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The lactone form, and also the ring opened active form, may also suffer problems in
terms of stability over an extended period of time. This represents a significant problem
during manufacture of an active principal or during extended storage of the same in a
pharmacy. For example, loss of the hydroxy group in a dehydration reaction may occur.
The resulting decomposition product may have a double bond that is conjugated with
the lactone carbonyl group and this will tend to favour the potential decomposition
product. Eqgually, in the ring opened form, one of the possible decomposition products
could also have a conjugated double bond with the acid carbony! group.

It is therefore an aim of the present #aventiendisclosure to provide pharmaceutically active novel
rosuvastatin and atorvastatin lactol derivatives. It is also an aim to provide compounds
having improved stability. Ideally, the compounds wili have an extended shelf-life. It is

an aim of the isventienpresent disclosure to provide compounds that can be prepared by synthetic

methods that are susceptible to industrial scale up. Itis also an aim of the inventionnresent disclosure

to provide compounds that can be prepared economically and reliably. 1t is also an aim to provide

compounds which have good solubility and / or bioavailability. This isvestionpresent disclosure

provides compounds that achieve one or more of the above aims.

Disclosed isheceording-to-one-aspest-the-presentinvention-provides a compound of Formula | and
pharmaceutically acceptable salts and solvates thereof:

X 0 CR n.

wherein:

A is selected from the group comprising:

R4a
Rﬂ)
2b
N ™= R =
3a | N“‘i
e M —
N R R
FE{ZB R4b

and
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R™ R* R R* and one of R¥ and R™ are each independently selected from the
group comprising: hydrogen, halo, Cig alkyl, Cog alkenyl, Cas cycloalkyl, aryl, Ci4 alkyi
aryl, heterocyclyl, and C4 alkyl heteroaryt;

R? is —S(0),R* wherain R® is Cy.5 alkyl, Cus Cycioéiky{, C1.s alky! aryl or aryl;
R* is hydrogen, Gy alkyl, Co alkenyl, Css cycioalkyl or aryi;

and the other of R? and R™ is —CONR™R'® where R*™ and R™ are independently
selected from the group comprising: hydrogen, Ci.g alkyl, Cu.5 alkenyl, aryl, Cq. alkyl
aryi, heteroaryi, C,4 heteroaryt;

R® and R® are independentiy seiected from the group comprising: hydrogen, C..s alkyl,
Ci.6 haloalky!, Cus alkenyl, Cae cyctoatkyt, aryl, Csalkyl aryl, Ci5alkanoy! aryl,
heteroaryl, Gy alkanoyi hetercaryl and C4 alkyl helercaryl; provided always that both
R® and R® are not hydrogen; and provided that R® is not benzyl or H when R is methyl.

R and R® are independently seiected from the group comprising: M, Ci.4 alkyl and halo;

X i8 ~(CR*R™){CR*=CR),{CR°R"),- where R* and R" are independently selected from
the group comprising: H, methyi, ethyl and halo and m, n, and o are independently 0, 1,

2, or 3 provided that m + n + ¢ is not more than 3; and wherein

each of the above R groups may, where chemically possible, be independently
optionally substituted by from 1 to 5 groups chosen independentiy at each occurrence
from the groups comprising: haio, Ci.3 alkyl, halo Ci3 alkyl, Cy.5 alkoxy, C,.3 halcalkoxy,

hydroxy, and cyano.
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In one aspect, there is provided a compound of Formula | and pharmaceutically
acceptable salts and solvates thereof:

OR®
=7 ’ L
A B

X Q OR (D).

whersin:

Als
R
N{ %
33 ' -
N N r"
| | o

R

wherein Rz i-propyl, R® is -S(O):Me, R* is methy! and R*® 4-flucrophenyt:

R® and R® are independently seiected from the group comprising: hydrogen, C.s alkyl,
Cag haloalkyl, Cop alkenyl, Cye cycloalkyl, aryl, Cq.. alkyl aryl, Ci¢ alkanoyl ary|,
hetercaryl, C, atkanoy! hetercary] and Ci.s alkyl heteroaryl; provided always that both R®
and R® are not hydrogen; and provided that R® is not benzyl or H when R® is methyl.

R’ and R? are independently selected from the group comprising: ‘H, G alkyl and halo;

X is ~{CR°R®)n(CRI=CR)L(CR'R™),- where R® and R are independentiy selected from
the group comprising: H, methyl, ethyl and halo and m, n, and o are independently ¢, 1,
2, or 3 provided that m + n + ¢ is not more than 3; and wherein

each of the above R groups may, where chemically possible, be independently ontionally
substituted by from 1 to 5 groups chosen independently at each occurrence from the

groups comprising: hala, C.. alkyl, halo G alkyl, G5 alkoxy, G haloalkoxy, hydroxy,
and cyano,
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The compounds of the inventionpresent disclosure may have activity in their own right or may in certain

cases ring open under physiological conditions to corresponding compounds having
inhibitory activity.

Reference is made to the accompanying figure (figure 1) which illustrates the effect on
the level of plasma triglycerides in rats after administration of rosuvastatin (25 mg/kg

po} and four rosuvastatin analogues (25 mg/kg).



j The compounds of the isventienpresent disclosure may exist in both unsoivated and solvated forms. The

term 'solvate’ is used herein to describe a molecular complex comprising the compound

l of the imventionpresent disclosure and a stoichiometric amount of one or more pharmaceutically
acceptable solvent molecules, for example, ethanol. The term ‘hydrate' is employed

when said solvent is water.

Included within the scope of the inventionpresent disclosure are complexes such as clathrates, drug-host
inciusion complexes wherein, in contrast to the aforementioned solvates, the drug and
host are present in stoichiometric or non-stoichiometric amounts. Also included are
complexes of the drug containing two or more organic and/or inorganic components
which may be in stoichiometric or non-stoichiometric amounts. The resulting complexes
may be ionised, partially ionised, or non- ionised. For a review of such complexes, see J
Pharm Sci, 64 (8), 1269-1288 by Haleblian (August 1975),

Hereinafter all references o compounds of formula (1) include references to salts,

solvates and complexes thereof and to solvates and complexes of salts thereof.

The compounds of the investieapresent disclosure include compounds of formula (1) as hereinbefore

defined, including all polymorphs and crystal habits thereof, prodrugs and isomers
thereof (including optical, geometric and tautomeric isomers) as hereinafter defined and

isotopically-labelled compounds of formula (1).

Before purification, the compounds of the present inventiondisclosure may exist as a mixture of
enantiomers depending on the synthetic procedure used. For example, the compounds
of the present inventiendisclosure may exist as a mixture of enantiomers having a ratio of

between 2:1 and 3.1, though they may also occur in other ratios. The enantiomers can

be separated by conventional techniques known in the art. Thus the investienpresent disclosure covers

individual enantiomers as well as mixtures thereof. When the chemical structures
disclosed herein includes an *, it is intended that the compound is a mixture of

enantiomers having a ratio of between 2:1 and 3:1.

For some of the steps of the process of preparation of the compounds of formula (1), it
may be necessary to protect potential reactive functions that are not wished to react,
and to cleave said protecting groups in consequence. In such a case, any compatible

protecting radical can be used. In particular methods of protection and deprotection
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such as those described by T.W. GREENE (Protective Groups in Organic Synthesis, A.
Wiley- Interscience Publication, 1981) or by P. J. Kocienski (Protecting groups, Georg
Thieme Verlag, 1994), can be used. All of the above reactions and the preparations of
novel starting materials used in the preceding methods are conventional and
appropriate reagents and reaction conditions for their performance or preparation as
well as procedures for isolating the desired products will be well-known 1o those skilled
in the art with reference to literature precedents and the examples and preparations

hereto.
Also, the compounds of formula (1) as well as intermediate for the preparation thereof
can be purified according fo various well-known methods, such as for example

crystallization or chromatography.

We have found that compounds of the isventionpresent disclosure enjoy good activity as HMG-CoA

inhibitors. The compounds are sparingly soluble in water and are thus available for
metabolism. In this regard, despite the presence of a bulky group at the 2-position of
the lactol derivative, the compounds will still metabolise by loss of the substituent group,
oxidation and subsequent ring opening to form HMG-CoA inhibitors. Furthermore, the
compounds have intrinsic activity in their own right Both of these findings are
unexpected and counterintuitive. It is therefore expected that the compounds will show
a more stable release profile in vivo. It is also expected that the compounds may have
a longer half-life and / or an extended duration of action. This is surprising because
these types of closed ring compounds are not expected o have activity at all.
Furthermore, the presence of a substituent group might be expected to be a barrier to

oxidation and subsequent transformation to a useful active compound by ring opening.

in an embodiment, R® is selected from the group comprising: C,.5 alkyl, C. alkenyl, Cag
cycloalkyl, aryl, Ci5 alkyl aryl, heteroaryl, and C.; alkyl heteroaryl.

in an embodiment, A is:
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Processes for the manufacture of the compounds of the present investiendisclosure are disclosed
in WO2005/0122486, in particular, in the examples. The disclosure of WO2005/012246

insofar as the synthetic procedures are concerned forms part of the disclosure of the

cand

present invention. In the interests of brevity, the details of these synthetic procedures is
not reproduced here but it is intended that this subject matter is specifically incorporated

into the disclosure of this document by reference.

In addition to the above aspects, the present inventiendisclosure may also relate to the use of
rosuvastatin and atorvastatin lactol derivatives in the manufacture of a medicament for
treating certain conditions. Conditions that are treatable using the compounds of the
present imventiondisclosure include conditions which are modulated by the enzyme 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMG-CoA reductase). Inhibition of the enzyme

therefore represents a viable therapy for a number of diseases.

Examples of conditions that may be treated by the inhibition of HMG-CoA reductase
include hypercholesterolemia, atherosclerosis and hypetlipidemia. Statins have been
used in the secondary prevention of cardiovascular disease, or in the primary
prevention of cardiovascular disease when the risk for cardiovascular disease is
significantly raised. It is therefore expected that the compounds of the present
wmventendisciosure will have utility in the treatment or prevention of cardiovascular diseases due

to their inhibitory activity. Example cardiovascular diseases which may be treatable by
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the compounds of the present isventiondisclosure include: coronary heart disease, myocardial
infarction, stroke and peripheral artery disease. In addition, these compounds may also
have a beneficial effect in the treatment of inflammation, dementia, cancer, nuclear

cataracts, diabetes and hypertension.

The conditions that may be treated by the inhibition of HMG-CoA reductase may be a
condition of the human or animal body. These compounds are intended in particular for

human patients.

The atorvastatin derivatives of the present smventiendisclosure can be assayed using the following
procedure in which the plasma triglyceride level is measured after treating a rat with a
compound of the present isventiondisclosure (or atorvastatin}. The change in rat plasma
triglyceride levels is considered to be a fair test for determining HMG CoA reductase

activity.

The procedure used is as follows: male SD rats (Hartan) are housed in groups of 6
under a 12h light dark cycle (lights on 07.00 h) with free access to food (normal
laboratory chow) and water. Animals between 148-183 g are allocated to treatment

groups of 8 balanced by body weight and treatments are balanced across cages.

Solutions including 5 mg/mL of the atorvastatin analogues (in e.g. 10% PEG300/10%
cremophor/80% methy! cellulose (0.5%)) and a suspension including 5mg/kg of

atorvastatin (formulated in 0.5% Tween in 0.5% methyl celiulose) are made.

The rat subjects are orally dosed with one of the atorvastatin analogues (25mg/kg) or

atorvastatin (25 mg/kg po), BID for 3 or 5 days.

Sixteen hours after the last treatment, terminal plasma samples are taken, stored at -

20°C, and transported on dry ice for analysis of triglyceride levels.

Data for each time-point are analysed by 1-way ANOVA and post-hoc Dunnett's test.

The present iavestiendisclosure also includes the synthesis of all pharmaceutically acceptable
isotopically-labelled compounds of formula (I} wherein one or more atoms are replaced
by atoms having the same atomic number, but an atomic mass or mass number

different from the atomic mass or mass number usually found in nature.
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Examples of isotopes suitable for inclusion in the compounds of the taventienpresent disclosure include

isotopes of hydrogen, such as “H and °H, carbon, such as "'C, '°C and '*C, chlorine,
such as *°Cl, fiuorine, such as *F, iodine, such as ' and "I, nitrogen, such as "N
and "N, oxygen, such as °0, "0 and "®0, phosphorus, such as **P, and sulphur, such

as s,

Certain isotopically-labelled compounds, for example, those incorporating a radicactive
isotope, are useful in drug and/or substrate tissue distribution studies. The radioactive
isotopes tritium, i.e. °H, and carbon-14, i.e. "*C, are particulariy useful for this purpose in

view of their ease of incorporation and ready means of detection.

Substitution with heavier isotopes such as deuterium, i.e. ?H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example,
increased in vivo half-life or reduced dosage requirements, and hence may be preferred

in some circumstances.

Substitution with positron emitting isotopes, such as ''C, "°F, "0 and "N, can be useful
in Positron Emission Topography (PET) studies for examining substrate receptor

occupancy.

Isotopically-tabelled compounds can generally be prepared by conventional techniques
known to those skilled in the art or by processes analogous to those described using an
appropriate isotopically-labelled reagent in place of the non-labelled reagent previousiy
employed.

Throughout the description and claims of this specification, the words “comprise” and
“contain” and variations of the words, for example ‘comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other

moieties, addiitives, components, integers or steps.

Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article
is used, the specification is to be understood as contemplating plurality as well as

singularity, unless the context requires otherwise.
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Features, integers, characteristics, compounds, chemical moieties or groups described

in conjunction with a particular aspect, embodiment or example of the inventienpresent disclosure are to

be understood to be applicable to any other aspect, embodiment or example described

herein unless incompatible therewith.

General Procedure

All assays were carried out in a reaction buffer containing 100nM K,PO, at pH 7.2, 1mM
"EDTA, 500mM KCl and 1mg/ml BSA. The concentrations of NADPH and HMG-CoA
were both 200uM. The enzyme conceniration used is unknown although this
concentration is 10-fold lower than that of the stock solution purchased. Inhibitors were
dissolved in 75% DMSO. Where inhibitors were found to be insoluble or only partly
soluble in 75% DMSO, 100% DMSO was used. Reactions were activated by the
addition of enzyme and agitated for 12 seconds following the addition. Absorbance
readings were then taken every 20 seconds for 600 seconds. In initial fests the
concentration of each inhibitor was set at 50nM to identify which compounds were the
better inhibitors, compared to the known Pravastatin inhibitor. After these were
identified, assays were carried out varying their concentrations from OnM to 50nM

allowing 1C50 values fo be calculated.

Example 1

The following procedure was followed using a HMG-CoA Reductase assay kit obtained
from Sigma-Aldrich (catalogue number CS1090). The assay is based on the
spectrophotometric measurement of the decrease in absorbance at 340 nm of NADPH
in solution. A decrease in abserbance is caused by the oxidation of NADPH by the
catalytic subunit of HMGR in the presence of the substrate HMG-CoA. Effective
inhibition of the HMG-CoA leads to a reduction in oxidation of NADPH which in turn
leads to a smaller reduction in the absorbance at 340 nm over time. This is illustrated in

the following reaction scheme:
HMG-CoA + 2NADPH + 2H" —# mevalonate + 2NADP" + CoA-SH

Compounds showing the best inhibitory action are those which reduce the absorbance

least.



