﬁ
%{% Eﬁfélfﬂta ﬂ:aa‘:* ﬁ?ﬁi"hﬂ%‘i ;ﬁmgﬁéﬁ* iy

, I{; ﬁ’sz}a% ﬁ-&ﬁims’i%mﬁ
i d muscariTic aceivic
ulate a‘aiﬁmgﬂama% [
i E‘Lﬁ%ﬁﬁ%%& Bovine chromaffin ce
~rete calecholamines only 13 ISP

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

N

4L 44 =~ S TEMREIIEEET ek

Advisory Editorial Board
W. N. Aldridge
Carshalton, UK

E.]J. Ariéns
Nijmegen, The Netherlands
H. R.Besch]r
Indianapolis, IN, USA
A. M. Breckenridge
Liverpool, UK

T. F. Burks

Tucson, AZ, USA

J.J. Burns

New York, NY, USA
A. W. Cuthbert
Cambridge, UK

C. T. Dollery
London, UK

J. R. Fozard
Strasbourg, France

T. Godfraind
Louvain, Belgium

P. Greengard

New York, NY, USA
E. Habermann
Giessen, FRG

J.W. Hadden
Tampa, FL, USA

B. Holmstedt
Stockholm, Sweden
M. G. Horning
Houston, TX, USA

E. Hosoya

Tokyo, Japan

J. Hughes
Cambridge, UK

G. L.Plaa
Montreal, Canada

A. Pletscher

Basle, Switzerland

M. J.Rand
Parkuville, Vic, Australia
M. M. Reidenberg
New York, NY, USA
G. A.Robison
Houston, TX, USA

F. Sjoqvist
Huddinge, Sweden
F.J. E. Stefano
Buenos Aires, Argentina
U. Schwabe
Heidelberg, FRG

p. Taylor

La Jolia, CA, USA

H. Timmerman
Amsterdam, The Netherlands
N. Weiner

Denver, CO, USA

T. C. Westfall

st. Louis, MO, USA
G. Zbinden

Zurich, Switzerland

Editor A. C. Abbott
Journal secretary Carol Smith
production Sue Perkins

Elsevier Publications Cambridge
68 Hills Road, Cambridge CB2 1LA, UK

CONTENTS

New insights into the non-nicotine regulation of adrenal medullary
function, Philip D. Marley 411

Drug Regulatory News 413

Current Awareness
MK-801, NMDA receptors and ischaemia-induced neurodegeneration,

J. A. Kemp, A. C. Foster, R. Gill and G. N. Woodruff 414
Remembering the gut-brain connection, Carlos A. Netto and
Ivan Izquierdo 415

This and that: on books and belle donne, antimony and anti-caffeine, B. Max 416

Letters
D, and D, dopamine agonist synergism and the nucleus accumbens,

David M. Jackson, Kuba Dreher and Svante B. Ross 419
Pharmacology and statistics: the Bloody Oblivious tester, A. R. Unwin 420
Ian Kitchen replies 420

Comment

Alternative molecular interpretations of binding curves:
compelling competition,

Antonio DeBlasi and Harvey ]. Motulsky 421
Viewpoint
Agonists, partial agonists, antagonists, inverse agonists and
agonist/antagonists?, Terry Kenakin 423
TiPS Reviews ‘

Muscarinic cholinergic receptor structure: molecular biological support
for subtypes, Anthony R. Kerlavage, Claire M. Fraser and

J. Craig Venter 426
5-HT, A receptor-related anxiolytics, Jérg Traber and Thomas Glaser 437
Histamine and its lymphocyte-selective derivatives as immune

modulators, Kenneth L. Melmon and Manzoor M. Khan 437
Synthesis, SARs and therapeutic potential of HMG-CoA reductase

inhibitors, Ta-Jyh Lee 442

HUMANS V. ANIMALs: Effects of - and B-adrenergic agonists,
phosphodiesterase inhibitors and adenosine on isolated human heart

muscle preparations,

Wilhelm Schmitz, Hasso Scholz and Erland Erdmann 447
Book Reviews
Pharmacology, by H. P. Rang and M. M. Dale 451
Steroids in the nuclear zone, edited by C. R. Clark 451
Diary VII
Index to Advertisers IX

Trends in

Pharmacological

Sciences

Published by Elsevier Publications, Cambridge
in Association with The International Union
of Pharmacology and the International

Union of Toxicology

DOCKET

A

LARM

Trends in Pharmacological Sciences is a publication of Elsevier Publications, Cambridge, 68 Hills Road, Cantbridge CB2 1LA, UK
Personal Subscription: (1987, 12 issues starting at any time) In the USA and Canada US$ 57.00, the £UK 33.00, in Europe Dfl. 150.00, in
the rest of the world Dfl. 165.00. Library Subscription: (1987, Vol. 8) Dfi. 500 (Dfl. 20.00 outside USA, Canada, Europe and UK). A
prices include packing and air delivery worldwide.

Advertising: Sophie Denney, Elsevier Publications Cambridge, 68 Hills Road, Cambridge CB2 1LA, UK Telephone (0223

Telex 81623 Fax }()Canon) 32{11& Readers in the USA and Canada: can contact the Journal Information Centper, Etsgvicr)sac}gzgé
Publishing Co. Inc., 52 Vanderbilt Ave., New York, NY 10017, Phone: (212) 3705520,

Second Class postage pending at Jamaica, New York.

s A - Postmaster send address corrections to Trends in Pharmacologicar Sciences ¢/o Mailflight Ltd, 147-25, 176th Street, Jamai
E]ic Y(I:r?:, KJ‘Y 11434. Air freight and mailing in the USA by Mailflight Ltd, 147/25 176th Street, Jamaica, New York, NY ILI-KH,.““C‘]'
© 1987 Elsevier Publications, Cambridge. All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission

of the copyright owner, . . § . . : .
rends in I’}\armaco]ogical Sciences is apolitical, The views and opinions expressed by its writers and correspondents do not necessarily

reflect those of the advisory editorial board, the editor, or the publisher.

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, the Publisher recommends that independent verification of diagnoses and
drug dosages should be made.

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not
constitute a guarantee or endorsement of the quality or value of such product or of the claims made of it by its manufacturer,

See TIPS Vol. 5, No. 2, p. 50 for detailed information on copyright and copying. The Copyright Clearance Center fre code for Trends in
Pharmacological Sciences is 0165-6147/87/$02.00.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

442

Synthesis, SARs and
therapeutic potential of HMG-
CoA reductase inhibitors

Ta-dyh Lee

Elevated plasma levels of low-density lipoprotein cholesterol is a major risk
factor for the development of coronary heart disease, the leading cause of death
and disability in Western countries. Because most cholesterol in the body is
synthesized de novo, the control of endogenous cholesterogenesis would be an
attractive and potentially effective means of lowering plasma cholesterol levels.
This approach has been validated by the recent discoveries of two novel fungal
metabolites, mevastatin and lovastatin. These compounds are potent inhibitors
of HMG-CoA reductase, which regulates the rate-limiting step in the
biosynthetic pathway of cholesterol. Ta-Jyh Lee discusses the rationale for the
design and synthesis of several potent inhibitors related to mevastatin and
lovastatin, and the therapeutic potential of HMG-CoA reductase inhibitors.

The atheromatous plaque or ather-
oma is formed in part from lipid
deposits, primarily cholesteryl
esters, in the inner walls of
arteries. Growth of the atheroma
leads to constriction of the arterial
lumen and ultimately results in
atherosclerosis and coronary heart
disease (CHD), the leading cause
of death and disability in Western
countries.

Epidemiological  evidence!™
strongly indicates that hyper-
cholesterolemia — or more accur-
ately, elevated plasma levels
of low-density lipoprotein chol-
esterol (LDL-C) — is a major risk
factor for the development of CHD.
These observations have stimu-
lated intensive efforts directed
towards the development of thera-
peutic agents for prevention and
treatment of atherosclerosis based
on the attenuation of plasma
cholesterol levels (see Ref. 4).

Results of the recently com-
pleted Lipid Research Clinics
Coronary Primary Prevention Trial
(LRC-CPPT)>* provide strong sup-
port for the rationale underlying
this approach. This trial clearly
demonstrated that the reduction of
LDL-C through dietary modifica-
tion and treatment with the bile
acid sequesterant colestyramine,
either alone or in combination,
diminished the incidence of CHD
morbidity and mortality in hyper-
cholesterolemic men at high risk
for CHD. Nevertheless, these mea-

Ta-Jyh Lee is Senior Research Fellow in the
Department of Medicinal Chemistry, Merck

sures often fail to lower elevated
plasma LDL-C levels to the desired
extent, particularly in patients
with familial hypercholesterol-
emia. Because most cholesterol in
the body is synthesized de nowo,
the control of endogenous chol-
esterogenesis would be an attract-
ive and potentially more effective
way to lower plasma cholesterol
levels.

Cholesterol is synthesized from
acetyl-CoA via a series of more
than twenty enzymatic reactions.
The major rate-limiting step in this
pathway is regulated by the act-
ivity of the enzyme 3-hydroxy-3-
methylglutaryl-coenzyme A re-
ductase (HMG-CoA reductase,
EC1.1.1.34)7, which catalyses the
conversion of HMG-CoA to mev-
alonic acid (Fig. 1). Therefore, for
several decades, this enzyme has
been considered to be a prime
target for pharmacological inter-
vention for the control of endo-

11P5 — INovemoer 178/ [VOL. 0}

practical realization of this goal has
been advanced greatly by the
recent discoveries of several novel
fungal metabolites, which are
potent inhibitors of HMG-CoA
reductase.

Inhibitory activities of mevastatin
and lovastatin

Mevastatin (Fig. 2,1a, formerly
known as ML-236B (Ref. 8) and
Compactin®) was isolated inde-
pendently by two different groups
from the cultures of Penicillium
citrinum and Penicillium brevicom-
pactum and proved to be a remark-
ably potent HMG-CoA reductase
inhibitor. Later, a closely related
compound, lovastatin (Fig. 2,1b),
formerly known as monacolin K
(Refs 10, 11) and mevinolin!? was
isolated independently by two
different groups from cultures of
Monacus ruber and Aspergillus
terreus. The subsequent isolation
of a number of related compounds
has been reported (see Ref. 13).
Mevastatin and lovastatin are
clearly the most extensively in-
vestigated members of this family
of compounds.

The inhibition of HMG-CoA
reductase by mevastatin and lova-
statin is reversible and competi-
tive with respect to HMG-CoA, the
natural substrate. The K; values of
the dihydroxy acid forms of meva-
statin and lovastatin (Fig. 2, 2a and
2b, which are the biologically
active forms of mevastatin and
lovastatin) are 1 nMm and 0.6 nM,
respectively. Neither compound
affects other enzymes involved in
cholesterol biosynthesis. In mam-
malian cells cultured in a medium
containing LDL, the synthesis of
other biologically important sub-
stances such as ubiquinone, doli-
chol and tRNA, which also are

genous cholesterogenesis. The  derived from mevalonate and re-
Acetate >> Cholesterol
Multiple Multiple
Steps Steps
CHs CH:s

SCoA
HMG-CoA

HO CO2H HMG-CoA Reductase HO CO2z2H
0 NADPH . OH

Mevalonic Acid

Sharp & Dohme Research Laboratories, West
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quired for cell growth, is not
affected even when the activity of
HMG-CoA reductase is severely
suppressed (up to 98%) by meva-
statin!415,

These findings strongly suggest
that mevastatin and lovastatin are
specific inhibitors of HMG-CoA
reductase. However, of greatest in-
terest is the finding that these two
natural products are highly effective
hypocholesterolemic agents in
several animal species’® and
humans'®'°. Not surprisingly, after
the disclosure of these initial find-
ings, efforts directed toward the
synthesis of mevastatin, lovastatin
and related analogs were initiated
in many laboratories (see Ref. 20).

Totally synthetic analogs of
mevastatin

Before the discovery of lova-
statin, an effort was initiated in our
laboratories directed towards the
development of totally synthetic
HMG-CoA reductase inhibitors
devoid of the structural com-
plexities of mevastatin.

A model synthetic analog of
mevastatin was formulated based
largely on the following considera-
tions. The structural similarity be-
tween the dihydroxy acid moiety
of structure 2 and HMG-CoA or
mevalonic acid is readily recog-
nized. However, since the K,
value for HMG-CoA, the natural
substrate of the enzyme, is approxi-
mately 107> M (about 10* weaker
than the K; values of mevastatin
and lovastatin), the substituted
polyhydronaphthyl moieties in
mevastatin?! and lovastatin must
also play an important role in the
inhibition of the enzyme.

Based on this line of reasoning
and the known facts about the
HMG-CoA reductase-catalysed re-
duction of HMG-CoA to meval-
onic acid, our early model of a
synthetic analog of structure 2 is
represented by the generalized
structure 3. It consists of a di-
hydroxy acid moiety similar to that
of structure 2a and a lipophilic
group linked by either a saturated
or an unsaturated 2-carbon bridge.
Thus, structure 4, which is the
corresponding lactone form of
structure 3, was the initial target. It
should be noted that the stereo-
chemical requirements at positions
C-4 and C-6 of lactone 4 were not
known at this point. Although the
chiralities of two steric centers in

tha lambtnnma smina AL enaxrackabiem (AE
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a, R — H (Mevastatin)

b, R = CHj, (Lovastatin)
1 2
" coH — oy’
OH 6 O
’i‘ A = CH,CH, or CH = CH ‘l\
X X = Aromatics X
3 4
HO,, 0
O
HO (0]
/
0
A
|
X
6
5
HO CO,Na
OH

&

(SRI-62320)

HOCCOZNa

10
(CS-514 or Sq-31000)

Fig. 2. Structures of mevaslatin, lovaslatin and the corresponding ring-opened di-

hydroxy acid forms, and other analogs.
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TABLE I. In-vitro inhibitory activities of lactones 6 (Fig. 2) towards HMG-CoA reductase
Code  Optical activity A X Relative potency”
a - t-CH=CH @ 5 0.08
ci
Cl
a + t-CH=CH 0.16
c
b B t-CH=CH ; ‘@C"-"@C‘ 7.5
(o]
c + CH20H2 F-@—CH,O c 38
[+]
c + CH,CH. FOrcmo w 58
c
F
d - t-CH=CH (;| 100
[+]
F
d + t-CH=CH C, 280
e + t-CH=CH C:. @ & 289
CH,
.
f + CH,CH, Be & 128
CH.

*All compounds in this table were tested after being converted to the sodium salts of the
corresponding dihydroxy acids. The relative potency of the test compound was determined by
comparing its ICs, value with that of mevastatin, which was tested simultaneously and
arbitrarily assigned a relative potency value of 100.

structure 1a) had been determined
earlier’, their critical importance to
intrinsic inhibitory activity was
yet to be ascertained. This issue
was quickly resolved by determin-
ing that: (1) all activity resides in
the trans-diastereomer 6a(t) (i.e.
the cis-diastereomer 5(%) is in-
active); and (2) only enantiomer
6a(+) is active??>. Similar results
were observed subsequently in
every compound series examined
(see Table I), indicating that the
chiralities of the two steric centers
in structure 6 are critical in deter-
mining intrinsic HMG-CoA re-
ductase inhibitory activity. Later,
the finding that compound 6d(+)
‘possessed the same chirality in the
lactone ring as that present in
mevastatin was determined by X-
ray crystallography®® and further
supported this conclusion.
However, the weak intrinsic
inhibitory potency of structure
6a(+) needed to be optimized.
Attachment of either an arylmeth-
oxy group (benzyl ether series)** or
an aryl moiety (biphenyl series)®
at the 6-position of the 2,4-
dichlorophenyl ring in compound
6a(t) dramatically enhanced
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introduction of a 4-fluoro group on
the benzyl moiety induces a
remarkable increase in potency.
Later, this substitution proved to
be equally useful in other series.
Another significant contribution
towards the improvement of
potency was observed when com-
pound 6b(+) was hydrogenated to
6c(+). Resolution of 6c(t) yielded
6c(+), which had an inhibitory
potency approaching that of meva-
statin.

Even more profound enhance-
ment of potency was observed

Li°S — INovember 170/ [VOL. Of

when suitable aryl groups were
placed at the 6-position of the 2,4-
dichlorophenyl ring in 6a(+). For
example, a 1750-fold increase in
potency attended the formal con-
version of compound 6a(+) to
6d(+) (TableI). In view of the
toxicity ascribed to chlorinated
biphenyls, it was deemed desir-
able to find a suitable replacement
for the chloro groups in 6d(+). The
methyl group was considered to be
a favorable bioisosteric replace-
ment for the chloro group because
of their comparable sizes and
lipophilicities.

Furthermore, aromatic methyl
groups are susceptible to bio-
oxidation and the resultant met-
abolite(s) is expected to be more
readily eliminated from the body.
Indeed, replacement of the chloro-
substituents in structure 6d(+)
with methyl groups and further
refinement ultimately afforded
compound 6e(+), which has an
inhibitory potency almost three
times that of mevastatin. It is also
noteworthy that a substantial de-
crease in potency occurs when
structure 6e(+) is reduced to 6£(+).
This result is contrary to earlier
observations in the benzyl ether
series and the prediction of an
advantage in having a saturated or
an unsaturated 2-carbon bridge
connecting the lactone and the
lipophilic groups remains pre-
carious. Finally, the recent dis-
closure of research on compounds
related to compound 7 (SRI-
62320)® appears to be particularly
interesting. As evidence of the
therapeutic usefulness of HMG-
CoA reductase inhibitors con-
tinues to mount, it is anticipated
that research activities in search of
new and novel inhibitors will be
greatly intensified in the future.

TABLE Il. In-vitro inhibitory activities of lactones 8 (Fig. 2) towards HMG-CoA reductase

Code R'

R? Relative potency’

a H H

¢ (MK-733) H

e CHa

1
CH,CH,C~C —

0.4

o]

254

d™y,

H

L]
CH,CH,C(CH,),C ~

F-@-CH,—

CH,

0
622

119

(o]

CH‘CH.C—(! - 13

d™

CH,

H
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