1 ROSUVASTATI N AND ATORVASTATI N DERI VATI VES The present invention relates
to novel rosuvastatin and atorvastatin |lactol derivatives. Rosuvastatin,
744- (4-f lwonopmnessg) - 6- (1- met hyl et hyl ) - 2- (et hyl - net hyl sglrfasygio/@maono) -
pyrim di n-5-y1] -3, 5-di hydroxy-hept-6-enoic acid, and its use in the

i nhibition of the biosynthesis of chollesterol was first disclosed in EP
0521471. Rosuvast aiyadr RANGND WHHIRUALIA BN RR 2y me-

Trans-6-[ 2-(3- or Z4=—carboxanrt do-substrtuted

pyrrol - 1- yI)aIkyI] 4- hydroxypyran 2- one conpounds are | act ones mhich wer e
first di di S&

cor r espOTtFRG T RueOERa P aoke PoleBiiY TR e Sy (LSRRl T Al ¢ o

anal ogues which have activity as HMG CoA inhibitors. The | act one comnpounds,
however

correspgﬁﬁﬁpar zf%%gﬂgg% @?V é% L ¥hﬁ§%éikn ééf thggﬁ%hﬁﬁégp8ggl

bi osynt pgsmRlin- @Jyl]igla @lh?drb%ﬁﬁélp’t&“) @fﬁou@ bauradd\/r& GgAn aed inviibition ohlttso di scl osed
in US 4,681,893 are vari ous manuf act ure for such conmpounds.

A o vas ROV ISR DL 6Evee Tt AgpSRHE T RGE Ghn EEHEAREIGHS 3 Poton

trans- Siftbifol BOHOIRNEHX Ehzydne.
(1-nethy|ethy|)-N,4-d|phenyl-142-tetrahydro-4-hydroxy-6-oxo-2FLpyran-2-ypet
hyl ] - 1Hpyrr ol e- 3-car boxani de, and its use in the inhibition of the

bi osynt hesisse-pL(3c bRk ecsatr@é&!mﬂ@%tgétlﬂﬁéd H*r&ﬂhoﬁ)%ﬂ(yéﬂ @a BpdRDb-ofd Orvastatin

both in racemc form and in the formot it I somer is a potent
i nhi bi t 6eMepUNSEredtenesyhich \Epiedirstljaciesegg U h§933 4Thisdogumeytsg- 72,

2001 (Baker t open,
ydr oxy 250 e Rseh b ehindihg fh Bencd g AitcieniE! P A0 AB B0 oper,
i nact i venalpgyest Whichhayebgtiyity aaHIVéCHG@W inlibitdds dé by Ectenescoampuhdsice act i vat es
the |l ac r | ov Ln Nyl fion of the
act i ve PGV, BBy RA e uBitic KPS BhY Buh TR E8rBtporEBhcRs s
that exbpesdd/acid pasvalpets lareresaiblasi mmielsmdlsbm)syntrwsisdnhjbiMs dacausefoft he

cr enced i ER 8 BlrodisRRf LI 6BLE Be BobIEMERRR, CZcc ¢

t he |naokrm&mh&emmmmshnumbomﬁknetabol|sed to thelr correspondlng open
hydroxy acid forns in order to inhibit HVG CoA reductase. 2 The | actone
form and also the ring opened active form nmay also suffer problens in
ter ms ofat@vadiatin, WhicdPMetheaR fa@Xi efpedngepemst adid bf tEns- H'JOd-ﬂudreplﬁeﬁ%m-S a
S|gn|f|cant roblen1dur|é5§ manuf act ure of an aCtIVgh&JInCI Qr during

ext ended-SrYpAJRY 6. rHh et TP tEany fror trRYGT O Y=Brioxesdaipiran-21 §t§‘y3‘f Mehe

hydr oxy pgi6EB-drbekaAade, CHn@tlisQ&er@ﬂfétlhlﬁlBltlﬂﬁbf PeWidsyntHisid? eHbIbtaED|
deconposi tion product nay have a double bond that is conjugated with the

| act one“@érf'b%rﬁiﬁc'cﬁ%UbEBr%OQ%% Aprvastedin dothonfraceiie farAe apainetheifanm of
deconpog {R-@R i GskHcdr-is EPEaInt hibitBr SMevBLOGA @RERRS form one of the
possi bl e deconpodsition products could al so have a conjugated doubl e bond
with the acid carbonyl group. It is therefore an aimof the present

i nventi I f [ I nd
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or opar e ony haenaBle stk ek 2 L aC R SRR, "2 e .
It i s ahsoceactabiesdiie tahE)nermeUgsDimvasiatmww simvesiammundm bh&rmetion bfe

i ch havesanadng 3pale T RissGnd TRieker she ol A v Sh Speli et Gn o e
pr ovi desxieasipefirstl pathhattabolisneleadotoerapid di@arendd oftthe redntivg riagropenédtcor di ng to
one aspe%% the present invention provides a conpound of Formula | and
pharnacé Pcally acceptabl e salts and sol vates thereof: OW R7R8 P?
X00R6 (1). wherein: 3 Ria, Rda, R b, -4b 1- and one of R2b

and R3b ar h i nde endentl sel ected fromthe 0 ri i :
e boasiagtarhnt BB TEcobgcs Sy VoI dO L g 309801 4 a iy
aryl, hebgeeeyal7Wiscicaad thit tife .ab&wb |§tﬂb@ésqanwbe rﬁetabblssed% &)e%%a wher ei n R6a

IS O s alkyl, 03-6 c&cloalk , G _s alk aryl or %% R3a i s hydrogen,
G _s al &9WFGSR§’EQ'@9£F’E6 yeiroxp giig feyns 'BQFC!&FFOB}“%WG Gofiredvstaseher of R2b and
R3b is - CONRGb. - Ri | D

where R6b analOb 1- are independently selected fromthe group conprising:
hydr ogen, 01 6 al kyl, 02-6 al kenyl, aryl, 01-4 alkyl aryl, heteroaryl, 01-4
heteroaryl; R5 and R6 are independently selected fromthe group conprising:
hydrogen, 01_6 al kyl, 01_6 hal oal kyl, 02-6 al kenyl, 03-6 cycloal kyl, aryl,
01- 6a1ky1 aryl, Ci-6al kanoyl aryI heteroaryl Ci 6 alkanoyl heteroaryl and
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R7 and R8 are independently selected fromthe group conprising: H, 01-4

al kyl and halo; Xis -(CRaR)),, (CRa=CR))n(CRaR)),,- where Ra and Rb are

i ndependewmbl2g18@bast ed from the group conprising: H nerbylgB2etdnsbsoand hal o
and m n, and o are independently 0, 1, 2, or 3 provided that m+ n + o is
not nore than 3; and wherein each of 2he above R groups may, where

chom calrhy LRASH BhF. el ORRFRISANGY (ORI B by SHBSLIL b EHe T om L Lo 5
groups chosen I n epen en y a occurrence roups conpri sing:
hal o, OlerBisalfletdbjlityhaNen aﬁbxﬂen&ib&pbnocﬂ&f tBnal Kioix yepréderds halgndicknmyobllamdr oxy,

d f.t t th
o one” oBting MEnSRERrERL e Sk kB SR o SRR Sofitia e sdBe i El oneto
corres pcphdnmmyc@@pexmdslehays oighé hipddoky gro;upanbldehyyatucﬁeif@bmmay scemde to

t he accql anyin i gure . ure 1 s.the eff n the
ovel o MBreRiiib dacgirpaahion Boefn hat badrs apuslShod B6r koofionfeulvast at i n
|(3 ﬁ5 mg/ ktga|_g@tblnanarbfoawgrmglﬁmm1lisawmme@nt@lf@@u@she(a&em@{l Kfldompdlsltlo(n el ud
armaceutj ca cceptabl e salts of ounds of for i ncl ude
the aci @royat tllr%’r?ﬂ&riﬂﬂlfa%g eRined TorHe Qg of ”&n&fsélﬂee %Fé’i”bPOélﬁ'BPtpierﬁ}C%Sal ts are
formed Chama@ HiveWddhiuda®idadBIE behd Wittsthklatid darBdmil gubncl ude the acetate,
aspartate, benzoate, besyl ate, bicarbonate/carbonate, b| sul phat e/ sul phat e,
borate, cansylate, citrate, edisylate, esylate, formate, fumarate,
gl ucept atig thcBdHECARLIR ofghé’BFHSQHQH@enh'@ﬁ@fﬁd&ﬁfe%ﬂﬁ%@ﬁh@aIlyhdclﬂ%‘ﬁ@‘&é?
hydrochl ori de/ chl ori de, hydrobrom de/bron de, hydroi odi dé/i odi d
i set hi ofRftuaastplit ard @tor\/r?étaéﬂﬂéad@ﬂﬁieéé@té/esnﬁl'%ﬁ'é@@n aira 4y prvigle QQEIHWPQSJI phat e,
napht hylha&.ﬁ%m%pméed Q@phfyh%mgdﬂhé%meaﬁ&s wah'aegﬁwea Bde hﬁé&ﬁ §1B21ts
nitrate tate, oxalate mtate, panpate, osphat e/ hydr ogen
phosphaga/ain mmedg@ﬂtlphaspmw@ coswoshds &raécarsb@amaeed ysyothedie, tartrate,
t osyl at tf L - : | t.ab d from
bases Wﬁ? ch ()tpér‘r%a{rqg%[l %)%?%Igtstgfr@g.gﬁ%&%% Lté@ I:t ﬁsc %%gn ?mgiﬁhum&/ﬁ%ﬁ%}%argl ni ne,
benzat hipryjdecainapaunds ttadcambee pdiperdnyéemonégallgiaotl aetiably, |k yatsorsm, aiilnytsi ne,
magnesi d zinc
cai'rs. FEAESr s wBl AR08 9oBE s aTBHY gy 2 s # SRR, TSl B
hem sul phaidesancthpoends thlat achiesadrtesor rﬁmre di threeahae aims.sui t abl e salts, see
"Handbook of Pharmaceutical Salts: Properties, Selection, and Use" by Stahl
and Wernmuth (W1 eyVCH, Weinheim Germany, 2002). Pharmaceutically
accept alblceorgmigtts oﬁé aeﬁémqhé(ﬂﬁes@ﬁt ho&mﬂdnq)ré\ﬂldemyodnﬁomﬂﬂﬁéﬂ’cﬁmubM ande or nore
of three rrethod (|) Ff{ reac ecog}pou?d of formula (1) with the
desired paamaf‘csv ¥ geeqntalle 59' Sr © or base-labile protecting
group froma suitable precursor of the conpound of forrmula (1) or by
ring-opening a suitable cyclic precursqr, for exanple, a lactone or |actam
using the desired acid or base; or (iQR’) by converting one salt of the
conpound of formula (1) to another by reagtion with an appropriate acid or
base or by nmeans of a suitable io ge colum. All three reactions are
typically carried out in soluti on esulting salt may precipitate out
and be collected by filtratiof )q bg@overed by evaporation of the
sol vent. The degree of ionisati inthe reslil.ting salt may vary from
conpletely ionised to al nost non-ionised. 5 The conpounds of the invention
may exi st in both unsolvated and solvated forns. The term'solvate' is used
herei n whedsscri be a nol ecul ar conpl ex conprising the conpound of the
invention and a stoichionmetric amount of one or nore pharmaceutically
accept abl e sol vent nol ecul es, for exanple, ethanol. The term ' hydrate' is
enpl oyed igBelrctedifidnsthewgodp campvidirey:. | ncl uded within the scope of the
invention are conpl exes sugh as clathrates, drug-host inclusion conplexes
wherein, in contrast to t'he aforenmentioned sol vates, tfe drug and host are
present in stoichiometriclor ngn-stoichionmetric.amounts. AI so included are
conpl exes of the drug two or nore organic=and/ i norgani c
conponents which gry bd|lin stoichionmetric or non-stoi cRi tric anounts.
The resulting cor'?pl\eﬁ honi sed, partiall sed$ or non- ionised.
For a review of suchjconpl exes, see J Pharm SciR™ 64 ( ), 1269-1288 by
Hal ebl i an (August 19%5). Herei nafter aRy! references t & corrpounds of formul a
(1) include references to salts, sol vat es and conpl exes thereof and to
sol vates and conpl exes of salts thereof. The conpounds of the invention
i ncl ude conmpounds of formula (1) as herei nbefore defined, including all
pol ynor phs and crystal habits thereof, prodrugs and isoners thereof
(including optical, geonetric and tautomeric isomers) as hereinafter
defined and isotopically-I|abelled conpounds of forrmula (1). Before
purification, the conpounds of the present invention nmay exist as a m xture




6 such as those described by T.W CGREENE (Protective Goups in Oganic
Synthesis, A WIley- Interscience Publication, 1981) or by P. J. Kociensk
(Protectiwg2groopas Georg Thiene Verlag, 1994), can be wesedB2Mdosefo7t he
above reactions and the preparations of novel starting materials used in

t he precedi ng nethods are conventionaB and appropriate reagents and

react i on1coadidn Qps H r$3e as
procedur%es(ﬁfadrr\;l ggl %rﬁcfé?;é pﬁ eglr\];e proﬁ c{eﬁbmg‘?rﬁryastelle%%qaﬁ novﬁlﬂl to those
ski | | ed grauptdoenpaisingwhydrogest, balen Ces blkyll Ch.ealaeén.eCaprogcledikyit sryhid., bkgl exanpl es
and pre ti.ons heret t he onpounds of fornmula (1) as well as

i nterme% eh tel‘r8? C{ﬁf O%ﬁaaﬂlg'fp%tﬁ cfat%’r eof can be purified according to

vari ous mell-knomm met hods, such as for exanple crystallization or

chr omat Qgs ap ave f that c e Lny ent i pn enj oy good
et vt B RN gT Bt e Cormtnnng e S aPY AGPYE ot ubl & 1

wat er and are thus available for netabollsn1 In this regard, despite the

pr esence of a bul ky g 6 ositi n of the lactol derivative, the
corrpoun%s Ry Arogeny ¢+ qﬁﬁ%@@s,%@ny Oge%cﬁ ky H"ea@[]bstl tuent group, oxidation
and subsequent ring opening to form HMG CoA inhibitors. Furthernore, the
conpounds have intrijsic a§t|V|H¥ bbb heir gwn right Both of these findings
are uneRpedicehandf Roand & i SrGAVR R | where Rhapefor @religeeertenthat the
COWPOU”Q,éIeHvero'ﬁNPm‘é’ gﬁ‘omﬁ@é&néﬁs’?f@ %y&r%b@@&% Re] 'dz% a'll(én}ll' ¥R, d1t4 a!k%l aI SO
expected that the conpounds may have a | onger e and /

ext ende@ntiledgrpaiyl. &4 asteresiyl This i s surpr|S|ng because t hese types of
closed ring conpounds are not expected to have activity at al

Furthermre, the presence of a substituent group m ght be expect ed to be a
barri er R @noR’ dee Ingdapentenygyibslegad mont thargsdun eaoprising: oydrogemfls adtot.i ve

th
compri stigeBaRE. BRI AP R R a2 6" By
aryl, hdae@rmﬂiylyC;eaikﬂjwo&lﬁﬁer@lawland\@ﬁeatkalrhﬁlteroarryl @m\edﬁdoajwamthat Boths: Rda
N 2\ P B fod R B AR B PR e W B R ot
giygrg%en Cl-6 al kyl, 02-6 al kenlyl ore ggt gdclyflotr)na![ Egl rl)n an enbodi gent Do 6
S u ol
R e oo R R P LS B KL S A 02

each independently Cl1-6 alkyl. In an enbodinment, Ria and Rib are each

i ndependent | o or, bu In an diment, Ria and Rib
et ot R R il Rbare A ¥) oo iRafanh S 6 ml Kyl
In an emw@kbueebmpﬁ@aglns metB{I03RR%h s 8hd mRAgan® o BRS idbperffehy 0, Rropyl or
butyl. ILn an enbodinent, RZa is - S(0)2Me. In an enbodinent, R2b is

_ CONRObR: F hRBVisderdiating +1i\ 5P dgyaet raere a%3a‘1"1&/‘1"her5'|”eferably hydr ogen; and
Rimis selected fromthe group conprising: aryl, Cl-4 alkyl aryl,

het eroaryl and Cl-4 al kyl heteroaryl, preferably Rmis selected fromthe
gr oup c@ﬁﬁ? phthagboxs A gravis may.wharg ghermically passibig bertdsmerdenty Rim i s
phenyl . 4 bl SUBARlEE B} froRSﬁtd §g|%%b§%ﬁ§éen .ﬁ@éﬁéneenwa%cﬁeemrréfceg

hydr ogen, % al kyl and O | oa . I'n an enbodi ment, R3a is selected
fromt hé'og"rtba@r@mmomrlﬁtgg 'F@J@lr yémlcc@%awlk@is alkaxyafiehtiodkaent , R3a
is meth | ropyl. In an enbodinent, R3a is nethyl. In an

enbodi n\}:ﬁkdr&%@%di 5‘rs](gl ected fromthe group conprising: aryl, Cl-4 alkyl
aryl, heteroaryl and Cl-4 al kyl het eroaryl In an enbodi ment, R3b is

sel ecte | an

enbodi Gf'h{a c8§§énﬁdsg(§fq}lil$m9§%n rﬁa%ga\aeaaéﬁ t}?irngggﬂ‘own?l htyer rﬁ‘é;)’.g Cehgjlrner’rentl oned
gr oups nagesbmgxpienam@ler physiddedicdl gorditicas td|cseasmml|r@t1@mmqund$ bhabgon to t he
first aspi t 0. a0 enbodi mrent, R4a and R4b are each independently sel ected
fromthe 'SJaC'gﬁsbrl sing: aryl and 01-4 alkyl aryl. In an enbodi ment, Rda
and R4b are each |ndependently aryl. In an enbodi nent, R4da and R4b are each

henyl . R4 d. R4b heny! .ind t
Bbeti & oSl Mieds s eocomienynaner s fotma i HustehoPeatetion an
enbodi rm‘rrﬁIevﬂlkﬂp&@dwam@y@érﬁeeﬁcl}’atéaftefﬂadﬁﬁﬂﬂﬁ’dmi|of résuvastaginpadhgegt, RS is

selected fro rou risi hydr ogen, 01 _6 al kyl, aryl, 01 _4 alkyl
aryl, CPO{S%”G!RS’HBSHS ‘éﬁ‘%’ Rg@ 9%,‘9 )6al kanoyl heteroaryl and 014 al kyl
heteroaryl. In an enbodi ment , R5 is selected fromthe group conpri sing:

hydr ogen, 01-4 al kyl aryl and 01-4 al kyl heteroaryl. In an enbodi nent, R5
is 01-4 alkyl aryl. In an enbodinent, R5 is Cl_6al kanoyl heteroaryl, e.g.
nmet hanoyl heteroaryl. In a preferred enbodi ment, R5 is nethanoyl pyridyl,
e.g. 2-nethanolyl pyridine, 3-methanolyl pyridine or 4-nethanolyl pyridine,
preferably 3- nethanolyl pyr|d|ne In an enbodlnent R5 |s hydrogen In an

I T R .



In an enbodiment, R6 is 03-6 cycloalkyl. In a preferred enbodinent, R6 is
cycl ohexyl. In an enbodinent, R6 is 01 _6 haloalkyl e.g. a 01 _6 chl oroal kyl.
I n an enbwdi2oento331R6 i s chl oroethyl. In an enbodi nent, RETIGB20R/Boatkenyl .
In an enbodi nent, R6 is prop-2-ene. In an enbodinment, R6 is optionally
substituted aryl. In an enbodinment, Ré is 2,4,6- trifluorophenyl or

2, 4-di . i i ipent, m= 0,
24 TR RGeS g Sy e 3OS IEAE BB B Pt al G RARBROET, 2 5
and o =additibmaad besbsalisntberepof.n is O |In an errbodl msnt m=1, n=0 and o =
1, m=2, n=0and o=0;, or m=0, n=0and o =2. In an alternative
enbodinent, m= 3, n =0 and o = 0. In an alternative enbodinment, m= 1, n
= 0 and Saitabl® acidraddition ebits sedomndabiibmeittds whidtsforrhmoartoxt saltsneExavwelgy ef er r ed
enbodi nmen X 1s an epbodi nent, Ra js H at ea currence. In an
enbodi miludedhe cetefe, BSRatEe deferatunyla BB bne o mor e of the
above glb&urpﬁlateﬁslﬁruhﬁ idordte dcanti e, afittdtonalis yil® Sdslyfatks Mbrmiate, ddmbrggpendent | y

chosen halo ato Anongst hal o, chl ?ro aﬂd fluo %are preferred. In an
enbodi NSRS 9 ‘@O@GA%JEWQ”atEr%?@ UHIPPSHHA ;‘ eNZ#8: Rda i s optionally

substit H&@#@clﬂbb{(ﬂe/cr%ﬁﬂee'h?&bﬁroﬁ‘m@é/@ﬂfnﬂ@@QWWOlodldb/@ﬂld@mé@midﬁ%fﬁ ladrith, i s
Cl _4alky preferably |-Frop yl, and R4b is optionally substituted aryl

pr ef eram%ba 9. Nplgateo plainle. NSy RiR MRhY I Rhe rAaRhthyiRe | - S(0) 2R9a wher ei n

R9a is gép@thélleké!(h|sulﬂfn§feeﬁa*élp¥yl%t Ribtin A8 thi t%i@ 6r§ta|fB/Q)’S<Q% hf@fmlpa‘leﬁ al kyl ,
preferably n anot her enbodi ment, R2b is - m wherein ROb is

opti onalpﬁm0§@b§%l@ﬁmhﬁ@dh3&f%en Mpbq"‘taﬁlwdm@ﬁthosma%|S§Cﬁf}ﬂiﬁ@g§ﬁ¢ar3é%d R3b is
opti ona nyl. In an enbodinent, Riais

C1 4a1k3%/liélw§#§fs%¢t'taaﬁ g%y?%%(%gg/ﬂ?fﬁtﬁ%%?qu%(?%}ZRQa wherein R9a is Ci 6 al kyl,
preferably methyl; R3a is hydrogen or 01-6 al kyl, preferably nethyl; and
Rda is i I n a
42 1, SHAARBLY SISE 8 s AURLET AN i AR PAS s

- CONR9 b Rienalwhéien rarg@inei, bergathing alalcjuns,udhsting, wiedilylamipke, diplagfires, @bdcynephenyl
Rmis ro onal t . phenyl ; and
Rab i s g%ﬂ‘ ez ?/Bg'ﬁb’é‘?’?’ ﬁ}“*eed%%"“?{ %?aZ éjﬁ”gbﬁg'“ﬁ{ ¥'Jf’[“l?§";ag*§)ﬁée§§+ %P o
enbodi rmallts I-Iaﬁlseﬂﬂsyrﬂlaogelandlbam nneynalsb;bes‘uutnmd tfartexd mipéen hgnjsudphaditeR6 | S

opt i onal subs [ | ,or butyl, or optionally
atbst 1t AreaBERa SRl Foppardypruidh et okt WrasBhe B oY e enbod nont
R5i s berngtmavedtid Satts @gﬁemb&)ﬂeleqnlbﬁfﬁfdalbéer Lyr Syl andi\wernputb pyiley-but yl |
iso-butﬁ) W te t- b?%\é’lr' I:} referred enbodi ment, R5 is benzyl and R6 is
C2_6 al é:ril_& e'B e 9% 8@2'-ene. In a preferred enbodi ment, R5is benzyl
and R6 is 02-6 haloal kyl, preferably 2,2,2-trichlororethyl. In a preferred
enbodi nent, R5 ishydrogen; and R6 is o tlonally substituted a(?r:f}/

prefer alﬁ’lhﬁrrﬂa%uéca' quP?%P'SﬁﬁEWf CQS‘PDOZ'”QS 8 e Hgxty pranpe Prangr BY ef erred
enbodi NRRE or ks ofViFOdeiRoastd R6 is C2-6 al kyl, preferably n-propyl. In a
preferred enbodi nent, R5is hydrogen and R6 is 03_6 cycl oal kyl, preferably
cycl ohexyl. In a preferred enbodi nent, R5is hydrogen; and R6 is C2-6

hal oal kyl .%9@@5&95%& F@;&%wlformlum &) RitR IR GEsteaHRRANBRRE, R5is 01-6

al kanoyl het efoary Ky preferably methyl. In another
preferred (éhbmmrnewng aRQC'p'SOlhl@QSﬂﬁ@W prpgemlrdg/grougfr@m @smbﬂmnr@py@omfru di ne,
3-met hanol y1 py, nol y1
pyri di ne and RGtBb%@g) gﬁdf} fHFﬁQQ?@f er %Hﬁglao&ﬁgaﬁref&g% %Fg%%/@a Aryl
groups i ncl ude far exanple, aiantg)nsymia@mm dmrrmthsldﬁglr@i adld ogbasg; 010, 11, 12, 13,
14, 15 or @§b8 cBHve‘%f’?r@ |P<5¥‘%he é&}ﬁb @{a"&ﬁﬁrrﬁlﬁé{&ﬁ%%h&he.oﬂ? Ragtidlpl € ring
but may in em having ’two or re rings, at

cyc Ing s
| east one of whwitthan apra‘opmmmaad dibgke gr byipeans of adeitabihienydxchargeht hyl |
fluorenyl, azuleqyl i ndenyl and anthryl groups. In an enbodi ment, the aryl

group is phenyl

All three reactions are typically carried out in solution. The resulting salt may precipitate
out and be collected by filtration or may be recovered by evaporation of the solvent.
The degree of ionisation in the resulting salt may vary from completely ionised to almost

non-ionised.



Het eroaryl groups include aromatic heterocyclic ring systens having 5, 6,

7, 8, 9, 10, 11, 12, 13, 14, 15 or 16 ring atons with 1 to 4 heteroatons

i ndependewdl2g18@baet ed from nitrogen, oxygen and sul fur pcTheB2gromspsomay be a
pol ycyclic ring system having two or nore rings, at |east one of which is
aromatic, but is nore often nonocycli&. Preferred heteroaryl groups are
nmonocyclic groups containing 5 or 6 ring atons. Heteroaryl groups include:
pyrrolyl, pyrazolyl, imdazolyl, pyrazinyl, oxazolyl, isoxazolyl,

t hi azol yfhe comboﬁmn‘wd)f th¢ mvepticenyby exigtrin dipth ury:sph/iahsiotiqﬂd sdhexted formdazbiey| |
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pyri m diofthe ipyandian aad arsjrasudﬁmhetnoandauokafz@eeor rﬁ’asrefpmlaabtheumbalyhet eroaryl
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pr esent whaxeaid hveat & viitecl osed i n W2005/ 012246, in particular, in the
exanpl es. The di scl osure of W2005/012246 i nsofar as the synthetic
procedures are concerned forms part of the disclosure of the present

i nvent i ¢ibluded withéh 1hBts@bES bthefinvehedr hie cinifterdtsath 8s @fatirBRS edisiyNoBet i C
procedures is not reproduced here but it is intended that this Sa(l,ﬂlg ect
curment by

mat t er |'r§3'LéSt§é‘c‘POF“Q!%ZfeISW heﬁ%'ar'a@a%ﬂ to Hefpreaentigegbeqiyated the fAjug

ref er enggst 4r8 pAdi@ht |h%’fb|&rﬁorh@l‘?c%h998ﬁ-sméfmc bReuRkeRRBInditab on may al so
relate to the use of rosuvastatin and atorvastatin |actol derivatives in

t he mangp@elespeobthe drygermianeatwe 6F Morealidan§ andfar AAMIFBHEPTPYIENES Condi ti ons
that ar ‘\?vhﬁc,fh\‘m% ﬁé fn é{éubm m%Pr% cﬁ%ﬂ%%ﬂé‘rﬁor%tnkféﬁmo%hf‘ss?ﬂ& réé&%@tdo%léx'ag' ude

condi tions wh are rm ulated by the enzyne 3-hydroxy- 3-
met hy| gmayareyibnised rpaytiatly oniseduer rere igrigad. Eora revikye obsish commpiexebtsesn) of t he

enzyne r a nunber of diseases.
Exanpl e?ﬂggrﬁgg{ﬁgﬁt(?)gﬁlgéf ?8 %Mb%@l fnr @bu?ﬁ%%?fs?he i nhi bition of HMG CoA
reduct ase incl ude hypercholesterolenla atheroscler05|s and hyperlipi dem a.
gt atins H&? RafPe?%ﬂ ré'f%?e‘%céé‘t&&‘?neéo%%ﬁé‘%?fdmﬁlag‘fgﬂ&h% § {ere%%‘é fQyqgcul ar

i sease, int rimar VENTT ONn 0 I ovascu ! Sease when the
risk fosomamdmod&sumkaesdnsaﬁ&mdnesngmsbnd&nnkymeaoSsﬂmthm@os t herefore
expected that the compounds of the present invention will have utility in
the treatnent or prevention of cardiovascul ar di seases due to their

i nhi bi t ahy camipoundsyof thex mvphitonciacidi@vanpolrals oliferaaked ) wbinefeinteyoree treat abl e

by 14 th unds of the presen ven cl ude: onary heart
o) sence b MO A houiepBh Shd Ervslel ety e Rt os SRR a s paae. 11
addi ti ofherédrgmeluaPigRPbElsgémyetat 80d BNEm&idietRbist agheiifet défmddimd
treatnent of inflammtion, denentia cancer nucl ear cataracts, diabetes

and hypm%}'@llbﬂ?bmc%ﬂﬂiﬂs&ﬁ@rmﬁ'}ﬁ y be treat ed by the i nhi bition of
HMG CoA reductase may be a condition of the human or ani mal body. These
conpounds are intended in particular for human patients. The atorvastatin
der i vat Bg&se ppriigadoprthe eaMPpyRdsfitahPreaantjevendisnay axdist A§ APl owi ng

pr ocedut ol eepém%%@myhme% YRRELGR UsBU® Fol SxdtRge %séo%&@mdst reating

arat with a conmpound t he presen I nventi on (OI‘ atorvastatin
change pﬁthueaqrewrémnmqri Ry e¥ipi afea Mixtelesofienapinmerd dpwing vgate ok fal r test

for det i N B C ngﬁﬁe
f IIovvs%m A rats M?ﬂ%@%gﬁéﬁég nomr?(r)aﬂfog o] Hé’ﬂﬁn er rg i@h | i ght
dar k cy@le@epariamtty cmvertic@al techrifués Kroven Iaémae@ il bU$ thedn(enipmadverabor at or y
chow) a I - at ment
gr oups g}% m%%%@@h{ggé %@gb%\/\eﬁﬂgﬁ&t %%? rea nmes&%%gﬂgfrgﬁ@% across
cages. S@blo'sed)herelmlobludemgnS ﬂtgé'rmtermﬂedttthm tla¢ corapatraltis m reiRkegiues (in e.g.
10%PEG’300/10 g ;? ]1 Qé y1cellulose(0 5%) and a

TR APYT SHgTy BEaE

suspensi PAAMG in (formulated in 0.5% Tween in
0.5% net hyl cel lul ose) are made.

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



The rat subjects are orally dosed with one of the atorvastatin anal ogues
(25mg/ kg) or atorvastatin (25 ng/ kg po), BID for 3 or 5 days. Sixteen hours
af ter thewbasto/tosmat ment, term nal plasma sanpl es are takemgB2siosedrat -
20C, and transported on dry ice for analysis of triglyceride |levels. Data
for each time-point are anal ysed by 16way ANOVA and post-hoc Dunnett's
test. T I i i . 18] .

phar nacgﬁ?r%gﬁ]l%gg g%&;&e@t@ gt??g- 'Ws’ghoép%}g%ﬁﬂé?ﬁcgﬁpf%@%%?ﬁ%aunﬁl)%gﬁgb esf'%rAriuI a (1)
wher ei nVditey- nterswemcea? diisatanne 19&P)|cabg dP. byKadiemski (Ravieniing greupar@eaag om ¢

nunber, -but t onLc,\MasSs, or nber different fromthe atomc nmass or
mss nuBEmOLetis ) OFHLRET PR URAT Al e Qs raioR® apd IR REETAH Yhbl 6 f or
i nclhusi og\l/_lélrst%rhggHmetquelgnESdmi trtﬁhﬁectdld'{igjlmbmgdé aod gtﬂgehﬁﬂa@a@ of hygr ogen,
such as an carbon, such as. an chlorin such as
3601, fPABPPHR'® r%%r%%‘?%én‘ﬂ%eﬁfhj‘?rbﬁ‘?’}?&',onéE%rﬁﬁ%{épﬂrg%’ﬁ‘aah%l%@@??raﬁ??PBgen, such
as 13N ard o PNoceaXeseor issltimy hs dbdled produetd illBOwePROSHI @ these SkiNdY as 32P,
and sul phtw’ such gﬁ}s 35S. Certain isgto icglly-l abe[\l | ed, conpounds, for
exanmpl e/" ﬁc%ﬁew'ﬂhke_ rE%‘Fea‘toi'%a%”? B8 et fe feoapy e%ij"éj RIse @F'f’ri‘% drug
and/ or sghgérate tissue distribution studies. The radioactive isotopes _
tritium i.e. 3H and carbon-14, i.e. 140, are particularly useful for this
SU{ poie in view of L_helr _erggehof !ncorpo;atl on afr;g reargyélrtnea_ns of o
etecti Qyo, BT SJUhHOBf hhMaNepyd REN bS PRORRBIiaBHP tRS gbh tHeredt- €- :
may afforé) cert_aiﬁn t her apeut ia.c gé(/jvant ages reslul ting fFr)orsn Sr eat ere met abol i c
st abi | i €§n be prriistafsoEding fecvasiade welknQwy seds. sydheasder exaltRled dosage
require ; preferred in some circunstances.
Subst i tgﬁjigf)aﬂ’z\?\nt Oﬁﬁﬁ??o yagll:\mg'tti ng i sotopes, such as 110, 18F, 150 and
13N, can be useful in Positron Em ssion Topography (PET) studies for
exam ni 0 - i AVZ € onpounds can
gener al We Bbe\pe;%ggg&e%%gﬁ%gidvseﬁ? %gﬁ‘g%Xt{oenc%ﬁ(?}g@eoﬁéﬁ%%gfﬁM’gcﬁggg\ skilled in
t he art indibitoys. pFecessexindsarogasglycotutesie wetandoard thuss avgilatrie &ppr opri at e
or evi oudiyriisfogu e bR SRoele pReiRels o PR St 8 PR TOR oL
speci f i tied iacto| dérivative itiiksscSnoeoypids s’ stélmdetabaise diyndssasfdhey substituenhgroop, t he
wor ds, for,_exanple "conprising” and ©conpr.Ses, ans ‘i ncludi ng but not
[ ¢ ea oRgaiEARH FsERRET: P Adene o ERTMUGEEA brRBRe riBentRer o et i o5,
addi t i vesmpoomzdizestistringibefsty $n heirsvepght Butioupihesé fikdieggdaecri ption and

clains of this specification, the singular enco ses the plural unless
The. ContBSAPSSTaIEATA cunfRghities 116 iiesafs SXnegite RGPe CORBOSHIaRN IO ar £ ol o
i s useda rhére stIBE tdiddsatgrofile ibvil® B alsslexHdcathasthe @binpBPha@L maghNdiral ity
as well as singularity, unless the context requires otherw se. 16

Feat ur e8, 0098 8gliite a’tfjxr/(é?ré‘@teéﬁt‘?@ﬁp daratiop b 86lifs , TihiEFUBISINGdIeSBYES or groups
descri beghsknydnifenzbi ARg bbinbodndadrk inotbdecRRINE Have 8BRAYIafBMt or exanpl e of
the invention are to be understood to be applicable to any other aspect,
enbodi nmEHftheimase.dhp PEesgase P Haipsibiest aroynndght Refepepisditd Pe athasienipt h.

Gener al oRLQGGAM Esilebq @S B4R s WRh StidhAb'd @&nAUbtiVd cdn cﬁﬁ@tdgqmgba;&fwﬁg.

cont ai ning 100nM KxPat at pH 7.2, 1nmM EDTA, 500nM KCI and 1lig/ mlL BSA. The
concentrations of NADPH and HMG CoA were both 200pM The enzyne

concent rat i ed | 56 i ept rat 0P | fol d | oner
Chan that PRt e e Rob e ol b RTER Byt Bhielet 3l O 1 - 7506
DVBO. Waeclealkyhraripi Cos slkyieary, hejenodri.aandeCiisadg| hasewant. only partly soluble in
75% DVBO, 100% DVBSO was used. Reactions were activated by the addition of
enzyne and agitated for 12 seconds follow ng the addition. Absorbance

r eadi ngén aeembolierent.akisn every 20 seconds for 600 seconds. In initial tests
the concentration of each inhibitor was,,set at 50nMto identify which
conpounds were the better inhibitors, Conpared to the known Pravastatin
inhibitor. After these were identifie S were carried out varying
their concentrations from OnMto 50mMV abNyowi hg 1 050 val ues to be

cal cul ated. Exanple 1 The folzow ng|pro edure was foll owed using a HVG CoA
Reduct ase assay kit obtained 0 ikch (catal ogue nunber 0S1090).
The assay is based on the spectron)gotorretri c neasurenent of the decrease in
absorbance at 340 nm of NADPH in BOlution. A decrease in absorbance is
caused by the oxidation of NADPH by the catal ytic subunit of HM3R in the
presence of the substrate HMG CoA. Effective inhibition of the HMG CoA

| eads to a reduction in oxidation of NADPH which in turn |eads to a smaller
reduction in the absorbance at 340 nmover tine. This is illustrated in the
foll owi ng reacti on schenme: HM5 CoA + 2NADPH + 2H+ -? neval onate + 2NADP+ +
CoA-SH WD 2010/ 103318PCT/ GB2010/ 050407 17




Preparation of the assay solution Utrapure water (17 MO cm or equival ent
was used for the preparation of reagents and throughout the procedure.
First, arweessyiobsiBf er sol ution was prepared using the folrigagsomthod:
0.2 m of assay buffer, 5 x (catal ogue nunber A5981) was diluted with 0.8
m of ultrapure water. The resulting buffer solution was kept on ice or
stored at -20C for further use. Next, 25 ng of NADPH (catal ogue nunber
N6505) was reconstituted with 1.5 m of the buffer solution. The

r econst ilr an elerhidiDeHeMacsdireenly Ads:i n wor ki ng al i quots at -20C. The HMG CoA
substrate solution (catal ogue nunber S7447), HMG CoA reductase (catal ogue
nunber H8789) and inhibitor solutjon (¢ g. pravastatin, catal ogue nunber
15909) were kept on ice throughfun t procedure. 1. Before beginning, the
spect rophot oneter was set at 37C an nn with a kinetic programe: 1 m
sanple, read every 20 seconds for u 10§ m nutes. 2. The appropriate

vol unes of the reaction sol uti opgwer e\ added according to Table 1 (1 mi
assay). Table 1 Reaction volunmes for 1g¥l sanples Sanple | x Assay buffer
Test conpound / Pravastatin NADPH HMG CoA HGMG Bl ank 920 pl - 20 pl 60 pl -

In an embodiment, R'® and R are each independently selected from the group
comprising: hydrogen, Cq alkyl, C,. alkenyl or Cs¢ cycloalkyl. In an embodiment, R'
and R" are each independently selected from the group comprising: C. alkenyl or Ca.g
cycloalkyl. In an alternative embodiment, R' and R™ are each independently C,¢ alkyl.
In an embodiment, R' and R are each independently methyl, ethyl, propyl or butyl. In

an embodiment, R' and R are i-propyl.

In an embodiment, R* is —S(0),R™ wherein R* is C1.5 alkyl. In an embodiment, R* is —
S(0),R*™ wherein R* is methyl, ethyl, propyl or butyl. In an embodiment, R* is —
S(O),Me.

In an embodiment, R is —-CONR™R'® where R® is hydrogen or Cq.4 alkyl, preferably

10b

hydrogen; and R is selected from the group comprising: aryl, C,4 alkyl aryl, heteroaryl

and Cy alkyl heteroaryl, preferably R'® is selected from the group comprising: aryl and

Ci4 alkyl aryl. In an embodiment, R'®

is phenyl.

In an embodiment, R* is selected from the group comprising: hydrogen, C4 alkyl and
Css cycloalkyl. In an embodiment, R* is selected from the group comprising: hydrogen
and Cy alkyl. In an embodiment, R* is methyl, ethyl or propyl. In an embodiment, R*

is methyl.

In an embodiment, R* is selected from the group comprising: aryl, Cy4 alkyl aryl,
heteroaryl and C4.4 alkyl heteroaryl. In an embodiment, R* is selected from the group
comprising: aryl and Cq4 alkyl aryl. In an embodiment, R* is aryl. In an embodiment,

R*is phenyl.

In an embodiment, R* and R* are each independently selected from the group

comprising: aryl, C44 alkyl aryl, heteroaryl and C4.4 alkyl heteroaryl, wherein each of the



Activity 915 pl - 20 pl 60 pl 5 pl Inhibition 920 pl 5 pl 20 pl 60 pl 5 pl
The reagents were added to the reaction in the follow ng order: a. Add a
buf f er towel2bis@BgaBes. b. Add the inhibitor (test conporgd/dBawasvarin) to
the inhibition sanple. 18 c. Add the reconstituted NADPH to all sanpl es.
d. Add Substrate Solution (HMG CoA) t® all sanples. e. Add HMG CoA

thor oughly TN Ehgb o A by bhlordfiy s\Sitt fed P BisB TR SR e n Maligh RE BRTP, U
of the prefitatdspeas loahenzdederscBEratidrR]” ere adub ifdspendenily setpoted foom

Uni t s/ mglt gro&@égrﬁgéi%&saa}yq@ng 61_4%%%[71 NS nbodiment, R* and R® are each
independently aryl. In an embodiment, R* and R*are each phenyl. Inan

embodiment, R* and R* are each phenyl independently substituted with halo,

optionally wherein the halo is fluorine. In an embodiment, R** and R* are each 4-

fluorophenyl.

In an embodiment, R® is selected from the group comprising: hydrogen, C alkyl, aryl,
C14 alkyl aryl, Cialkanoyl aryl, heteroaryl, Cq.salkanoyl heteroaryl and Cy_4 alkyl
heteroaryl. In an embodiment, R’ is selected from the group comprising: hydrogen, Cq4
alkyl aryl and C.4 alkyl heteroaryl. In an embodiment, R®is Ci4 alkyl aryl. In an
embodiment, R’ is Cisalkanoyl heteroaryl, e.g. methanoyl heteroaryl. In a preferred
embodiment, R® is methanoyl pyridyl, e.g. 2-methanolyl pyridine, 3-methanolyl pyridine
or 4-methanolyl pyridine, preferably 3-methanolyl pyridine. In an embodiment, R is

hydrogen. In an alternative embodiment, R’ is benzyl.

In an embodiment, R® is selected from the group comprising: Cq.¢ alkyl, Cqs haloalkyl,

C.. alkenyl, Cs¢ cycloalkyl and optionally substituted aryl.

In an embodiment, R® is C1¢ alkyl. In an embodiment, R® is methyl, ethyl, propyl, n-
propyl, iso-propyl, butyl, sec-butyl, iso-butyl or tert-butyl. In an embodiment, R%is
methyl. In an embodiment, R%is iso-propyl or tert-butyl.

In an embodiment, R® is Cs.6 cycloalkyl. In a preferred embodiment, R%is cyclohexyl.

In an embodiment, R® is C1. haloalkyl e.g. a C1 chloroalkyl. In an embodiment, R® is

chloroethyl.
In an embodiment, R® is C,. alkenyl. In an embodiment, R® is prop-2-ene.

In an embodiment, R® is optionally substituted aryl. In an embodiment, R® is 2,4,6-

trifluorophenyl or 2,4-dimethoxyphenyl.

In an embodiment, R is H.



trol) TV 12.44 x V x 0.6 x LP where: 12.44 = emm - the extinction
coefficient for NADPH at 340 nmis 6.22 mM1lcm1l. 12.44 represents the 2
NADPH consomreryiossishe reaction. TV = total volune of thecrasbioasodon M (1
m for cuvettes) V = volune of enzyne used in the assay (m) 0.6 = enzyne
concentration in ng-protein (ngPQ' nil 90.55-0.65 ngP/ml) LP = light path in

cm (1 f% I?P%%E)&Iﬁ@nt F@@ﬁpl e 2 The followi ng table provides I050 val ues
for parti cu rosuvastatin conpounds of the present invention. Conpound
Structure 1C50 (nM lel NN)NO- d OH OH Ca2+ salt 0 Rosuvastatin 4 19
In an embodiment, m=0,n=1and o =0. In an embodiment, m=1,n=1and o =0,
orm=0,n=1and o=1. Inan embodiment, nis 0. In an embodiment, m=1,n=0
ando=1m=2,n=0ando=0;orm=0,n=0ando=2. In an alternative
embodiment, m = 3, n =0 and o = 0. In an alternative embodiment, m=1,n=0and o

N_
N_

In a preferred embodiment, X is
In an alternative preferred embodiment, X is
In an embodiment, R* is H at each occurrence.
In an embodiment, R” is H at each occurrence.

Preferably, when one or more of the above groups is substituted, each optional
substituent is an independently chosen halo atom. Amongst halo, chloro and fluoro are

preferred.

In an embodiment, R'is Cy.4alkyl, preferably i-propyl, and R* is optionally substituted

aryl, preferably 4-fluorophenyl.

In an embodiment, R™is Cy.alkyl, preferably i-propyl, and R* is optionally substituted

aryl, preferably 4-fluorophenyl.

In another embodiment, R* is —S(0),R* wherein R* is C,.s alkyl, preferably methyl,
and R*is hydrogen or Cy. alkyl, preferably methyl.

In another embodiment, R is -CONR™R'® wherein R* is optionally substituted aryl,

10b

preferably phenyl; R' is hydrogen; and R* is optionally substituted aryl, preferably

phenyl.

In an embodiment, R'is Cy4alkyl, preferably i-propyl; R*® is —S(0),R* wherein R* is C.
s alkyl, preferably methyl; R*is hydrogen or C4.¢ alkyl, preferably methyl; and R*is
optionally substituted aryl, preferably 4-fluorophenyl.
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In a further embodiment, R™is Cialkyl, preferably i-propyl; R? is —-CONR®™R'® wherein

'%is hydrogen; R®is optionally

R® is optionally substituted aryl, preferably phenyl, R
substituted aryl, preferably phenyl; and R* is optionally substituted aryl, preferably 4-

fluorophenyl.

In an embodiment, R%is hydrogen or optionally substituted benzyl; and R%is optionally
substituted C,ealkyl, preferably propyl or butyl, or optionally substituted C,.salkenyl,
preferably prop-2-ene. In a preferred embodiment, R®is benzyl and R®is Cye alkyl,
preferably propyl, iso-propyl, butyl, iso-butyl or tert-butyl. In a preferred embodiment, R®
is benzyl and R%is C,s alkenyl, preferably prop-2-ene. In a preferred embodiment, R®is
benzyl and R%is Cas haloalkyl, preferably 2,2,2-trichlororethyl. In a preferred
embodiment, R’is hydrogen; and R%is optionally substituted aryl, preferably 2,4,6-
trifluorophenyl or 2,4-dimethoxyphenyl. In a preferred embodiment, R®is hydrogen and
R®is Cye alkyl, preferably n-propyl. In a preferred embodiment, R®is hydrogen and R®is
Ca.s cycloalkyl, preferably cyclohexyl. In a preferred embodiment, R®is hydrogen; and
R%is C,s haloalkyl, preferably chloroethyl. In a preferred embodiment, R®is Ci.
alkanoyl heteroaryl and R%is Cis alkyl, preferably methyl. In another preferred
embodiment, R® is methanoyl pyridyl, e.g. 2-methanolyl pyridine, 3-methanolyl pyridine
or 4-methanolyl pyridine, preferably 3-methanolyl pyridine and R%is Cis alkyl, preferably
methyl, ethyl or propyl.

Aryl groups include aromatic ring systems comprising 6, 7, 8, 9, 10, 11, 12, 13, 14, 15
or 16 ring carbon atoms. Aryl groups may consist of a single ring but may include a
polycyclic ring system, having two or more rings, at least one of which is aromatic. Aryl

groups include: phenyl, naphthyl, fluorenyl, azulenyl, indenyl and anthryl groups.
In an embodiment, the aryl group is phenyl.

Heteroaryl groups include aromatic heterocyclic ring systems having 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15 or 16 ring atoms with 1 to 4 heteroatoms independently selected from
nitrogen, oxygen and sulfur. The group may be a polycyclic ring system, having two or
more rings, at least one of which is aromatic, but is more often monocyclic. Preferred
heteroaryl groups are monocyclic groups containing 5 or 6 ring atoms. Heteroaryl

groups include: pyrrolyl, pyrazolyl, imidazolyl, pyrazinyl, oxazolyl, isoxazolyl, thiazolyl,
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furyl, thiophenyl, pyridyl, pyrimidyl, benzimidazolyl, indolyl, isoquinolyl, quinoxalinyl and
quinolyl.

In an embodiment, the heteroaryl group is selected from the group comprising: pyridine,

pyrimidine, pyrazine, pyrazole, and oxazole. Preferably the heteroaryl group is pyridine.

In an embodiment, the compound has a structure selected from:
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Processes for the manufacture of the compounds of the present invention are disclosed
in WO2005/012246, in particular, in the examples. The disclosure of W0O2005/012246

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

; and

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 invention 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 invention 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 hyperlipidemia. 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
invention 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 invention 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 invention 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 invention (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 (Harlan) 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% methyl cellulose (0.5%)) and a suspension including 5mg/kg of

atorvastatin (formulated in 0.5% Tween in 0.5% methyl cellulose) 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 invention also includes the synthesis of all pharmaceutically acceptable
isotopically-labelled compounds of formula (1) 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 invention include

isotopes of hydrogen, such as °H and °H, carbon, such as ''C, *C and "C, chlorine,

123 125

such as *°Cl, fluorine, such as '®F, iodine, such as "**l 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 radioactive
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 particularly 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-labelled 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 previously

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, additives, 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 invention 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,4 at pH 7.2, 1mM
EDTA, 500mM KCI and Tmg/ml BSA. The concentrations of NADPH and HMG-CoA
were both 200pM. The enzyme concentration 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 tests 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 O0nM to 50nM

allowing IC50 values to 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 absorbance 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.
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Preparation of the assay solution

Ultrapure water (17 MQ-cm or equivalent was used for the preparation of reagents and

throughout the procedure.

First, an assay buffer solution was prepared using the following method: 0.2 ml of assay
buffer, 5 x (catalogue number A5981) was diluted with 0.8 ml of ultrapure water. The

resulting buffer solution was kept on ice or stored at -20°C for further use.

Next, 25 mg of NADPH (catalogue number N6505) was reconstituted with 1.5 ml of the

buffer solution. The reconstituted NADPH was stored in working aliquots at -20°C.

The HMG-CoA substrate solution (catalogue number S7447), HMG-CoA reductase
(catalogue number H8789) and inhibitor solution (e.g. pravastatin, catalogue number

15909) were kept on ice throughout the procedure.

1. Before beginning, the spectrophotometer was set at 37°C and 340 nm, with a

kinetic programme: 1 ml sample, read every 20 seconds for up to 10 minutes.

2. The appropriate volumes of the reaction solutions were added according to

Table 1 (1 ml assay).

Table 1

Reaction volumes for 1 ml samples

1x Assay | Test compound /

Sample buffer Pravastatin NADPH HMG-CoA HGMG
Blank 920 ul - 20 pl 60 pl -
Activity 915 ul - 20 pl 60 pl 5ul
Inhibition 910 ul 5 ul 20 ul 60 pl 5 ul

The reagents were added to the reaction in the following order:

a. Add a buffer to all samples.

b. Add the inhibitor (test compound/Pravastatin) to the inhibition sample.
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Mix the samples thoroughly.

Add the reconstituted NADPH to all samples.
Add Substrate Solution (HMG-CoA) to all samples.
Add HMG-CoA Reductase (HMGR) to the Activity and Inhibition samples.

PCT/GB2010/050407

3. The kinetics programme was started immediately. The activity of the product

was calculated according to the following equation:

Unlts/mgP = (AA340/minsamp|e - AA340/mincomm|) xTV

1244 xV x 0.6 xLP

where:

12.44 = ™ _ the extinction coefficient for NADPH at 340 nm is 6.22 mM'cm™. 12.44

represents the 2 NADPH consumed in the reaction.

TV = total volume of the reaction in ml (1 ml for cuvettes)

V = volume of enzyme used in the assay (ml)

0.6 = enzyme concentration in mg-protein (mgP0/ml (0.55-0.65 mgP/ml)

LP = light path in cm (1 for cuvettes).

Example 2

The following table provides IC50 values for particular rosuvastatin compounds of the

present invention.

Compound Structure IC50 (NM)
F 4
OH OH O
P °
\N N/
O=g

Rosuvastatin
Ca” salt
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Example 3
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The following table provides IC50 values for particular atorvastatin compounds of the

present invention.

)
O
N —

lege

Compound Structure ICs5o
(nM)
7

o OH OH O

Q\ 7N o}

N —

o R e

WA

Atorvastatin Ca** Salt
3




,00j3 OH)c <1 ik * [ . N'c)(:)" 1110 4 ik

WO 2010/103318 PCT/GB2010/050407
22
O <1
0 A
|
o N
Q\ />N “0 0"
N _
loR®
WA
OH <1
O /\/Hj\
b b Ldon
N _
loR®
WA
OH <1




/

N'c) (Y.< 1110 3 1ik 23

WO 2010/103318 PCT/GB2010/050407

<1

Example 4

The following example demonstrates the efficacy of the rosuvastatin compounds of the
invention. The Example demonstrates the effect of 3 or 5 days BID treatment with four
rosuvastatin compounds of the present invention and rosuvastatin (all at 25 mg/kg po)
on rat plasma triglyceride levels 16 hours after the last treatment dose. The
measurement of the change in rat plasma triglyceride levels is considered to be a fair

test for determining HMG CoA reductase activity.

112 male SD rats (Harlan) were 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 were allocated to treatment groups of 8 balanced by body

weight and treatments were balanced across cages.

Four rosuvastatin analogues were made up in 10% PEG300/10% cremophor/80%
methyl cellulose (0.5%) (vehicle 1) to make a 5 mg/mL solution. The rosuvastatin

compounds used were:

Rosuvastatin Lactol n-propyl acetal (diastereomeric ratio 2/1) (BPL0OO1);

Rosuvastatin lactol n-propyl acetal nicotinoyl ester (diastereomeric ratio 2/1) (BPL002);
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Rosuvastatin lactol iso-propyl acetal benzyl ether (BPL0O03); and

Rosuvastatin lactol methyl acetal nicotinoyl ester (diastereomeric ratio 2/1) (BPL0O04).

Rosuvastatin was formulated in 0.5% Tween in 0.5% methyl cellulose (vehicle 2) at 5

mg/kg as a suspension.

Rats were orally dosed with vehicle 1, one of the four rosuvastatin analogues in vehicle

1 (25mg/kg), vehicle 2 or rosuvastatin in vehicle 2 (25 mg/kg po), BID for 3 or 5 days.

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

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

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

The results are provided in figure 1 from which it can be deduced that administration of
rosuvastatin (25 mg/kg po) BID for 3 or 5 days causes a marked reduction in plasma
triglycerides. All four rosuvastatin analogues also significantly reduced plasma
triglycerides after both 3 and 5 days BID treatment. All animals tolerated the

rosuvastatin treatments well and there was no evidence of any adverse events.

The magnitude of the effect of the rosuvastatin analogues was equivalent to that of

rosuvastatin.



<1

)c O th ‘oi, 0 1401 lik

WO 2010/103318 PCT/GB2010/050407

25
Claims:
1. A compound of Formula | and pharmaceutically acceptable salts and solvates
thereof:

OR®

R" R’
A\ 6

wherein:

A is selected from the group comprising:

1b

R
2
NT R _—
Rsa\ )|\ = N ‘s
N N R' R ~
| 2a 4b
R R

and ;

R' R* R™, R* and one of R® and R* are each independently selected from the
group comprising: hydrogen, halo, C1.s alkyl, C,¢ alkenyl, Cs.6 cycloalkyl, aryl, Cq.4 alkyl
aryl, heterocyclyl, and Cq4 alkyl heteroaryl;

R* is —S(0),R* wherein R* is Cy. alkyl, Cs. cycloalkyl, C1s alkyl aryl or aryl;
R*is hydrogen, C alkyl, C,.¢ alkenyl, Cs6 cycloalkyl or aryl;

and the other of R” and R* is -CONR™R'® where R* and R'® are independently
selected from the group comprising: hydrogen, C1. alkyl, C,¢ alkenyl, aryl, C44 alkyl

aryl, heteroaryl, C44 heteroaryl;

R® and R® are independently selected from the group comprising: hydrogen, C alkyl,
C1. haloalkyl, C,.¢ alkenyl, Cs¢ cycloalkyl, aryl, Cqsalkyl aryl, Cssalkanoyl aryl,
heteroaryl, Cqsalkanoyl heteroaryl and C4.¢ 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.



Exanpl e 4 The foll ow ng exanpl e denonstrates the efficacy of the
rosuvastati n conpounds of the invention. The Exanpl e denonstrates the

ef fect ofw® 20r0//33lays BI D treatnent with four rosuvast aticmesoposegds of the
present invention and rosuvastatin (all at 25 ng/kg po) on rat plasm
triglyceride levels 16 hours after ti¥ | ast treatnent dose. The measurenent
of the change in rat plasma triglyceride levels is considered to be a fair
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and post-hoc Dunnett's test. The results are provided in figure 1 from
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events. The i e of the effect of the rosuvastatin anal ogues was
equi val ept to rosuvastatin. 25 Clains: 1.A conpound of Formula I
and phar ma\:g:i‘c

XOOR (1). V\/g%rei n:

plecept abl e salts and sol vates thereof: ORS R7R5 P?6

3. A compound of claim 2, wherein R'is Cy.¢ alkyl.

4, A compound of claim 3 or claim 4, wherein R®-S(0),R* wherein R* is Cy.5
alkyl.

5. A compound of any of claims 2 to 4, wherein R* is hydrogen or Cy.¢ alkyl.

6. A compound of any of claims 2 to 5, wherein R* is optionally substituted aryl.

7. A compound of any of claims 2 to 8, wherein R"is i-propyl, R* is —S(O),Me, R*
is methyl and R** 4-fluorophenyl.

8. A compound of claim 1 wherein A is:



Ais selected fromthe group conprising: R4a R3a N1 N.,,, Rla R 2a

and Rla, Rda, Rib, -4b 1- and one of R2b and R3b are each

i ndependenbl2g10s@bast ed fromthe group conprising: hydrogemGBraioms0407 6

al kyl, C2_6 al kenyl, C3_6 cycloal kyl, aryl, 01-4 alkyl aryl, heterocyclyl,
and 01-4 alkyl heteroaryl; R2a is -S@)2R9a wherein Rmis Cl-6 alkyl, C3-6
cycl oal kyl, Cl-6, al kyl aryl or aryl; R3a is hydrogen, Cl-6 al kyl, C2-6

al kenyl , ,C3-6 cl oal kyl or aryl; and the other of R2b and R3b is

- CONR6bRL e Rmand Rimare independently selected fromthe group
conpri si ng: ﬁ§ n, Cl1-6 alkyl, C2-6 al kenyl, aryl, Cl-4 alkyl aryl,

het er oaryl , /4 heteroaryl; R5 and R6 are independently selected fromthe

group c¢ . hydrogen, 01 6 alkyl, 01 _6 hal oal kyl, 02-6 al kenyl, 03-6
cycl oal kyl, ary® Cl1-6 al kyl aryl, Cl-6 al kanoyl aryl, heteroaryl, Cl_6

al kanoyl heteroaryl "and 01_6 al kyl heteroaryl; provided always that both 6
R5 and R6 are not hydrogen; and provided that R5 is not benzyl or H when R

is nethgl. ﬁx§%¥%ﬂaPfgﬁ%iﬁdkﬁggﬁﬁggEﬂéh%“%ﬁleCted fromthe group

conpri si"ng:

10. A compound of claim 8 or claim 9, wherein R*is -CONR™R'® where R* is H

and R'® is aryl.
11. A compound of any of claims 8 to 10, wherein R*is aryl.
12. A compound of any of claims 8 to 11, wherein R*is optionally substituted aryl.

13. A compound of any of claims 8 to 12, wherein R™is i-propyl, R?* is -CONHPh,
R*is phenyl and R* 4-fluorophenyl.

14. A compound of any preceding claim, wherein R’ is selected from the group
comprising: hydrogen, C alkyl, aryl, Ci alkyl aryl, C,salkanoyl aryl, heteroaryl, C1.¢
alkanoyl heteroaryl and C1. alkyl heteroaryl.

15. A compound of claim 14, wherein R® is hydrogen.

16. A compound of claim 14, wherein R® is selected from the group comprising: —C;
alkyl-Ph, -C, alkyl-Ph, -C3 alkyl-Ph, and —C, alkyl-Ph.

17. A compound of claim 16, wherein R®is benzyl.

18. A compound of claim 14, wherein R’ is Cisalkanoyl pyridine.

19. A compound of claim 18, wherein R is 3-methanoyl pyridine.

20. A compound of any preceding claim, wherein R® is selected from the group

comprising: hydrogen, Cq alkyl, C4.¢ haloalkyl, C,¢ alkenyl, Cs.¢ cycloalkyl, aryl, Cq
alkyl aryl, heteroaryl and C, alkyl heteroaryl.



Xis -(CRaRb),, (CRa=CR))n(CRaR)),,- where Ra and Rb are independently

sel ected fromthe group conprising: H, nethyl, ethyl and halo and m n, and
o are indepenpensity 0, 1, 2, or 3 provided that m+ n +poTiGB200t0s0mre t han
3; and wherein each of the above R groups may, where chem cally possi bl e,
be i ndependently optionally substitut28d by from1 to 5 groups chosen

i ndependently at each occurrence fromthe groups conprising: halo, 01_3

al kyl, halo 01_3 alkyl, 01 3 al koxy, 01 3 hal oal koxy, hydroxy, and cyano.

2. A comgoéund Aofonticainthol clatme 28] whekeinsR® iR4elebled \roRBtheNtRip eonasing3 C1A

compound,of ~cl ai m ein RRais 01-6 alkyl. 4. A conpound of claim3
or clai Fhlk)f{’ C\?\}P}ﬁ?'(??'ﬁyllf\é,\@%@@m%g wherein ROa is 01-6 alkyl. 5. A conpound
of any of clains 2 to 4, wherein R3a is hydrogen or 01 6 alkyl. 6. A
conmpound,of any of clains. 2, t0, 5 .wherein Rda.is optionally substituted
St o920 EstsSione St Ching 2bnatelt RE Sk el iR oS pioRamPRES oyl - Roa

i's - S(Ohyl, &0, propyTEbUtYIl clio@nfMiay LhidrosthapeensbropyB chibrabafgpatind of cl ai m
1 wherein A is: 9. A conpound of claim8, wherein Ribis Cl-6 al kyl.

10. A cHBRMIFE of claim8 or claim9, wherein R2b is - CONR6bRi m where Rmi s
Hand Rmis aryl. 11. A conpound of any of clains 8 to 10, wherein R3b is
aryl. 12. A conmpound of any of clains 8 to 11, wherein R4b is optionally
substit dfed Ar§ampoung of glagprBolirieRiR dhprianally sibalitded 8Vk2, wherein Rib is
i -propyl, R2b is -CONHPh, R3b is phenyl and R4b 4-fluorophenyl. 14. A

conpound of any preceding claim wherein RS is selected fromthe group

conpri sfg: KWyepnirpeRd ofelapn gP kyhereiqrfy|is setecigd dorythegrgup camprsing: kanoy |
aryl, h%tkgkggwémut&lg@er@i V\Eﬁdﬂﬁéﬂb s{I64R8 %Enﬁ.ﬂd Cl-6 al kyl heteroaryl. 15.

A conpoun clarm erein RS 1Is rogen. 16. A conpound of claim
14, wherein R5 is selected fromthe group conprising: -C al kyl-Ph, -02

e B R
G _sal karo§Hriffpraptieny and 2,4-dimethoxyphenyl. ’

26. A compound of claim 20, wherein R® is selected from the group comprising: Ci.s

alkyl, Cs. cycloalkyl, C,¢ alkenyl and aryl.

27. A compound of claim 26 wherein R® is selected from the group comprising:

methyl, ethyl, propyl, butyl, cyclohexyl and allyl.

28. A compound of any of claims 1 to claim 13, wherein R®is hydrogen and R%is an

optionally substituted aromatic group.
29. A compound of any of claims 1 to claim 13, wherein R®is an optionally
substituted benzyl and R%is an optionally substituted C,salkyl, an optionally substituted

C..s alkenyl or a Cq.¢ haloalkyl.

30. A compound of any of claims 1 to claim 13, wherein R®is a Cy.salkanoyl

heteroaryl and R%is an optionally substituted Cq.salkyl.

31. A compound of any of claims 1 to claim 13, wherein R®is hydrogen and R%is an

C1 alkyl, Cs6 cycloalkyl or an optionally substituted aryl.

32. A compound of any preceding claim, wherein R’ is H and R%is H.



19. A compound of claim 18, wherein R5 is 3-nethanoyl pyridine. 20. A
conpound of any preceding claim wherein R6 is selected fromthe group
conpri si ngo 2bydexyen, Cl-6 al kyl, Cl1-6 hal oal kyl, 02-6 aclasB2b10/B36+06
cycl oal kyl, aryl, Cl1-6 alkyl aryl, heteroaryl and Cl-6 al kyl heteroaryl.

28 21. A conmpound of claim 20, wheréd9n R6 is selected fromthe group
conprising: 01-6 alkyl, 01_6 haloal kyl and 02-6 alkenyl. 22. A conpound of
claim?21 wherein R6 is selected fromthe group cog§r|5|ng: nmet hyl , ethyl,
propyl, 3ButyAcamhﬂomlndrméenybrecedIhglctaenhyrheremrﬂtosbip pyiH andim erllobwt ¥ and
propyle 2& A conpound of claim20, wherein R6 is optionally
substltﬁpga yl. 24. A conpound of claim23, wherein R6 is selected from
t he group conpr|5|ng 01 6 alkoxy substituted phenyl and hal o substituted
phenyl . 3, Wwher ei.n d. fron]the group
D e 4R ot oF A B SR Rr i o Bhisaeh P e 0o
of clalﬁuga Magdei0.R6 i s selected fromthe group conpr|5|ng 01_6 al kyl ,
03-6 cycl oal kyl, 02-6 al kenyl and aryl. 27. A conpound of claim 26 wher ei n
R6 is selected fromthe group conprising: nethyl, ethyl, propyl, butyl,
cycl ohexgl apdcomdathd of &8im Avﬂ%mwstajct@%eefctéalf%m 1 to claim 13,
wherein R5 ishydrogen and R6 is an optionally substituted aromatic group.
29. A conpound of any of clains 1 to claim 13, wherein R5 is an optionally
substituted benzyl and R6 is an eptionally substituted 01 6alkyl, an

optionally sSubstitut@d 02_6 al keayl or a al oal kyl . 30. A conpound of
any of clai i, 13, whi i
is an opti | ted G

sa|dT 6al kanoyl heteroaryl and R6
1. conmpound of any of clains 1

to claim13,) wher |shydr0o ad 'R6 N s.~an-01_6 al kyl, 03_6 cycl oal kyl
or an optidh substoMeut ed a 32. ‘% c%npound of any precedlng cl aim
wher ei n Ry§ and R8 is H ™ 7~ A conpound of any preceding claim
mherelncﬁé\ls , Rois H an@~ek n=1and o =0. 34. A conpound of any

of claine®1 to 32, wher ei n eath Ra is H each Ro.is Hand m= 2, n =0 and
o =0. 35. @ conpound of cIa|n11|yh|ch has a structure selected from
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